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Abstract 

Marine ecosystems can be a promising reservoir of various kinds of chemical components, 

applicable as pharmaceutical materials, food, cosmetics, nutraceuticals, and others for 

different industry. As an example, Tunicates, a group of marine animals, have been attracted 

a lot of attention in medical application, food market, water pollution issues, and Cellulose 

nanomaterial production due to their consisting of chemical compounds such as cellulose, 

amino-sugars, and proteins or protein-polysaccharide complexes e.g. collagen, 

glycosaminoglycan, chitin, scleroprotein, iodine-binding proteins, and elastin. In this project,  

two dominant species of Scandinavian Tunicates, i.e. Ciona intestinalis and Clavelina 

lepadiformis, harvested from Norwegian ocean have been classified according to body sizes, 

depths from the ocean surface, ages and species, and separated physically into outer layer 

and internal organs, followed by measurements of sugar composition, oil content, and  

protein content. Application potentials have been investigated by trials for production of pure 

crystalline cellulose, bioethanol, and biodiesel, and by analysis of amino acid composition of 

the samples. 

The cellulose percentage and cellulose yield for the chemically pure cellulose obtained, is 

around 96% and 54% respectively, and the protein content is decreased step by step by the 

acid, alkali, and bleaching process applied. Bioethanol can be obtained by fermentation of 

tunicate hydrolysate with strains A and C which are derived from Saccharomyces cerevisiae. 

The biodiesel yield of tunicate samples is around 4-6% as an average. The amino acid 

compositions in our tunicate samples are similar to egg albumin, implying tunicate being an 

alternative material for animal feed production.  

Several processing treatments have been conducted with the aims to fractionate tunicate 

biomass components or enhance the cellulose accessibility and reactivity. After a single 

processing step, Ba(OH)2 treated samples seemed to be the best in terms of both cellulose 

preservation (66.5% cellulose) and protein removal (6% protein in the treated residue). 

Results from the physical separation plus washing reveal that the highest amount of cellulose 

and protein presents is found in the outer (Tunic) part and internal organs of Tunicate 

samples respectively. Data obtained from FTIR(Fourier Transform Infrared Spectroscopy) 

and SEM(Scanning Electron Microscope) indicate that among all processing trials, H3PO4 is 

the most effective in decreasing the cellulose crystallinity, which renders a higher 

accessibility for acidic or enzymatic reaction during bioethanol production due to a higher 

amount of amorphous structure of cellulose. 

From the analysis results of component contents and structures, it could be concluded that 

increase of deepness results in a decrease of sugar content of the Tunicate samples while 

there are no differences in protein and carbohydrate content in different tunicate species. The 

body size has a positive influence on the protein content and the sample age alters the 

contents of both sugar and protein. In addition, Tunicate oil has high phospholipid content 

instead of glycerol ester, the latter being the common oil from vegetable origins. Moreover, 

lots of free fatty acid is present, and the composition profile of Tunicate fatty acids seems to 

be similar to fish oil, as revealed by NMR (Nuclear Magnetic Resonance Spectroscopy), 

FTIR, and GC-MS (Gas Chromatography-Mass Spectrometry). 

Keywords: Tunicate, Ciona intestinalis, Clavelina lepadiformis, Cellulose whiskers, biofuel   
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1. Introduction 

 

1.1 Background 

 

 1.1.1 Tunicate 

 

Tunicates related to subphylum Tunicata or Urochordata, considered to be evolutionarily 

advanced invertebrate marine organisms[1]. They are filter feeder sac like organisms 

including incurrent and excurrent siphons[2] and generally can live in three different forms of 

Solitary ( single form), colonial ( colonies of individuals), or compounds ( Tunicates attached 

together, while having common tunic), as described in Figure 1 [3]. They consist of 3,000 

species, dividing into three different classes: Ascidiacea, Thaliacea, and Larvacea[2]. Among 

them, the first class (Ascidiacea) are the major group, growing  commonly on rocks,  coral 

rubble, jetty pilings, or even on sea grasses, and algae [4]. 

 

Figure 1: Different types of Tunicate (Colonial, Compound, and solitary form) [5] 

From these 3000 species, a few kinds of species are present in Scandinavian water, which 

commonly belong to Ascidiacea family. The most abundant ones are some Solitary species 

like: Halocynthia pyriformis, Ciona intestinalis, Ascidiella virginea, Corella 

parallelogramma, Dendrodoa aggregate,  Styela rustica, and some colonial species called 

Synoicum pulmonaria, and Clavelina lepadiformis [6]. Most of them are widespread all over 

the world with a variation in different depth, they tend to live in shallow waters within the 0-

10 m or even more, dependent to the species [7]. Turon (1988) and Medioni (1970) in France 

found that the Tunicate samples generally follow a seasonal growing system according to the 

temperature. They turn to have more sexual activities, and growing system with the decreased 

temperature, as proved by Turon (1988)[8].  
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Some Scandinavian species like C. intestinal is widely distributed in the other areas of the 

world as an invasive species. However; the original place is believed to be European oceans, 

specially the Northeast Atlantic. The main population in Scandinavia is related to Denmark 

and the west coast of Sweden to the north, along the coast of Norway[9]. It tends to grow in 

shallow water areas, with two distinct growth seasons which include Spring/early summer 

before spawning, and summer/fall after settling[10]. Figure 2 shows the most abundant forms 

of tunicates in Scandinavian ocean[11]. 

 

 

 

Figure 2: Photographs of Tunicate species from Norwegian ocean[11] 

 

 1.1.2 Constructional properties 

 

The name of "Tunicates" comes from "Tunic" which mostly seems to be the extracellular 

layer covering the epidermal surface of tunicates (Figure 3). It has different variation like 

rigid and soft form or even more variable according to the species of tunicate, and the 

locality[12]. 

Chemically aspects, inside the tough outer tunic, there would be some components such as   

water, protein, and carbohydrates in various proportions, connective tissue, muscles and blood 

vessels[13]. 

The tunic inside the animal can be considered as an attachment system through holding the 

individual solitary tunicates by the stolon part. Moreover; it can provide an effective defense 

barrier against different microbial situation[8]. 
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Figure 3 : Schematic pictures of the tunicate organs ( left), together with  outer  space (Tunic ), which is clear in 

the real sample ( right)[14]  

One interesting characteristic of Tunic is having Tunicin, a composite structure of cellulose 

fibrils connected to protein matrix, to some extent, attached together through serine[12], 

threonine and the other hydroxylated amino acids [15]. It has been revealed that in some 

tunicates, cellulose can be attached either to proteins alone, or to proteins and acid 

mucopolysaccharides (amps), forming a protein-polysaccharide combination [13]. 

According to De Leo et al, in cellulose, fibers make a 10-13 nm-wide structure, each fiber 

includes two or three fibrils 3-5 nm width, accompanied with a collagen-elastin like protein 

system[13, 16]. Other results describe a cellulose-protein complex associated with amps 

(mucopolysaccharides) in another species called Halocynthia papillosa, which is in 

agreement with experiments using Ciona intestinalis and Polyclinum madrasensis [13]. 

Electron diffraction pattern showed Tunicate cellulose to have crystal structure similar to the 

native cellulose, but with a higher crystallinity than plant ones, near to some specific certain 

algae such as Valonia. This can explain the resistance of tunicin against hydrolysis. Moreover, 

the existence of the other materials involving amino acids and proteoglycans, firmly attached 

to the cellulose might participate in poor hydrolytic effects on tunicin materials [13]. 

Meanwhile, hexosamine [15] such as galactosamine, seems to be the predominant amino 

sugars, which can strongly, interacts with proteins via non-covalent bonds[13]. Supportive 

structures, e.g. collagen and glycosaminoglycans, chitin and associated protein, elastin and 

pseudoelastin may present in Tunic as well[15]. Scleroprotein, iodine-binding proteins and 

thyroxine have been indicated in some species [17]. 
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 1.1.3 Known Chemical structure & application 

 

During recent years, several   marine natural products (MNPs), and application have been 

discussed regarding to marine biotechnological and industrial potential. Tunicates, so far, 

have been served for different purposes e.g. as marine pollution indicators, due to the 

capability for accumulating certain trace elements. Ciona intestinalis as the  Iron,  zinc and 

chromium indicator, or Microcosmus sulcatus as an indicator for the elements selenium, 

chromium, zinc and cobalt have been recognized so far[9, 18]. In addition, C. intestinalis, has 

been the first only tunicate which has been genetically mapped. According to Satoh (2003) 

this species is also a promising model for consideration of gene evolution in both its function 

and regulation[9]. 

Nowadays, novel pharmacological or commercially useful products extracted from tunicates 

have been provided. Solitary ascidians show a high range of antimicrobial agents in their 

blood[19-21]. Findlay and Smith in 1995 found the blood of morula cells of C. intestinalis 

showed anti-bacterial activity challenging with their environmental bacteria, referring that 

there might be some roles in neutralization of bacteria by some components inside the 

blood[9, 21]. Moreover, Anti-cancer, and anti-viral therapeutics using some chemicals like 

Didemnins, Aplidine, Trabectedin, Palmerolide, and others, has been frequently proved [9, 

22]. One example can be Palmerolide, an effective agent against melanoma (a deadly form of 

skin cancer) extracted from Synioicum adareanum, which is an Antractic tunicate (Figure 4) 

 

 

 

Figure 4: Left: The Antarctic tunicate, Synioicum adareanum, Right: The chemical structure of Palmerolide [22] 

 

 

 

http://en.wikipedia.org/wiki/Didemnins
http://en.wikipedia.org/wiki/Aplidine
http://en.wikipedia.org/wiki/Trabectedin
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Relaxin hormone, is another example with the potential of a sperm motility enhancing, 

founded in ovary cells of some tunicates like Ciona intestinalis  [23]. Sulfated fucans and 

galactans provided from marine invertebrates, and highly sulfated polysaccharides like 

Heparin with the antithrombin (AT) activity, using for treatment of arterial thrombosis, have 

been reported from some ascidians like Styela Plicata so far [24]. Moreover, some tunicates 

such as  Halocynthia roretzi, Halocynthia aurantium from  Japan and Styela clava from  

Korea shown to be used in nutritional point of view, without their tunic part, while there was 

rare report so far related to the other species to be used as human food  [9]. Additionally, 

cellulose whiskers produced by tunicates are the newest exciting applications. Tunicate 

cellulose whiskers with the width of around 15 nm, and lengths between 1160 and 2000 nm 

has been provided recently. High specific surface area, high crystallinity of 95%, and  high-

aspect ratio of cellulose whiskers due to hydroxyl groups, can lead them to have the high 

amount of stiffness, mechanical properties, and composite reinforcement[25]. Figure 5, shows 

the main steps in production of cellulose nanowhiskers. Cellulose fibers should be milled 

first, followed by using alkali, and bleaching treatment. After that by different ways like 

hydrolysis, or mechanical homogenization cellulose nanocrystals would be reached.  

 

 

                  Figure 5 : The main steps involved in the preparation of cellulose nanoparticles [26]. 

Once providing tunicate cellulose whiskers, almost pure cellulose nanocrystals with an elastic 

modulus of 120-150 GPa can be achieved by controlled hydrolysis of the amorphous area 

with strong acids.  
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A limiting factor, however, is preparation of nanocomposites from aqueous solution or by 

elaborate surface modification due to the special surface chemistry of tunicate cellulose[25, 

26]. Figure 6, describes transmission electron micrographs (TEM), provided by dilute 

suspensions of cotton (a), sugar-beet pulp ( b), and tunicin (tunicate cellulose) whiskers (c). 

The length and lateral dimension are around 200 nm and 50 Å and 1 µm and 150 Å for cotton 

and tunicin whiskers, respectively [27]. 

 

Figure 6: Transmission electron micrograph(TEM ), taken from  a dilute hydrolyzed suspension of (a) cotton, 

(b) sugar-beet pulp and (c) tunicin.(from left to right) [27]. 

 

1.1.4 Tunicate Cellulose 

 1.1.4.1 Cellulose formation in tunicates 

 

Tunicates are the only animals that perform cellulose biosynthesis. Depending on species, 

there are different places for making cellulose microfibrils inside tunicates. Freeze-fracture 

investigation described a new type of cellulose-synthesizing enzyme complex (TC) on the 

plasma membrane of epidermal cells in most species of tunicates, referring that the plasma 

membrane of the epidermal cell can be the first and most important candidate for making 

cellulose. Furthermore, blood cells in the tunic vessels may be involved in the formation of 

cellulose in some tunicates. Another cellulose biosynthesis location can be the tunic cord, 

locating in the siphons, with the aim of mechanical support of the body. Polyandrocarpa 

misakiensis, is the only tunicate among ascidians which contains cellulose in its tunic cord. 

Moreover, using scanning electron microscopy after treatment with the Updegraff reagent 

(Updegraff 1969) which removes noncellulosic substances, the cellulose network has been 

found in only a limited group of tunicates, meaning that they possess special cells called 

glomerulocyte, containing cellulose in their vacuole-like structures. ( shown in Figures 7(a) 

and (b)). It has been shown that tunicates (mostly Ascidians) which involve glomerulocytes, 

utilize cellulose as special protective tissue in their structures[4]. 

 



7 

 

Figure 7 (a):  Scanning electron microscope (SEM) image of cellulose networks and glomerulocyte cells 

(arrowhead) related to tunicate: P. misakiensis. (It is before treatment with Updegraff reagent). (b): After 

Updegraff reagent treatment, which makes cellulose networks and glomerulocytes become clearer [4]. 

 

Figure 8, shows the partnership of glomerulocyte in cellulose network formation. 

Glomerulocytes can be transferred into hemocoel or blood circulation system (step 1). Then 

bundles of cellulose would be released inside the hemocoel (step 2), and eventually, cellulose 

microfibrils attach together to make cellulose network (step 3 in Figure 8) 

 

 

Figure 8: A schematic description of  glomerulocytes involvement in the formation of a cellulose network inside 

the hemocoel:. Tu = tunic, ep = epidermis, gl = glomerulocyte, ae =atrial epitherium, b = blood cell [4] 
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1.1.4.2 Characteristics of tunicate cellulose 

 

Early illustration of the cellulose existence in the tunicates was done by Berrill (1950) and 

Endean (1955a, b, 1961).  According to Berrill (1950) the tunic contains approximately 60% 

cellulose, 27% nitrogen-containing components and, approximately 90% water in the fresh 

condition [4].The gene required for cellulose synthesis (Ci-CesA) has been achieved by 

transferring from bacteria, being a key innovation in tunicates evolution [28]. 

Large width and highly crystalline structure are two outstanding characteristics of tunicate’s 

cellulose, which consist of almost pure monoclinic cellulose I (the Iβ allomorph). Rånby 

(1952) showed that cellulose in the tunic is aggregated in the form of microfibrils similar to 

those of plant cellulose, while, the aggregation and dimension of cellulose fibrils are 

extremely different among the species of tunicates. Figure 9 (a, b), shows cellulose bundles 

inside the innermost layer of tunic in Metandrocarpa uedai (a), and Polyandrocarpa 

misakiensis (b) after treatment with Updegraff reagent. The width estimation for tunicate 

cellulose, according to  Rånby (1952), has been suggested to be around 12 nm, however, 

Cellulose I microfibrils with high crystallinity and large width (up to 20 nm) are found in the 

tunic of three groups: Pyrosomas, Doliolids and Salps [4]. 

 

Figure 9: Electron micrographs (Scanning electron microscope (SEM)) illustrating   cellulose texture   in 

Metandrocarpa uedai (a), and   Polyandrocarpa misakiensis (b) [4] 

 

Enzymatic degradation of the tunicin using pepsin as a proteinase (1 per cent aqueous for 16 

hours), followed by Cellulase (1 per cent aqueous for 16 hours), and negatively stained with 

P.T.A has been done, resulted to the separation of microfibrils 120-130Å in width which 

seemed to be involved of two sub-units. (Arrow, Figure 10 a) [29]. 

Figure 10 (b), shows bundles of microfibril by staining from one special area, while in part (c) 

of Figure 10, cellulose microfibrils after freeze preparation has been depicted.  
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Figure 10(a):  Cellulose microfibrils treated with pepsin followed by cellulose. Arrow shows the two sub-unit 

region in the figure. (b): microfibril bundles after fixation with glutaraldehyde, following by staining with lead 

citrate and uranyl acetate. (c): bundle shaped cellulose microfibrils after freezing [29]. 

Tunicate cellulose (referred to as tunicin) have taken  special interest of these years, due to  its 

preparation , which  requires only mild chemical and enzymatic treatment, resulting to the 

idea of  a high crystalline effect of cellulose .Electron micrographs revealed  approximately 

10 nm in width of each microfibrils, while each of them( microfibrils) is a distinct cellulose 

crystal, having width  similar to some special kinds of Algae like  Valonia ventricosa. The 

crystallinity is less  than V. ventricosa, however is more crystalline than bacterial or cotton 

cellulose,  resulting  to low aptitude of tunicin to mercerization [30].According to some 

experiments done with  Halocynthia roretzi  tunicate cellulose structure which is the only 

kind of animal cellulose, considered  predominantly in the form of Iβ (monoclinic unit cell 

containing two parallel chains) structure [31]. The high-resolution solid-state 
13

C NMR 

spectrum acquired at 75 MHz of tunicin compared to the one from   Valonia ventricosa 

(algae), has been shown in Figure 11. Results from this figure showed that tunicin spectrum 

has all peaks found in   V. ventricosa, meaning that it can be a subset of the V. ventricosa 

spectrum. Some extra resonances have been present in V. ventricosa, totally showing the 

similar pattern of their cellulose structures [30].
 13

C NMR spectra of cotton and tunicin are 

represented in Figure 12. These spectra were acquired by using a pulse program developed by 

Torchiall to measure 13C spin-lattice relaxation times (
13

C, T1), assuming that crystalline 

areas within native cellulose samples should have longer 
13

C T1   values than the amorphous 

domains. Deeply going through the Figure 12,demonstrates that although the spectra are 

generally similar, there are some differences between the crystalline components of cotton, 

and  tunicin, showing a distinct high-frequency shoulder at the area  marked with an asterisk 

(C4), which is extremely weak or either absent  in the tunicin spectrum. 
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Figure 11:  
13

C solid-state NMR spectra of (A) Valonia ventricosa and (B) tunicin, and C and D enhanced 

resolution using multiplication of the free-induction decay [30]. 

 

It has been discussed that crystalline components of cotton represent material which is 

principally in the cellulose Iβ. Tunicin spectrum showed Iβ allomorph as well, meaning that 

the spectrum of tunicin is simpler and  more highly resolved than the corresponding cotton 

spectrum [30]. 

 

Figure 12:  75-MHz I3C solid-state NMR spectra of (A) cotton and (B) tunicin Spectra C and D are of cotton 

and tunicin, respectively, acquired under identical conditions and resolution enhanced (as in Figure 11) [30]. 
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 1.2 Purpose of the work  

The principal objects of the work were (i) composition evaluation to see the capability of   

Tunicate organism for conversion to different products, (ii) Application potentials e.g. 

cellulose whiskers produced from tunicates, ethanol, Biodiesel, and animal feed production, 

and (iii) Processing trials with the aims for more purification of tunicate biomass and 

enhancing the cellulose accessibility and reactivity. 

 

2. Experimental 

2.1 Materials 

2.1.1 Tunicate Samples 

 

The laboratory study was carried out in the department of Fiber and Polymer Technology at 

the Royal Institute of Technology, Stockholm. Tunicate samples containing two dominant 

species called Ciona intestinalis, and Clavelina lepadiformis have been harvested from 

Norwegian ocean, in the period of March to October 2010, brought and acclimatized to the 

lab situation, followed by classification of each group of samples according to different sizes, 

depths, ages, species, and physical separations into outer layer and internal organs.  

2.1.2 Samples’ classification 

 

There were some samples received at different times, grouped as different categories: 

1) C2 to C14 representing Ciona samples collected from different depths (in meters) 

2) S2.5 to S10.0 representing Ciona samples with different sizes (in cm) 

3) Sample Hydroids representing seaweed type organisms grown together with the Tunicate 

samples 

4) Clavelina samples at different depth 

5) Samples at different ages corresponds to D 
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After freeze drying which removed all water from the samples without damaging the sample 

shape, all samples are depicted in Figure 13, 14, and 15.Then the same number individuals 

from different sizes were picked up and weighed (Table 1, shows connection of samples’ 

weight & size). 

  

Figure 13: Shows two dominant species of Clavelina lepadiformis( Left ), and Ciona intestinalis ( Right ) in 

Norwagian ocean. 

 

 

 

                              Figure 14: Samples from different depths after freeze drying 

 

    Clavelina                                        Ciona 
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                  Figure 15: Samples with different sizes and Hydroids sample after freeze drying 

 

 

2.2 Methods 

2.2.1 Correlation between sample weight and size  

Five individuals from different sizes were picked up and weighed to see the relation between 

sizes and weights. 

 2.2.2 Composition analysis 

 

Composition analysis was assessed in a trial series containing (i) carbohydrate measurement 

by both gas chromatography (GC), and Ion exchange chromatography (IC), (ii) protein 

content using ANTEK analyzer, and (iii) Oil extraction using Soxhlet extractor, followed by 

characterization of produced oil using NMR (Nuclear Magnetic Resonance Spectroscopy), 

FTIR (Fourier Transform Infrared Spectroscopy), and GC-MS (Gas Chromatography-Mass 

Spectrometry). Proton Nuclear Magnetic Resonance (H-NMR) (a Bruker Avance 400 MHz 

NMR instrument), was performed to determine roughly the structure of each feedstock. FTIR 

spectra were recorded on a Perkin-Elmer 2000 FTIR spectrometer. Wave number range 

scanned was 4000-700 cm
-1

 [32]. 
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2.2.2.1 Sugar analysis 

The samples were put inside FD (Freeze drier) for two days to let them completely dried. 

Once the tunicate is dried, the weight can be measured. Out of 2.65 kg of wet tunicate, 

101.575 g of dry tunicate was yielded. Hence, it was concluded that the wet tunicate consists 

mostly 96 wt. % of water. Different samples have been freeze dried then, passed through a 40 

mesh screen to be grinded [33], the carbohydrate compositions of the sample (Sample weight: 

250 g), were analyzed after acid hydrolysis, reduction with sodium borohydride, and 

subsequent acetylation[34, 35].The samples were examined by gas chromatography (GC) 

using a Hewlett-Packard HP-6890 chromatograph. The column was a GC forte capillary 

column, code BPX 70 column (12m, 0.32 mm, 0.25µm film thickness). The temperature of 

the oven was set at 210 ˚C [35]. The injector was kept at 230 ˚C and the detector at 250 ˚C. 

Helium was used as the carrier gas; the flow rate was 0.9 ml/min[32]. Sugar analysis has been 

done with Dionex IC system as well, using high pH Ion-exchange chromatography with 

HPAEC-PAD (pulsed amperometric detection) on a Dionex ICS-3000 using PA1 column for 

separation. A gradient of Sodium Hydroxide and Sodium acetate at room temperature has 

been applied as eluent. The hydrolysates were run with 20 and 40 times dilution 

respectively[36]. 

 

2.2.2.2 Ash content analysis  

The ash or the inorganic residue of the whole samples after combustion at a temperature of 

575±25°C has been calculated. The resulting ash was weighed and calculated as percentage of 

the moisture –free wood or pulp. The apparatus used were crucible, platinum, porcelain or 

silica, 50 to 100 ml, with covers, and electronic muffle furnace, suitable for maintaining a 

temperature of 575±25°C.  

 

 

2.2.2.3 Oil Extraction 

After the dry tunicate was weighed, it has been crushed into smaller pieces, transferring the 

crushed sample into the extractor chamber. After that, the extraction solvent (petroleum ether: 

p.e) has been added into the flask which was fitted into an electric heater. 
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Once the system has been stabilized (adjusting the heating control to achieve the stable 

system), the extraction has been run for around 28 hours. Then, filtration to remove these 

fragments was required. Once it has been done, then the remaining p.e solvent is evaporated 

using rotary evaporator. (Figure 16) 

 

 

Figure 16: Preparation Steps to get Tunicate oil from Fresh Frozen Sample by Using Freeze Dryer, Soxhlet 

Extraction, Filtration, and Rotary Evaporator 

 

2.2.2.4 Nitrogen content analysis by ANTEK analyzer  

 

Different essential and non-essential amino acids have been assessed by amino acid analyzer 

to know the capability for being considered as animal feed. Total nitrogen was measured in 

different freeze dried samples containing whole untreated tunicates plus treated ones (they 

were collected after pre-treatment step) by ANTEK nitrogen analyzer. The protein content 

was deducted from the nitrogen concentration obtained by pyro-chemiluminiscent analysis on 

an ANTEK 7000NS analyzer (Antek Instrument, USA).The principle of the method is based 

on conversion of bound nitrogen to nitric oxide, which reacts with ozone and forms the exited 

NO2* species. The light energy released when nitrogen dioxide returns to ground state is 

therefore proportional to the mass of chemically bound nitrogen in the sample and is sensed 

by a photomultiplier tube. The instrument was calibrated with urea and the nitrogen 

concentration was multiplied by the common conversion factor of 6.25 (equivalent to 0.16 g 

nitrogen per gram of protein) used for estimation of the protein content in samples[37]. 
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2.2.3 Cellulose preparation  

 

The starting material was ascidian sample with its root removed (for our sample it was 5 g). 

The dried ascidian tunic was reduced to powder by using a knife mill. The size of ascidian 

sample powder used in the pulping process was less than 40 meshes. The pulping process is 

presented in Figure 17. The ratio of all treating solutions: pulp was 10: 1. The 5 g ascidian 

tunic powder was dipped in the acidic aqueous solution of H2SO4 (0.9 wt %) in a stainless 

steel vessel, following by stirring, and heating to 180°C, and then treating for 2 h under gentle 

stirring. Then, the ascidian tunic was filtered by using a glass filter, washed with 

acetone/water, and dried under vacuum at 75°C. For the next step, the acid treated sample was 

treated with alkali aqueous solution of NaOH/Na2S (9/3 wt %) for 2 h at 180°C, and also 

filtered, washed, and dried the same as the process above. The alkali-treated sample was 

treated with aqueous NaOCl solution (2.9 wt %) as a bleaching agent for 1 h at 75°C, and then 

also filtered, washed, and dried in the same process. The final yield has been measured and 

carbohydrate analysis has been done for measuring cellulose content[38]. 

 

 

            Figure 17: Pulping process (purification process) of ascidian sample [38] 
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2.2.4 Fermentation for ethanol production 

 

Fermentation process for ethanol production from both sugar and Amino sugar sources, has 

been trialed firstly by screening five randomly denoted strains of two species of yeasts 

(Saccharomyces cerevisiae, and Saccharomyces bayanus) for better colony forming capacity 

and ethanol production in dilute acid hydrolysate in anaerobic batch cultures, followed by 

applying the best strains for better assimilation of sugars and amino sugars for fermentation 

process of Tunicate samples. 

2.2.4.1 Screening of yeast strains in consumption of sugars 

 

Randomly denoted strains (five different types of two yeasts species) have been chosen, and 

were screened for colony forming capacity and ethanol production in dilute acid hydrolysate 

in anaerobic batch cultures. In order to know which yeast can work better: firstly, 15 g 

glucose and 3 g galactose have been dissolved in 100 ml water to make sugar solution, then,  

five strains  of Saccharomyces cerevisiae, and  Saccharomyces bayanus have been compared 

together. The name and proportion of the yeasts were according to following list: 

 

Type A: Saccharomyces cerevisiae, Superjäst, Viking turbo, PGW produkter AB Stockholm 

(1/50 ratio have been taken) 

Type B: Saccharomyces cerevisiae, Stark vinsjäst (100 mg) 

Type C: Saccharomyces cerevisiae, Stark vinsjäst, PGW Produkter AB (100 mg +1/50 

jästnärsalt) 

Type D: Saccharomyces bayanus, vitvinsjäst W0094, PGW Produkter AB (100 mg) 

Type E: Saccharomyces cerevisiae, Lalvin Bourgovin, Bourgovin RC212, (wine yeast, GMO 

and gluten free):100 mg 

20 ml of sugar solution has been mixed with different yeast types (A-E). For each mixture, a 

bottle of 50 ml has been used, followed by keeping them to be sealed by caps or cotton 

blocks, then stirring at room temperature. Every 24 hours, samplings have been performed. 2 

ml samples have been taken of each one, then centrifuging, and taking the supernants.1 ml of 

each has been used for carbohydrate analysis by IC, and 100 µl for ethanol measurement by 

GC method. For GC analysis this 100µl sample has been mixed with 100 acetonitrile 

(acetonitrile: 2% aqueous solution). For IC analyses, this 1 ml of sample was made to 200 ml 

volume by water, and then carbohydrate analysis has been performed. 

2.2.4.2 Screening of yeast strains in consumption of amino-sugar 

 

6 g amino-sugars (glucosamine) have been added to water until the final volume reached to 

100ml. From this solution 16 ml have been taken and added to five different yeast solutions 

containing: 
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Type A: Saccharomyces cerevisiae, Superjäst, Viking turbo, PGW produkter AB Stockholm ( 

1/50 ratio have been taken) 

Type B: Saccharomyces cerevisiae, Stark vinsjäst(100 mg) plus  1/50 ratio of jästnärsalt 

Type C:  Saccharomyces cerevisiae, Stark vinsjäst: 100 mg plus 1/50 jästnärsalt +80 mg 

glucose. 

Type D: Saccharomyces bayanus, vitvinsjäst W0094, PGW Produkter AB (100 mg) 

Type E: Saccharomyces cerevisiae, Lalvin Bourgovin, Bourgovin RC212, (wine yeast, GMO 

and gluten free):100 mg 

For each mixture a bottle of 50 ml has been used, followed by keeping them sealed by caps or 

cotton blocks, then stirring at room temperature. Sampling of each solution has been 

performed every 24 hours (2 ml for each sampling), then the process of ethanol, and sugar 

measurement by GC, and IC respectively, has been similar with the one which has been done 

in sugar consumption. The whole process for screening of the best yeasts for sugar, and amino 

sugar utilization, can be found by following picture. (Figure 18) 

 

 

Figure 18(a): Describes the schematic process foe utilization of Sugars consisting Glucose (Glu) and Galactose 

(Gal). (b): the same procedure using aminosugar (A. sugar in the picture) instead of C6 sugars. A, B, C, D, & E 

correspond to five different strains used in the experiment. 
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2.2.4.3 Fermentation process of Tunicate samples 

Yeast strains known for better assimilation of sugars (as indicated by screening of different 

yeasts) have been chosen from the previous experiment:  0.25 g tunicate samples was added to 

72% sulfuric acid according to carbohydrate analysis ratio (250 mg sample+ 3 ml acid) in a 

250 ml beaker, then autoclaving the acquired solution, which was around 400ml, followed by 

neutralizing with solid form of Ba (OH) 2. For 30-35 ml sample, 5 g Barium hydroxide has 

been applied, following by centrifuging it, then dividing the original solution into two groups. 

The first solution with the volume of 200ml (shown in the following figure by number 1), has 

been taken under vacuum evaporation. After a few while, when it reaches near 1/5 of its first 

volume, 1 ml has been taken from that, diluted for IC (300 µl of this +700 µl water), then 

measuring the sugars by IC. The rest, divided to two parts for fermentation analysis by adding 

yeast A, and C to each one. (In figure 19 marked as A´ and C´ correspond to treated samples 

by vacuum evaporation). From the second solution (200ml) (numbered as 2 in Figure 19), 

reaction conditions were the same as the first group, just evaporation hasn’t been considered. 

The ethanol produced by all yeasts has been measured once every 24 hour by GC method as 

described for screening of the yeasts. 

 

 

 

                 

 

                       Figure 19: Schematic picture for the fermentation purpose of the real samples (Tunicates) 
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2.2.5 Biodiesel production 

Basically, production of biodiesel is based on transesterification reaction of oil (liquid form) 

or fat (solid form) by methyl or ethyl alcohol with inorganic bases, such as Sodium Hydroxide 

(NaOH) or Potassium Hydroxide (KOH) as catalyst, shown below in Figure 20. 

 

 

 

 

 

 

 

 

 

 

 

 

Sample C2 to C14 related to different distances from the surface of the ocean, have been 

made fully methylated into methyl fatty acid esters (= biodiesel) followed by Gas 

chromatography (GC) analysis for calculations of biodiesel production yields. On the other 

hand, the Hydroids sample has been extracted for lipid content determination. Furthermore, 

chemical structures and Fatty acid compositions of the obtained oil have been characterized 

by NMR, FTIR, and GC-MS. For NMR, 0.03 g of three samples including tunicate sample, 

oil samples of Rape seed and Flax seed have been chosen. (Shown in Figure 23). For all 

samples Proton NMR have been run for 18 minutes [32]. For FTIR food oils including butter, 

Rape seed and flax seed oil have been compared with tunicate oil as well. (Shown in Figure 

22) 

Moreover, together with mass spectrometry (GC-MS) has been performed for identification of 

fatty acid units of tunicate oil. Thermoquest CE instrument Trace GC 2000 series equipped 

with Finnigan Trace MS recording at 70 eV while using DB-5MS column has been used.130-

260° C at +5° C/min, 260-300 °C at +50° C/min was the special condition, injector and ion 

source were around 200°C and 250°C respectively, and the carrier gas was Helium in this 

experiment[36, 39]. 

 

 

 

(Triglyceride)         +      (Methanol)                              Biodiesel (Esther)    +        (Glycerol) 

Figure 20: Transesterification reaction, (R1, R2, and R3 are long chains of carbon and   hydrogen atoms, so-

called fatty acid chains 
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 2.2.6 Protein content analysis by amino-acid analyzer 
 

Chinese national stardard GB/T 5009.124-2003 was followed; 10-20mg of the smeshed dried 

samples containg tunicate samples(D3: inner part, outer part or tunic, and whole body)which 

were free of ash content, and whole tunic sample(containing ash), was accurately weighed 

and added 10mL 6 mol/L HCl and 3 drops of phenol. The suspension was heated at 110 

degree for 22 hours, followed by filtration and analysed by amino acid analyser using external 

amino acid standards.  

 

2.2.7 Processing trials 

 

Pretreatment of Tunicate was the trial of being subjected to different chemicals like H3PO4 

and NMMO, aiming at decreasing crystallinity and different alkali conditions, P-

toluenesulphonic acid, and pepsin, all being known for protein removal, and several times 

washing with distilled water for higher purification. 

2.2.7.1 Washing 

 

Tunicate samples have been divided into three groups. The first part was whole body which 

was completely washed by deionized water until no Chloride ion (Cl
-
) could be seen by 

AgNO3-testing, i.e. salt-free. Then, in the case of the other samples, inner and outer layer 

(Tunic) of tunicates, were dissected away, and then washed with distilled water at least six 

times to remove the salts and extraneous materials. Then, they were freeze- dried (21). The 

ash content and total C6 sugar content were determined and the yield calculated. 
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Figure 21: Top figures from the left: Freeze-dried samples of Whole organ, Inner organ, Outer part (tunic) after 

completely-washing, and Reference (whole Organ without washing) seen directly, down figures: the same 

samples (after milling + enlargement)   

 

2.2.7.2 H3PO4 treatment 

 

This method is useful for removing lignocellulosic materials according to Zhang et al. (2007). 

In such a kind of pretreatment, the phosphoric acid removes almost all of the hemicelluloses 

and partial lignin and, under moderate conditions, there would be no additional harmful 

compounds produced. Hence, the pretreatment produces ‘‘clean” cellulose, which facilitates 

enzymatic hydrolysis and yeast fermentation. For the process, slow addition of cellulosic 

material (100 mg Tunic powder samples,) into phosphoric acid (2.5 ml) under stirring on ice 

for 2 hours has been performed. The ratio was 1g dry matter of cellulosic material/25 ml 

phosphoric acid 85%, and then the mixture has been poured into 250 ml ice cold distilled 

water under stirring.  The material has been settled in cylinder at 4 degree overnight. The day 

after that, the supernatant has been removed, then centrifuging to remove the left part of 

supernatant, and then washing the solid with 1% NaHCO3 and water. Using citrate buffer (50 

mM, pH 4.5) the pH reached to 4.5-5.0. Then the regenerated cellulose (water insoluble solid: 

WIS) has been examined structurally by FTIR, and SEM. The yield of cellulose has been 

evaluated as well[40]. 

 

2.2.7.3 NMO (N-Methylmorpholine N-oxide) treatment 

 

The commercial NMO (50%, w/w in aqueous solution) was heated and stirred under vacuum 

to the desired concentration of 73%, 79%, and 85%. It was then supplemented by 1 g N-
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propylgallate per 100 g of cellulose in order to avoid cellulose degradation. This NMO 

solution has   treated 0, 33 g tunicate samples, at 120C in an oil bath until it was turned to be 

bright and clear; then, 500mL of boiling water was immediately added to each flask. The 

dissolved cellulose was completely appeared again and precipitated immediately after adding 

water.  Then, filtered and washed to obtain a clear filtrate. Then by FTIR and SEM the 

structural pattern have been seen, together with measuring the yield of cellulose like the 

previous experiment[41].     

2.2.7.4. Proteinase (Pepsin) treatment 

 

Pepsin treatment has been performed with the aim of cleaving of linkage between protein and 

carbohydrate, and disruption of protein structure [13]. Meanwhile, Pepsin effect has been 

compared with the effects of Alkali treatment, since alkali treatment has been shown to be 

effective in decreasing the crystallinity, and separation of linkage between protein and 

carbohydrate as well  [42]. 

 

 

For 5 g tunicate sample, 200 mg pepsin plus 50 ml buffer have been added (the ratio of 

enzyme to sample is 1/25 ) + 5 ml buffer), then  Putting  on shaker, followed by centrifuging 

it  after 24 h. The solution has been neutralized with NaOH to reach the pH of 7, then keeping 

the sample into the refrigerator for the purpose of amino acid measurement.                               

At the next step, the participate part has been taken, then  centrifuging followed by  adding to  

100 mg pepsin plus 50 ml buffer, then shaking. After 24 h it has been centrifuged. The 

solution part (upper part) have been used for (Amino acid quantification), and has been 

neutralize then. After that, the solid part (down part) has been washed in vacuum condition, 

following by collecting and weighting to calculate the yield [43, 44].  

2.2.7.5 Alkali (KOH, Ba (OH) 2) treatment 

 

50 ml 0.22M Ba (OH) 2 and KOH have been added to 5g tunic samples. The whole solution 

was put inside metal tubes. After autoclaving in 105 ˚C for 15 hours, washing process inside 

the hood and under vacuum has been accomplished. Before washing, the liquid part has been 

accumulated for amino acid quantification. The rest has been washed, and then dried in oven 

at 60 ˚C for measuring of the yield. The liquid part of these two hydroxides together with the 

liquid part of pepsin treated samples has been compared together with to see the best 

treatment effect on amino acid content. Structural analysis was performed via FTIR and SEM 

analysis as well [13, 42]. 
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2.2.7.6   P-toluenesulphonic acid treatment 

 

The most frequently used method for hydrolyzing proteins and peptides to amino acids is by 

heating with 6 N HCl. As most proteins contain tryptophan, which is readily destroyed in HCl 

by oxidation, it would be most desirable to have an alternate method of acid hydrolysis that 

would yield all the amino acids. For this reason we chose a sulfuric acid to replace HCl, since 

it is well known that sulfuric acids are non-oxidizing strong acids [45]. 

Poly-toluenesulphonic acid has been revealed to be useful for hydrolysis of proteins. The 

method utilizes p-toluenesulphonic acid as the catalyst for hydrolysis. The hydrolysis of 

proteins can be carried out in 3 N p-toluenesulphonic acid containing 0.2 % 3-(Z-aminoethyl)-

indole in evacuated sealed tubes at 105° for 22, 48, and 72 hours [46]. 

1 mL of 3M p-toluenesulphonic acid, containing 0.2% tryptamine (0.2% 3-[2-aminoethyl] 

indole) has been added to 1 g tunicate sample. The solution has been sealed under vacuum 

and heated in an oven for 24 to 72 hours at 105 Celsius degree. The tube was allowed to cool 

and, the acid is taken to near neutrality by carefully adding 2 milliliters of 1M sodium 

hydroxide, following by centrifuging. The solid down part have been dried inside the oven 

(40°), and then yield was determined gravimetrically. 

 

 3. Results and Discussion 

 3.1 Correlation between sample weight and size 

Same number individuals from different sizes were picked up and weighed (Table 1). It could 

be seen that the larger the size in length, the heavier the individual. It should be noted that the 

dried weight includes also the ash (see below) which is originally the sea salt from the water 

carried by the samples before the freeze drying since the water is salty sea water. 

 

Table 1: Individual weights (g) and average weight (g) of different length sizes after freeze drying 

Size Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Average 

2.5 cm 0.0280 0.0121 0.0196 0.0201 0.0216 0.0203 

5.0 cm 0.1127 0.0759 0.1557 0.1702 0.1130 0.1255 

7.5 cm 0.2628 0.2784 0.1910 0.1702 0.3503 0.2505 

10.0 cm 0.5374 0.4071 0.4120 0.4140 0.5744 0.4690 
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 3.2 Composition analysis results 

 3.2.1 Sugar content 

 

All samples related to different depth have been analyzed for sugar compositions and ash 

contents (Table 2). It could be seen that C2 samples (samples located 2 meter below the ocean 

surface) contain the highest amount of cellulose, 7.5%, and the highest amount of total C6 

sugars, 9.4%. These data were in an agreement with the preliminary results of 6.7% cellulose 

and of 8.8% total C6 sugars.   

However, C4 to C14 (Samples located at different depth from 4- 14 m) have had lower 

contents of both cellulose and total C6 sugars. The lowest contents have been found for 

samples C12. The reason might be explained by the fact that sample of tunicates near to the 

sea surface are more abundant in tunic part which contains more cellulose, since the tunic is 

considered to be the first physic-chemical defense barrier against environmental predations, 

and microbial conditions[8]. 

 

 

 
Table 2: Sugar compositions, ash contents and total C6 sugar contents after correction from the ash contents (i.e. 

taking away the sea salts) in samples related to different depth. 

Sample Cellulose 
(%) 

Total C6 
sugar 
(%) 

Other C5 
sugar 
(%) 

Ash content 
(%) 

Total C6 sugar 
(%) 
corrected from 
ash 

C2 7.5 9.4 ~0.3 48.7 18.3 
C4 4.4 5.5 ~0.3 57.7 13.0 
C6 5.2 6.6 ~0.3 55.4 14.7 
C8 3.6 4.6 ~0.3 60.4 11.5 
C10 4.1 5.1 ~0.3 58 12.2 
C12 2.9 3.7 ~0.3 59.8 9.1 
C14 4.7 6.0 ~0.3 50.5 12.1 

 
 

Sugar composition in the second group related to different size of samples has been measured, 

and according to the following table (Table 3), there were no obvious effect of size on sugar 

content. However, the hydroids sample contains much less amounts of cellulose and of the 

total C6 sugars while it contains more C5 sugars of both arabinose and xylose. For an 

economic reason, if possible, these hydroids should be avoided during the collection. 
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Table 3: Sugar compositions, ash contents and total C6 sugar contents after correction from the ash contents (i.e. 

taking away the sea salts) in samples of different sizes together with Hydroid samples.  

 

Sample Cellulose 
(%) 

Total C6 
sugar 
(%) 

Other C5 
sugar 
(%) 

Ash 
content 
(%) 

Total C6 sugar (%) 
corrected from ash 

Size 5.0 
cm 

3.4 4.3 ~0.3 60 10.7 

Size 7.5 
cm 

3.0 3.7 ~0.3 61.5 9.6 

Size10.0 
cm 

2.9 3.6 ~0.3 66.6 10.7 

Hydroids 
sample 

1.3 1.7 0.8 33.8 2.6 

 
Tables 4 and 5 show comparison between two samples of Clavelina and Ciona in sugar and 

cellulose content. Moreover, different depth in each species has been evaluated as well. As it 

refers from the two tables, total C6 sugar (%) corrected from ash (last column from the right), 

shows no obvious differences between two species, meaning that these two species can be 

considered equally concerning sugar content.    

Table 4: Sugar compositions, ash contents and total C6 sugar contents after correction from the ash contents (i.e. 

taking away the sea salts) in samples related to different depth of Clavelina species. 

                           CLAVELINA 
Sample Cellulose 

(%) 
Total C6 

sugar (%) 
Other C5 

sugar (%) 
Ash content (%) Total C6 sugar (%) 

corrected from ash 
P1 2.56 3.32 0 69 10.70 
P3 2.58 3.31 0.11 57 7.71 
P5 2.01 2.57 0.08 62 6.76 
P7 2.33 2.90 0.04 60 7.24 
P9 1.58 1.98 0.07 65 5.65 
P10 2.85 3.70 0.10 56 8.42 
P11 2.47 3.16 0.04 58 7.52 
P13 1.48 1.83 0.04 66 5.40 
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Table 5: Sugar compositions, ash contents and total C6 sugar contents after correction from the ash contents (i.e. 

taking away the sea salts) in samples related to different depth of Ciona species 

                                                            CIONA 
  

Sample 
Cellulose 

(%) 
Total C6 

sugar (%) 
Other C5 

sugar (%) 
Ash content (%) Total C6 sugar (%) 

corrected from ash 

P1 3.67 4.48 0 56 10.19 
P3 2.24 2.75 0.03 64 7.65 
P5 2.92 3.62 0 60 9.06 
P7 2.14 2.68 0.08 61 6.88 
P9 1.65 2.06 0.03 65 5.89 

P10 3.40 4.32 0.08 63 11.68 
P11 2.39 3.05 0.10 58 7.27 
P13 1.09 1.26 0 63 3.40 

 

 

Meanwhile, different D samples representing different ages of Ciona samples have been 

characterized. They have been collected in different harvesting times from the ocean. Results 

are presented in following table (Table 6). 

 

Table 6: Sugar compositions, ash contents and total C6 sugar contents after correction from the ash contents (i.e. 

taking away the sea salts) in samples related to different According to that, the older the samples ( D1 ), the 

higher the C6 sugar, and Cellulose percent would be. 

Sample Cellulose 
(%) 

Total C6 
sugar (%) 

Other C5 sugar (%) Ash content 
(%) 

Total C6 sugar 
(%) 

corrected 
from ash 

D1 
 

8.07 9.52 0.11 54 20.69 

D2 
 

6.40 7.98 0.08 55 17.73 

D4 
 

5.43 6.59 0.06 55 14.64 

 

Additionally, 12 samples from different classified samples were analyzed by identical 

repeated analysis for carbohydrate contents. The results are shown in the Table 7. It could be 

seen that: 
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1) The analysis is repeatable within certain experimental errors, especially after taking 

consideration of the fact that the earlier experiments were calculated by computer while this 

repeated analysis was calculated manually. For further analysis, the manually method has 

been used for all experiments. 

2) The deeper under the sea surface, the slightly lower the content of total C6 sugars (C2 vs. 

C10 and P1 vs. P7 or P13). 

3) There is no obvious difference between two species at the same sea depth. 

4) It seems that there is no big difference between different individual sizes (Size 5.0 vs. Size 

7.5 or Size 10.0), probably due to the fact that the larger the size, the larger amounts of 

internal organs , and water  content [47]. 

5) Comparing between D1 to D4 again, the lowest amount was related to D4 or the younger 

samples. As some research previously with Ciona intestinalis represented that maximum 

specific growth rate was related to age rather than size. Moreover, amount of carbon 

assimilated per body unit that was needed to maintain body (not including the tunic) or total 

(including the tunic) carbon was independent of initial size [10]. 

 

Table 7: Total C6 sugar (%) corrected from ash according to the location ( C2, C10),size (cm), different species 

of different depth  (P1-1 & P1-2, P7-1 & P7-2, P13-1 & P13-2),and D1 ( the oldest sample) 

Sample Total C6 sugar (%) corrected from ash 

First trial Repeated trial 

C2 18.3 18.7 

C10 12.2 12.8 

Size 5.0 10.7 13.2 

Size7.5 9.6 11.0 

Size 10.0 10.7 11.7 

P1-1 10.7 10.9 

P1-2 10.19 11.9 

P7-1 7.24 8.76 

P7-2 6.88 8.27 

P13-1 5.40 7.32 

P13-2 3.40 7.26 

D1 20.69 20.0 

  

 

3.2.2 Oil content and characterization  

After filtration and solvent evaporation (using rotary evaporator) from the crude tunicate oil, 

yield of oil production has been determined.  
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The resulting yield was approximately 1.5% (from 106 g of dry tunicate, 1.51 g of oil was 

obtained). However, for the second time dry tunicate has been extracted, and the resulting 

yield was around 3%. 

 

Structural analysis of oil by FTIR, NMR, and GC-MS chromatography has been performed. 

Using FTIR (shown in figure 22), the general structure of oil feedstock (combination of O-

CH2 glycerol, O-CH2- C asymmetric bending, C=0 stretch, and CH3 and CH2 stretching) can 

be seen. Glycerol ester structures (1745 cm
-1

) are obvious for all feedstock except tunicate oil, 

which contains mainly free fatty acids (1709cm
-1

). However, the saturated condition (alkenes 

group around 1680-1640 cm
-1

) cannot be seen because the signal is very weak. Lastly, It can 

be seen that unlike other oils which contain mainly glycerol ester structures (FTIR peak at 

1745 cm
-1

), the tunicate lipids contain mainly free fatty acids, close to phospholipid not 

glycerol  ester (1709cm
-1

 ).This is supported by HNMR where the glycerol content is less than 

10% of the total fatty acid contents(Figure 23). 

 

 

                   Figure 22:  FTIR of Tunicate lipids in comparison with common food oils 

 

Figure 23, shows the result of proton NMR of tunicate oil. The signal at 5.3 ppm represents 

the unsaturated extent (double bond). Glycerol part of the oil shows in around 4.2 ppm. The 

hydrogen attached to the carbon that is located between two double bonds shows the signal at 

2.8 ppm, while the one attached to the carbon next to one double bond is seen at 2.0 ppm. To 

continue, the hydrogen on the carbon next to C=O bond shows signal at 2.3 ppm, while the 

one on the carbon further is seen at 1.6 ppm. 
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The hydrogen on the carbon between two other carbons is located at 1.3 ppm, while the one at 

the terminal carbon is seen at ~0.8 ppm. Also, the stronger the signal, the higher the quantity 

is. Since the glycerol part of the oil (the one attached to the other carbons) is shown much 

weaker signal than the terminal carbon, it can be seen that there are a lot of free fatty acid 

floating around in this tunicate oil. The fatty acid quantification in fish oil by Aryee et al 

reported that the amount of free fatty acid increases mostly linearly with the storage time of 

the feedstock[48]. Based on this work, high free fatty acid content in the tunicate oil can be 

connected to the storage time of frozen wet tunicate in the refrigerator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

Using 1H-NMR (shown in Fig. 23), it could be concluded that tunicate oil contains 

unsaturated fatty acids with fewer values for the unsaturated and conjugated extent and 

shorter length of the chains than fish oil, possibly due to the fact that oxidation of double bond 

Tunicate 

Rape seed 

Flax seed 

Figure 23:  From the top: NMR of Tunicate oil compared to Rape seed, and Flax Seed oil 

respectively. 
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has taken place after the death or the storage of the tunicate. The oil composition is rather 

constant from different samples. 

GC-MS has been performed for the fatty acid compositions of the tunicate lipids in a 

comparison with fish oil (Figure 24).  According to the figure, it could be seen that Tunicate 

lipids have a fatty acid profile very similar to fish oil. It should be worthwhile to investigate 

whether Tunicate lipids could be used as an alternative to the fish oil due to the high contents 

of omega-3 types of fatty acids(DHA, and EPA corresponds to omega-3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 3.2.3 Protein content  

 

According to the result of Table 8, there was no special difference between samples taken 

from different depth. So, the variation in depth seems not to be high enough for making any 

special impact on nitrogen content. 

 

 

Fish oil reference 

Oil obtained 

Figure 24: GC chromatography of Tunicate lipids in comparison with fish oil. 
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Table 8: Protein content against deepness 

Sample C2 C4 C6 C8 C10 C12 C14 
 

Protein (%) 
(ash-free) 

32.6 34.2 36.5 33.2 32.2 30.5 30.8 

 

Table 9; shows the amount of protein Connection to different sizes of samples. It is clear that 

the larger the size of the specious, the higher the amount of nitrogen. The reason can be 

related to the bigger part of the inner organ which each samples contained when the size came 

to be bigger.   

 
Table 9: Protein content against size 

Sample Size 5.0 cm Size 7.5 cm Size 10.0 cm 
 

Protein (%) (ash-
free) 

28.4 29.8 41.5 

 

In Table 10, two different species, Clavelina and Ciona, are compared together. In most 

cases, Ciona species seemed to have the same nitrogen content, reflecting similar protein 

content, as another species (Clavelina). There is no special variation connected to depth 

difference, as has been shown previously in Table 8.  

 
 
 
Table 10: Protein content (%) against tunicate species 

 Species 1 (Clavelina) Species 2 (Ciona) 
Protein (%) (ash-free) Protein (%) (ash-free) 

P1 32,6 19,2 
P3 18,3 21.8 
P5 28 22.6 
P7 22,3 26.7 
P9 25.1 29.1 
P10 26.2  n.d. 
P11 23.4 28.5 

P13 21.8 26.0 
 
 

Table 11; shows the comparison among different treatments with acids and alkalis on the 

protein content. Treatment with alkali seems to be more effective in protein removal, since 

alkali treatment can digest protein more. Ba (OH) 2 is stronger than KOH in this case, since 

Ba (OH) 2-treated samples have lower protein content than KOH.  
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Table 11: Changes of protein content (%) during processing 

Treatments Three-step sequence H3PO4 KOH Ba(OH)2 
 
 

H2SO4 NaOH NaClO 

Protein 
(%) (ash-
free) 

23.9 2.7 0.6 18   17      6 

 

 

Table 12 shows the difference in protein amount as a result of different harvesting time. 

Trends in protein content among D1, D2, D4 is exactly in coincidence with cellulose 

percentage in these samples which have been shown in Table 6. Having more protein in older 

samples is accompanied with the fact that they may have more connective tissues and 

structural materials. 

 

Table 12: Changes of protein content against harvesting time (D1, D2, D4) and washing (D3) 

Sample D1 D2 D4 D3(tunic) D3(inner 
part) 

D3(whole body) 
 

Protein (%) 

(ash-free) 

36,1  

 
41,0  

 
29,6  

 
24 

 
53,0 

 
25,2  

 

 

3.3 Cellulose preparation  

Cellulose yield and purities, as well as changing of protein content during preparation by 

H2SO4-NaOH-NaClO, have been analyzed. Results can be seen in Tables 13 and 14. 

 

Table 13:   Yield, ash content, cellulose percent, other C6 percent, C5 percent, and cellulose yield after three 

step (Acid- alkali- NaClO) treatment. 

Pretreatment Yield 

% 
Ash content% Cellulose 

% 
Other C6 

sugars % 
C5 sugars 

% 
Cellulose 

yield % 
H2SO4-NaOH-

NaClO 
3.6 ~0 96 0 0 54 
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Table 14: Changes of protein content during preparation 

Treatments                          Three-step sequence 
H2SO4 NaOH NaClO 

Protein (%) (ash-
free) 

23.9 2.7 0.6 

 

According to the above tables, after Acid-, Alkali-, and Hypochlorite treatments, there has 

been a step by step decreasing to reach finally to near zero percent of protein by NaClO. The 

alkali treatment (NaOH) here seems to be the most effective for protein removal.  

 

 

It could be seen that all three single-step pretreatments could be applied for simplifying the 

pretreatment with similar preservation of around 54 % cellulose as solid materials for the 

subsequent hydrolysis step. There were no C5 sugars, and other C6 sugars. 

The cellulose percent was around 96 %, while no ash has been seen in the produced pure 

cellulose. The pure crystalline cellulose which has been prepared can be seen by Figures 25, 

and 26. Figure 25 shows the electronic micrograph from the cellulose prepared by three step 

treatment with two different magnifications, while Figure 26, and illustrate macroscopic pure 

crystalline cellulose.   

 

                                 

 

Figure 25: Pure crystalline cellulose after H2SO4-NaOH-NaClO treatment by scanning electron microscope of 

different magnification 
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Figure 26: Pure crystalline cellulose after H2SO4-NaOH-NaClO treatment can be seen directly. 

 

 

 

 

 

 

 

 

 

Figure 27: FT-IR of un-treated and treated samples by H2SO4-NaOH-NaClO (Arrows related to point (a), and 

(b) describe 1422 cm-1 & 1534 cm-1 respectively. 

FTIR of treated samples in comparison to untreated ones has been shown in Figure 27. Peak 

from 3200-3300 cm
-1

 demonstrates OH band, which is higher in treated samples, meaning 

more cellulose content they have. Peak related to 1402 cm
-1

, is higher in treated samples, 

showing a higher crystallinity after treatment. Peak of 1530-1560 cm
-1

, however, deals with 

N-H (protein) content, which was reduced by acidic- and alkali treatments and completely 

eliminated by the three step treatment[49]. Additionally, Table 15 shows total crystallinity 

index (TCI) corresponding to A1427/A898 in FTIR. As can be seen, the ratio was higher after 

treatment [41]. 

 

Three step-treated 
tttreatreated     Reference 

    (whole body)  

(a) 

(b) 
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Table 15:  Total Crystallinity   Index (TCI) =A1427/A898 of untreated, and treated tunicate  

Sample Tunicate body Tunicate + three step treated 

Total Crystallinity   
Index(TCI)=A1427/A898 

             1,33 
  

     1,40 

 

 

 3.4 Ethanol production trials 

 

 3.4.1 Yeast comparison in sugar utilization 
 

The starting sugars were 750 and 150 mg/l for glucose and galactose respectively. Glucose 

utilization by yeast 'A' finished in the early stage of fermentation (sharply decreasing). 

Instead, there was no galactose consumption by this yeast (Figure 28). 

 

 

Figure 28:  Glucose & galactose consumption by yeast strain A against the time (h) 

 

Yeast B, seemed to be capable of up-taking just glucose like the previous yeast (yeast A). The 

amount of glucose reached the lowest at day 6, but not zero. Galactose has been roughly 

constant during glucose consumption. No consumption of galactose has been observed by this 

yeast as well (Figure 29). 
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Figure 29:  Glucose & galactose consumption by yeast strain B against the time (h) 

           

Yeast C tended to utilize both sugars at the same time (Figure 30), so it seemed to be most 

metabolically active strain for ethanol production than the others. Glucose has been used out 

by this yeast on day 3, and galactose on day 5. The adaptation of yeast to galactose utilization 

allows the simultaneous uptake of galactose and glucose, during high cell density 

fermentation [50]. 

 

 

Figure 30:  Glucose & galactose consumption by yeast strain C against the time (h) 

        

Yeast D used glucose gradually, and at the same time galactose amount has been constant. 

Glucose dropped to the lowest amount after day 8 (Figure 31). 
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Figure 31:  Glucose & galactose consumption by yeast strain D against the time (h) 

 

For yeast E, the graph in glucose consumption is shown in Figure 32. Glucose dropped to the 

lowest amount (not zero) on day 6. At the time of glucose usage by this yeast, galactose 

content was again constant.  

 

 

 

Figure 32:  Glucose & Galactose consumption by yeast strain E against the time (h) 

 

Ethanol production from standard sugar solution in the case of all yeast strains has been 

compared and evaluated (Figure 33). According to that one, ethanol yield from standard sugar 

solution has been calculated. (Figure 34). According to them, there were clear differences 

between the assessed strains. Types C & A, had more fermentation efficiency, especially type 

C which was the most metabolically active strain. Ethanol concentration reached to 27 mg/ ml 
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at the highest. There has been a long lag phase here showing depletion in one important 

nutrient which should be notified for the next experiments. Ethanol production yield was 

around 35% at the highest level. The colony forming capacity appeared to be correlated with 

the metabolic activity, in terms of sugar consumption, ethanol production, and furan 

conversion.  

 

Figure 33: Ethanol production (mg/ml) from standard sugar solution against the time (h) 

 

 

Figure 34: Ethanol yield (%) from standard sugar solution against the time (h) 

 

3.4.2 Yeast comparison in consumption of amino-sugars 

 

Data related to ethanol production from amino sugar solution is shown in Figure 35. 
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Figure 35: Ethanol production (mg/ml) from amino sugar (glucosamine) against the time (h) 

 

 

As is clearly shown in Figure 35, five different yeasts have had the capability of taking amino 

sugar, and turning it to ethanol, but the produced ethanol is really lower than in the case of 

sugar consumption.  

The situation of yeast B, and C is the same just yeast C have been  80 mg glucose added, this 

made yeast C to have the highest amount of ethanol produced. The trends in consumption of 

sugar and amino sugar were the same for both yeast A, and C. So, for the real samples, these 

two kinds of yeast have been used. The highest ethanol production of amino sugar 

(Glucosamine) were around 0, 01 mg/ml (24-30 h),  meaning that these two species of yeasts 

are not suitable for ethanol production from amino sugars, provided that starvation and  

pollution after that may happened for the medium which should be concentrated later on. No 

steady state showed starvation might be present in the condition, so it is needed to consider 

more environmentally situation for higher and more efficient production of ethanol. 

According to Wendland et al. (2009), Saccharomyces cerevisiae has shown no gene for 

degradation of amino sugars, therefore, S. cerevisiae cannot use amino sugar as a carbon 

source. They tried to express Candida albicans which has the gene for amino sugar 

degradation inside Saccharomyces cerevisiae to enable them to utilize amino sugar carbon 

source [51].                    

3.4.3 Fermentation of tunicate sample 
 

Figures 36 and 37 show the ethanol production after sulfuric acid hydrolysate effect without, 

and with six times concentration by evaporation system respectively. As it is clear from the 

graphs, after evaporation, yeast A could produce more ethanol than yeast C. 
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It seemed that yeast C worked better after the evaporation than yeast A, but, as whole both 

yeasts could work better after evaporation. It was quite clear that the evaporation did 

concentrate the sugar and therefore higher ethanol concentration has been seen in this figure. 

 

 

Figure 36: Ethanol amounts (mg/ml) from hydrolysate after H2SO4 hydrolysis and Ba (OH) 2 neutralization 

without concentration (evaporation) 

 

 

 

Figure 37: Ethanol amounts (mg/ml) from hydrolysate after H2SO4 – Ba (OH) 2 and evaporation (six times 

concentration). For A, C for real samples: Glucose and galactose consumption was 15 mg/l. For A´& C´: 

Glucose and galactose consumption was 92 mg/l. 

 

3.5 Biodiesel production 

It could be seen from that 2-3% of biodiesel could be obtained from the samples tested. After 

corrections from ash contents, the yields are 4-6% (Table 16). The Hydroids sample contains 

1.8% lipids, a yield lower than the 3.2% from the Tunicate samples (see below). By GC 

analysis, the fatty acid compositions of the Hydroids lipid are very similar to the Tunicate 

lipid (data not shown). 
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Table 16: Methyl ester yields after ester conversion (against deepness) 

    Sample C2 C4 C6 C8 C10 C12 C14 Hydroid samples 

Biodiesel 
yield (%) 

1,6 3,8 2,8 5,2 3,8 3,9 3,4    1,8 

                  

                

3.6 Protein characterization by amino acid composition 

Tables 17 and 18, show the essential amino acids (EAA) and non-essential amino acids (%) in 

Ciona intestinalis, characterized by amino acid analyzer. Different samples which have been  

considered in the table are : two references: reference 1, and 2 which were different in case of 

their age ( reference 2 was older sample); D3 samples or washing treated samples which were 

ash free, and from different parts: inner organ, outer part ( tunic), and the whole body. 

 

 Table 17: Essential amino acid contents in Ciona intestinalis (%) 

Essential 
aminio acid 
 

Reference1 
(After ash 
correction) 

D3 
(inner) 

D3 (tunic 
part) 

D3 
(whole 
body) 

Reference2(After 
ash correction) 

Thr 1,38 2.66 1.83 2.17 1,72 

Val 1,05 2.08 1.35 1.7 1,51 

Met 0,61 1.09 0.38 0.54 0,35 

Ile 0,77 1.72 0.95 1.28 0,88 

Leu 1,65 3.79 1.75 2.54 2,16 

Phe 0,87 1.73 0.81 1.13 0,88 

Lys 1,40 3.41 0.9 1.84 1,44 

His 0,53 1.17 0.67 0.9 0,91 

Arg 1,47 3.63 1.24 2.13 1,63 

Total（%） 9,73 21,28 9,88 14,23 11,48 
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Table 18: Non-essential amino acid contents in Ciona intestinalis(%) 

Non 
essential 
aminio acid 

Reference1 
(After ash  
correction) 

D3 (inner) D3 (tunic 
part) 

D3 (whole 
body) 

Reference2(After 
ash correction) 

Asp 2,87 5,76 3,22 4,18 3,26 

Ser 1,46 3 1,69 2,18 1,81 

Glu 3,84 8,52 3,2 5,27 4,67 

Gly 2,62 3,81 1,52 2,31 3,53 

Ala 1,38 2,57 1,33 1,81 1,53 

Cys 1,05 1,7 1,93 1,93 2,12 

Tyr 1,10 1,98 1,36 1,56 1,67 

Pro 1,19 2,47 1,36 1,77 1,26 

Total（%） 15,51 29,81 15,61 21,01 19,85 

NH3 0.46 0,76 0.55 0,64 0.3 

 

There are in total 17 amino acids, 9 essential amino acids (EAA ) and 8 non-essential amino 

acids, found inside tunicate. The highess and lowest level of essential and non- essntial amino 

acids are leucine and glycine respectively. The highest amount of total amino acids was 

related to inner organs ( D3, inner ) with the highest of 21.28 % for essential amino acids.  

The lowest amount of amino acid content, however, was for tunic (D3, outer layer) part of 

samples. 

Moreover, the nutritional value of the tunicate samples in case of protein content has been 

compared with egg albumin as a perfect case of protein comosition value. Table 19 shows 

amino acid content of two samples as an average. As comes from the table, tunicate samples 

contain all types of amino acids found in egg albumin . Most of the ratio of tunicate amino 

acids to egg albumin is around 1 or higher. This means a high quality of our samples for being 

e.g. considered as animal feed.  
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  Table 19: Composition of egg albumin compared to tunicate : Results in gram  per 100 grams of protein [52] 

           Sample          Tunicate         Egg albumin Ratio 

Asp 11,11 9.2 1,2 

Thr 5,13 4.00 1,3 

Ser 5,79 8.5 0,7 

Glu 16,43 15.7 1,0 

Gly 7,35 3.2 2,3 

Ala 4,96 5.7 0,9 

Cys 3,28 *  

Val 4,01 8.8 0,5 

Met 2,10 5.4 0,4 

Ile 3,32 7.1 0,5 

Leu 7,31 9.9 0,7 

Tyr 3,82 3.75 1,0 

Phe 3,34 7.5 0,4 

Lys 6,58 6.4 1,0 

His 2,26 2.41 0,9 

Arg 7,00 5.9 1,2 

Pro 4,76 3.8 1,3 

Total（%） 98,53 107  

 

3.7 Results of pretreatments 

3.7.1 Washing effect 

 

After at least six times washing with distilled water, it could be seen from Table 20 that:  

1) The tunicates themselves (Both the whole sample and outer part of sample D3) were 

almost ash-free (only 2.2 %) (Vs. Figure 38 for comparing tunicate before and after washing) 

The inner part sample is slightly higher in ash content perhaps due to an incomplete washing. 

It is recommendable that the sugar content should always be expressed as the value corrected 

from ash content. 
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2) The completely washed sample has a total C6 sugar content as high as 38%. 

3) The outer (tunic) part is around 75% of the total weight and has a total C6 sugar content as 

high as 50.2%. 

4) The inner organs have very limited amount of sugars (only 3.1% of total C6 sugars). They 

are around 25% of the total weight. 

 

Table 20: Effects of washing process on sugar contents (D3 refers to the washed samples) 

Sample Yield (%) based on 
the whole sample 

Ash (%) Total C6 sugar (%) 
corrected from 

ash 

D3 whole sample 
 

100 2.2 38.0 

D3 outer part 
 

75 2.2 50.2 

D3 inner part 
 

25 11 3.1 

 

Table 21 shows the effects of washing process on protein content where the process seems 

really efficient in making a higher accessibility to protein. Total amino acids, i.e. essential 

plus non-essential amino acids are the highest in the case of the inner organ. 

 

Table 21: Effects of washing process on total amino acid percent (D3 refers to the washed samples) 

Sample Reference1 D3(inner 

part) 
D3(Tunic) D3( whole organ) Reference2 

Total amino 

acids (%) 
25,2  
  

51,9  
  

26,0 
  

35,9 
  

31,3 
  

 

Figure 38 shows scanning electron microscope of the whole body of tunicates after (Left one) 

and before (the right figure) several times washing treatments. The protein fibrils could be 

clearly seen after the washing instead of salts, which were covering the tunicate samples. 
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Figure 38: Tunicate sample after several times washing with distilled water (left) compared to unwashed 

tunicate samples (right)   

 

These two washing treated and un-treated samples were analyzed by FTIR for knowing the 

effect of washing process on crystallinity. Figure 39 and Table 22 show the results.                       

 

  

Figure 39: FT-IR comparing washed samples, with un-treated ones. 

                 

Table 22: Total Crystallinity Index (TCI) of tunicate after washing process and tunicate as a reference without 

washing 

Sample Tunicate after washing Tunicate( Reference) 

 
Total Crystallinity      
Index(TCI) 
(=A1427/A898) 

           
                   1,33 
  

          
                           1,33 

 

Treated whole body samples showed more area at 3200 cm
-1

, implying that they have more 

OH and higher cellulose content. In addition, more area at 1530 can indicate more N-H, 

resulting in higher protein accessibility. For A1427/A898 calculated from FTIR results, [41] it 
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was almost the same for both treated and un-treated samples. So, it seems that washing has no 

special effect on cellulose crystallinity. However, some purification such as a higher 

accessibility to protein and cellulose can be achieved by this way. In Figure 38, after washing 

process (left), protein fibrils could be more clearly seen by SEM images, which can be seen 

more clearly in the inner organ after washing (Figure 40), implying that the inner organ 

contains more protein which was previously known from the results by amino acid analyzer 

(comparing the following picture (Figure 40) with previous results of Tables 17, 18, and 21).  

 

 

 

 

 

 

 

 

 

 

 

Effects of washing on the outer layer have been examined as well. The following figure by 

SEM shows cellulose microfibrils which are quite clear after the treatment, while they are not 

obvious under the same magnification before any treatment.  

 

Figure 40: Inner organ after washing treatment (left side), Inner organ without washing (Right) 
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Figure 41: Outer layer (Tunic) after washing treatment vs. outer layer without washing (Right)  

 

 

Figure 42: FT-IR of outer layer after washing compared to outer layer without washing process. 

 

Table 23: Shows TCI (Total Crystallinity Index) of two treated, and untreated samples. 

Sample Tunic + washing Tunic 

Total Crystallinity   
Index(TCI)(=A1427/A898) 

            
            1,00 

  

         
          1,00 

 

          

Results of FTIR shown in Figure 42, again shows that the washing process had no effect on 

cellulose crystallinity. However, the washed treated samples shows more area at 1644 cm
-1

, 

meaning more C=O and perhaps more cellulose degradation [53]. 
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3.7.2 Acid or alkaline treatments 

  

A few single-step pretreatments have been conducted such as acid (H3PO4) and alkali (KOH 

or Ba (OH) 2) pretreatment (Table 24). Ba (OH) 2 seems being the best, 67% of cellulose is 

kept in the solid form. The rest of the cellulose is in the solution and can still be applied for 

further hydrolysis or fermentation.  

 

Table 24: Effects of acidic and alkali treatments on yield and cellulose % on sugar contents 

Pretreatment Yield % Ash 

content% 
Cellulose % Other C6 

sugars % 
C5 sugars 

% 
Cellulos

e yield 

% 
Original 

sample 
100 38 7.8 3.5 1.6 100 

H3PO4 30 8 13.9 4.7 1.6 53.5 
KOH 37 22 11.4 3.4 1.4 54.1 
Ba(OH)2 48 53 10.8 3.6 1.6 66.5 

  

Meanwhile, table 25 presents acidic and alkali effects on protein content. The protein content 

here has been calculated by ANTEK analyzer. Ba (OH) 2 seems to be the best in protein 

removal since the protein percent was the lowest after the treatment. In other words, in the 

solution after the Ba (OH) 2 pretreatment, lots of amino acids were present which could be 

considered as by-products. 

 

Table 25: Effects of acidic and alkali treatments on protein % (Results from ANTEK analyzer) 

Treatments         H3PO4             KOH             Ba(OH)2 

 
Protein (%) (ash-free)            18                 17                          6 
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3.7.3 Pepsin & alkali treatments on amino acid content 

 

Figure 43 illustrates the effects of alkali treatment on amino acid content in comparison with 

the pepsin effect. Results are based on ninhydrin test for amino acid quantification. It was 

absolutely clear that Ba (OH) 2 was more effective in protein removal compared to the others. 

Previous results from ANTEK analyzer (Table 25) is in agreement with this determination. 

Pepsin, as a proteinase here does not seem to be influential on protein degradation of tunicates 

compared to alkali treatments.  

 

 

Figure 43: Comparison between Ba (OH) 2, KOH, and Pepsin on amino acid content after Ninhydrin test. W+P 

(Whole body+ Enzyme), W (Whole body), T+P (Tunic +Enzyme), T (Tunic) 

 

3.7.4 P-Toluenesulphonic Acid effect on protein content 

 

There has been no positive effect of this acid on protein degradation. The yield of the process 

was considered to be around 7 %. The reason of low yield could be the strong effect of acid   

on the material, which made cellulose turned directly to glucose, and then rapidly to Furfural. 

Moreover, it has been revealed that this procedure cannot be designed for the analyses of 

proteins that are grossly contaminated with carbohydrates such as in feeds. The carbohydrate 

content seemed to hinder the measurement of protein of present procedure  [46]. 
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3.7.5 Effects on cellulose crystallinity by H3PO4 & NMO treatments 

 

Results from FTIR  (Figure 44) of the treated samples with H3PO4 show more amorphous 

(the peak 877 cm
-1

 showed by arrow (a) in Figure 44 ) and less crystalline cellulose (the  peak 

1427 cm
-1

 showed by arrow (b) in Figure 44 ). Moreover, more area in 1709 cm
-1

 means more 

C=O and perhaps more cellulose degradation which is clear in the SEM picture when 

compared to untreated sample. Peak of 3336 cm
-1

 seems to be less in the treated ones, 

meaning less OH or perhaps more cellulose degradation. TCI (A1427/A898) for treated ones 

was around 0, 3 which seemed very low, describing a much lower crystallinity after the 

H3PO4 treatment (Table 26). Peaks after the treatment with NMO, on the other hand, have 

shown small changes in the crystallinity according to FTIR analysis. There are more 

amorphous cellulose structure (peak 877 cm
-1

) which was pointed out by arrow (a) in Figure 

44 [41].  

The area of 3278 cm
-1

 (pointed by arrow (b) in Figure 45) seems to be smaller, implying less 

OH, perhaps more cellulose degradation, and less crystallinity [54]. However, the comparison 

of the two materials on TCI indicates H3PO4 to be more efficient (Table 26). Figure 46 

shows the effect of H3PO4 on cellulose crystallinity of tunicate samples by SEM. According 

to this figure, H3PO4 seemed to have strong effects on decreasing the crystallinity, since 

amorphous structure could be clearly seen here. Results of the SEM analysis are accompanied 

well with the FTIR results. 

 

Figure 44: FT-IR spectra of the treated samples by H3PO4, compared with untreated samples. (a):  peak 877 

cm-1, (b): peak 1427 cm-1 
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Figure 45: FT-IR spectra of the treated samples by NMO compared with untreated samples. (a):  peak 877 cm-1, 

(b): peak 3278 cm-1 

 

 

 

 

 

 

 

 

 

 

Table 26: Comparison between H3PO4 and NMO treated samples on decreasing the crystallinity. 

Sample H3PO4+Tunic NMO+ Tunic Tunic(Reference) 

Total Crystallinity   
Index(TCI)(=A1427/A898) 

           0,3 

  
        0,7  1,00 

 

 

3.7.6 Effects on cellulose crystallinity – by Ba (OH) 2 and KOH treatments 

 

According to FT-IR results (Figure 47), the band in the 1534 cm-1 region, which is due to the 

N-H (protein) bond, is more indentified in references compared to treated ones 

(Ref>KOH>Ba(OH)2) , as has been shown by previous experiments where Ba(OH)2 is found 

Figure 46:  SEM picture from H3PO4 treated samples (Left) compared to untreated tunicate (Right) 
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being the best in protein degradation. Since acid and base treatment can reduce this bond , it 

seems to be stronger in reference samples[38].The TCI is decreased in the order of 

Ba(OH)2>ref>KOH (Table 27), meaning the cellulose I content or the crystallinity is the 

highest in the Ba(OH)2 treated sample which is further proven by SEM analysis (Figure 48) 

[41]. 

 

 

  Figure 47: FT-IR of Alkali treatment compared to un-treated tunicates. 

 

Table 27: Effect of of Ba(OH)2, & KOH treated samples  on crystalinty  

 

 Sample Ba(OH)2+Tunicate KOH+ 
Tunicate 

  Tunicate 

 
Total Crystallinity   
Index(TCI)=A1427/A898 

                 1,8 
  

       1,00       1,33 

  

 

 

 

 

 

 

 

 

 

 

Figure 48:  SEM images of Ba(OH)2 treated samples ( Left ) together with KOH treated ( Right ) ones. 
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4. Conclusions & Perspectives 

As an average composition, Tunicate sample consists of 15% cellulose, 6-7% oil, 36% 

protein, and 2% ash. There are 35% unknown components in the whole body of Tunicate 

sample, expectedly being amino-sugars, sulfated fucans, sulfated galactans, nucleic acid, 

glycogen, and different trace chemical structures inside the blood e.g. different hormones,  

alkaloids, and so on.  

From Tunicate sample, the capabilities for productions of crystalline pure cellulose which is 

capable for productions of cellulose whiskers and bio, and nanocomposites, bioethanol, 

biodiesel (methyl esters of fatty acids), and animal feed have been confirmed. 

For cellulose and bioethanol productions, the samples growing near to the ocean surface at the 

best harvesting time (after completion of metamorphosis), and after removing all the salts and 

epiphytes, are recommended to be explored. It should also be taken into account that the tunic 

part should be used since it has the highest cellulose content. Moreover, Saccharomyces 

cerevisiae, especially type C of the investigated yeasts, has been proved to be the best for 

ethanol production from C6 sugars. Amino sugar, on the other hand, is not degradable by S. 

cerevisiae and C. bayanus due to the fact that they have no genes for amino sugar utilization. 

On the other hand, the oil components inside tunicate show to be different from plant oils. 

The fatty acid composition looks more similar to fish oil and even with similar abundances of 

various types of fatty acids. However, tunicate oil is new structure of phospholipid instead of 

glycerol esters.  

There are 17 amino acids present in Tunicate protein, 9 essential and 8 non-essentials, 

including all amino acids found inside egg albumin. The ratio of most tunicate amino acids 

over the egg albumin is all around 1 or more, implying a high quality of Tunicate protein to 

be as an animal feed. After being subjected to physical separation of outer layer and internal 

organs and washing, the highest amount of protein in Tunicate body is found in the internal 

organs with a total amino acid content of around 52 % on the whole organ. In addition, the 

larger and elder the sample is, the higher amount of protein it contains. Hence, for feed 

supplementing point of view, the internal organs of tunicates with larger size and age are 

favored to be considered.  

Among H3PO4, Ba (OH) 2, pepsin, and KOH treated samples, Ba (OH) 2 treated sample has 

the best combination of a significantly high cellulose percentage (66.5%) and a high protein 

removal percentage (protein content of 6%) when aiming at cellulose extraction. Analytical 

data obtained from FTIR and electron microscopic determinations on all processing trials 

indicate that H3PO4 is the most powerful treatment in decreasing the cellulose crystallinity, 

which implies more amorphous structure of cellulose and increased enzyme or acid 

accessibility favorable for bioethanol production. Eventually, a combination of both H3PO4 

and Ba (OH) 2 might lead to a more promising result of bioethanol production with the lowest 

crystallinity but highest amount of cellulose and protein degradation.  
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For the future works, colonizing in artificial surfaces with higher accessibility and better 

controllable environment situations is especially important. Composite formation from 

crystalline cellulose of tunicate is also worth mentioning. The parameters involved in ethanol 

fermentation process should be optimized in terms of environmental conditions of yeasts, 

treatment steps, detoxifying process e.g. aeration (conc.), continuous &fed-batch cultivation 

instead of batch medium, and the colony forming capacity. Further characterization of the 

tunicate oil involving several analytical method challenges can be taken into consideration in 

order to enhance the biodiesel formation efficiency. Additionally, more concerns should be 

paid on protein degradation during the biofuel production by a better possible route of 

combinations of washing, mashing, and alkali treatments.  

Possibly, the major challenge in the future can be identification of novel pharmacologically or 

commercially useful products. Polysaccharide-based biomaterials taken from tunicates might 

be considered an emerging field in several biomedical fields such as tissue regeneration and 

drug delivery agents. Those important properties of tunicate’s polysaccharides including 

biological activity, biodegradability, and their ability to form hydrogels can be brought into 

considerations. The possibility of quantifying metal ion concentrations inside our tunicate 

samples can be another perspective to see if it can be applicable in terms of nutritional values, 

or for monitoring water pollution in the case of having  trace elements  [55, 56]. 
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