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Abstract Several species of cosmopolitan marine

macroalgal genus Ulva (Chlorophyta) are economically

important due to high growth, carbohydrate, protein and

lipid content. Nevertheless, analysis pertaining these traits

of any species has by no means been explicitly investi-

gated. We herein investigated 109 samples of U. rigida

from fifteen locations of Indian coast for carbohydrate,

protein and lipid content suitable for further development

of scaled-up production. The carbohydrate, protein and

lipid content ranged from 16.63 ± 1.07 to 65.93 ± 0.49%

dry weight, 4.14 ± 0.45 to 26.0 ± 1.43% dry weight and

0.8 ± 0.08 to 3.1 ± 0.04% dry weight respectively. Prin-

cipal component analysis provides an inter-

pretable overview of main information enclosed in a

multidimensional data set satisfactorily explained 72.1% of

the total variability in the present data, with principal

component 1 accounting for 38.7% and principal compo-

nent 2 for 33.4% of the total variation. The study confirmed

that the strain collected from Gopnath, Gujarat possesses

high potential for industrial exploitation due to its high

carbohydrate level. Growing this alga on large-scale might

pave ways for socio-economic development of coastal

populace.
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Abbreviations

�C �Celsius
mg Milligram

ll Microliter

g Gravity (relative centrifugal force)

dw Dry weight

PUFA Poly unsaturated fatty acid

PCA Principal component analysis

PC1 Principal component 1

PC2 Principal component 2

Introduction

Sustainability pertaining to human food is a key challenge

that needs to be comprehended with respect to burgeoning

global population. Nevertheless, with the era of seemingly

inexpensive and plentiful resources coming to an end,

harnessing non-conventional biological feedstock is piv-

otal. Marine macroalgae are diverse assemblage of photo-

synthetic aquatic plants and represent a relatively under-

utilized, renewable resource (Dominguez 2013). As per the

estimates from the World Bank, by achieving the target of

14% annual growth of marine algal farming could generate

500 million tons dry weight by 2050, adding about 10% to

the world’s present supply of food, generating revenues
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and improving environmental quality (Yarish et al. 2016).

Marine macroalga have been traditionally used as food in

China, Korea, and Japan for over 2000 years (Nisizawa

2002). Further, substantial research efforts are being made

recently for characterisation of functional food ingredients

from this resource.

Green marine macroalgae, especially species of Ulva are

potential candidate for developing functional food since

they are rich in proteins, essential amino acids, vitamins,

dietary fibers and minerals vital for human nutrition

(McDermid and Stuercke 2003; Yaich et al. 2015). It has

been also reported that they are an excellent source of

nutritionally important long-chain polyunsaturated fatty

acids (McCauley et al. 2007) The incorporation of Ulva

compressa in traditional snack food has reported fivefold

increase in iron content [26.4–126 mg/100 g] and fourfold

increase in calcium content [30.1–124 mg/100 g] (Ma-

matha et al. 2007). Herein we present proximate compo-

sition profile of 109 samples of Ulva rigida collected from

several locations along the Indian coast. The findings

presented in this paper have important implications per-

taining to utilising Ulva in functional food or food sup-

plement in fast growing snack food industry. The food

industry in India is worth around US $ 155 billion which is

expected to touch US $ 344 by 2025 with an increment of

4.1% per annum; while the share of snack food alone is US

$ 3 billion with impressive annual growth of 15–20%

(Mantri and Reddy 2015) To our knowledge, there are no

exemplified studies ascertaining proximate composition of

this alga with extensive sampling efforts from any part of

the world. Objective of the study was to determine the

extent of variation in the proximate composition of U.

rigida from Indian coast and to identify potential strain for

industrial exploration. The study arrived to a judgement

that U. rigida can be utilised for commercial farming

aimed at edible applications.

Materials and methods

All the samples (109) were collected from intertidal areas

of 15 locations includes namely Porbandar, Diu, Veraval,

Gopnath, Dwarka, Malvan, Anjuna beach, Ullal, Kovalam,

VInzhijam, Muller, Verkala, Shiroor, Bhatkal, Mandapam

belonging to six coastal states of India includes Gujarat,

Maharashtra, Goa, Kerala, Tamilnadu, Karnataka during

November 2014 to August 2016 and given unique code for

data handling (Fig. 1). The fronds were transported to the

laboratory immediately in plastic zip bags with sufficient

seawater from the vicinity in cool packs. The collected

samples were subjected taxonomic identification based on

the morphological and anatomical features using standard

keys provided for Indian taxa (Krishnamurthy 2006).

Those which referred to U. rigida only were selected for

the further experiments in triplicate (n = 3).

The carbohydrate extraction was performed using

Dubois method targeting effective cell lysis and hydrolysis

of carbohydrates (DuBois et al. 1956). The algal tissue

(100 mg fresh wt.) was ground to fine powder in liquid

nitrogen, to this; 5 ml of 2.5 N HCL was added. The

mixture was kept at 100 �C for 150 min in water bath and

was allowed to cool at room temperature, to neutralize with

solid sodium carbonate powder. The final volume was

brought to 50 ml post neutralisation and centrifuged at

3000g for 5 min at room temperature. The supernatant was

used for estimation of carbohydrate. About 50 ll sample

was taken and working volume was brought to 1 ml using

distilled water. To this, 1 ml 5% phenol and 5 ml con-

centrated H2SO4 were added. The solution was mixed

thoroughly and allowed to stand at room temperature to

20 min. Absorbance was measured at 490 nm, and total

carbohydrate was calculated based on standard curve of

glucose. To determine total protein content, 10 mg of fresh

algal sample was mixed with 200 uL of Tris chloroacetic

acid and the mixture was incubated at 65 �C for 20 min.

After incubation the mixture was diluted using 600 ll
distilled water. The mixture was centrifuged at 15,000 g

for 20 min at 4 �C. Supernatant was discarded and to the

pellet 500 ll, Lowry’s reagent added. The mixture was

incubated at 55 �C for 60 min. It was then centrifuged at

15,000 g for 20 min at 4 �C. About 200 ll of supernatant
was diluted up to 1 ml using distilled water. To this, 2 ml

Lowry’s reagent was added and further incubated at room

temperature for 10 min. 200 ll 1 N Folin–Cioacalteu’s

reagent was added to this mixture and incubated in the dark

at room temperature for 30 min. The absorbance was

measured at 660 nm and total protein content was calcu-

lated based on a standard curve of bovine serum albumin

(Lowry et al. 1951). The lipid extraction was performed

using gravimetric analysis (Bligh and Dyer 1959). The

algal thallus (100 mg fresh wt.) was first washed with

distilled water to remove surface salts and then blotted with

paper towel. The sample was grounded to fine powder in

liquid nitrogen and extracted with chloroform: methanol

(1:2 v/v). The residue obtained was re-extracted three times

with small amount of chloroform: methanol (1:1). The

extract was filtered and mixed with water for phase sepa-

ration. The organic phase was collected and evaporated to

dryness in vacuum to obtain total lipids. We have found

that water content in this alga is ca. 90% (data not shown)

and therefore corresponding dry weight of samples was

considered while providing the results in % dw.

The data matrix pertaining to carbohydrate, protein and

lipid of 109 strains of Ulva were subjected to principal

component analysis (PCA) to establish the relationship

between and within the different strains collected from
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various locations along Indian coast using the JMP Pro

statistical package version 12.

Results and discussion

The proximate composition reported in the present study

corroborated well with earlier studies (Supplementary

table 1). The marine macro algae have been only source of

certain high value sulphated polysaccharides like agar,

agarose, alginates, ulvan that have been industrially

exploited. Protein and lipid especially omega-3 fatty acid

plays vital role in the human nutrition (Mantri and Reddy

2015). The carbohydrate content varied from 16.63 ± 1.07

to 65.93 ± 0.49% dw in the samples studied during the

present investigation (Fig. 2). The lowest and highest

content for the samples collected from Gujarat were rep-

resented by strain from Gopnath ‘GjGop1’ (50.63% dw)

and Veraval ‘GjVv27’ (16.63% dw) respectively. The same

from Maharashtra was from Malvan ‘MhMl7’ (65.49% dw)

and ‘MhMl5’ (20.85% dw) respectively. Anjuna ‘GoAj5’

(65.93% dw) reported highest and ‘GoAj11’ (22.64% dw)

reported lowest content from Goa. Similarly for collection

from Karnataka it was Ullal ‘KaUl1’ (31.3% dw) and

‘KaUl3’ (28.69%) respectively. Muller ‘KlMu1’ reported

28.64% dw carbohydrate which was highest among all the

samples from Kerala, while that of Varkala ‘KlVk1’ was

lowest (24.61% dw). Tamil Nadu collection from Manda-

pam ‘TnMd1’ reported highest (36.42% dw) and lowest

from ‘TnMd3’ (30.93% dw) respectively. The lower car-

bohydrate content in U. lactuca was reported in the liter-

ature; 4–14% dw (Wong and Cheung 2000) 14.6 – 18.10%

dw (Marinho-Soriano et al. 2006) and 5.6% dw (Tabarsa

et al. 2012). While, Trivedi et al. (2013) reported 43% dw

carbohydrate in U. fasciata. Similarly, higher content was

also reported in U. fasciata (46.73% dw), U. reticulata

(57.96% dw) and U. rigida (56.07% dw) (Kumar et al.

2011). The carbohydrate content in genus Ulva comes from

starch which is the storage material besides several struc-

tural polysaccharides namely cellulose, xyloglucan, glu-

curonan including sulphated heteropolymer called ulvan

(Usov and Zelinsky 2013). In the present study we reported

quantitative analysis of total carbohydrates. The protein

content ranged from 4.14 ± 0.45 to 26.0 ± 1.43% dw

Gujarat

Maharastra

Goa

Karnataka Kerala Tamilnadu

Fig. 1 Locations of collection sites in India
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among the samples analysed (Fig. 3). The maximum pro-

tein content was from Adri ‘GjAd2’ (22.73% dw) while

lowest was from Dwarka ‘GjDw1’ (4.34% dw) among the

samples collected from Gujarat. The strain from Maha-

rashtra, Malvan ‘MhMll15’ reported highest protein

(19.62% dw) while that of Malvan ‘MhMl1’ was lowest

(4.14% dw). The highest protein among samples collected

from Goa was reported from Anjuna ‘GoAj22’ (26% dw)

and lowest was ‘GoAj15’ (5% dw). Sample ‘KaUl1’

(14.12% dw) reported highest protein while lowest was

from ‘KaUl3’ (6.79%) of Ullal from Karnataka. Strain

from Varkala Kerala ‘KlVk1’ reported 20% dw protein
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Fig. 2 Carbohydrate Content of Ulva rigida collected from Indian coast (% dw). Vertical bar represents SD
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Fig. 3 Protein Content of Ulva rigida collected from Indian coast (% dw). Vertical bar represents SD
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which was highest, while that of Muller ‘KlMu1’ was

lowest (9.12% dw). Among the samples from Tamil Nadu

sample from Mandapam ‘TnMd4’ (14.69% dw) reported

highest protein and lowest was from ‘TnMd1’ (4.61% dw)

respectively. The values corroborated well with the previ-

ous reports 10–26% dw (Fleurence et al. 1999) and

7.06–19% dw (Wong and Cheung 2000). Nevertheless,

lower values of protein (6.4–7.06% dw) were also recorded

in U. lactuca (Marinho-Soriano et al. 2006). The total

protein extracted includes proteins, endogenous bio-active

peptides, oligopeptides and free amino acids as well.

However, the methods reported in the literature for

extraction and determination of protein were not same and

most of the studies estimated protein from field-collected

samples. The comparison of protein from different strains

enabled us to identify the strain with high protein content

that is from Anjuna, Goa. The lipid content in marine

macro-algae is generally low, but when compare to land

plants they significantly have higher level of polyunsatu-

rated fatty acids (PUFA) such as omega-3 fatty acids

(Kumari et al. 2013) We reported lipid content in a range of

0.8 ± 0.08–3.1 ± 0.04% dw in the present investigation

(Fig. 4). Among the samples from Gujarat strain collected

from Veraval ‘GjVv3’ (3.1% dw) reported maximum lipid

while lowest was from Adri ‘GjAd2’ (0.8% dw). The strain

‘MhMll1’ reported highest lipid (2.4% dw) while that of

‘MhMl1’ was lowest (1.2% dw) both collected from Mal-

van, Maharashtra. The highest lipid among samples col-

lected from Goa was reported from Anjuna ‘GoAj13’

(2.7% dw) and lowest was ‘GoAj24’ (1.2% dw). Highest

lipid was reported from Ullal ‘KaUl1’ (2% dw) while

lowest from Ullal ‘Kaul5’ (1.1%) of Karnataka. Muller

‘KlMu1’ reported 1% dw lipid which was highest among

all the samples from Kerala, while that of Varkala ‘KlVk1’

was lowest (0.8% dw). Tamil Nadu reported high lipid

from the sample ‘TnMd4’ (1.9% dw) and lowest from

‘TnMd5’ (1.1% dw) both collected from Mandapam. The

lower lipid (0.8% dw) was reported in three samples col-

lected from Adri along Gujarat; Vizhinjam and Varkala

from Kerala respectively. Five strains (4.59%) from col-

lected samples showed lipid content less than 1% dw basis,

while 61 (55.96%) showed lipid ranged between 1 and 2%

dw and 43 (39.45%) reported lipid content over 2% dw.

We also reported lipid content of 2.13 ± 0.23% dw from

Ulva tubulosa; 2.10 ± 0.10% dw from U. linza;

1.83 ± 0.20% dw from U. fasciata; 2.03 ± 0.20 dw from

U. rigida; 2.00 ± 0.20% dw from U. reticulata and

1.27 ± 0.11% dw from U. lactuca (Kumari et al. 2010).

A statistical analysis was performed on the proximate

composition including carbohydrate, lipid and protein data

matrix of 109 taxa of Ulva in order to select a better taxa

for seaweed farming purpose and its further utilization in

seaweed food and nutraceutical industry. PCA that pro-

vides an interpretable overview of main information

enclosed in a multidimensional data set satisfactorily

explained 72.1% of the total variability in the present data,

with PC1 accounting for 38.7% and PC2 for 33.4% of the

total variation (Fig. 5). The discriminant variables along

the axis I were lipid and carbohydrate contents and along

axis II was the protein content. The lipid and carbohydrate

contents being positioned close to each other on the load-

ings plot indicated that they are closely related. This may
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Fig. 4 Lipid Content of Ulva rigida collected from Indian coast (% dw). Vertical bar represents SD
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be due to both are the part of central carbon metabolism

and are positively regulated. It’s a well-known fact that

carbohydrate is the first assimilatory product of carbon in

the metabolism and excess carbon is mobilized to lipids in

any organism, and, thus both are positively correlated.

However, the relative position of protein indicated that it

was not correlated with lipid and carbohydrate contents in

taxa Ulva. Remarkably, although all the taxa collected

from different sites, those collected from same collection

sites were grouped together as apparent from the bi-plot

(with a few exceptions for e.g., MhMl3, MhMl7, MhMl13,

GoAj2, GoAj5, GoAj7, GoAj14, GoAj18, GoAj26,

GjVv10, GjVv16, GjVv19, GjVv21, GjVv23, KlMu,

TnMd1, KaUl3). This may be attributed to genetic differ-

ences between different U. rigida strains collected from

different geographical locations and physiology. The phy-

sico-chemical characters of seawater at study location also

varied considerably (Supplementary table 2). Another

possibility is phenotypic plasticity between different U.

rigida strains collected from same site in this study that

despite of sharing similar genetic makeup they respond

differently. Twenty-one taxa out of 28 collected from

Veraval were clustered together with the taxa from Kar-

nataka due to their lower loadings of carbohydrate and lipid

contents with the exception of 6 taxa (GjVv1, GjVv2,

GjVv4, GjVv6, GjVv7 and GjVv9) that were located dif-

ferently due to their higher loadings for protein content and

GjVv3 for high lipid content (3.1% dw). Similarly, the taxa

collected from Adri and Diu were grouped together due to

their higher loadings of protein contents. The taxa collected

from Anuja were also clustered together due to their higher

carbohydrate and lipid contents with the highest carbohy-

drate content being reported in the taxa from Anuja GoAj5

(65.93%). The single taxon collected from Gopnath was

grouped with them due to its higher carbohydrate content

(50.63%). Most of the variations were observed from the

taxa collected from Malvan, Maharashtra, with most of the

taxa had lower protein content except for MhMl14,

MhMl15 and MhMl17, being situated with a few taxa from

Anuja and Veraval along PC2, while MhMl3 and MhMl7

had higher carbohydrate and lipid contents. All other taxa

were positioned in between them showing intermediate

values for their proximate composition. Hereby, it is

noteworthy to consider that macroalgae generally exhibit

remarkable phenotypic plasticity across large spatial scales

(Fowler-Walker et al. 2006). A correlative study of the

proximate composition of U. rigida species collected from

different geographical regions along with relevant molec-

ular markers may give a better insight of this broad range

variability in proximate compositions. The variation in

proximate composition could be attributed to the individual

genetic make and physiology. This further explained the

mechanism of their adaptability across large geographical

scales.

The significant differences in the proximate composition

between strains of U. rigida opens immense possibility of

isolating a desirable strain of promising potential for

genetic improvement programmes to selectively breed for

desirable traits (such as lipid productivity or carbohydrate

or protein contents). In addition, the broad distribution of

U. rigida across multiple locations across India makes it an

ideal species for aquaculture farming and genetic breeding

programmes for bioprospection perspectives. In our study,

the PCA data revealed that there is a huge difference in the

proximate composition of Ulva species collected from

Veraval, Anuja and Malvan and helped to select the species

having higher protein, lipid or carbohydrate contents irre-

spective of their sites of collection. The strain collected

from Anuja and Malvan, GoAj5, MhMl7, MhMl3 and

GoAj containing 65.93%, 65.49%, 56.54% and 54.66%

carbohydrate contents respectively possess high potential

for industrial exploitation for their high carbohydrates, taxa

collected from Adri for protein GjV3 collected from Ver-

aval form lipid utilization.
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