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Abstract: Problem statement: To date, production of liquid fuel, particularlyhanol, has only been
economically feasible from food crops that are higlsugar and starch. However, the use of arable
land for fuel rather than for food production ahé use of a food source for fuel rather than ad foo
have created issues in prices and availabilityradlitional foods and feed. The use of cattails to
produce biofuel will add value to land and will@leduce emissions of greenhouse gases by replacing
petroleum productsApproach: In order to investigate the feasibility of convedi cattails into
cellulosic ethanol, an alkali (NaOH) pretreatmerdgess was studied using cattails from constructed
wetlands on a North Carolina A and T Farm basedNa®H concentration and enzyme loading.
Results: The alkali pretreatment method was able to effetitiincrease enzymatic digestibility of
cattail cellulose; nearly 78% of the cellulose froav cattails was converted to fermentable gludose
48 h using a cellulase loading of 60 FPU glucan. About 25.5, 37.4, 38.4, 42.4 and 55.9%hef
lignin was removed with pretreatment in 0.5, 1,3®,and 4% NaOH, respectively. The yeast
Saccharomyces cerevisiae (ATCC 24858)was able to ferment the sugars released by catHillose.
Conclusion: The overall effectiveness of alkali pretreatmematsva function of NaOH concentration
and enzyme loading. NaOH concentrations in theearid.-2% are recommended for the pretreatment
of cattails. For cattails pretreated with 4% Na@®H,significant change in digestibility occurred whe
enzyme loading was increased beyond 15 FPWlycan. It is recommended that further studies be
carried out using cattails as a feedstock for Hsfu especially to optimize the economics of
pretreatment processes for cattails in terms ofggni@put, enzyme loading, glucose yield and xylose
yield.
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INTRODUCTION waste and the like, into liquid fuels and chemidhkst
can partially replace petroleum and petrochemicals
The US Department of Energy predicts that the us¢Zhanget al., 2008; 2009).

of foreign petroleum, which currently feeds 56%oof To date, in the US, production of liquid fuel,
needs, will grow to 68% by 2025 (US Energy particularly ethanol, has only been economically
Information Administration, 2009). The economic feasible from food crops that are high in sugar and
consequences of this are self-evident, but recergtarch. While this has had some impact on our gnerg
geopolitical events and growing environmentalsource portfolio, it has not been without seveegicais
concerns related to the global build-up of greemleou limitations. The use of arable land for fuel rattiean
gases have also become energy-related issuefr food production and the use of a food sourae fo
Consequently, a serious interest in alternativerggne fuel rather than as food have created issues Te®ri
sources is now being fostered for reducing thisand availability of traditional foods and feed. Aora
dependence on non-renewable foreign energy sourcesustainable solution would be to use cellulosic
One technology for doing so is the conversion offeedstock, which often can be obtained as wasta fro
under-utilized lignocellulosic biomass sourcesbhsas food crops or from non-food plants grown on marbina
corn stover, bagasse, switchgrass, pulp and papéand. To this end, the Federal government has been
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calling for research into ethanol production from aTable1: Biomass compositibhof cattails before and after NaOH

number of cellulosic sources. The most widely. pre_"eatfmem )

investigated of these sources thus far have beem cofoncentrationofNaoH(®e) 0 05 1 2 3 4

stover or crops grown specifically as energy crepsh Cellulose 28 372 A25 00 423 450
_ PS g P y as energy crap Xylan 189 29.0 253 250 220 246

as switchgrass and poplars (Mosiega al., 2005).  Other sugafs 57 34 30 31 30 32

However, another viable feedstock could be aquatidlason lignin 207 198 181 172 164 139

plants obtained from constructed wetlands. Ash 47 49 52 64 61 35

The wetland plants under consideration in thea: Moisture free basis: Biomass also contains acid-soluble lignin,

. extractives, acetyl acid groups and uronic acidigsg”: Other sugars
presgnt study_ar§ypha SpECI(_ES, CQ!’”mor"y knov‘_’n as represents galactan, arabina and mannan
cattails. Cattails have been identified as a paleity
suitable biomass crop for wetlands because of theigjomass analytical procedures Compositional
superior productivity (40+ metric ton Hastanding analysis of biomass was carried out using the
crops), pest resistance, adaptability and chemicglghoratory Analytical Procedures (LAPS) developgd b
composition I(Prattet al., 1988). Cattails are often e National Renewable Energy Laboratory. The
among the first wetland plants to colonize areas 0Inoisture content of the biomass was determinech®y t
neWIy. exposed wet mu_d and typically grow to .1'7 Mmethod of LAP #001. The ash content of the biomass
tall, with spongy, strap-like leaves and starchgeping was determined by the method of LAP #005. Struttura
stems (rhizomes) (Apfelbaum, 1985). The leaves aLr(eainalyses of the samples were carried out according

?Agg‘f‘/fmigﬁ ”t‘)‘;ztg t?]aes";}'o\f\‘l)eg 5}?2'%&‘32}5?“; the methods of LAP #002, LAP #003, LAP #017 and
y : LAP #019. The composition of untreated cattails and

contain mostly starch, spread horizontally benehth Lot ;
surface of muddy ground to start new upright growth pretreated cattails is listed in Table 1.

The spread of cattails is an important part of the ) .
conversion process of open water bodies to vegetatd ' etreatment of the feedstock: About 50 g of dried,

marshland and eventually to dry land. Cattails arédfound cattail was stirred into 0.5 L of NaOH (1A%

sometimes eaten by cattle and have some nutridieesy ~ 2Nd l€ft at room temperature for 24 h. The mixtwes

as they contain about 6% protein and 50% totaf?en centrifuged at 2600 RCF for 20 min, the

digestible nutrients as young plants, with lowerels as ~ SUPernatant was decanted and the pellet was rinised

the plants mature. In terms of lignin-cellulosicteral, ~ Water six times and twice with 0.05 M citric acidffer

Kucuk et al. (2005) reported that cattails contain 47.6%(PH 4.8). Samples were centrifuged and supernatants

cellulose and 21.9% lignin. Based on this compmsitit ~ decanted between rinses.

is possible that, after appropriate fractionatiaretfails

could be a good source of fuel ethanol. Chemical analysis: Liquid samples were filtered
The degradation of cellulose to fermentable sugargrough 35um nylon membranes and analyzed by High

is inhibited by the co-occurrence of hemicellulesel ~ Performance Liquid Chromatography (HPLC) (Waters,

lignin surrounding the cellulose fibers. Treatmeiith ~ Milford, MA) with a KC-811 ion-exclusion column and

alkali can removed lignin, thus promoting hydrosysi @ Waters 410 refractive index detector to deterrtinee

and improving the glucose recovery from cellulcBee ~ presence of glucose, arabinose, xylose, galactose,

most commonly used alkali base is NaOH é.ial., mannose and ethanol. The mobile phase was 0.1%

2004). Alkali pretreatment processes have theédsPO, solution at a flow rate of 1 mL mih The

advantages of utilizing lower temperatures andtemperatures of the detector and column were

pressures compared to other lignin removalmaintained at 35 and 60°C, respectively.

technologies. For the present study, cattails from

constructed wetlands on the North Carolina A&T FarmDigestibility test: Pretreated biomass samples were

were processed with an alkali pretreatment processised in wet form for enzymatic digestibility tes#s.

Saccharomyces cerevisiae (ATCC 24858) was then control was prepared with an identical amount dffadia

used to test the fermentability of the sugarsmaterial that had not been pretreated. The totaluamn

enzymatically degraded from cattail cellulose. of glucose released after 48 h of hydrolysis was
measured to calculate the enzymatic digestibilitye
MATERIALSAND METHODS conditions of the enzymatic digestibility tests &0

°C and pH 4.8 (0.05 M sodium citrate buffer). Screw
The cattails, Typha latifolia, were chopped with capped 250 mL Erlenmeyer flasks were used as
pruning shears, dried at 70°C for 5 days and grémied  reaction vessels and were agitated at 150 rpm in a
Wiley mill to 1 mm mesh size. constant temperature incubator shaker. Pretreated
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cattails were hydrolyzed using a cellulase loadingdissolution of the cattails are illustrated in Fig.
(Novozyme NS50013) of 7.5, 15, or 60 FPGgﬂucan. Nearly 70% of the cellulose was converted to
Novozymep-glucosidase (NS50010) at a loading of 4.5fermentable glucose in 6 h by 60 FPU glucan.
CBU ¢* glucan and hemicellulase (NS22002) at a

loading of 2.5 FBG ¢ glucan were also incorporated T 1000Gesige e _oop

with the cellulase. Biomass samples were loadenl int % _ ' . o

the reactor to give an initial glucan concentratiotthe BE OO

reactor of 1% (w/v) (i.e., 1 g-glucan/100 mL liguid % % 600 L ED R e L

Fermentation: Saccharomyces cerevisiae (ATCC % é 00l ‘o

24858) was the yeast organism used to ferment the< &€ _ e Cellulose

enzymatically released sugars. For ethanol prooiucti 55 00| -0~ Xylan

8 mL of seed culture were used to inoculate 40 nfL Y § & - Lignin

medium in a 250 mL Erlenmeyer flask. The cultures ~ 0.0 : : : : ‘ . —
o] 05 1 1.5 2 25 3 35 4

were incubated in a shaker at 30°C and 200 rpm anc
grown aerobically overnight. The yeast was harveste
by centrifugation at 2600 RCF for 15 min, at roomgig. 1: Component balance of NaOH pretreatments
temperature. The supernatant was discarded and the cattails were pretreated with 0.5-4% NaOH

cells were transferred to 250 mL screw-capped

MaOH concentration (%)

Erlenmeyer flasks containing 100 mL of hydrolysate. %%
The initial cell mass concentration prior to ferriaion %é
in each experiment was 8-9 g dry weight.[The flasks g‘i’nﬁ 80.0 -
were then tightly capped to allow fermentation tcur 87
under largely anaerobic conditions. The culturesewe £ £ 99 —— 4% NaOH
placed in a shaker and incubated at 30°C. Fernientat = 3 - o — Caltails without
samples were filtered through 8 nylon membranes 5 § 40 pretreatment
and analyzed by HPLC to determine the presence 01'§§
ethanol and sugars. g5 200
53
RESULTS 0.0 OOt === e st )
W] 20 40 &0
Component balance of NaOH pretreatments: Time (h)
Cattails were pretreated using NaOH (1-4% w/v) at A)
room temperature for 24 h. Dry matter recoveried an 106 -
compositional analyses of solids and liquids aftex e 4 wmOn

pretreatment step were used to develop a componen
balance for the pretreatment processes. The remgaini
soluble mass in the hydrolysate liquid was deteechin
by difference. These results are shown in Fig. d an
Table 1. Cattails without a pretreatment contained
approximately 32% cellulose, 19% xylan and 21%
lignin. During the 0.5, 1, 2, 3 and 4% NaOH
pretreatment processes, about 25.5, 37.4, 38.4,a4i2l
55.9% of the lignin was dissolved into soluble form
respectively. The cellulose portion of cattails weft
almost intact during the pretreatment process. hewe Time (1)
if the concentration of NaOH was higher than 3%, ®)
xylan was partially dissolved into the liquid sadurt.

o
(=]
T

-0 - Cattails wnthout
pretreatment

o
(=]
T

IS
<
T

Mylose Tield % of the xylan
from pretreated cattails)

Fig. 2: Cellulose and xylan digestibility of cattaby

Hydrolysis of cellulose from cattails following NaOH NaOH pretreatments. Cattails were pretreated
pretreatments: Cattails were pretreated using a 4% with 4% NaOH and the pretreated material was
NaOH solution for 24 h and the pretreated mateves then hydrolyzed for 48 h with cellulase at 60
then hydrolyzed for 48 h with cellulase at 60 FPU g FPU g¢' glucan. (A) Glucose yield; (B)
glucan. The vyields of fermentable sugars from the Xylose yield
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Table 2: ',Eflfgd ?f NaOH goncer?l”ation on the glecand xylose 15 FPU @' of glucan were not statistically significant at
Sugar yields of pretreated cattails a 95% confidence level (Fig. 3). In both cases,
yield (%) 0.5% NaOH 1% NaOH 2% NaOH 3% NaOH 4% NaoH aPproximately 75% of the cellulose was converted to
Glucose 23.0z1.1 57120 70.1+24 754:15 778+3. gQlucose and approximately 30% of the xylan was
Xylose  11.5+0.4  28.6+1.9 30.4+05 34.8+#2.0 33.6x1.9 converted to monomeric xylose. When the cellulase
loading was reduced to 7.5 FPU"@f glucan, the

glucose vyield dropped to approximately 65.7%.

20

oo || [ Glucoseyield ; However, the xylose vyield only dropped to
o B Xylose yield I approximately 26%.
. 0T Fermentation of cellulose from base-pretreated
%D 50 1 cattails: Cattails were pretreated with 4% NaOH for 24
S a0l h and then hydrolyzed for six days using the method
A P described above. After a six-day hydrolysis, the
30+ I % resulting hydrolysate was then fermented at 30tGl&
20 | h by Saccharomyces cerevisiae (ATCC 24858). Since
10l only diluted pretreated cattails (~1 g glucan/100 m
volume) were used, glucose to ethanol yields were
¢ a5 s ' pos ' approximately 95% of the theoretical yield fhistS
Cellulase dosage (FPIT) cerevisae stain, resulting in a ethanol yield of
approximately 0.36% wiv.
Fig. 3: Effect of cellulase dosage on the glucord a

xylose vyields of cattails pretreated with 4% DISCUSSION
NaOH. Cattails pretreated with 4% NaOH at
room temperature for 24 h were used for Using alkaline chemicals to remove lignin has long
digestion to compare cellulase loading. Errorbeen known to improve cellulose digestibility. When
bars represent 95% confidence levels applying a 0.5-4% NaOH solution, approximately 25.5
56% of the lignin was removed. And the alkali
However, no detectable xylose appeared withinitise f pretreatment increased the degree of enzymatic
4 h, but began to gradually appear, reaching al levéhydrolysis of cattails, while untreated cattailsnened
corresponding to 30% of the total xylan by 8 h.thé  almost indigestible. The highest glucose yield $%47.
end of 48 h of hydrolysis, the yields of glucosel an of the cellulose) was obtained when the cattailsewe
xylose were approximately 78 and 34% of the cedlalo pretreated with a 4% NaOH solution. An increase in
and xylan from pretreated cattails, respectively. glucose vyield of only 3% was seen when the NaOH
concentration was raised from 3-4%, while the ghgco
Comparison ~ of  alkali pretreatments: The yield increased by 7.6% when the NaOH concentration
pretreated cattails were hydrolyzed for 48 h withwas increased from 2-3%, by 22.8% when the NaOH
cellulase at 60 FPU §glucan. The yields of glucose concentration was increased from 1-2% and by 2.5
and xylose following enzymatic treatments of alkali times when the NaOH concentration was increased
pretreated cattails are shown in Table 2. An irsgéa  from 0.5-1%. The increment in glucose yield deoedas
release of sugars was observed as NaOH concentratiovith the increase of NaOH concentration. Since wodi
was increased. After 48 h of enzymatic hydrolysie, hydroxide and other bases are expensive and the
glucose yields were 23.0, 57.1, 70.1, 75.4 and% A% recovery process is complex, lower ranges of 1-286 a
the total cellulose following pretreatment with 0152, recommended for the pretreatment of cattails.
3 and 4% (w/v) NaOH, respectively. The results indicate that cattails pretreated with
4% NaOH are digestible with similar results at
Effect of enzyme loadings on digestibility of  enzyme loadings above 15 FPU glucan. However,
pretreated cattails: Cattails pretreated with 4% NaOH pecause higher enzyme loading will significantly
at room temperature for 24 h were used for digedtio increase cost, there is no economic justification f
compare cellulase loading. The maximum glucoselyiel raising the cellulase level. An optimum cellulase
was achieved with a cellulase loading of 60 FPU g loading needs to be selected according to the
glucan. The difference in results betweBrafid pretreatments used.
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CONCLUSION Li, Y., R. Ruan, P.L. Chen, Z. Liu and X. Pahal.,
2004. Enzymatic hydrolysis of corn stover
To investigate the feasibility of converting céfta pretreated by combined dilute alkaline treatment
into ethanol, alkali (NaOH) pretreatment was stddie and homogenization. Trans. ASAE., 47: 821-825.

cattails from constructed wetlands on the North http://asae.frymulti.com/azdez.asp?JID=3&AID=1
Carolina A&T Farm. The alkali pretreatment method 6078&CID=t2004&v=47&i=3&T=2
was able to effectively increase the enzymaticMosiera, N., R. Hendricksona, N. Ho, M. Sedlaka and

digestibility of cattail cellulose; nearly 78% ohe M.R. Ladisch, 2005. Optimization of pH controlled
cellulose was converted to fermentable glucoseBim 4 liquid hot water pretreatment of corn stover.
using a cellulase loading of 60 FPU' glucan. About Bioresour. Technol., 96: 1986-1993. DOI:
25.5, 37.4, 38.4, 42.4 and 55.9% of the lignin ddug 10.1016/j.biortech.2005.01.013

removed by pretreatment with 0.5, 1, 2, 3 and 4%Pratt, D.C., D.R. Dubbe, E.G. Garver and W.D. Johns
NaOH, respectively. The effectiveness of alkali 1988. Cattail Typha spp.) biomass production:;

pretreatment was a function of NaOH concentratioch a Stand management and sustainable yields: Final
enzyme loading. NaOH concentrations in the range of report, 1984-1988.
1-2% are recommended for the pretreatment of tattai http://www.osti.gov/energycitations/product.biblio.

For cattails pretreated with 4% NaOH, no significan jsp?osti_id=6240095

change in digestibility occurred when enzyme logdin US Energy Information Administration, 2009.
was increased beyond 15 FPU® gglucan. It is International Energy Outlook 2009.
recommended that further studies be carried outgusi  hitp://www.eia.doe.gov/oiaf/ieo/

cattails as a feedstock for biofuels, especially toZhang, B., M. von Keitz and K. Valentas, 2008.
optimize the economics of pretreatment processes fo ~ Maximizing the liquid fuel yield in a biorefining
cattails in terms of energy input, enzyme loading,  Pprocess. Biotechnol. Bioeng., 101: 903-912. DOL:

glucose yield and xylose vyield. 10.1002/bit.21960
Zhang, B., M. von Keitz and K. Valentas, 2009.
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