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Introduction

There are two main categories of algae: macroalgae, 
sometimes called seaweeds, which mainly inhabit the littoral 
zone and can reach considerable sizes; and microalgae, which are 
characterized by their small size and are distributed throughout 
benthic and littoral environments, as well as throughout the ocean 
as phytoplankton [1-3].

Macroalgae are rich in a lot of nutrients, such as carbohydrates, 
proteins, amino acids, lipids, oils, minerals, vitamins and other 
bioactive compounds. For this reason, they have been a traditional  
food source in several regions, including Japan, Korea, China, 
and among coastal communities living in tropical locations [4].  

 
Chondrocanthus Teedei, for example, until a few decades ago, 
was normally used as a food source by local populations and was 
identified with the dialect term “Màuru” to highlight its low fat 
content.

Macroalgae are used for various purposes including their 
application as soil improvers to improve its fertility, as a source 
of biomass for fuel production, for wastewater treatment and in 
the cosmetics industry [5-8]. Several researchers [1,2,9-13] have 
extensively examined the nutritional and biochemical attributes 
of various seaweed species. Seaweeds have a variety of chemical 
constituents, phytochemicals such as carrageenan, agar, and 
alginates, which have antioxidant, antimicrobial, antiviral, anti-

Summary

The present investigation shows the results of the analyses carried out on the red macroalga Chondracanthus teedei, widespread in a restricted 
area of eastern Sicily, where it is known by the dialect name of “Màuru”.

The data obtained show a chemical composition completely analogous to that highlighted in a previous research, that is, a high carbohydrate 
content (41.11% DM), a high protein content (37.57% DM), good nutritional value for a good ratio between essential and non-essential amino 
acids, a prevalence of sodium and potassium among the mineral macroelements, in the optimal ratio of 1.03, and iodine (1395 mg/Kg) among the 
microelements. The lipid fraction, poorly represented (1.70% DM), shows a composition in fatty acids completely comparable to the red algae 
belonging to the genus Asparagopsis.

In particular, a prevalence of saturated C14 (2.98% DM) and C16 (3.54% DM) and unsaturated C18:2 (6.92% DM) is highlighted; a prevalence 
of polyunsaturated (48.20% DM) compared to saturated (24.15% DM) and monounsaturated (17.83% DM); saturated fatty acids represent 
only 37% of the total unsaturated fatty acids. The red alga Chondracanthus teedei present along the coasts of eastern Sicily, has chemical-
bromatological characteristics that make it particularly suitable for zootechnical use, representing a food with good nutritional value, from both 
an energy and protein point of view, and an ingredient with antimethanogenic action.

For these reasons, it would be desirable not only to maintain its presence through the improvement of the environmental ecosystem and to 
increase it through appropriate repopulation interventions, but also to characterize its carbohydrate fraction and bioactive compounds, mainly 
implicated in the antimethanogenic function.
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inflammatory, and antitumor activities [9,14-16]. They possess a 
high concentration of essential nutrients and have been widely 
used for human nutrition, animal feed production, medicinal 
interventions and fertilizers [17,18].

In the livestock sector, algae are widely used and studied 
[2,19,20]. They are rich in bioactive components, including iodine, 
vitamins, minerals, polyunsaturated fatty acids (PUFAs), and 
phlorotannins [2,9,21-23]. The presence of bioactive components 
in algae offers potential advantages, such as inhibiting rumen 
proteolysis and combating harmful microbes in feed [24-28]. 
These benefits could improve and promote the production of 
rumen fermentation end products, leading to improved animal 
health, feed efficiency and production.

In addition, many algae, especially red algae (Asparagopsis 
taxiformis and Asparagopsis armata), contain secondary plant 
compounds, such as halogenated compounds and phlorotannins, 
with the potential to reduce rumen enteric methane (CH4) 
emissions by up to 99% when integrated into ruminant diets.

The aim of this work was to analyze a red alga, belonging to 
the Chondracanthus genus, Chondracanthus teedei, present on 
the coasts of eastern Sicily, to better define its bromatological 
characteristics. The poor availability of the species along the 
coasts, due to the changed environmental conditions, has limited 
the investigations to the main chemical constituents.

Materials and Methods

The chemical composition analyses were performed on dried 
samples of the red macroalgae Chondracanthus teedei according 
to the standard protocols of the Association of Official Analytical 
Chemists [29]. Moisture and ash content were determined at 
105 °C for 24 h and 575 °C for 6 h, respectively; lipid content was 
analyzed by Soxhlet extraction with petroleum ether as solvent, 
and protein content of the dried samples was examined by the 
Kjeldahl method, using the corresponding red algal conversion 
factor of 4.59 following the instructions of Lourenço et al. [30]. Total 
carbohydrate content (g/100 g) was determined by difference as 
follows: 100-(g protein + g fat + g ash). Crude fiber, NDF, ADF and 
lignin were determined according to the Weende and Van Soest 
method; macronutrients, micronutrients and amino acids were 
determined by mass spectrometry and HPLC. Energy (kcal/100 g 
DM) was calculated according to Regulation (EU) No 1169/2011 
as follows: 4 × (g protein + g carbohydrate) + 9 × (g fat). Fatty acids 
were determined with Agilent7890A gas chromatograph.

Results and Discussion

Due to the difficulty of finding red algae in the diffusion area 
of the Ionian coasts of eastern Sicily, there are no data in the 
bibliography on the chemical composition of the macroalgae 
Chondracanthus teedei, called “Màuru”.

The analyses conducted on dried samples revealed an overall 
chemical composition that was on average similar to other 

red macroalgae and to the results obtained in a previous test 
conducted on the same algae [31].

In particular, the carbohydrate component, prevalent 
compared to the other nutritional principles, was slightly higher 
than in the previous test (41.11% vs, 39.46%). It is interesting to 
note that algae often contain a variety of polysaccharides, with a 
composition that varies depending on the species. For example, 
red algae is rich in agar, agarose, agaropectin, carrageenan 
and porphyrian [32]. It is likely that the slightly higher total 
carbohydrate content is due to the season of collection of the 
samples in line with what has been highlighted by several authors 
on the significant seasonal variations in the chemical composition 
of red algae [33-35].

Not very different from the previous test were the contents of 
crude fiber (2.98% vs 3.19), ADF (11.1% vs 10.9%), NDF (33.09% 
vs 32.89%) and lignin (4.28% vs 4.08%). Algae contain significant 
amounts of structural fiber content for neutral detergent fiber 
(NDF) and acid detergent fiber (ADF) [2,9,36]. The cell wall 
composition of algae is mainly comprised of alginates [9,37], and 
red algae often have higher NDF levels than green and brown 
algae. Despite this structural distinction, digestive enzymes in 
ruminants possess the ability to hydrolyze and ferment the active 
polysaccharide constituents of algal polysaccharides [38].

The protein component (37.57% vs 38.3%), was only slightly 
lower than the results of the previous test and shows a level 
(~38%) that is comparable to that of high-protein plant diets such 
as soy and soy flour [9,10,39,40]. It seems that the protein content 
in algae is also subject to variations based on specific species and 
seasonal factors [41].

Ash (19.62% vs 20.68%); lipids continue to be scarce and 
not very dissimilar compared to previous data (1.70% vs 1.36%) 
(Table 1).

Table 1: Chemical composition (% DM ± standard deviation) of Chond-
racanthus teedei (“Màuru”).

Parameters 2022 2024

Moisture 80.27 ±1.5 81.05 ±0.50

Crude protein 38.3 ± 0.9 37.57 ± 1.00

Crude fat 1.36±0.5 1.70±0.90

Ash 20.88±1.2 19.62±1.15

Carbohydrate total 39.46±1.00 41.11±0.85

Crude fibre 3.19±0.2 2.98±0.25

ADF 10.9±0.5 11.1±0.56

NDF 32.89±1.5 33.09±1.30

Lignin 4.08±0.2 4.28±0.20

Energy (kcal/100gDM) 323.28±26.13 330.02±20.09

Energy (Mj/Kg) 14.37±1.05 14.67±0.90
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The amino acid content (Table 2) shows similar results to the 
previous test. In particular, a high percentage of essential amino 
acids (45.5% vs 46.6% of the total); among the essential amino 
acids, the most represented were, once again, leucine (7.1% vs 
6.9%), valine (6.5% vs 7.4%), and phenylalanine (4.5% vs 4.8%). 
Among the non-essential amino acids (52.4% of the total) aspartic 
acid (13.5% vs 13.9%), glycine (9.2% vs 9.4%) and glutamic acid 
(8.4% vs 8.7%). Some authors note seasonal variations in the 
amino acid content probably due to the intensity of sunlight and 
the amount of nitrogen [42], others to the harvest season and the 
species [41,43,44].

Table 2: Aminoacidic composition (g/100g total aminacids ±standard 
deviation) Chondracanthus teedei (“Màuru”).

Parameters 2022 2024

Essential amino acids

Ile 3.5±1.05 3.1±0.95

Leu 6.9±2.3 7.1±1.89

Lys 3.4±1.2 3.2±1.05

Met 2.9±0.98 2.5±1.02

Met+Cys 2.8±0.64 3.1±0.89

Phe 4.8±1.03 4.5±0.99

Ute Tyr 3.6±1.05 3.9±1.02

Phe+Tyr 8.4±2.5 8.6±2.36

Thr 2.9±0.72 2.7±0.65

Val 7.4±2.8 6.5±2.13

Non essential amino acids

Hys 0.7±0.1 0.9±0.45

Asp 13.9±3.5 13.5±2.99

Glu 8.7±3.02 8.4±2.89

hPro 2.5±0.89 2.8±1.02

Pro 2.3±0.7 2.5±0.75

Ser 5.8±2.4 5.4±2.35

Gly 9.4±5.3 9.2±5.28

Ala 5.5±1.2 5.4±1.20

Arg 4.5±1.5 4.3±1.50

The content of macro and microelements also shows a 
distribution very similar to that shown in the previous test 
(Table 3). Among the macroelements, sodium and potassium are 
abundant (32946 vs 32030 and 32040 vs 31890 mg/kh DM), 
followed by magnesium (6689 vs 6759), calcium (4690 vs 4630) 
and phosphorus (2002 vs 1950). Among the microelements, 
iodine is the most represented (1395 vs 1305), iron (127 vs 140), 
zinc (123 vs 110) and copper (3.60 vs 3.56) show levels similar 
to those found by other authors in various marine algae [45,46]. 
The abundance of iodine could create nutritional problems due 
to goiter effects; However, some primitive sheep, native to the 
Scottish island of North Ronaldsay in the Orkneys of Scotland, rely 
on natural seaweed as their main food, which constitutes over 
80% of their sustenance, and are able to efficiently excrete excess 
iodine [47,48].

Table 3: Mineral composition (mg/kg±standard deviation) Chondracan-
thus teedei (“Màuru”).

Parameters 2022 2024

Sodium 32030±1456 32946±1125 

Potassium 31890±989 32040±950

Magnesium 6759±1050 6689±998 

Calcium 4630±170 4690±145 

Phosphorum 1950±98 2002±105

Iodine 1305±85 1395±101

Iron 140±22 127±30 

Zinc 110±12.0 123±18.0 

Copper 3.56±0.13 3.60±0.10 

The lipid content of seaweed has attracted considerable 
attention in recent years due to the presence of useful fatty acids. 
Seaweed is generally composed of polyunsaturated fatty acids 
(PUFA; C18, C22), with species-specific variations. The distribution 
of unsaturated fatty acids (USFA) and saturated fatty acids (SFA) 
varies among seaweed species [9]. Table 4 shows the fatty acid 
content of Chondracanthus teedei and compares it with other red 
algae species. The table shows an acid composition completely 
comparable to the red algae belonging to the Asparagopsis genus.

Table 4: Profile of fatty acids (FA, % DM) in Chondracanthus teedei (“Màuru”) and other red seaweeds species.

Fatty acids Chondracanthus teedei Porphyra dioica* Asparagopsis taxiformis*

C14:00 2.98 23.3 3.77

C16:00 3.54 18.3 3.73

C18:00 1.35 4.9 1.18

C18:1 3.48 3.3 3.52

C18:2n-6 6.92 1.7 7.75

C20:1 0.8 0.6 NI

C20:2n-6 1.10(C20:3) 0.6 1.38 (C20:3)

C20:4n-6 1.29(C20:4) 2.7 1.19 (C20:4)
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C20:5n-3 1.75(C20: 5) 20.5 1.6 (C20: 5)

C22:6 33.5 NI 32.77

SFA 24.15 37.5 23.17

MUFA 17.83 22.5 19.52

PUFA 48.2 22.6 46.97

Ave.USFA 66.03 45.1 66.49

SFA:USFA 0.37 0.83 0.35
 
Abbreviations: FA: Fatty Acids; SFA: Saturated Fatty Acids; MUFA: Monounsaturated Fatty Acids; PUFA: Polyunsaturated Fatty Acids; USFA: 
Unsaturated Fatty Acids; USFA: Unsaturated Fatty Acids; SFA-USFA: saturated fatty acids to unsaturated fatty acids ratio.

NI = no information. *Min et al., [2021].

In particular, there is a prevalence of saturated C14 (2.98) 
and C16 (3.54) and unsaturated C18:2 (6.92); a prevalence of 
polyunsaturated (48.20) compared to saturated (24.15) and 
monounsaturated (17.83); saturated fatty acids represent only 
37% of the total mono- and polyunsaturated.

In many forms of algae, in particular those belonging to the 
red and brown variants, a considerable amount of PUFA is found, 
including omega-3 and omega-6, i.e. compounds that positively 
influence the function of the immune system, as well as improving 
the quality of meat and milk and play a significant role in promoting 
animal health [9].

Conclusion

Chondracanthus Teedei is a red algae present in the coastlines 
of the eastern coast of Sicily, called by the dialect term “Màuru”, 
known by the local population for having been, until a few decades 
ago, a popular and tasty food. The persistent and continuous 
alteration of the ecosystem environment, over the years, has 
drastically reduced the presence of the species, to the point of 
making it difficult to find.

The results of the investigation conducted on limited samples 
of algae confirmed what was highlighted in a previous similar 
test [31], reiterating a high content of total carbohydrates and 
a good protein content, comparable to that of soy, also due to a 
favorable composition of essential amino acids. Among the macro-
elements, sodium and potassium are abundant and among the 
microelements, iodine.

Furthermore, gas chromatographic investigations have 
highlighted a composition of the lipid fraction, which is low in 
percentage terms, of good nutritional value, because it is rich in 
polyunsaturated fatty acids, with a presence of saturated fatty 
acids equal to only 37% of the total unsaturated fatty acids, and 
completely comparable to that of other species of red algae. The 
well-known versatility of use of red algae, as highlighted by the 
results of extensive research conducted over the years on the 
subject, requires its preservation through the restoration of 
environmental ecosystem conditions and its increase through the 
implementation of repopulation plans.

In particular, the chemical-bromatological characteristics of 
red algae, also highlighted by this investigation, stimulate their 
use in the livestock field, both as an alternative protein source 
and as a food with good nutritional value in general, in terms of 
energy, due to the high carbohydrate component, and quality, due 
to a favorable content of amino acids and fatty acids.

Further investigations could concern both the composition 
of the carbohydrate fraction and the presence of bioactive 
compounds, implicated, according to the prevailing bibliography, 
in the anti-methanogenic action of red algae, which, in addition to 
improving the performance of ruminants, would contribute to the 
mitigation of the much vaunted greenhouse effect.
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