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Abstract. Biorefineries intends to utilize algal biomass and 
their by-products at industrial scale. The macroalgae Kappa-
phycus alvarezii has high content of carrageenan, which is a 
polysaccharide hydrocolloid, serving as a raw material for the 
production of third generation biofuels, food and pharma-
ceuticals. The aim of this study is to show that besides these 
products, there is the potential for the production of a fourth 
generation biofuel. Two strains, brown and red, were selected 
based on their high growth rates and productivity and were 
treated with 6 % KOH for extraction carrageenan extraction. The 
results of the chemical composition of this residue show that 
there is considerable amount of fermentable sugar in the 
carrageenan extraction residue. The glucan conversion was 100 
% for both strains, and the concentrations of glucose from the 
brown and red strains were 13.7 and 11.5 g L−1, respectively. The 
results highlight the efficiency of generating a key bioproduct 
from carrageenan residue. This would save the carrageenan that 
can be used for as a food thickener as it has been used for 
centuries. Thus, the biorefinery of K. alvarezii can be exploited 
not only to produce carrageenan, but also to generate glucose for 
future use in biofuel production. 
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1. Introduction 
 
Fossil fuels are the most consumed energy in the world, 
close to 87% (oil, coal and natural gas). However, these 
sources are responsible for global warming by the 
emission of greenhouse gases (GHG) [1-3].  

       The first generation of biofuels emerged as an 
alternative to substitute the fossil fuels, which consists of 

the use of vegetal biomass for the production of biodiesel 
and ethanol [4, 5]. Biofuels emit a very small amount of 
greenhouse gases and contribute to the mitigation of 
global warming [6, 7].  

       The production of the plant biomass necessary for 
the production of biofuels requires large agricultural 
areas that can have a negative impact because they 
compete with food sources [8, 9]. Moreover, the major 
raw materials for first generation biofuels production are 
corn, wheat, sugarcane, soybean, rapeseed and 
sunflowers. However, the issue is that these feedstocks 
are also used for food production [10].  

       The second generation biofuel, which is based on 
waste vegetable biomass, emerged as an alternative for 
the first generation biofuels. It does not compete directly 
with food. Moreover, it´s production does not require 
large areas of arable land [11, 12]. However, the pre-
treatment process required to convert complex 
carbohydrates into fermentable sugars results in low yield 
and high cost, implying in a serious technological 
bottleneck [13, 14]. Biofuels produced from algal 
biomass are considered third generation, intended to be 
an alternative for the first and second generations biofuel 
[15]. The use of algal biomass is also used for the 
cosmetic, food, nutraceutical, pharmaceutical and 
biofertilizer industries [16].  

        The use of red macroalgae Kappaphycus alvarezii is 
the main worldwide source for bioethanol production, 
since its high amount of carrageenan that can be 
converted in fermentable sugar [16]. However, 
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macroalgae is also used as a food source, more than five 
centuries ago, since the populations from the Scandinavian 
Peninsula started using carrageenan, a polysaccharide of 
galactose, to produce dairy foods [17-19]. Therefore, that 
brings up the food versus fuel dilemma again.  

        The aim of work is to evaluate the chemical 
composition of the residue generated from carrageenan 
extraction from Kappaphycus alvarezii, which are 
monomeric sugar and can be used to produce a third 
generation bioethanol.  
 
2. Material and method 
 

A. Material  
 
       It was used four different Kappaphycus alvarezii 
seaweed strains that were obtained from the Fisheries 
Institute, Ubatuba, São Paulo (SP). The used strains were: 
brown, red, green, and G11. The strains were grown 
during May and June of 2013. These K. alvarezii strains 
were grown in the Atlantic Ocean in the experimental field 
base at Itaguá beach in Ubatuba, SP, Brazil (GPS 
coordinates 23°27′5,8″S; 45°02′49,3″W). The structure 
used to grow the seaweed strains consisted of a raft 
anchored in the bay [12]. 
 

B. Composition of the samples 
 
        A Soxhlet system was used with hexane-soluble with 
99 % (v/v). The samples were air dried, milled, and passed 
through a 0.84 mm screen. Approximately, 1 g of the 
milled sample was extracted. This procedure was 
conducted in triplicate.  

        The milled samples were hydrolyzed with 72 % 
(w/w) sulfuric acid at 30 °C for 1 h (3 mL of acid to 
300 mg of sample) as described previously. The acid 
hydrolysate was diluted with 79 mL of distilled water (4 % 
(w/w) sulfuric acid), and the mixture was autoclaved at 
121 °C for 1 h. The residual material was cooled and 
filtered through a porous glass filter (Scott number 3, 
Germany). The solids were dried to a constant weight at 
105 °C and were assessed as the insoluble aromatics 
component. The filtrate was further passed through 
0.45 µm membranes. The total sugar content in the same 
solution was determined by the sulfuric acid/phenol 
method, using sucrose as the calibration standard [18]. The 
filtrates were evaluated via HPLC/MS analysis (using 
HPLC Agilent 1200 Series and AB Sciex QTRAP mass 
spectrometers) to confirm the presence of monomeric 
sugars.  

        The detection of the monomeric sugars in the soluble 
fraction was performed using HPX87P columns (Bio-Rad; 
Hercules, CA, USA) at 80 °C by elution with water at a 
rate of 0.6 mL min−1. The mass spectrometer was operated 
using electrospray ionization (ESI) in positive and 
negative modes. The ionization source parameters in 
negative mode were: ion spray: −4500 V; curtain gas: 
15 psi; temperature: 650 °C; gas 1:50 psi; gas 2:50 psi; and 
heater interface: on. The ionization source parameters in 
the positive mode were as follows: ion spray: 5500 V; 

curtain gas: 15 psi; temperature: 650 °C; gas 1:50 psi; gas 
2:50 psi; heater interface: on. The standards were diluted 
to 1 mg L−1 in water with 0.1 % acetic acid, and the 
optimization was performed by direct infusion into the 
automatic flow (10 L min−1) using a syringe [12].  

        The concentrations of monomeric sugars in the 
soluble fraction were determined by HPLC (HPX87P 
column; Bio-Rad, Hercules, CA, USA) at 80 °C using 
water as the eluent at a flow rate of 0.6 mL min−1. Sugars 
were detected using a temperature-controlled refractive 
index detector at 45 °C. Glucose, xylose, mannose, and 
galactose were used as external calibration standards. 
Corrections were performed by considering the 
anhydrogalactose-degradation reactions that took place 
during acid hydrolysis. Under the present acid hydrolysis 
conditions, all the anhydrogalactose present in the sample 
is degraded. Thus, the anhydrogalactose content in the 
carrageenans and agars was calculated using the 
galactose to anhydrogalactose ratio of 1:1.27. The factor 
used to convert the sugar monomers to 
anhydromonomers was 0.9 for glucose and galactose. 
This procedure was conducted in triplicate. Glucose was 
reported as glucan and galactose and anhydrogalactose as 
galactan after correction by the hydrolysis factor. The 
concentration of hydroxymethylfurfural and furfural in 
the soluble fractions was determined using an HPLC 
instrument equipped with a 250 mm long column with an 
outer diameter of 4 mm (Hypersil; Thermo-Scientific) 
using acetonitrile:water (1:8) containing 1 % (v/v) acetic 
acid as an eluent at a flow rate of 0.8 mL min−1. 
Hydroxymethylfurfural and furfural were detected at 
276 nm.  
         
3. Results and discussion 

           The productivity and growth rate of different 
strains of K. alvarezii used in this study were evaluated 
based on an experimental field test in Ubatuba, São Paulo 
(SP), Brazil. The productivity ranged from 15.9 to 46.0 g 
m2 day−1, and the growth rate ranged from 3.8 to 6.2 % 
day−1 (Figure 1).  

 
Fig. 1. Growth rate and productivity of different strains from K. 
alvarezii. Contents present in percentage day−1 and g m2 day−1, 
respectively. Asterisks Cultivation for June 2013. Two asterisks 
cultivation for May de 2013 [12]. 
 
         The G11 strain showed the lowest productivity and 
growth rate of the evaluated strains. The brown and red 
strains grown in May 2013 showed higher productivity 
than the brown and red strains grown in June 2013. The 
average data presented were similar to those reported in 
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the literature and the values were characteristic of K. 
alvarezii crops in the Ubatuba-SP region [12].  

         In addition to the total carbohydrates, the profile of 
monomeric sugars in the K. alvarezii strains was also 
analyzed (Figure 2). HPLC–MS analysis indicated the 
presence of anhydrogalactose, galactose, glucose, 
mannose, and xylose. In addition, rhamnose was detected 
in trace amounts due to the small portion of pectin in K. 
alvarezii biomass, derived from galacturonic acid. The 
percentage of galactose, anhydrogalactose, glucose, 
mannose, and xylose in the strains ranged from 13.8–14.5, 
17.3–21.6, 11.3–13.0, 0.9–1.6, and 0.5–0.8 %, respectively 
(Figure 2). Thus, the major polysaccharides found in K. 
alvarezii were galactans (from galactose and 
anhydrogalactose), followed by glucans (from glucose). 
 

 
Fig. 2. Sugar composition monomeric different strains of           
K. alvarezii. Contents present in percentage (g/100 g of original 
material in dry basis). Asterisks Cultivation for June 2013. Two 
asterisks cultivation for May 2013 [12].  
 
         The carbohydrate constituted the main component 
for all studied strains. The average total carbohydrate 
content determined herein was 53.4 %, whereas that 
documented in the literature for the same species is around 
63 % [13]. The reported total carbohydrate content of the 
species Gelidium amansii (red macroalgae) is around 78 
%. The highest total carbohydrate values (54.6 and 55.8 %, 
respectively) were obtained for the brown and green 
strains, both grown in June 2013. Ash accounted for the 
second major component of the samples. The brown strain 
grown in May 2013 had the lowest ash content (14.6 %) 
and the G11 strain grown in June 2013 had the highest ash 
content (17.2 %). The ash contents of the other strains of 
the same species did not differ significantly. On average, 
the observed ash contents were similar to that reported in 
the literature for the same species [14]. 

         The enzymatic hydrolysis was performed using 
commercial enzyme preparations (Cellic CTec II, 
Novozymes, Denmark) at a dosage of 10 FPU per gram of 
sample (dry weight basis), corresponding to 200 IU of β-
glucosidase. The total cellulases and β-glucosidase activity 
determined using the Celic CTec II extract were 92 FPU 
mL−1 and 1800 UI mL−1, respectively. Each hydrolysis 
experiment was conducted in 50 mL Falcon tubes 
containing 200 mg of milled sample (dry weight basis) and 
10 mL of 50 mM sodium-acetate buffer (pH 4.8) in 
addition to the enzyme solution. The flasks were incubated 
at 45 °C with rotary agitation at 120 rpm. The reaction was 

stopped at defined periods from 4 to 72 h by heating the 
flask to 100 °C for 5 min, followed by centrifugation of 
the material at 7000×g for 10 min.  

         The soluble fractions were assayed for glucose 
using HPLC with an HPX87P column (Bio-Rad) at 45 °C 
using water as an eluent at an elution rate of 0.6 mL 
min−1. The sugars were detected using a temperature-
controlled infrared detector set at 45 °C. The glucan 
conversion level reported herein refers to the conversion 
of the polysaccharides to their monomers. The values 
(mean ± SD) for the hydrolysis of the samples were 
estimated from triplicate. 

        The semi-refined carrageenan and its residue were 
successfully obtained by extraction the soxhlet method. 
The enzymatic hydrolysis shows that the residue yielded 
high concentrations of glucose, with complete conversion 
of glucan. Therefore, these results highlight the viability 
of this byproduct of carrageenan extraction as a 
monomeric sugar for the eventual production of 
bioethanol. Since this residue is considered waste and not 
a food source, this method would be a fourth generation 
model for the production of biofuels. In summary, we 
have demonstrated a novel aspect to the biorefining 
Kappaphycus alvarezii for developing not only 
carrageenan, but also the bioproduct glucose (Figure 3). 
 

 
Fig. 3. Glucose concentration and glucan conversion over time 
for enzymatic hydrolysis from K. alvarezii fractions cultivation 
for May 2013. a Glucose concentration of brown strain. b 
Glucose concentration of red strain. c Glucan conversion of 
brown strain. d Glucan conversion of red strain. (square filled) 
untreated material, (lozenge open) treated with KOH 6 % (w/v) 
material, (ball filled) residue and (triangle open) residue plus 
enzyme denature. All symbols apply to the graphs a–d. All 
reported data are the average values followed by their standard 
deviations [12]. 
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4.  Conclusion 
 
        The evaluation of the four different K. alvarezii 
strains shows different rates of productivity and growth. 
Nevertheless, all the studied strains had comparable total 
carbohydrate levels. The main carbohydrate polymers 
detected were galactan and glucan. Other important 
components were ash (mainly comprised calcium, 
potassium, and sodium) and sulphate groups. Semi-refined 
carrageenan and its residue were obtained from the two 
selected strains. The enzymatic hydrolysis of the residue 
yielded high concentrations of glucose, with complete 
conversion of glucan. These results demonstrate the 
viability of this byproduct of carrageenan extraction as a 
monomeric sugar for the eventual production of the fourth 
generation bioethanol. 

         Since carrageenan is widely used by the food 
industry, the use of the residue obtained by carrageenan 
extraction shows an important alternative for the food 
verses biofuel dilemma and opens a new frontier for a new 
generation of biofuels using the biorefinary concept on the 
algal biomass to produce several products including food, 
nutraceuticals and pharmaceuticals. 
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