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The present study aimed to investigate the biochemical composition of five Grateloupia species and analysis of spatial variation in G. filicina and G. 
lithophila from the East and West coast of India.

Five Grateloupia species such as G. filicina, G. lithophila, G. catenata, G. orientalis and G. indica were collected from different states of 
India. Biochemical parameters like crude protein, total lipid, total ash, carbohydrates, total dietary fibre, chlorophyll, carotenoids, and total phenolic 
content were estimated to assess their 
nutritional values. Spatial variation for 
same parameters was also studied for G. 
filicina and G. lithophila.

It was observed that genus 
Grateloupia contained crude protein (12.4-
16%), total lipid (0.61-1.47%), ash (11.49-
18.03%), carbohydrate (5.17-17.21%), and 
total dietary fibre (54.08-66.16%) on a dry 
weight basis. Among all species, G. indica 
(16.00%) and G. filicina (15.48%) consisted 
of higher protein content. In contrast, G. 
orientalis (66.16%) and G. catenata 
(61.25%) had a maximum of total dietary 
fibre. The digestible energy obtained from 
Grateloupia was high, ranging from 85.93-
141.29 kcal. Carotenoids (9.52-32.10 mg 

-1 -1100g ) and total phenolic contents (TPC) (0.508-0.696 mg GAE g ) represented the potential antioxidant activities of these Grateloupia species. Spatial 
variation in the biochemical composition of G. filicina and G. lithophila may be due to changes in the environmental factors.

Biochemical compositions of these five species were similar to other edible Grateloupia species like G. turuturu and G. filicina. The results 
revealed that these species could be used for consumption purposes.
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Biochemical composition of five Grateloupia species

Proximate composition Pigments and total phenols

Crude protein: 12.40-16% of dry wt.
Total lipids: 0.61-1.47% of dry wt.
Total minerals: 11.49-18.03% of dry wt.
Carbohydrates: 5.17-17.21% of dry wt.
Total dietary fibre: 54.08-66.16% of dry wt.

-1Chlorophyll a: 0.6-1.8 mg g
-1Carotenoids: 9.52-32.10 mg 100g

-1Total phenolic content: 0.508-0.696 mg GAE g
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lithophila samples were obtained from Mangalore, Karnataka, 
and Ratnagiri, Maharashtra. Two species, i.e., G. catenata and G. 
orientalis were collected from Tiruchendur, Tamil Nadu and  
Visakhapatnam, Andhra Pradesh, respectively, which was 
recorded for the first time from the Indian coast. G. indica was 
taken from Okha coast, Gujarat. Seaweed sampling was done 
from the intertidal area with the help of scrappers and forceps. 
The samples were packed in the zip-lock plastic cover and stored 
in reusable, long-lasting freezer ice blocks in the insulated plastic 
icebox for transportation. After reaching the laboratory, samples 
were washed adequately with fresh water 5-6 times. The 
identification and sorting of samples were made for species-wise 
segregation. Then, it was subjected to air-drying overnight 
followed by drying in a hot air oven at 100±5°C for 8-10 hrs. Dried 
samples were made into powder and stored in the desiccator for 
further analysis. Biochemical composition, pigments, and total 
phenolic compounds were estimated in triplicate.

Analyses of b  Proximate compositions 
including crude protein, total lipid, total minerals (ash), dietary 
fibre, and moisture content were evaluated based on the 
principles and procedures of AOAC (1995). Total carbohydrate 
content was estimated by subtracting the percentage of other 
nutrients from 100 (Hasting, 1969). The standard physiological 
values of protein, lipid, and carbohydrates were used to calculate 
the seaweed's digestible energy value (Halver, 1976). The 
chlorophyll and carotenoid content were estimated following the 
method of Wellburn (1994). Seaweed extract preparation and 
phenol estimation were done based on the method given by 
Nunes et al. (2017) and Chew et al. (2008).

Statistical analyses: The values obtained from the biochemical 
composition analysis were subjected to statistical univariate and 
One-way ANOVA in the SPSS software packages version 16. 
Duncan's Multiple Range Test-related numerous means for 
significant differences among the species at 5% significance level.

Results and Discussion

The total minerals (Ash), carbohydrate, fiber, and 
phenolic content showed a significant difference among the five 
species. Moisture percentage (Table 1) varied from 79.87 (G. 
orientalis) to 88.39 (G. indica). The presence of high slippery and 
mucilaginous thallus in G. indica and G. catenata may serve as a 
prominent reason for more moisture percentage. The 
cartilaginous texture of G. orientalis contained the lowest 
moisture content. This result resembles those reported for 
Kappaphycus alvarezii (79.7%), Turbinaria conoides (83.8%), 
Padina gymnospora (84.5%), Sargassum polycystum (83.5%), 
and Gracilaria verrucosa (85.45%) (Ahmad et al., 2012). In 
general, the red seaweeds consist of a high protein and dietary 
fibre content compared to green and brown algae (Hossain et al., 
2021). The protein content of Grateloupia was exclusively high 
(Table 1), ranging from 12.40 to 16.00%. G. indica (16.00%) and 
G. filicina (15.48%) showed the highest protein; G. lithophila 
(12.75%) and G. orientalis (12.40%) had less protein proportion. 

iochemical parameters:

Introduction

Seaweeds are the most common food source consumed 
regularly in many Asian countries like Japan, China, Korea, etc. 
These nutritionally enriched renewable resources are used for 
food, animal feed, chemicals, medicines, energy, etc. (Denis et 
al., 2010). It is exclusively used in biofuel production, plant growth 
stimulants in the agriculture, cosmetic industry, nutraceuticals, 
and therapeutic development (Kim et al., 2017; Ganesan et al., 
2019). The role of seaweeds in human health has been explored 
as they have various bioactive properties such as antioxidant, 
antibacterial and antiviral activity (Gupta and Abu-Ghannam, 
2011). However, the conventional consumption of seaweeds is 
limited with red and brown algae (Denis et al., 2010). There are 
about 291 seaweed species known as commercially important 
species across 43 countries (Tiwari and Troy, 2015). In India, 844 
seaweed species has been recorded, including 434 red, 194 
brown, and 216 green seaweeds (Oza and Zaidi, 2001). The 
seaweed exploitation in India is restricted to phycocolloid 
production from a few species only, although several species 
have an immense prospect for utilization. Understanding 
seaweed consumption is insufficient due to the lack of awareness 
and inadequate studies on their nutritional profile.

In India, seaweed cultivation and wild collection sectors 
exploit only few species like Gracilaria, Gelidium, Gelidiella, 
Hypnea, etc., to produce hydrocolloids such as agar and 
carrageenan (Ganesan et al., 2019). Grateloupia is one of those 
underutilized resources distributed worldwide by the shipping 
activity (Miller et al., 2009; Montes et al., 2016). It is native of 
Japan and used as a typical sea vegetable (Denis et al., 2010). 
More than 90 species exist under this genus Grateloupia (Guiry 
and Guiry, 2021). Only eight species of Grateloupia have been 
described from the Indian coast so far (Oza and Zaidi, 2001; 
Chellamanimegalai et al., 2020). Investigation on the biochemical 
composition of Grateloupia has been done in very few species such 
as Grateloupia turuturu, Grateloupia doryphora and Grateloupia 
lanceola from different parts of the world. The lack of knowledge on 
the biological properties of other Grateloupia reduces its 
consumption and is strictly restricted to G. turuturu and G. filicina 
(Perfeto, 1998; Denis et al., 2010; Nunes et al., 2017). Seaweeds 
are the best alternatives fulfilling future dietary requirements. 
Studying the biochemical compositions of different seaweeds can 
serve as preliminary steps to identify their nutritional value. The 
present study was carried out to investigate the biochemical 
properties of five Grateloupia species and spatial variation for two 
species, G. filicina and G. lithophila, from different sampling sites. 
The study will further provide an in sight into the nutritional 
properties of Grateloupia species to increase their application.

Materials and Methods

Sample collection: Five Grateloupia species were collected 
from India's east and west coastal states. G. filicina samples were 
collected from three sites Mandapam, Tamil Nadu, 
Visakhapatnam, Andhra Pradesh and Ratnagiri, Maharashtra. G. 
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66.16%; 3.35 – 8.23%, and 45.85 - 60.15%, respectively (Table 
1). The total dietary fibre was found as more significant than 26 
Hawaiian marine algae defined by McDermid et al. (2005), which 
includes 15 species of Rhodophyta, six species of Chlorophyta, 
and five Phaeophyta. Soluble fibre content (45.85 – 60.15% d.wt.) 
of Grateloupia shows a higher proportion than the insoluble fibre 
(6.07-8.23%) content which was found higher than those reported 
for G. turuturu (12.3% IF + 48.1% SF), Himanthalia (13.51%IF + 
23.63%SF), Laminaria (13.11%IF + 17.12%SF), Gigartina 
(7.41% IF+ 21.90% SF) (Denis et al., 2010; Gomez-Ordonez et 
al., 2010). Carbohydrate and Total dietary fibre showed an 
inverse relationship between them. The present study reported 
lesser carbohydrate contents in Grateloupia (Table 1), ranging 
from 5.17% (G. catenata) to 17.21% (G. indica). These values 
were significantly less when compared to other red algae such as 
Hypnea musciformis (20.6-37.46%), Gelidium pusilium (40.64-
52.20%) (Siddique et al., 2013; Hossain et al., 2021).

On comparing previous reports available on genus 
Grateloupia, five species used in this study showed two times 
more protein than Grateloupia lanceola (6.90%dry wt.) and 
observed with lesser than G. turuturu (22.9%) and Grateloupia 
doryphora (22.9%). Total lipid was similar to G. doryphora (0.81-
1.30%) and showed less than those reported for G. turuturu 
(2.6%) and G. lanceola (2.97%). Ash content stated in this study 
was found similar to G. turuturu (18.5%) and G. lanceola 
(16.60%); It showed two times greater than that recorded for G. 

The present study revealed that genus Grateloupia contained the 
highest protein than other commonly utilized red seaweeds 
belonging to the genera Gracilaria, Gelidiella, Gelidium, 
Euchema, Kappaphycus, Acanthophora and Hypnea, described 
by Ahmad et al. (2012); Chakraborty and Santra (2008); Kumar et 
al. (2011); Khairy and El-Shafay (2013). The total lipid content 
ranged from 0.61% (G. catenata) to 1.47% (G. orientalis) in the 
present study (Table 1). A similar proportion of lipids have been 
reported in Gelidium pusilium (1.12%) and Hypnea chroides 
(1.48%), whereas Hypnea musciformis (0.28%) and 
Gracilariasalicornia (0.68%) were reported with fewer amount of 
total lipids (Siddique et al., 2013; Swarnam et al., 2021; Hossain 
et al., 2021). 

The total lipid content of seaweeds is generally less than 
4% and possess enriched PUFA content equally to land plants 
(Khairy and El-Shafay, 2013). The ash content represents total 
minerals composition ranging from 11.49 to 18.03% in 
Grateloupia (Table 1); the lowest and highest ash composition 
was reported from G. filicina and G. catenata, respectively. It was 
found to be less than those described for H. musciformis 
(22.56%) and G. pusilium (26.32%) (Hossain et al., 2021). Fibre is 
a polysaccharide and has a significant role in the digestive system 
of humans that reduces many physiological problems like 
constipation, colon disease, cardiovascular disease, obesity, etc. 
(Benjama and Masniyom, 2012). The total dietary fibre, insoluble 
and soluble fibres present in Grateloupia ranged from 54.08 - 

Table 1: Comparison of biochemical composition of different species of Grateloupia collected from India’s east and west coastal states

Composition G. filicina G. lithophila G. catenata G. orientalis G. indica

a a aMoisture (%) 82.63 ± 5.84 81.17 ± 6.72 88.12 ± 0.18 79.87 ± 0.24 88.39 ± 0.54
a a a a aCrude protein (% dry wt.) 15.48 ± 2.87 12.75 ± 1.06 14.78 ± 0.08 12.40 ± 1.08 16.00 ± 3.94

a a a a aTotal lipid (%  dry wt.) 0.89 ± 0.59 1.19 ± 0.73 0.61 ± 0.04 1.47 ± 0.83 0.85 ± 0.74
a ab b a aTotal minerals (% dry wt.) 11.96 ± 3.05 14.72 ± 0.63 18.03 ± 0.11 13.58 ± 0.58 11.49 ± 0.41
a a b c bSoluble fibre (% dry wt.) 47. 51 ± 0.18 45.85 ± 0.12 55.18 ± 0.06 60.15 ± 0.32 50.90 ± 0.28

a a a a bInsoluble fibre (% dry wt.) 6.83 ± 0.24 8.23 ± 0.36 6.07 ± 0.15 6.01 ± 0.48 3.35 ± 0.60
a b c d aTotal dietary fibre (% dry wt.) 54.34 ± 0.24 54.08 ± 0.08 61.25 ± 0.18 66.16 ± 0.11 54.25 ± 0.18
a b c d aCarbohydrate (% dry wt.) 17.18 ± 0.23 15.12 ± 0.16 5.17 ± 0.23 6.20 ± 0.28 17.21 ± 0.29

-1 a c b b aDigestible energy (kcal 100g ) 139.25 122.63 85.93 88.39 141.29

Values are mean of three replicates ± S.D. Values with the same superscript in the same row: statistically non-significant (p >0.05); Values with different 

superscript in the same row: statistically significant (p ≤0.05)

a a

Table 2: Comparison of pigments and total phenolic content of different Grateloupia species collected from India’s east and west coastal states

-1Species Chlorophyll a (mg g ) Carotenoid (mg 100g ) Total phenolic content (mg GAE g )

a aG. filicina 1.8 ± 0.11 32.10±18.07 0.696 ± 0.28
a a bG. lithophila 1.4 ± 0.5 32.05±17.93 0.525 ± 1.27

a a aG. catenata 1.7 ± 0.03 31.68 ± 3.41 0.623 ± 0.04
a a bG. orientalis 0.6 ± 0.06 9.52 ± 0.52 0.551 ± 0.02
a a bG. indica 0.7 ± 0.05 11.94 ± 2.05 0.508 ± 0.04

Value are mean of three replicates ± S.D. Values with the same superscript in the same column: statistically non-significant (p >0.05); Values with 

different superscript in the same column: statistically significant (p ≤0.05) 

-1 -1

a
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doryphora (6.98-11.85%). The cartilaginous textured thallus of G. 
orientalis (66.16%) and G. catenata (61.25%) contained more 
dietary fibre content than those stated in G. turuturu (60.4%), and 
the remaining three species had less proportion than this. G. 
lanceola (47.96%) has remarkably less fibre and G. doryphora 
consists of more carbohydrates (41.82-54.72%) than five 
Grateloupia species reported in the present study (Perfeto, 1998; 
Denis et al., 2010; Nunes et al., 2017).

The energy produced from each food product is entirely 
different and utilized for various physiological processes. It is 
calculated based on their protein, fat, carbohydrates, and other 
micronutrients quantity. In the present study, the digestible 

-1energy value obtained from G. indica (141.29 K cal 100 g ) and 
-1G. filicina (139.25 K cal 100 g ) was supreme; the least energy 

-1was obtained from G. catenata (85.93 K cal 100 g ) and G. 
-1orientalis (88.39 K cal 100 g ) (Table 1). This energy level (85.93-

141.29 K cal) from five Grateloupia species is close to those 
noticed for G. lanceola (122.07 Kcal) and other commercially 
utilizing seaweeds such as Ulva lactuca (115.21 Kcal) and 
Chondrus crispus (116.73 K cal) (Nunes et al., 2017).

Phenols, chlorophyll a and carotenoids are the principal 
components directly correlated with the antioxidant properties of 
seaweeds, assistance in breaking free radical chain reactions 
and neutralizing ROS in human metabolism (Nunes et al., 2017). 
Chlorophyll a acts as a primary pigment of red seaweeds instead 
of chlorophyll b and c. The chlorophyll a content of G. filicina (1.8 

-1mg g ) and G. catenata (1.7 mg g ) (Table 2) showed maximum 
-1amount than other red seaweeds like G. acerosa (0.62 mg g ), 

-1Catenella repens (0.37 mg g ) and exhibited a similar proportion 
-1to Polysiponia mollis (1.17 mg g ) (Chakraborty and Santra, 

-12008). Carotenoid content of G. filicina (32.10 mg 100g ), G. 
-1 -1lithophila (32.05 mg 100g ) and G. catenata (31.68 mg 100g ) 

-1

Table 3: Spatial variation in the biochemical composition of G. filicina collected from India’s east and west coastal states

Biochemical composition G. filicina

Variables Site1 (Mandapam) Site2 (Ratnagiri) Site3 (Visakhapatnam)

Proximate composition

a b bMoisture (%) 88.65 ± 0.78 77.45 ± 2.67 80.97 ± 0.08
a a bProtein (% dry wt.) 15.29 ± 0.38 17.86 ± 0.29 11.10 ± 0.43

a a aTotal lipid (% dry wt.) 1.04 ± 0.54 1.41 ± 0.38 0.55 ± 0.35
a b bAsh (% dry wt.) 14.68 ± 0.39 8.75 ± 1.98 12.94 ± 0.35
a b cTotal dietary fibre (% dry wt.) 45.19 ± 0.28 54.31 ± 0.43 63.01 ± 0.05
a b cCarbohydrate (% dry wt.) 23.30 ± 0.42 17.18 ± 0.26 12.20 ± 0.28

-1 a b bChlorophyll a (mg g ) 1.10 ± 0.2 0.30 ± 0.23 0.80 ± 0.1
-1 b a bCarotenoid (mg 100g ) 15.37 ± 3.07 50.80 ± 7.68 28.19 ± 17.17

-1 a a aTotal phenolic content (mg GAE g ) 0.703 ± 3.00 0.665 ± 0.28 0.693 ± 1.37

Values are Mean of three replicates ; Values with the same superscript in the same row: statistically non-significant (p >0.05); Values with different 

superscript in the same row: statistically significant (p ≤0.05) 

± SD

Table 4: Spatial variation in the biochemical composition of G. lithophila collected from India’s west coastal states

Biochemical composition G. lithophila

Variables Site1 (Ratnagiri) Site2 (Mangalore)  

Proximate composition

a bMoisture (%) 76.77 ± 0.18 88.62 ± 0.34
a bProtein (% dry wt.) 13.35 ± 0.63 11.54 ± 0.38

a aTotal lipid (% dry wt.) 0.80 ± 0.40 2.00 ± 0.80
a aAsh (% dry wt.) 15.08 ± 0.20 14.00 ± 1.00
a bTotal dietary fibre (% dry wt.) 50.01 ± 0.01 62.1 ± 0.13
a bCarbohydrate (% dry wt.) 20.38 ± 0.53 10.14 ± 0.19

-1 a aChlorophyll a (mg g ) 1.5 ± 0.05 1.3 ± 0.09
-1 a aCarotenoid (mg 100g ) 29.53 ± 20.14 37.08 ± 36.03

-1 a bTotal phenolic content (mg GAE g ) 0.615 ± 0.35 0.443 ± 0.11

; Values with the same superscript in the same row: Statistically non-significant (p >0.05); Values with different 

superscript in the same row: statistically significant (p ≤0.05)

Values are Mean of three replicates ± SD
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distribution. These results are comparable with the previous study 
conducted on G. turuturu from the Brittany coast (Munier et al., 
2013). This study has added information on the biochemical 
composition of different Grateloupia species from the Indian 
coast. Genus Grateloupia contains a significant amount of crude 
protein, total minerals, total dietary fibre and antioxidant 
compounds like carotenoid and total phenols. Further studies can 
be conducted to evaluate the amino acid, fatty acid profile and 
antioxidant activity of these species. Five Grateloupia species 
collected during this study have equal proportion of nutrient 
components to those edible species, G. turuturu and G. filicina. 
These species can be used for food purposes regularly, and their 
utilisation will be helpful to support nutritional security worldwide.
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