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ABSTRACT 
Bioethanol can be derived from industrial waste processing that still contains lignin, cellulose and hemicelluloses. Utilization of waste 
will reduce the impact of competition for food resources. The main components in waste seaweed (cellulose) can be converted into bio-
ethanol. Ethanol that produced using cellulolytic activity, can be used as an alternative renewable fuel. One way to convert the cellu-
lose to ethanol is using enzyme hydrolysis followed by fermentation. Hydrolysis and fermentation process are using potential microbi-
al activity as fungi and yeast. All this time, the terrestrial fungi are commonly used for bioetanol, while endophytic fungi from the ma-
rine is still rarely explored although marine fungi that have enzyme activities that can be developed in the manufacture of bioethanol 
so they have potential to degrade cellulose from seaweed waste. The fuels from commercial macroalgae, a priority to identify microor-
ganism that have a bioactive compund to metabolize major from carbohydrates or cellulose. There were some  researchers have devel-
oped macroalgae specific enzymes to hydrolyze macroalgal carbohydrates/cellulose. Most of the microorganisms were originated from 
marine flora and fauna. Their enzymatic functions on macroalgae have been well reviewed in many studies. Once those kinds of mi-
croorganisms and enzymes have been identified and developed, they can be applied to the Simultaneous Saccharification and Fermen-
tation (SSF) and Seperate Hydrolysis and Fermentation (SHF) method. Simultaneous Saccharification and Fermentation (SSF) method 
has many advantages: low contamination, low initial osmotic stress of fermenting microorganisms, and high energyefficiency. It should 
be noted however, that applying various microorganisms to a fermentation condition as in Simultaneous Saccharification and Fermen-
tation (SSF) method could inhibit enzyme activity and extracellular enzyme secretion [22]. Also, various and complex carbohydrates of 
macroalgae can lead to low yield of  bioethanol in the Simultaneous Saccharification and Fermentation methode. Therefore, it is very 
important to know the potential of endophytic marine fungi in in the manufacture of bioethanol. 
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Introduction
The expansion in fossil fuel costs, issues of national security, and ecological concerns have prompted a staggering enthusi-

asm among scientists to grow monetarily reasonable procedures for the creation of elective transportation energizes. Alternative 
fuel is a renewable source of energy. Biological resources based energy are expected to reduce the problem caused by fossil fuels, 
such as fuel shortage and environmental pollution since it is more environmentally friendly.  

Bioethanol, a renewable source of energy, can be derived from materials that contain sugar, starch, or fiber. Raw materials 
commonly used as bioethanol include cassava, sugarcane, palm sap, sorghum, sweet potato, canna, seaweed, and others [1]. Bioeth-
anol can be also derived from processing industrial waste. Industrial waste that is still containing lignin, cellulose, and hemicelluloses 
can be utilized as bioethanol. The Utilization of industrial waste will reduce the impact of competition for food fulfillment.  Bioetha-
nol is produced from carbohydrate non-starch content of seaweed such as cellulose and lignin [2]. Bioethanol has been created from 
green algae include Ulva sp. [3, 4], from red algae such as Kappaphycus sp. [5], Gracilaria sp. [6], and Gelidium sp. [7], from  brown 
algae such as Laminaria sp. [8] and Sargassum sp. [9,10] 

Seaweed has the potential as a bioethanol feedstock. Seaweed production in Indonesia has increased, in 2009 reached 
2.791.689 tons and 3.399.438 tons in 2010. Content of waste produced by The processing of seaweed is carbohydrate in the form of 
cellulose. Cellulose contained in the seaweed waste reach 15-25% [11]. 

One of the components in seaweed (cellulose) is a material that could be changed into bioethanol. One of the methods of 
converting cellulose to ethanol was used enzyme hydrolysis followed by fermentation. Cellulose degradation and fermentation pro-
cess can be running due to potential microbial activity, such as fungi and yeast. Cellulose production obtained from selected microor-
ganisms through a screening process. 

The ability of fungi in cellulose degradation into sugar aided by its enzymes, such as cellulase and xylanase enzymes. Sugars 
was produced by fungi and then converted into ethanol through fermentation process. Terrestrial fungi most often used for sacchari-
fication, such as Trichoderma harzianum were isolated from soil and wood at the Amazon rainforest [12]. Endophytic fungi have 
more active secondary metabolites [13], so the endophytic fungi from marine organisms and plants also have the potential to de-
grade cellulose but its existence has not been widely studied further. Therefore, it is very important to know the potential of endo-
phytic marine fungi for bioethanol production with seaweed waste. 

 

Potential of Endhophytic Marine Fungi 
Endophytic microbes were almost found in all plants on earth and they were grown in plant tissue. Endophytic fungi can be 

isolated from the roots, stems, and leaves. Bacteria and fungi are types of microbes commonly found as endophytic microbes, but 
the class of fungi was most isolated then class of bacteria. The relationship between microbial endophyte and its host were mutual-
ism symbiotic and pathigenic [14]. The Relationship of mutualism symbiotic was characterized with a mutually beneficial relationship 
between endophytic microbes and its host.   

Fungal endophytes were isolated from all organs of various trees, asymptomatic herbaceous plants,  and marine algal thalli 
such as Fucus serratus, Fucus spiralis,  Fucus vesiculosus, Ceramium sp. Laminaria sp., Ascophyllum nodosum,  Enteromorpha sp, 
Halarachnion ligulatum, and Plumaria elegans [13]. Endophytic fungi have been detected and effectively cultured from soil and some 
of terrestrial plants [12]. These energizing revelations with terrestrial plants make one wonder if marine algae, seagrasses (the main 
angiosperms plants that become submerged in the ocean) harbor endophytic fungi that produce secondary metabolites. Kobayashi 
and Ishibashi are of the conclusion that marine endophytic fungi may can create various sorts of compounds from those of terrestrial 
sources [15]. In addition to secondary metabolites, endophytic marine fungi also produce primary metabolites that have activity, 
such as enzyme activity. There were two strains of the marine fungi, such as Aspergillus terreus and Mucor plumbeus with cellulase 
enzyme activity [16]. 

There were some provisions to isolate endophytic microbes that capable to produce potential bioactive compound, such as: 

1. The host plant of endophytic fungi grows in a specific environment. 
2. The plant has a history ethnobotanical closely related to the utilization of specific plants by the native people. 
3. Host plants are endemic plant  
4. The host of endophytic fungi grow in areas that have high biodiversity 

The host plants of endophytic fungi must have a certain selection process based on the influence of the environment, harvest-
ing, and history of its host plants [17]. These growths seem to have an ability to create a variety of secondary metabolites showing an 
assortment of biological activity. Even though the capacity of organisms to create bioactive metabolites is well known, endophytes 
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have not been exploited, perhaps because we are only starting to comprehend their dispersion and biology [18]. 

The component of cellulose, hemicellulose, and lignin in rotting plants can be degraded by Fungi. The degrade of cellulose in 
plant by a complex of excreted oxidative and hydrolytic enzymes, for example, cellulases enzyme, hemicellulases enzyme, and lig-
ninases enzyme, while from potential bacteria to degrade lignocellulose can be isolated from soil and compost. The potential fila-
mentous bacteria was from generally of the genus Streptomyces. 

There are several microorganisms can degrade cellulose, hemicellulose and lignin called by cellulolytic microorganisms, includ-
ing from fungi, and bacteria. The potential of cellulolytic fungi including from genera Trichoderma, Penicillium, Aspergillus, and Hu-
micola grisea var thermoidea, while cellulolytic bacteria such as the anaerobic Bacillus, Clostridium, aerobic actinomycetes, and Cel-
lulomonas [19]. 

 Cellulose activity from marine fungal strains were screened (Table 1). Amongst them maximum producer of enzyme was 
identified as Mucor plumbeus and Aspergillus terreus. These two strains were explored for the optimization of cellulase enzyme yield. 
Different agro wastes were screened as carbon source, among them eucalyptus as substrate was found to be a good carbon source 
for both marine fungal strains. The utilization of agro waste as an enzyme substrate for bioethanol production can reduce the cost of 
producting bioethanol and facilitate the processing of converting carbohydrate into fermentable sugar. Mucor plumbeus and Asper-
gillus terreus were optimized with physical (temperature & pH) as well as nutritional parameters like a variable range of nitrogen 
sources. It was found that the optimum temperature for enzymatic activity was 37 °C & pH 7. Aspergillus terreus and Mucor 
plumbeus have the potential of converting cellulose in a single-step fermentation process. So far the literature study is concerned 
most of the studies regarding cellulase production by agro waste degradation have been carried out with terrestrial genera [16]. 

 

Tabel 1. Xylanolytic, cellulolytic and ligninolytic activites isolated from  
marine environment [20]. 

Organism Source* Xylanase 

(nmol min-1 ml-1) 

CEA** cellu-
lolytic 

CEA** Lignino-
lytic 

Gliocladium sp A 40,9 + + 

Ascomycetes B 48,5 - - 

Sordaria funicola B 50,1 + + 

Gongronella sp B 574,0 - + 

Aigialus grandis  C 58,5 + + 

Aigialus mangrovei C 222,0 + + 

Lophiostoma mangrovei C 103,6 + + 

Halosarpheia ratnagiriensis C 23,4 + + 

Zalerion varium C 33,4 + + 

Hypoxylon oceanicum C 177,0 + + 

*A=Mangrove soil, B=Decaying mangrove leaves, C=Decaying mangrove wood 

**organisms were inoculated into cellulose azure agar (CEA) 

 

Enzymatic complex, which on the whole have particularity for the b-1,4-glucosidic bonds produced by cellulolytic organism. 
They have been named as exoglucanases or cellobiohydrolases (EC 3.2.1.91) and endoglucanase (EC 3.3.1.4). The cellobiohydrolases 
or CBH that shows a higher proclivity for crystalline cellulose, remove the disaccharide cellobiose from the reducing and the non-
reducing ends of the cellulose chain. The endoglucanases or EG, with a higher proclivity for the amorphous side of the cellulose, ad-
vance a random internal attack in the cellulose chain, delivering cello-oligosaccharides, which are the substrate for the CBH enzymes. 
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Cellobiose, that is water-dissolvable, is hydrolyzed into two molecules of glucose by the b-glucosidase (EC 3.2.1.21), otherwise called 
enzyme of cellobiose [21]. 

 

Potential of Seaweed for Bioethanol 
Seaweed can be used as raw material in producing a bioethanol [22,23]. Seaweed contain a measures of biomass as cellulose 

and starch which can be converted to simple sugar such as glucose used in fermentation. The glucose can be changed over to bioeth-
anol by a fermentation method. Seaweed can be used for bioethanol fermentation by converting their stock material to fermentable 
sugars. The close absence of lignin can be hydrolized by enzyme into simple cellulose.  

There are several types of seaweed has been used as bioethanol feedstock, such as Ulva lactuca, Gracilaria verrucosa, Kap-
paphycus alvarezii [24-26] with enzymatic or acid treatment. The red algae for example, Gelidium amansii, which is made out of cel-
lulose, glucan, and galactan, also can fill as a potential feedstock for bioconversion to ethanol [8]. The utilization of red algae as a raw 
material for bioenergy production is greater than other source of biomass [27]. Red algae can create bioethanol yield of 4% up to 43 
% [8, 25-29]. On research Borines et al., Sargassum spp. used to manufacture bioethanol contains such alpha-cellulose 20,35%, hem-
icelluloses 25,73%, holocellulose 46,08% and mannitol 5,04% [28]. Ulva lactuca has biochemical composition to manufacture bioeth-
anol contains such as galactosa 1%, glucose 8,2%, and xylose 4,5% [24]. 

The use of seaweed feedstock for bioethanol production continuously worried a competition between the availability of raw 
materials for food, feed, and energy source [30]. This makes problems continuously, so we need raw materials that do not make 
competition with food sources, such as sewage. Potential sources of raw material are abundant availability, low cost, have not been 
widely exploited people and structures containing simple sugars that can be converted into ethanol, such as lignocelluloses materials 
as seaweed processing waste. Utilization of alga waste, that contains cellulose (30%) and a bit of cellobiose (2,2%). In the fact, 277,5 
mg g-1 of glucose can be reached with enzymatic hydrolysis methods that it following mild acid pre-treatment using sulfuric acid (0.1 
% w/v, 121oC, 1 h) [29] 

Lignocellulosic material was derived from plants with the main components lignin, cellulose, and hemicellulose. Abundant 
availability especially as agricultural, farm, and forestry waste, making this material potentially as a source of energy through the 
conversion process, either the physical, chemical, and biological. Contains three components of lignocelluloses which include cellu-
lose (30-50%), hemicelluloses (15-35%), lignin (13-30%) [31]. 

Cellulose is a composer compound 40% - 50% of the wood in the form of microfibrils cellulose, where hemicellulose is a ma-
trix compounds among the microfibrils cellulose. Cellulose is an organic substance which most abundant in nature. Cellulose is insol-
uble in water and can not be digested by the human body. Cellulose dominate carbohydrates derived from plant (almost 50 %). Cellu-
lose can be hydrolyzed to glucose using water media and assisted with acid or enzyme catalyst. Further glucose will be fermented 
into ethanol. 

Lignin, on the other hand is a stringent compound surrounding and amplifying the cell walls. Lignin is a polymer of organic 
matter that is much and important in the world of plants. Lignin composed of phenolic polymer tissue. It makes the cellulose and 
hemicellulose fibers tissue more strong [32]. Lignin content can obstruct bioconversion of lignocellulosic to ethanol. Lignin protects 
cellulose, thus cellulose hydrolyzed to glucose difficulty.  A Pretreatment process is needed. This protector breaks cellulose until easi-
ly hydrolyzed without much loss polysaccharides. In the saccharification of bioethanol, the highest value of convertion from alga to 
glucose occured in the treatment without pretreatment because the low lignin content in seaweed. Conversion value of lignicellulose 
into glucose without pre-treatment method is less than 13% [33]. Pre-treatment showed an increase in total soluble sugar content. It 
selectively removes the lignin with an increase in accessibility of ethanol using sugars [34] 

Hemicellulose is polysaccharide having a molecular weight smaller than cellulose. Hemicellulose molecules more easy to ab-
sorb water and plasticity. Hemicellulose composed of various types of sugar. Five neutral sugars are glucose, mannose, galactose, 
xylose, and arabinose (pentosan). 

 

Seaweed Waste into Bioethanol 

Production of ethanol from cellulose materials requires several stages before entering into fermentation to produce ethanol. 
This is due to the structure of cellulose is more complex and should be simplified to ethanol fermentation process can be optimum 
[31]. Stages of bioethanol production using seaweed [25]. Starches must be hydrolyzed to fermentable sugar before they can be 
used. The constraint in process of enzymatic saccharification is the presence of lignin content in agricultural biomass. Therefore, alt-
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hough cellulose or starch material are less expensive than sugar-based substrates, there must be a conversion from cellulose or 
starch to fermentable sugar. Biological treatment showed an increase the ethanol purity grade, volume, and fermentation speed 
yield after 3 days of fermentation. This is contrasts with physical treatment in producing an ethanol yield.  

The enzymatic hydrolysis can be completed independently from the alcoholic fermentation, a procedure known as Separate 
Hydrolysis and Fermentation (SHF), and the other procedures can run together as Simultaneous Saccharification and Fermentation 
(SSF) [35]. Hydrolysis process in the SHF method, should be possible at a temperatures as high as 50oC in order to maintain enzyme 
stability to expand rates and reduce bacterial contamination. The SHF Process facilitates the separation of the sugar syrup from hy-
drophobic lignin that can be used for solid fuel production. Nevertheless, in this process lead to accumulation of the glucose that can 
inhibit the activity of endo-glucanases, exo-glucanases and β-glucosidase enzyme thereby affecting the yield and the reaction rates 
[19].  

Ethanol production by SSF method will be faster than SHF method because glucose will be fermented simultaneously into 
ethanol. In addition, it can reduce the occurrence of contamination due to ethanol formation, the presence of anaerobic conditions, 
and continuous glucose conversion.  The SSF method is present a lower cost as just a single reactor. In this context, it is fascinating to 
take note of that the ethanol that accumulates in the medium does not significantly influence the action of catalysts. The trouble of 
this procedure identifies with the diverse ideal temperature for enzymatic hydrolysis (45–50oC) and alcoholic fermentation (28–35oC) 
[19]. A bioethanol yield of  90,9% was obtained for the SSF Process [36].  Ethanol can be produced by fermentation of glucose using 
saccharophilic yeast strains such as Saccharomyces cerevisiae or some yeasts with fermentative potential [37]. There are yeast with 
fermentative potential from retrieved from Arabica coffee wet processing waste. The isolates yeast from Arabica coffee pulp showed 
a different pattern of ethanol production amount 5,01 -6,20%, while ethanol production of  4,5% for S.cereviviae [38] 

 

Conclusion and Future Prospect of Bioethanol 
Macroalgae (seaweed) can accumulate carbohydrates or cellulose as a significant bit of their biomass. The significant expense 

of carbohydrates or cellulose depolymerizing enzyme catalysts for pre-treatment of algal biomass makes the expense of algal bioeth-
anol several folds higher. At present, these enzymes are delivered in microbial bioreactors for commercial use. Further research is 
required on screening of high cellulose or starches accumulating macroalgae from corresponding water bodies or to create proficient 
macroalgae using genetic designing or genetic engineering.  

Genetic designing techniques ought to be activated to deliver all enzymes include cellulase and amylase within the algae or 
for creating enzyme of cellulolytic in bioreactors. Moreover, future research on the upregulation of carbohydrates or cellulose bio-
synthesis pathway enzymes for increased polysaccharides will also possibly increment algal bioethanol production. The possibility of 
competition between various pathways for carbon metabolism, including starch biosynthesis and capacity, may constrain ethanol 
production. There must be a condition to create ethanol simultaneously with photosynthesis and keep away from the steps of accu-
mulation of starch and change back to sugar for ethanol. In this methodology, there might be a hindrance by collected ethanol to-
wards the metabolic activity of algae and hence could decrease the productivity. This requires the need for ethanol tolerant algae for 
effective ethanol creation [32]. 

The fuels from commercial macroalgae, a priority to identify microorganisms that have a bioactive compound to metabolize 
major from carbohydrates or cellulose. There were some researchers have developed macroalgae specific enzymes to hydrolyze 
macroalgal carbohydrates/cellulose [32]. Most of the microorganisms were originated from marine flora and fauna. Their enzymatic 
functions on macroalgae have been well-reviewed in many studies. Once those kinds of microorganisms and enzymes have been 
identified and developed, they can be applied to the Simultaneous Saccharification and Fermentation (SSF) method [32]. Simultane-
ous Saccharification and Fermentation (SSF) method has many advantages: low contamination, low initial osmotic stress of ferment-
ing microorganisms, and high energy efficiency. It should be noted however, that applying various microorganisms to a fermentation 
condition as in Simultaneous Saccharification and Fermentation (SSF) method could inhibit enzyme activity and extracellular enzyme 
secretion [39]. Also, various and complex carbohydrates of macroalgae can lead to a low yield of bioethanol in the Simultaneous Sac-
charification and Fermentation methode [32]. 

In the process of bioenergy production, it is necessary improving microbial capacities molecularly through biotechnology to 
modify the physicochemical properties of macroalgae, such as macrolagae metabolism engineering through biosynthesis pathways 
so as to increase their polysaccharide synthesis and productivity [40,41]. This methodology could significantly improve seaweed 
productivity and contribute to the success of marine biorefinery. There have been several attempts that have been made in devel-
opment of molecular biotechnology in macroalgae, such as gene mapping [42], the addition and introduction of foreign genes in 
macroalgae cells [43], and selection of promoters [31]. The bioethanol plant under consideration has been divided into varoius parts 
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operating component preferences [44] 
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