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The current study was initiated to evaluate the potential of sugar saps from nipa (Nypa fruticans)
palm as sustainable feedstock for ethanol production. Nipa palms managed as plantations on
four sites was chosen for this study with palms within 8—100 years of age. All palms studied
were found to have the potential to produce sugar saps from 0.4 to 1.2 L d* per palm. Further
chemical characterization of its saps gave a total composition of 159-214 g kg’ mainly
composed of sucrose, glucose and fructose. In addition, the elemental analysis gave 5 gkg™ of
inorganics with Na, K and Cl being its main inorganic elements. Preliminary batch fermenta-
tive assays using Saccharomyces cerevisiae showed that nipa saps can be converted to ethanol
within 30—48 h in conditions with and without nutrient supplementation. Furthermore, the
fermentation trends were similar to sugarcane sap with high ethanol conversions up to 96.9%
and 95.5% achieved for both nutrient conditions. Further analysis on inorganic elements before
and after fermentation showed that specific elements of Mg, Ca, P and S were significantly
reduced and could have assisted the fermentation. Based on the results obtained from sap
collection, chemical characterization and fermentation, the ethanol potential from nipa
planted at a density of 1000 ha™ would range from 4550—9100 L ha™* y™. Conclusively, nipa sap
showed some interesting characteristics which makes it a potential feedstock for ethanol
production.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

plant as in sugarcane which consequently produces large
biomass waste such as straw, leafs and tops as well as bagasse

Currently the global ethanol supply is produced mainly from
sugar and starch feedstocks. Sugar crops accounts for 61% of
the total ethanol production while 39% is from starch feed-
stocks [1]. The main feedstocks for ethanol at present are
sugarcane juice in Brazil, and corn starch in the US. However,
growing these feedstocks rely heavily on non-renewable fossil
fuels and exploitation of forest lands which has negative so-
cial and environmental impacts. Furthermore, the collection
for sugar source is usually practiced after cutting down the

* Corresponding author. Tel./fax: +81 (0) 75 753 4738.
E-mail address: saka@energy.kyoto-u.ac.jp (S. Saka).

as residue after juice extraction.

Palms, too, have been a sugar prospective from the ancient
times. Two important products of palms are sap and starch.
The former is often consumed as fresh beverage, fermented to
alcohol or vinegar and even consumed as sugar, whereas the
latter is used as staple food. Main sugar-yielding palms like
coconut palm (Cocos nucifera), palmyra palm (Borassus flabel-
lifer), sugar palm (Arenga pinnata) and nipa palm (Nypa fructi-
cans), are believed to produce more nutritious sugars than
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sugarcane [2]. In palms, however, only the infructescence is
cut off and the stalk tapped daily to obtain its sugar saps until
the stalk shortens or no more sap is produced from the stalk.

However, tapping of palm stalks could be a challenge, e.g.,
in coconut palm, the stalks could be over 10 m in height and a
tapper has to climb to such extent to obtain the saps.
Conversely, in the case of nipa palm, it lacks an upright stem,
with leaves and inflorescences arising from a branched root-
stock [3]. The palm develops a globose infructescence, at a
height of about 1 m [4], which makes tapping for sap relatively
easy. Saps are generally collected from stalks bearing young or
mature infructescence. The cut infructescence is generally
consumed as local dessert. Therefore, tapping results in no
biomass wastes and does not have any deleterious effect on
the palm growth [5]. Hamilton and Murphy [6] emphasized the
interest of nipa in terms of yield and management whereby
tapping is easy, produces no waste and the environment
protected, as it grows in brackish water environments where
fresh and sea water mingle. Furthermore, Food and Agricul-
tural Organization of the United Nations (FAO) [7] has declared
the nipa palm as a non-threatened and underutilized palm in
South Asia. Therefore, abundant nipa palms are available for
sap collection purposes in this region.

Currently, nipa palms are distributed all over Asia as nat-
ural and plantation-managed palms. The largest natural nipa
stands of approximately 700 000 ha are found in Indonesia,
Papua New Guinea (500000 ha), Philippines (8000 ha) [8] and
Malaysia (20 000 ha) [9]. The widespread occurrence of nipa
palms made rural communities to grow these palms for
limited use from sap to make toddy, vinegar or boiled down to
sugar and the fruits used as local dessert. Even though, in-
terests also emerged on the production of alcohol fuel from
this resource but intensive research was never done or
documented since Gibbs [3]. Consequently, the products from
nipa saps remained in domestic use and its full potential is yet
to be explored.

Therefore, the purpose of this study was to assess the sap
production potential of nipa palms and further analyze the
chemical and elemental properties of nipa saps. Additionally,
fermentation studies were carried out to evaluate its fer-
mentability and potential for ethanol production.

2. Materials and methods
2.1. Sap collection site

The nipa saps used in this study were collected from two
habitation sites along Pak Phanang Basin, Nakhon Si Tham-
marat, Thailand. Pak Phanang Basin is located at 7°48'N to
8°31'N and 99°44'E to 100°2E on the east coast of Southern
Thailand. Topographically, the basin is a swampy area with
sandy beach coast. Much of the lowland is used for rice
farming and other uses such as shrimp farming. Four sites
were chosen for this study which is located approximately
10 km from the sea and 5—10 m above sea level.

Site I is a plantation managed over an abandoned shrimp
pond, whereby it is under experimentation by our research
group to restore these disused ponds. Site II, III and IV are
plantations managed by local villagers on non-agricultural

swampy lands. Site II and III are plantations located on low
lands (5 m above sea level) with frequent flooding. Site Ill has a
creek running through the site and is often flooded by
brackish water. The moisture content in soils in Sites Il and II
are with 40—55%, respectively. However, Site I and IV are on
higher lands and have less than 30% moisture content in its
soil. The soil electrical conductivity (EC) was also done
randomly throughout the sites. The EC values correspond to
the amount of dissolved salts as electrolytes in soil and for Site
I and IV, the values were in the range of 0.02—174 mS m™. In
Site II it was slightly higher from 20 to 320 mS m™ and the
highest in Site III from 18 to 1766 mS m™.

Nipa palms at Site I are as young as 8 years old and palms at
Site II are around 40 years old. However, palms at Site IIl and
IV are believed to be around 100 years old. Since nipa palm
grows vigorously through its dichotomous root, we believe
that the roots can be 100 years of age but palms which grow
from them may be younger. The estimated areas of Site I, II, III
and IV are 0.5, 1.3, 1.4 and 0.8 ha, respectively.

2.2. Sap tapping and collection

The nipa palm density is 1000 ha™* with 140—200 palms tapped
simultaneously per tapping season. In order to stimulate the
flow, the stalk is manually beaten for 1-2 weeks before tap-
ping to soften the stalk tissues and thereafter, the infructes-
cence is cut off and the stalk shaved once daily to have
continuous flow of sap. The sap flow was measured everyday
at 24 h intervals after tapping. The sap production potential in
L d* per palm for each site was measured based on the
average daily saps collected from a single stalk of each palm.
Local tapping practices were neither interfered nor altered
during this study.

2.3. On-site analysis and pre-treatment

Brix measurements (%Brix) on collected nipa saps were done
on-site using a portable digital refractometer HI 96801(Hanna
Inst., USA) for its total sugar content determination. From our
laboratory analysis, the actual total sugar content as analyzed
by high performance liquid chromatography (HPLC) (LC-10A,
Shimadzu, Japan) was 0.97 of the measured brix value.
Therefore, our on-site data were adjusted accordingly from %
Brix to g kg''. Additionally, the collected saps were immedi-
ately subjected to heat treatment at 100 °C for 10 min to
sterilize the saps and then kept in tightly stoppered bottle at
room temperature. Detailed procedures and relevance of
these techniques are described in Tamunaidu and Saka [10].

2.4. Instrumentation and columns

For individual sugars and ethanol determination in nipa saps,
HPLC coupled with Shodex sugar KS-801 column (Showa
Denko, Japan) was used with water as an eluent, running with
a flow-rate of 1.0 mL min™ under column temperature of 80 °C.
Also for organic acids determination, HPLC coupled with
Aminex fermentation monitoring column (Bio-rad, USA) was
used with 1 mmol L* sulfuric acid as the eluent, running with
a flow-rate of 0.8 mL min™ under column temperature of 60 °C.
All these elements were detected by a refractive index
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detector (RID-10A, Shimadzu, Japan). For elemental analyses,
a small volume of the sap was incinerated at 600 °C for 2 h and
analyzed by scanning electron microscope JSM-5800 (JEOL
Ltd., Japan) coupled with energy dispersive X-ray instrument
(Phoenix, USA), at an accelerating voltage of 20 kV. All these
laboratory analyses for chemical and elemental compositions
were done after 48 h of sampling. Samples were also analyzed
before and after fermentation and quantification of inorganic
elements were done using atomic absorption spectroscopy
(AAS) (AA-6300, Shimadzu, Japan) with a highly sensitive
graphite furnace atomizer and capillary electrophoresis sys-
tem (CE) (G1600A, Agilent, Germany). Additionally, total ni-
trogen content was analyzed with element analyzer
SUMIGRAPH NCH-22F (Sumika Chemical Analysis Service,
Ltd, Japan).

2.5. Batch fermentation

Yeast (Saccharomyces cerevisiae) (NBRC, Japan) was inoculated
in Erlenmeyer flasks containing autoclaved medium (glucose
10 g L}, peptone 5 g L%, yeast extract 3 g L™! and malt extract
3 g LY, incubated in shaker at 2 Hz for 24 h at 28 °C. Pre-
liminary bioethanol fermentation was conducted by batch
using 50 ml fermentation flask sealed with rubber septum
inserted with air filter through which CO, was vented. Culti-
vated inoculum was added into sap sample and further
diluted by the addition of nutrient (peptone 200 g L, yeast
extract 120 g L'* and malt extract 120 g L) or water as non-
nutrient treatment. Fermentations were conducted on the
same conditions among nipa saps, sugarcane sap and sucrose
as a control with initial sugar content of 150 g kg*. Fermen-
tation was then done in duplicates in an incubator at 28 °C for
a period of 0—48 h. For comparison purposes, sugarcane sap
was also studied and it was obtained from Miyakojima Island,
Japan.

3. Results and discussion
3.1. Sap production potential of nipa palms

The yield of sap and its corresponding sugar content from
tapped palms at each investigated site per tapping season is
shown as Fig. 1.

Site I, which is a plantation developed on an abandoned
shrimp pond, produced nipa saps from 0.2 to 1.6 L for a
maximum of 63 days with sugar contents from 159 to 188 gkg
1. The total sap collected per day in Site I was 144 L of sap from
140 palms, with an average of 1.0 L d* per palm. Site Il and III,
however, comparatively had lower sap production, from 0.2 to
0.9 L for 47 days and 0.1 to 0.8 L of sap for 38 days, respectively.
The average sap yields in Site Il were of 0.6 L. d™* per palm from
200 palms tapped from this site. Site Ill averaged at 0.4 L d™* per
palm from 150 palms tapped simultaneously in one tapping
season. Regardless, the sugar contents were high in both these
sites in the range of 181—214 gkg™* in Site Il and 162—204 gkg™
in Site III. Conversely, Site IV, with 100 year old palms, showed
a high yield of sap production from 0.3 to 1.4 L. d"* for 42 days
with an average of 0.8 L. d* per palm. The corresponding sugar
contents were in the range of 162—206 g kg™.

However, taking into account sap yields, palm habitation,
age and local tapping practices, the nipa sap production esti-
mates varied within 0.4—1.0 L. d* per palm with sugar contents
from 159 to 214 g kg'*. Palms were tapped for 38—63 days per
tapping season. It should be noted that in a year, tapping
seasons vary within 2—3 cycles depending on the demand and
use of nipa saps. Therefore, tapping days can be from 80 to 180
days per year. Similar studies by Pédivoke [11] reported that
nipa could be tapped for up to 100 days per year for a life span
of more than 50 years, yielding a maximum of 1.3 L d™* per
palm of sugar sap. Studies in Philippines by Gibbs [3], reported
an average yield of 0.6 L d* per palm of sugar sap based on
tapping from 55 to 75 days.

An important observation was that, even palms of 100
years old in Site III and IV, could still produce competitive
amounts of nipa saps with high sugar contents. The sap yields
were comparatively lower in Site II and III but there were no
distinctive differences between the palms raised in situ
compared to Site I and IV, besides the high moisture content
and salinity in the soil. The high frequency of flooding in Site II
and III may have contributed to high salinity in the soil and
consecutively low sap yields. Similar observations were also
reported by Pdivoke [11] from a study in Papua New Guinea. It
was observed that high yielding palms did not normally grow
by the river banks, but rather interior or on higher lands. High
soil salinity and corresponding low sap yields were also dis-
cussed by Dennett [5]. However, the high salinity did not affect
the sap quality in terms of sugar content as the sugar contents
remained high as observed in both Site II and III.

However, some studies have shown that increased fre-
quency of pre-treatment (beating) of stalks before tapping
[3,12,13], longer length of stalks and younger palms [14] can
contribute to higher sap yields. In Malaysia, the stalks are
tapped twice daily instead of once and 2.5 to 3 L of sap can be
collected based on our observation on a site visit there (un-
published data). Therefore, yields could differ from place to
place depending on tapping practices, length of stalks, climate
and also environment. This could be a challenge in obtaining
nipa saps as tapping requires skillful pre-treatment and
slicing of stalk, which can affect tapping duration of each stalk
and corresponding yield of saps. However with skillful tap-
ping, the lengthy duration and the long life span of nipa palm
is favorable, as there is continuous production of rich sugar-
sap with less cost and time spent on replanting.

3.2 Chemical composition and inorganic elements in
nipa saps

One nipa sap sample is randomly chosen from each site to be
further analyzed for its chemical composition. Table 1 shows
the chemical composition of nipa saps collected from all the
sites compared to sugarcane sap.

The nipa saps are mainly composed of sucrose, glucose
and fructose, as observed in sugarcane sap, with small
quantities of organic acids mainly lactic and acetic acid of
2—-4 g kg and inorganics of 5 g kg'!. The total sugars in nipa
saps were in the range of 174—186 gkg™ and were comparable
to sugarcane saps with 170 g kg™. Furthermore, there were no
significant differences in its chemical composition, confining
to sugars, organic acids and inorganics. However, in the period
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Fig. 1 — Sap yields, in L d* and its corresponding sugar content, in g kg™, from palms investigated at all four sites during an
entire tapping season.

of 48 h after sap collection, the total sugars became slightly years, respectively, before it could mature and be tapped for

lower in nipa sap compared to those detected on-site and sap, compared to 5 years or less for nipa palm. Even though 5
simultaneously organic acids increased in saps. This could be years is rather long compared to sugarcane, nipa palm could
due to autohydrolysis of sucrose to glucose and fructose and produce saps continuously without cutting down the palm.
their further decomposition to organic acids. As mentioned previously, nipa palms grow in brackish
Regardless, the sugar contents in nipa saps were found to water environments where fresh water and seawater mingle
be as competitive as other sugar-yielding palms such as sugar and elements like Na and Cl naturally exists. Fig. 2 shows the
palm (Arenga pinnata) with 120—150 g kg™ [15] and palmyra energy dispersive X-ray (EDX) spectra of inorganic elements
palm (Borassus flabellifer) from 180 to 220 g kg™* [16]. However, obtained as ash incinerated from nipa saps from all site in
sugar palm needs 10—12 years and palmyra palms from 20—-30 comparison to sugarcane sap.
Na Cl K Ca
Table 1 — Chemical composition of nipa saps from all four > ‘ Mg S b S W Nipa
sites compared to sugarcane sap. E | L7 Site |
Chemical Yield (wt%) 2 _
composition - = Site Il
Nipa Sugarcane s
g Site Il
Site I Site Il SiteIII Site IV 3
=z Site IV
Total sugars on-site  17.9  18.9 16.4 16.2 =
Total sugars 174 186 16.0 15.9 17.0
Sugarcane
Sucrose 93 111 93 9.4 16.4 / . - : .
Glucose 6.5 5.9 5.2 5.1 0.4
Fructose 1.6 1.6 15 14 0.2 0 1 2 E 3 K V4 5
Organic acids 02 04 04 0.3 0.0 nergy (kev)
IGCIEGE B2 (0 o U L% Fig. 2 — Energy dispersive X-ray (EDX) spectra of inorganic
Total chemical 181 195 16.9 16.7 17.4 . . . .
o elements obtained as ash of nipa saps from all sites in
composition

comparison to sugarcane sap.
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The obtained spectra from nipa saps were similar to each
other and consist of Na, Cl and K as their major inorganic el-
ements. Were different from one sap to the other, particularly
nipa saps from Site Il and Il which had more intense K and Cl
peaks compared to sites I and IV. The intensity of the Na
element, however, was almost similar in all saps. Addition-
ally, low intensities of Mg, Si, P, S and Ca were also detected in
all nipa saps.

Compared to nipa saps, the peaks for elements of K, Mg, Ca,
S and P were more intense in sugarcane sap. The high
amounts of these elements in sugarcane sap directly corre-
sponds to phosphate and potash fertilizers, calcinated lime,
and gypsum used in sugarcane plantations. Elements of Na, Cl
and Si were also detected in sugarcane sap but in low in-
tensities. Despite the intensities, both nipa and sugarcane sap
consisted of the same elements with no heavy metals detec-
ted in both saps.

Since inorganic elements in saps appear to be affected by
its habitation site, soil exhaustion of nutrients faced in sug-
arcane plantations is not applicable in terms of nipa planta-
tion. The rich natural nutrients in seawater and its soil were
sufficient for the palm growth, as observed in all our investi-
gated sites. Furthermore, external addition of organic and
inorganic fertilizers did not show any significant response in
terms of nipa palm growth and sap yield as reported by our
research members, Bamroongrugsa and Purintavarakul [17].
Therefore, management of nipa palm plantations over non-
agricultural swampy lands and abandoned shrimp ponds are
easy and sustainable for reestablishing a productive
mangrove ecosystem as well as for economical purposes such
as ethanol production.

3.3. Fermentation of nipa saps with and without
nutrient supplementation

All nipa sap samples including sugarcane sap were subjected
to batch ethanol fermentation. The initial sugar contents of all
saps were adjusted to 150 g kg* before fermentation. The
obtained ethanol yields of nipa saps with and without the
supplementation of nutrients are shown as Fig. 3. Sugarcane
sap and pure sucrose fermentation was also done for com-
parison. The dotted line indicates the theoretical maximum
amount of ethanol produced after total sugars are fully fer-
mented is 0.51 g g~* ethanol to sugar. This value is used as a
basis for ethanol conversion rate from sugars, and the ob-
tained results are summarized in Table 2. No corrections were
made assuming that all sugars available will be converted to
ethanol.

As observed in Fig. 3, the trends of ethanol yields were
similar for all saps with or without nutrient supplementation.
In nutrient-supplemented media, the fermentation of nipa
saps were rapid in the first 12 h and were almost complete
after 30 h. In addition, its trend for fermentation and resulting
ethanol yields were similar to sugarcane sap, in the range
from 0.484 to 0.494 g g* ethanol to sugar, with ethanol con-
version from 94.1 to 96.9% within 30—32 h. On the other hand,
ethanol conversion from pure sucrose was slow, yet progres-
sive even after 48 h in nutrient supplemented media.

Without nutrient-supplemented media, however,
fermentation trends were similar to nutrient supplemented

05 Theoretical
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o4 b Sugarcan nutrient
o
=
S 0.3 Nipa
-;J—_’ 02 Sucrose @) ?tel
Z O Sitell
% O Site
2 0.1 A Site IV
L

0
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< 04 r
(@)
2
S 0.3 r Nipa
= O Sitel
> 02 r O Sitell
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0

0 10 20 30 40 50
Fermentation time (h)
Fig. 3 — Ethanol yields for nipa saps with and without

nutrient supplementation. Sugarcane sap and sucrose
fermentation was done for comparison.

media but the fermentation was slower and highest ethanol
yields of 0.487 g g* ethanol to sugar (95.5% conversion) which
were observed for sap from Site II. Overall, the ethanol con-
versions of all saps were over 70% without nutrient supple-
mentation. Fermentation in sugarcane sap was also initially

Table 2 — Fermentation summary of nipa saps with and

without nutrient supplementation. Sugarcane sap and
pure sucrose fermentation is done for comparison.

Fermentation Ethanol Ethanol
completion yield, g g* conversion
time, h from sugar,%
With nutrients
Nipa
Site I 30 0.484 94.9
Site 11 32 0.494 96.9
Site III 32 0.464 91.0
Site IV 30 0.489 95.9
Sugarcane 32 0.495 97.1
Sucrose 32 0.440 86.3
Without nutrients
Nipa
Site I 48 0.480 94.1
Site II 48 0.487 95.5
Site III 48 0.361 70.8
Site IV 48 0.476 93.3
Sugarcane 48 0.444 87.1
Sucrose 48 0.003 0.6
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slower but started to increase after 28 h reaching 0.444 g g’
ethanol to sugar in 48 h. As for sucrose, it fermented well with
nutrient supplementation, but without nutrients only 0.6%
conversion was observed even after 48 h of fermentation.

Here, nutrient limitation could be a major factor respon-
sible for the decline in fermentative activity during sucrose
fermentation as also observed by Dombek and Ingram [18].
Nipa and sugarcane saps did not require external nutrients for
fermentation and probably utilized naturally available nutri-
ents in the form of nitrogen and inorganic elements. There-
fore, nipa saps without nutrient supplementation were
further analyzed for total nitrogen and individual inorganic
elements before and after fermentation.

Changes in total nitrogen content before and after
fermentation from nipa saps of all four sites is shown as Fig. 4.
The highest nitrogen content in nipa sap before fermentation
is 700 mg kg™ as observed in Site I and the lowest in Site IV
with only 400 mg kg™*. However, the change in total nitrogen
contentis only observed in Sites I, Il and IV but no change at all
in nipa sap from Site III. A total of 200—400 mg kg* of total
nitrogen was consumed in Sites I, II and IV. Even though the
amount is rather small, the nitrogen available could be
consumed by microorganism for metabolism and growth in
the fermentation media without nutrient supplementation.

Furthermore, some nutrients such as Na, K, Mg and Ca are
required in small concentrations to satisfy cellular growth
requirements to improve the ethanol fermentation and
enhance ethanol productivity [19]. Several other researchers
observed that ammonium [20], calcium and magnesium [21]
have protective effects either on growth and fermentation or
viability, which stimulate the fermentation rate and ethanol
production. This resulted in the possibility to examine the role
of natural inorganics in fermentation.

Therefore, nipa saps were further analyzed for the changes
in inorganic constituents before and after fermentation. The
total inorganic elements before and after fermentation for
nipa saps is shown in Table 3.

As seen is Table 3, the total inorganic constituents
consumed in nipa sap could be noticed with the reduction in
its ash content from 4190 to 3384 mg kg™ in sap from Site I,
4690 to 3904 mg kg™ in Site I, 4832 to 4321 mg kg™* in Site III
and 4150 to 3160 mg kg in Site IV. High amounts of Na, K and
Cl were present in the sap corresponding to the EDX spectra as

m Before fermentation O After fermentation

800 r

Tl

Site

D
o
o

N
o
o

\S]
o
o

Total Nitrogen Content (mg kg1)

o

Fig. 4 — Changes in total nitrogen content before and after
fermentation in nipa saps from various sites.

Table 3 — Inorganic elements of nipa saps before and after
fermentation without nutrient supplementation.

Ash  Inorganic constituents (mg kg™ in sap)
(mgkg™)

Na K Mg Ca P S si d

Nipa
Site I
Before 4290 1180 1700 30 25 255 90 75 935
After 3484 1070 1604 n.d. nd. n.d. nd. 10 800
Site II
Before 4590 1212 1780 77 15 140 192 65 1109
After 3804 1119 1699 7 nd. nd. 5 nd. 974
Site III
Before 5032 1653 1872 73 4 70 55 9% 1209
After 4597 1601 1829 10 n.d. nd. nd. 26 1131
Site IV
Before 4350 1175 1760 45 10 205 110 65 980
After 3264 1010 1504 n.d. nd. nd. nd. nd. 750

n.d.; not detected.

shown earlier in Fig. 2. These elements were in a range be-
tween 935 and 1972 mg kg™, slightly higher in sap from site II,
due perhaps to high salinity. However, in the fermentation of
these saps without nutrients, these elements remained even
after 48 h of fermentation. Therefore, these elements could
not be used efficiently for fermentation and probably added
the stress factor for microorganisms to grow and produce
ethanol under nutrient limitation.

However, minor elements of Mg, Ca, P, S and Si present in
the saps were in the range between 4 and 255 mg kg™, and
these elements were found to be totally consumed or only
found in a very small quantity in the sap after 48 h of
fermentation. A total of 500—900 mg kg of these inorganic
elements has been used in the fermentation process. From
these lines of evidence, the presence of these elements in the
sap may have supplemented for the growth and metabolism
of the microorganism and further assisted in the alcoholic
fermentation process.

The high fermentability of nipa saps to ethanol without
nutrients is an additional advantage as nutrients are high
cost, and therefore, economical to produce ethanol without
them. These characteristics makes nipa sap an interesting
feedstock to be exploited for sustainable ethanol production.

3.4. Ethanol potential from nipa saps

As a first step for the practical utilization, the potential of
ethanol production from nipa sap was estimated. Based on the
results obtained from sap collection, chemical characteriza-
tion and fermentation, the total yield of ethanol in L ha™ y*
was estimated. The ethanol stoichiometric yield of 0.48 g g
was used as maximum yield achieved in conventional
fermentation.

Consequently, the potential of ethanol production from
nipa sap was estimated to 9100 L ha™ y™ of ethanol from the
on-site and laboratory experimental data based on assump-
tions that 1000 palms ha~* could be tapped for 100 days with a
maximum sap yield of 1.0 L d™* per palm containing a mini-
mum sugar content of 150 g kg. However, the estimated
potential of ethanol production could be almost half if only a
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minimum of 0.5 L d* per palm of sap could be obtained.
Hence, the minimum potential could be 4550 L ha™ y™*.

Nevertheless, the estimated annual ethanol yield from
nipa sap of 4550—9100 L ha™ y' is as competitive as
5300-6500 L ha? y? estimated in sugarcane and
3100—3900 L ha* y* for corn as reported by Marris [22]. Even
though the range between minimum and maximum values is
quite large, our estimated values are practical and can be used
for development of future nipa palm ethanol industry, as
important considerations such as palm habitation and sap
yields, chemical compositions and sap fermentability have
been covered in this study.

From the economic viewpoint, even though tapping of nipa
saps could be labor-intensive, it will create a considerable
number of jobs and help generate sustainable livelihood for
coastal communities. Furthermore, these palms could initiate
coastal rehabilitation and restore degraded lands such as
abandoned shrimp ponds as in Site I. Additionally, fossil en-
ergy inputs such as nitrogen, phosphate and potash fertilizers,
herbicides and insecticides, machinery, irrigation, electricity,
diesel fuel and gasoline used in sugarcane plantations has
very limited use or not necessary in terms of nipa palm
management.

4. Concluding Remarks

Nipa palms were found to produce high yields of sugar saps
rich in sucrose, glucose and fructose similar to sugarcane. It
was further found to be fermented to ethanol in high yields in
both conditions with and without nutrient supplementation.
Furthermore, the annual potential of ethanol yields from nipa
sap was also as competitive as sugarcane and corn. Since nipa
freely grows on swampy and sea adjacent land, deforestation
caused by large clearing of forests as in sugarcane and corn is
not foreseen. Therefore, ethanol produced from nipa saps
may be more sustainable than conventional sugar and starch
feedstocks that are currently available in the global market.
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