
Regional Studies in Marine Science 68 (2023) 103245

Available online 13 October 2023
2352-4855/© 2023 Published by Elsevier B.V.

Physio-biochemical and metabolomic analyses of the agarophyte Gracilaria 
salicornia indicates its tolerance to elevated pCO2 levels 

Pei-Tian Goh a,b, Sze-Wan Poong a,*, Xinqing Zheng c, Tao Liu d, Zhizhong Qi e, John Beardall d,f, 
Tun-Wen Pai g,h, Phaik-Eem Lim a,* 

a Institute of Ocean and Earth Sciences, University of Malaya, Kuala Lumpur, Malaysia 
b Institute for Advanced Studies, University of Malaya, Kuala Lumpur, Malaysia 
c Third Institute of Oceanography, Ministry of Natural Resources, Xiamen, China 
d State Key Laboratory of Marine Environmental Science and College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China 
e College of Marine Life Sciences, Ocean University of China, Qingdao 2660003, China 
f School of Biological Sciences, Monash University, Clayton, Australia 
g Department of Computer Science and Engineering, National Taiwan Ocean University, Keelung, Taiwan 
h Department of Computer Science and Information Engineering, National Taipei University of Technology, Taipei, Taiwan   

A R T I C L E  I N F O   

Keywords: 
Elevated pCO2 levels 
PH 
Algae 
Metabolites 
Physiology 
Growth 

A B S T R A C T   

Gracilaria salicornia is an agar-producing red macroalga commonly found growing in the intertidal and upper 
subtidal on various substrates with distribution across the Indo-Pacific. The ability of G. salicornia to survive 
under harsh conditions suggests potential use as a candidate for sustainable farming and alternative source of 
livelihood for the local coastal communities under future climate conditions. An earlier study investigated the 
effects of future predicted pCO2 level on the photosynthesis and respiration of G. salicornia but studies on the 
metabolomic responses of this alga to constant elevated pCO2 level is lacking. Here, elevated pCO2 level was 
simulated on G. salicornia for 14 days to compare its growth, photosynthetic efficiency, pigment content, agar 
properties and metabolite composition under current pCO2 level (~pH 8.1) and end-of-century future-predicted 
(~pH 7.8) pCO2 level. The observed biomass growth, coupled with unaffected photosynthetic parameters and 
agar-related properties underscore G. salicornia’s ability to adapt to higher pCO2 levels. The modulation of 
metabolites showcases the alga’s adaptive strategies at elevated pCO2 whereby stress-mediating compounds such 
as gallic acid and oxalic acid were increased while stress-indicating metabolites such as serine, glycine, and 
ascorbic acid did not show significant changes. Interestingly, the metabolome profile imply that the alga regu-
lates its metabolism according to culture duration rather than the pCO2 level.   

1. Introduction 

Fishery-based livelihoods for millions of coastal communities around 
the world are vulnerable to adverse climate change impacts (Salik et al., 
2015; Payne et al., 2021; Huynh et al., 2021). The decline in fish land-
ings is generally attributed to pollution, overfishing, coastal develop-
ment, habitat degradation and unapproved methods of fishing, 
compounded by an additional stressor viz. climate change which is ex-
pected to continue. Yet, adaptive capacity or climate change prepared-
ness for these communities living in the rural areas, especially in the 
developing countries is limited (Salik et al., 2015; Hobday et al., 2016). 
Nonetheless, climate change presents opportunities for some species, 
and seaweed has been proposed as a candidate for sustainable livelihood 

of the coastal communities (Rebours et al., 2014; Sultana et al., 2022). 
Diversification of coastal livelihoods can be adopted to reduce climate 
risk by tapping into the indigenous natural resources, specifically 
alternative species with a lower-climate hazard. 

Gracilaria is a genus of red algae (Rhodophyta) widely cultivated in 
warm water regions (Ollando et al., 2019) which include China, 
Indonesia, Chile, Vietnam, and South Korea, primarily as the source for 
high yield and good quality agar (Tan et al., 2020). Statistics from FAO 
(Cai et al., 2021) indicate that Gracilaria is among the top three genera of 
red seaweeds cultivated worldwide, with 3,639,833 tonnes wet weight 
produced, generating a first-sale value of USD 2 billion in 2019 alone. 
Agar extracted from agarophytes, i.e., agar-containing seaweeds, is 
widely used as a gelling and thickening agent in the food industry, agar 

* Corresponding authors. 
E-mail addresses: szewan@um.edu.my (S.-W. Poong), phaikeem@um.edu.my (P.-E. Lim).  

Contents lists available at ScienceDirect 

Regional Studies in Marine Science 

journal homepage: www.elsevier.com/locate/rsma 

https://doi.org/10.1016/j.rsma.2023.103245 
Received 20 July 2023; Received in revised form 5 October 2023; Accepted 11 October 2023   

mailto:szewan@um.edu.my
mailto:phaikeem@um.edu.my
www.sciencedirect.com/science/journal/23524855
https://www.elsevier.com/locate/rsma
https://doi.org/10.1016/j.rsma.2023.103245
https://doi.org/10.1016/j.rsma.2023.103245
https://doi.org/10.1016/j.rsma.2023.103245
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rsma.2023.103245&domain=pdf

	Physio-biochemical and metabolomic analyses of the agarophyte Gracilaria salicornia indicates its tolerance to elevated pCO ...
	1 Introduction


