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ABSTRACT 
Sponges and their associated microorganisms have tremendous potential in the medical world to be explored. 
However, improper exploration will cause habitat destruction and cost much. The application of metabolomics to 
sponges and their associted microbes can be the best solution in their exploration, which involves a combination of 
chemical profiling and multivariate analysis (chemometrics). In this , we 47 genera of sponges and 24 genera of their 
associated microorganisms that were studied with a metabolomic approach until July 2021. The sponges most often 
studied in metabolomics-related research are Geodia, Xestospongia, Agelas, and Aplysina. There are four analytical 
techniques that are often used, namely, liquid chromatography-mass spectrometry, polymerase chain reaction, nuclear 
magnetic resonance, and gas chromatography-mass spectrometry, in determining the chemical/genomic profile. There 
are eight chemometric analyses that are often used in metabolomic applications on sponges and their associated 
microbes, namely, similarity analysis, principal component analysis, hierarchical cluster analysis, partial least square, 
partial least square-discriminant analysis, orthogonal projections to latent structures, orthogonal projections to latent 
structures-discriminant analysis, and linear discriminant analysis. The most widely used metabolomic applications for 
sponges and their associated microbes for the last decade are for identification and dereplication purposes, for quality 
control purposes, and for the purpose of linking chemical profiles and bioactivity patterns. The purpose of other 
metabolomic applications, namely, to determine bioavailability to quantitatively determine bioactivity, and to test 
safety and toxicity, has yet to be carried out because research on sponges and their associated microbes is still around 
the discovery of new compounds and quality control.

INTRODUCTION
Natural products are unique sources of medicinal 

ingredients with various chemical structures. The unique nature 
of the natural product has many advantages for the medical world. 
Profits in the medical world are supported by the fact that almost 
50% of the new drugs produced are derived from natural products 
and their derivative compounds (Newman and Cragg, 2012). 

Sources of natural products can come from organisms on terrestrial 
or marine resources. The marine wealth which is currently a source 
of very interesting natural products for researchers is sponges. 
Sponges are multicellular organisms and are the lowest level of 
marine invertebrates. Most of them live in the sea (80%), while 
the rest live in freshwater. Sponges can be found in all marine 
areas from the equator to the poles, in shallow and deep seas 
(Hooper and Van Soest, 2002). They are marine biota as a source 
of bioactive compounds. These porous animals host a wide variety 
of microorganisms. Such association with microbes is one of the 
factors why sponges can produce secondary metabolites which are 
bioactive compounds (Taylor et al., 2007).

The development of new drugs in recent decades 
has been growing very fast. Sponges and their associated 
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microorganisms which are sources of bioactive compounds 
continue to be explored by researchers. To obtain bioactive 
compounds to be used for disease treatment, either from sponges 
or from sponge-associated microorganisms, takes a long time 
and costs much. Although efforts to make the process faster 
have been made by using alternative synthetic compounds by 
isolation, these efforts have still not generated maximum results 
(Mishra et al., 2008). The discovery of new bioactive compounds 
derived from sponges and sponge-associated microbes is a major 
challenge for researchers. This discovery currently focuses on 
single compounds with certain biological activities that are 
tested at the molecular level (Verpoorte et al., 2005). This makes 
researchers and pharmaceutical companies compete to conduct 
research based on a holistic approach to traditional medicine. 
Holistically, the preparation of raw materials either directly from 
marine sponges or from sponge-associated microbes containing 
many multicomponents is simulated as a single unit of bioactive 
compounds that have activity on several receptor targets in living 
organisms. To be able to observe the response of living organisms 
to these bioactive compounds, it is necessary to conduct a test by 
observing physiological responses and molecular responses that 
are used to obtain better complex data, known as the biological 
system approach (Ulrich-Merzenich et al., 2007; Verpoorte et al., 
2005). One of the biological system approaches with the newest 
“omics” method is metabolomics which is considered the most 
informative in the biological system approach because it can 
reflect the genotype (Sumner et al., 2003).

The application of metabolomics in the process of new 
drug discovery is inseparable from the use of the chemical profile 
of natural products. Chemical profiles combined with bioactivity 
data produce complex data to lead to active components of 
natural products that are useful in the medical field. To obtain a 
reliable chemical profile that can represent the active components 
and chemical characteristics, a combination of chromatographic 
and spectroscopic techniques is required. This combination of 
instruments can increase selectivity, separation capability, and 
measurement precision, as well as reduce personal instrument 
interference (Gong et al., 2001). At any given time, the process of 
distinguishing the chemical profile of natural products is usually 
subjective and nonquantitative, so small differences between 
species may be overlooked (Xu et al., 2006). Possible solutions 
to this weakness in metabolomics can be accounted for by 
multivariate analysis combined with chemical profiling, known as 
chemometrics. Chemometrics in metabolomics plays an important 
role in providing detailed characteristics of the chemical profile 
combined with biological activities (Yuliana et al., 2011).

This review aims to present a brief overview of the 
applications of metabolomics over the past decade to solve 
problems in the discovery of new drugs from marine sponges and 
sponge-associated microbes. This review describes, in general 
terms, the species of sponges and their associated microbes, 
the method of separation in determining chemical profiles, the 
chemometric analysis used, and the purpose of using metabolomics 
in this study. The advantage of this review is to determine the 
appropriate chemometric method used for research purposes 
related to determining the chemical profile of marine sponges and 
their associated microbes, so in the future, it can accelerate the 
process of using metabolomics in related studies.

METHODS
A systematic search was done to find all publications 

related to the topic from July 2011 to July 2021 (a decade) on 
PubMed and Google Scholar. The keywords used to search the 
articles were “sponge, marine, microorganism, metabolomics” or 
“sponge, sea, microbe, chemometric.” The data included in this 
review were original articles, research articles, and main articles 
on the study of metabolomics in sponges and their associated 
microbes, as shown in Table 1. Articles were excluded from the 
main data if they were review articles, conference articles, theses, 
and dissertations and if there were no data available for retrieval. 
The variables assessed in this review included species/genera of 
sponges, species/genera of sponge-associated microorganisms (if 
any), methods used for chemical profiling, chemometric methods 
for analysis, and the intended use of metabolomics in the study.

SPONGES AND SPONGE-ASSOCIATED 
MICROORGANISMS

The search found 62 main articles published from 
January 2011 to July 2021 (Table 1). We identified 47 genera 
of sponges that were studied using metabolomics. The sponges 
most often studied in metabolomic-related research were Geodia, 
Xestospongia, Agelas, Aplysina, Callyspongia, Haliclona, 
Plakortis, Sarcotragus, and Spheciospongia. There were 25 out 
of the 62 main articles using 24 genera of sponge-associated 
microbes. The associated microorganisms mostly came from 
actinobacteria (12 genera), bacteria (6 genera), proteobacteria 
(3 genera), cyanobacteria (1 genus), firmicutes (1 genus), and 
fungi (1 genus). Figure 1 shows the number of studies related to 
sponges and their associated microbes by applying metabolomics. 
In general, there were an increased number of publications in that 
decade from year to year. The highest number of publications 
was found in 2020 with 12 articles, followed by 2019 and 2017, 
each with 10 articles. The increasing number of publications is 
related to the trend of metabolomic-based research, especially 
with the objects of sponges and their associated microorganisms. 
Exploration of sponges and their associated microbes has also 
become the focus of many scientists, especially in the exploration 
of microbial associations of marine sponges. This will certainly 
reduce the exploitation of marine sponges which very slowly 
grow, thus lowering the possibility of marine sponges extinction if 
excessive exploration is carried out (Carroll et al., 2019; Samirana 
et al., 2021b). The bioactive contents derived from marine sponges 
have been widely used in the medical world and will continue to 
be developed in the future. Several marine sponges and sponge-
associated microorganisms have been shown to have antibacterial, 
antitumor, antiviral, and anticancer (cytotoxic) activities (Guo 
et al., 2019; Samirana et al., 2021a; Wang, 2006). Several studies 
have reported that sponge-associated microorganisms have a 
major role in sponges in producing secondary metabolites that 
have biological activities. These sponge-associated microbes are 
known to be the body tissue of sponges which account for about 
40%–50% of the body tissues of marine sponges (Proksch et al., 
2002; Samirana et al., 2021b; Thakur and Müller, 2004).

Research related to marine sponge-associated microbes 
has been carried out. Marine sponge-associated microbes produce 
bioactive compounds that are almost similar to sponges as the hosts. 
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Table 1. Summary of data from applications of metabolomics to sponges and sponge-associated microorganisms.

No. Sponges species Associated-microorganisms Analytical 
methods

Chemometric 
methods Objectives of study References

1

Oscarella sp.; 
Pseudocorticium jarrei; 
Plakina sp.; Corticium 
candelabrum; Plakortis 
simplex

n.d. LC-MS HCA a (Ivanišević et al., 2011)

2
Oscarella balibaloi; 
Spongia officinalis; 
Aplysina cavernicola

n.d. LC-MS PCA b; c (Ivanisevic et al., 2011)

3 Psammocinia sp. n.d. NMR SA; PCA; PLS; 
OPLS a; c (Ali et al., 2013)

4 Oscarella balibaloi n.d. LC-MS SA a (Audoin et al., 2013)

5 Spheciospongia vagabunda Actinokineospora sp. strain 
EG49 LC-MS; NMR PCA; HCA; 

OPLS-DA a (Abdelmohsen et al., 
2014)

6 Ephydatia fluviatilis Pseudomonas spp. PCR PCA; HCA a (Keller-Costa et al., 
2014)

7
Suberites ficus; 
Leucosolenia sp.; Sycon 
ciliatum

Bacillus sp. 4115, Vibrio 
splendidus strain LGP32, 
Rhodococcus sp. ZS402

LC-MS; NMR; 
PCR PCA; HCA a; c (Macintyre et al., 2014)

8 Suberaclavata sp. 
Salinispora arenicola M413; 
Salinispora arenicola SW15; 
Salinispora arenicola SW17

LC-MS PCA; OPLS-DA a; b (Ng et al., 2014)

9 Anoxycalyx joubini Pseudoalteromonas sp. TB41 GC-MS PCA, HCA, LDA a (Romoli et al., 2014)

10 Plakina kanaky sp. nov. n.d. LC-MS; PCR HCA a (Ruiz et al., 2014)

11 Haliclona simulans Streptomyces sp. (SM8) LC-MS; GC-
MS SA a (Viegelmann et al., 

2014)

12 Unidentified marine sponge
Salinispora arenicola M413; 
Salinispora arenicola SW15; 
Salinispora arenicola SW17

LC-MS PCA; OPLS-DA a; b (Bose et al., 2015)

13

Sarcotragus spinosulus; 
Petrosia ficiformis; 
Spirastrella cunctatrix; 
Agelas oroides; Phorbas 
tenacior; Chondrilla 
nucula; Ircinia variabilis; 
Ircinia fasciculata; 
Sarcotragus foetidus; 
Axinella damicornis; 
Acanthella acuta; Aplysina 
sp.

Streptomyces sp.; Micrococcus 
sp.; Micromonospora sp.; 
Microbacterium sp.; Dietzia 
sp.; Arthrobacter sp.; Kocuria 
sp.; Geodermatophilus sp.; 
Modestobacter sp.

LC-MS; NMR; 
PCR

PCA; HCA; 
OPLS-DA a; c (Cheng et al., 2015)

14 Geodia baretti; Geodia 
macandrewii n.d. LC-MS PCA; OPLS-DA a (Olsen et al., 2015)

15 Aplysilla rosea Streptomyces ACT-52A LC-MS; PCR; 
GC-MS

PCA; HCA; 
PLS-DA a; b (Mehbub et al., 2016)

16 Aplysina cavernicola n.d. LC-MS PCA c (Reverter et al., 2016)

17 Crambe crambe n.d. LC-MS SA a; b (Ternon et al., 2016)

18 Spongia officinalis n.d. LC-MS SA, PCA, PLS-
DA a (Bauvais et al., 2017)

19 Niphates digitalis; 
Xestospongia sp. Streptomyces sp.; Gordonia sp. LC-MS; PCR SA; HCA; OPLS a; c (Betancur et al., 2017)

20 Petrosia ficiformis Streptomyces sp. SBT348 LC-MS PCA a (Cheng et al., 2017)

21 Geodia cydonium n.d. LC-MS; PCR SA; HCA; OPLS-
DA a; c (Costantini et al., 2017)

22 Haliclona rosea n.d. LC-MS PCA c (Einarsdottir et al., 
2017)

Continued
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No. Sponges species Associated-microorganisms Analytical 
methods

Chemometric 
methods Objectives of study References

23 Unidentified marine sponge

Streptomyces sp., 
Micromonospora sp.; 
Verrucosispora sp.; 
Solwaraspora spp.

LC-MS; PCR SA; PCA; HCA; 
PLS-DA a; c (Ellis et al., 2017)

24 Ircinia campana; 
Spheciospongia vesparium n.d. LC-MS SA b (Fiore et al., 2017)

25 Antho dichotoma; Geodia 
barretti

Actinoalloteichus hoggarensis; 
Actinoalloteichus 
hymeniacidonis

PCR HCA a (Nouioui et al., 2017)

26 Agelas oroides n.d. LC-MS SA a (Sauleau et al., 2017)

27 Crambe crambe n.d. LC-MS PCA; PLS-DA a; b (Ternon et al., 2017)

28 Xestospongia sp. n.d. NMR PCA; OPLS a; b (Bayona et al., 2018)

29 Callyspongia aff. implexa Rhodococcus sp. UA13 LC-MS SA a (Elsayed et al., 2018) 

30 Latrunculia biformis n.d. LC-MS SA a (Li et al., 2018)

31 Jaspis cf. coriacea; Jaspis 
splendens

Alphaproteobacteria sp.; 
Flavobacteria sp. LC-MS; PCR SA; HCA a (McCauley et al., 2018)

32 Haliclona fulva; Haliclona 
mucosa n.d. LC-MS SA, PCA, PLS-

DA a; b (Reverter et al., 2018)

33 Callyspongia spp.; Hyatella 
cribriformis; Agelas sp. Aspergillus spp. GC-MS SA a (Salvatore et al., 2018)

34 Hyrtios sp. n.d. LC-MS SA a (Shady et al., 2018)

35 Sarcotragus foetidus n.d. LC-MS; GC-
MS

PCA; PLS-DA; 
OPLS-DA a; b (Bojko et al., 2019)

36 Smenospongia aurea n.d. LC-MS SA a (Cantrell et al., 2019)

37 Smenospongia aurea n.d. LC-MS SA a (Caso et al., 2019)

38 Callyspongia siphonella n.d. LC-MS SA a (El-Hawary et al., 2019)

39 Latrunculia biformis n.d. LC-MS SA a (Li et al., 2019)

40 Geodia sp. Kocuria kristinae LC-MS; PCR SA; HCA a (Ong et al., 2019)

41 Spheciospongia vagabunda Actinokineospora 
spheciospongiae sp. nov. LC-MS OPLS-DA a (Tawfike et al., 2019a)

42 Smenospongia aurea Trichodesmium sp. LC-MS SA a (Teta et al., 2019)

43
Plakinastrella 
microspiculifera; 
Chondrilla cf. nucula

Streptomyces sp., Nocardiopsis 
sp. LC-MS; PCR SA; HCA a; c (Velasco-Alzate et al., 

2019)

44 Xestospongia muta Unknown actinobacteria LC-MS; PCR PCA; HCA a (Villegas-Plazas et al., 
2019)

45 Stylissa carteri n.d. LC-MS SA a (Abdelhameed et al., 
2020)

46 Xestospongia spp. n.d. LC-MS; NMR SA; PCA; PLS-
DA; OPLS-DA, a; b (Bayona et al., 2020)

47
Xestospongia carbonaria; 
Sarcotragus foetidus; 
Spongia obscura

n.d. LC-MS; GC-
MS SA a (Chaudhari and Kumar, 

2020)

48 Callyspongia sp.; 
Spheciospongia vagabunda

Micromonospora sp. UR56; 
Actinokineospora sp. EG49 LC-MS SA a (Hifnawy et al., 2020)

49 Axinella sinoxea n.d. LC-MS; NMR SA a (Kouchaksaraee et al., 
2020)

50 Latrunculia biformis n.d. LC-MS SA a (Li et al., 2020)

51 Niphates furcata Streptomonospora sp. PA3 PCR HCA a (Matroodi et al., 2020)

52 Melophlus sarasinorum n.d. LC-MS; PCR SA; HCA a (Mohanty et al., 2020a)

53 Stylissa sp.; Axinella sp.; 
Agelas sp.; Dysidea sp. n.d. LC-MS; PCR  SA; HCA; PLS-

DA a (Mohanty et al., 2020b)

Continued
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Marine sponges and their associated microorganisms produce 
secondary metabolites which are significantly influenced by the 
environment in which marine sponges grow. The environment 
can be a state of carbon and nitrogen sources, salinity of seawater, 
and light sources obtained by sponges and their associated 
microorganisms (Samirana et al., 2021b). Separating marine 
sponge-associated microorganisms with their host will certainly 
affect their metabolism in producing secondary metabolites. 
Therefore, to allow marine sponge-associated microbes to be able 

to produce secondary metabolites similar to those in their habitat, 
the growth medium of these sponge-associated microbes needs to 
be carefully considered. By making a growth medium that is as 
similar as possible to the original habitat of the sponge-associated 
microorganisms, it is expected that these microorganisms can still 
produce secondary metabolites and the possibility of mutations in 
these microbes can decrease (Debbab et al., 2011; Huang et al., 
2011; Lee et al., 2001; Kjer et al., 2010).

No. Sponges species Associated-microorganisms Analytical 
methods

Chemometric 
methods Objectives of study References

54 Amphimedon spp. n.d. LC-MS SA a (Shady et al., 2020)

55 Mycale hentscheli n.d. LC-MS; NMR; 
PCR SA; HCA a (Storey et al., 2020)

56 Chondrosia reniformis Pantoea eucrina D2 LC-MS; PCR SA; HCA a (Vitale et al., 2020)

57 Amphimedon sp. n.d. LC-MS SA; PCA a (Alkhalifah, 2021)

58 Geodia barretti n.d. LC-MS SA; PCA; OPLS-
DA a (Erngren et al., 2021)

59

Plakinastrella 
microspiculifera; Plakortis 
angulospiculatus; Plakortis 
insularis; Plakortis 
petrupaulensis 

n.d. LC-MS SA a (Fagundes et al., 2021)

60 Cliona patera Ruegeria arenilitoris; 
Labrenzia alba LC-MS SA a (Ho et al., 2021)

61 Aplysina fulva; Ianthella 
basta; Aplysinella rhax n.d. LC-MS; PCR SA; HCA a (Mohanty et al., 2021)

62 Penares cf. nux. n.d. NMR PCA a (Olatunji et al., 2021) 

n.d.: no data; LC-MS: liquid chromatography-mass spectroscopy; NMR: nuclear magnetic resonance; PCR: polymerase chain reaction; GC-MS: gas chromatography-
mass spectroscopy; SA: similarity analysis; PCA: principal component analysis; HCA: hierarchical cluster analysis; PLS: partial least square; PLS-DA: partial least 
square-discriminant analysis; OPLS: orthogonal projections to latent structures; OPLS-DA: orthogonal projections to latent structures-discriminant analysis; LDA: 
linear discriminant analysis.
aMetabolomics for identification and dereplication.
bMetabolomics for quality control.
cMetabolomics to link chemical profile and bioactivity pattern.

Figure 1. Distribution of conducted studies about application of metabolomics on sponges and their 
associated microorganisms. *July 2011; **July 2021.
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ANALYTICAL METHODS FOR METABOLOMICS
Metabolomics is a new alternative method that facilitates 

the multitarget analysis of endogenous cellular metabolites. 
Metabolomics, as a new “omics” field, is a combination of 
genomics, transcriptomics, and proteomics. The main objective of 
metabolomics is to carry out qualitative and quantitative analysis 
of all the metabolites (metabolome) contained in an organism at a 
given time and to a certain effect. Such an approach represents a 
paradigm shift for understanding the pathophysiological processes 
in organisms. In addition, this method can detect metabolite 
profiles with different phenotypes (Colquhoun, 2007; Isgut et al., 
2018; Ulrich-Merzenich et al., 2007). Metabolomics provides a 
(semi)quantitative measurement of multiparametric metabolic 
responses in living systems simultaneously to monitor changes 
in hundreds of low-molecular-weight metabolites (i.e., small 
organic molecules with MW < 1,500 Da). In marine research, the 
application of metabolomics aims to identify the biomarkers with 
certain phenotypes of organisms in the sea. However, the diversity 
and complexity of types of chemical structures make metabolomic 
analysis a challenge in the future. Significant strides have been 
made in the analysis of complex metabolomic data (Favre et al., 
2017; Kaplan et al., 2004; Rangel-Huerta and Gil, 2016).

A metabolome is a component of an organism that can be 
seen from the end product of gene expression, so it can be used as a 
tool to monitor the gene function of the organism. The genetic profile 
of an organism can be analyzed using the polymerase chain reaction 
(PCR) method which will produce a genetic pattern of an organism 
that is usually specific for each individual. A metabolomic analysis of 
the genetic profile produced by PCR can be done using a multivariate 
analysis, namely, a cluster analysis. A cluster analysis helps group 
organisms that share the same genetic profile. Identification 
using this PCR technique has limited information because it only 
identifies mRNA and protein based on sequence similarity and 
database matching. Therefore, the application of metabolomics was 
further developed using other instruments to provide an integrated 
understanding of information about an organism (Sumner et al., 
2003; Ulrich-Merzenich et al., 2007). The current metabolomic 
methodology uses instruments based on chromatography and 

spectroscopy. The use of these methods in metabolomics is an ideal 
means of chemical screening and subsequent detailed comparison 
of the secondary metabolism of organisms. Different spectroscopic 
techniques [nuclear magnetic resonance (NMR), mass spectroscopy 
(MS) and chromatographic techniques [high-performance liquid 
chromatography, GC, gas chromatography-mass spectrometry 
(GC-MS), liquid chromatography-mass spectrometry (LC-MS), 
Thin Layer Chromatography (TLC), etc.] are widely used in the 
metabolomic analysis of natural products for quality assurance and 
discovery of new compounds (Shyur and Yang, 2008). Spectroscopic 
techniques such as NMR and MS can provide early-stage structural 
information for further identification of compounds. The observed 
fragmentation pattern of the MS spectrum can be a guide for the 
evaluation of molecular networks related to the identification of 
compound relationships produced by several individual types 
through spectral correlation (Kim et al., 2011; Sidebottom et al., 
2013; Valentino et al., 2020). The chromatographic techniques are 
usually used when the compound has a structure that has previously 
not been identified, so it is unavoidable to use a chromatographic 
technique to characterize the structure of the compound. 
Chromatographic techniques are usually used at the beginning of the 
separation and are guided later by the MS and NMR techniques for 
structural determination (Geng et al., 2014; Grkovic et al., 2014). 
Figure 2 presents a workflow for metabolomic-guided sponges and 
their associated microorganisms.

The research on the application of metabolomics to 
sponges and their associated microbes during the last decade shows 
that most of the analytical methods still use chromatographic 
techniques in determining chemical profiles combined with MS. 
Of the 62 main articles obtained, there were 54 articles using 
the LC technique combined with MS, 19 articles using the PCR 
technique in determining the genetic profile, nine articles using 
the NMR technique, and six articles using the gas chromatography 
technique combined with MS.

Chromatographic techniques are often used to separate 
complex compounds before detection. LC-MS and GC-MS are the 
most commonly used compound analysis techniques that can cover 
a wide range of metabolites. LC is most suitable for the separation 

Figure 2. Workflows of metabolomics-guided on sponges and their associated microorganisms. 
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of complex compounds from scratch, although it has a limited 
polarity window. Therefore, many early metabolomics studies used 
the LC technique combined with MS for chemical profiling. The 
GC technique requires that the separated metabolites are volatile 
and thermostable, but many secondary metabolites do not have 
thermostable and volatile properties, making detection difficult. 
Therefore, GC is least used in metabolomics research as an analytical 
method because not many metabolites are separated by this technique. 
The LC and GC techniques are usually combined with mass 
spectroscopy to detect the metabolites obtained. The combination of 
MS with chromatography (LC and GC) provides a clearer picture 
of the identification of compounds, especially for new compounds. 
The use of high-resolution MS will provide information on the 
molecular formula of a compound that helps identify compounds, 
although low-weight molecules will have many compounds with 
the same molecular weight and the molecular weights of many 
new compounds are not known (Badjakov et al., 2008; Han et al., 
2009). The use of chromatographic techniques combined with MS 
(LC-MS and GC-MS) in metabolomic applications on sponges and 
their associated microorganisms in general aims at determining 
the chemical profile of the sample. The determination of chemical 
profiles aims at conducting bioassay-guided isolation. In conducting 
bioassay-guided isolation, the use of a dereplication model of the 
active compound profile becomes very important. The metabolomic 
approach here plays a very important role in facilitating the bioassay-
guided isolation process by utilizing the multivariate data analysis so 
it can shorten the isolation route of an active compound, especially in 
the identification and dereplication steps. The most time-consuming 
step in metabolomic work is the identification of metabolites in the 
fractionated mixture or extract. Therefore, the availability of the 
spectral library of a compound is very important in accelerating 
such identification. Several studies on metabolomics in sponges and 
their associated microbes reported that the use of LC-MS and GC-
MS resulted in complex chemical profiles, thus requiring a reliable 
spectral library to assist the identification process; several studies 
used molecular networking methods combined with a cluster analysis 
in the identification of compounds (Alkhalifah, 2021; Erngren et al., 
2021; Fagundes et al., 2021; Ho et al., 2021; Yuliana et al., 2011). 
Therefore, it is highly recommended to apply metabolomics on 
sponges and their associated microbes whose active compounds are 
not known using chromatographic techniques combined with MS by 
conditioning the type of compounds to be separated and conducting 
chemical profiles to facilitate a multivariate data analysis. In 
addition, there are still few metabolomic studies on sponges and their 
associated microbes. 

The next technique that is often used in metabolomic 
applications on sponges and their associated microbes is the PCR 
technique. This technique is a technique for determining the genetic 
profile of an organism by checking its mRNA sequence and protein 
composition. This technique has the advantage of determining 
species of organisms that have morphological similarities, 
especially for groups of microorganisms. Microorganisms 
currently in the discovery of modern drugs play an important 
role because they are a source of antibiotic and antiproliferative 
agents in the clinical world, in the form of either direct compounds 
isolated from microbes or their semisynthetic derivative products, 
including sponge-associated microorganisms that have been 
widely proven to have biological activities in the clinical field 
(Debbab et al., 2011; Huang et al., 2011; Newman and Cragg, 

2016). There will certainly be errors in isolating and culturing 
the desired microorganism based on morphological similarities. 
Therefore, a technique is needed to be able to distinguish 
species genetically, namely, the PCR technique. This method 
can distinguish individuals who are morphologically similar but 
genetically different; genetic differences will cause individual 
microorganisms to produce different secondary metabolites. 
Advances in the genome sequencing technology in the PCR 
techniques make it easier to distinguish microorganisms that have 
active and nonactive metabolites and discover microorganisms 
with new genetic makeup. This analytical method can reveal 
several microorganisms that have the potential to produce more 
secondary metabolites than usual albeit with almost the same 
morphological similarities (Baral et al., 2018; Sekurova et al., 
2019). Over the past decade, marine organisms, especially sponge 
species, have become an important source of highly diverse and 
unusual, and often highly complex, natural products, for which 
the number of new chemical structures being reported from 
sponges and their associated microbes is increasing steadily. 
Sponges are known to be the host of many microorganisms, be it 
fungi, bacteria, actinomycetes, and others, so many new chemical 
structures will be found from these associated microorganisms 
(Achlatis et al., 2019; Raimundo et al., 2018). Therefore, the PCR 
technique plays an important role in the process of determining 
the specific species of sponge-associated microorganisms. The 
results of the genome sequencing from the PCR technique will 
usually be combined with a multivariate data analysis in the 
form of a cluster analysis. This analysis cluster is usually in the 
form of a phylogenetic tree of microorganisms which can later 
be explained genetically; the genetically analyzed organisms have 
similarities to the microorganisms already listed in the gene bank 
data. This metabolomic application certainly greatly facilitates 
the determination of the species of marine sponge-associated 
microorganisms. Genomic characterization in several studies on 
marine sponge-associated microbes is very helpful in sorting out 
microorganisms that will produce active secondary metabolites 
based on the existing studies (Matroodi et al., 2020; Nouioui et al., 
2017). Therefore, this PCR technique is chosen in metabolomic 
applications usually on species-specific characterization of 
organisms, especially for sponges and their associated microbes.

NMR is an analytical technique that is considered ideal 
for metabolic work. This is due to its excellent reproducibility and 
its database that can be used openly by the public which aims to 
add to the data obtained. NMR spectroscopy provides the most 
detailed information on the chemical compounds present, and by 
applying the 2D NMR technique, identification and explanation 
of the chemical structure in a sample mixture can be performed 
repeatedly. The advantages of using the NMR technique are simple 
and fast preanalytical sample preparation, short measurement 
times, and the ability to describe the chemical structure of a 
compound from a complex mixture. The main advantage of using 
NMR is that each proton will give the same signal intensity, so 
the quantification process is simple and only requires an internal 
standard, whereas other methods require a calibration curve for 
every compound (Colquhoun, 2007; Verpoorte et al., 2007). Like 
the LC chromatography technique, the NMR technique also has 
a weakness in terms of the limited polarity of the solvent. The 
solution to it is the use of solid-phase NMR, but the resulting signals 
are wide and overlap. In metabolomic applications on sponges and 
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their associated microbes, the NMR technique provides initial 
information on the chemical structure of compounds in the form of 
NMR spectral profiles for compound identification. The step that 
can be taken is to compare the 1H NMR chemical shift information 
with the available literature or database. The next step after the 
structure has been known is to identify the discriminator without 
requiring a time-consuming and expensive isolation process; 
thus, metabolomic applications can function as dereplication, 
which is then continued with the help of 2D NMR techniques. If 
the compound has a core structure that has never been identified, 
then chromatographic isolation is unavoidable for structural 
characterization, followed by a multivariate data analysis as a tool 
to track the desired compound target (Bayona et al., 2018; Grkovic 
et al., 2014; Olatunji et al., 2021; Verpoorte et al., 2007). The use of 
NMR techniques in metabolomics is the ideal solution, but there are 
still very few metabolomics studies that fully use this method. There 
are several possibilities why this method is still not commonly 
used. First, this technique costs quite much because it uses specific 
and expensive materials for NMR. Second, there are still many 
compound structures that have not been previously identified, so 
researchers prefer to use a chromatographic technique combined 
with MS as an alternative for early identification.

Through the application of metabolomic applications 
to sponges and their associated microorganisms, many single 
compounds have been discovered. These compounds can 
come from the sponge itself or can come from its associated 
microorganisms. The single compounds that have been isolated 
and identified from marine sponges using metabolomic 
applications are as follows: halisulfate 1; halisulfate (3-5); 
suvanine (Ali et al., 2013); balibaloside; 6″-O-acetylbalibaloside; 
6″′-O-acetylbalibaloside; 6″,6″′-O-diacetylbalibaloside (Audoin 
et al., 2013); barettin; 8,9-dihydrobarettin; bromobenzisoxazolone-
barettin; N-acyl-taurine geodiataurine (Olsen et al., 2015); 
dienone (2-(3,5-dibromo-1-hydroxy-4-oxocyclohexa-2,5-dien-
1-yl)acetamide); 3,4-dihydroxyquinoline-2-carboxylic acid; 
aerophobin-1; aerophobin-2; aplysinamisin-1; 11-OH-aerothionin; 
aerothionin; homoaerothionin; 11-deoxyfistularin-3 (Reverter 
et al., 2016); crambescin; crambescidin (Ternon et al., 2016); 
demethylfurospongin-4; furofficin; furospongin-1; spongialactam 
A; spongialactam B (Bauvais et al., 2017); haliclamine, 
cyclostellettamine, viscosaline; viscosamine (Einarsdottir et al., 
2017); monobromoagelaspongin; (−)-equinobetaine B (Sauleau et 
al., 2017); tsitsikammamine A; 16,17-dehydrotsitsikammamine A 
(Li et al., 2018); hyrtiodoline A (Shady et al., 2018); smenamide 
F; smenamide G (Caso et al., 2019); 5-bromo trisindoline; 
6-bromo trisindoline (El-Hawary et al., 2019); (−)-discorhabdin L; 
(+)-discorhabdin A; (+)-discorhabdin Q; (−)-2-bromo-discorhabdin 
D; (−)-1-acetyl-discorhabdin L; (+)-1-octacosatrienoyl-
discorhabdin L (Li et al., 2019); smenamides A; smenamides B; 
smenothiazoles A; smenothiazoles B (Teta et al., 2019); stylissamide 
A; stylissoside A (Abdelhameed et al., 2020); xestenone; 
spongialactam A; spongialactam B (Chaudhari and Kumar, 
2020); (−)-cyclo(L-trans-Hyp-L-Ile); cyclo(L-trans-Hyp-L-Phe); 
1-O-hexadecyl-sn-glycero-3-phosphocholine; 1-O-octadecanoyl-
sn-glycero-3-phosphocholine; 3β-hydroxycholest-5-ene-7,24-
dione; (22E)-3β-hydroxycholesta-5,22-diene-7,24-dione; loliolide; 
5-epi-loliolide (Kouchaksaraee et al., 2020); tridiscorhabdin; 
didiscorhabdin (Li et al., 2020); sarasinoside A1; sarasinoside 
B1 (Mohanty et al., 2020b); hachijodine E; nakadomarin A; 

amphimic acid A; manzamine H; amphilactam A (Shady et al., 
2020); pateamine A; peloruside A; mycalamide A (Storey et 
al., 2020). The single compounds that have been isolated and 
identified from associated microorganisms from marine sponges 
using metabolomic applications are as follows: actinosporins A; 
actinosporins B (Abdelmohsen et al., 2014); 4,10-dihydroxy-10-
methyl-dodec-2-en-1,4-olide; 4,11-dihydroxy-10-methyl-dodec-2-
en-1,4-olide; 4-hydroxy-10-methyl-11-oxo-dodec-2-en-1,4-olide 
(Viegelmann et al., 2014); petrocidin A; 2,3-dihydroxybenzoic acid; 
2,3-dihydroxybenzamide; maltol (Cheng et al., 2017); fridamycins 
H; fridamycins I; actinosporin C; actinosporin D; actinosporin G 
(Tawfike et al., 2019b); phenazine-1,6-dicarboxylate; phencomycin; 
tubermycin; N-(2-hydroxyphenyl)-acetamide; p-anisamide 
(Hifnawy et al., 2020); N-palmitoyl-l-leucine; N-palmitoyl-
l-phenylalanine, N-palmitenoyl-l-phenylalanine; N-oleyl-l-
phenylalanine (Vitale et al., 2020); ethyl plakortide Z; ethyl 
didehydro-seco-plakortide Z; manadoperoxide H; acanthosterol 
sulfate F; acanthosterol sulfate G (Alkhalifah, 2021).

CHEMOMETRIC METHODS FOR METABOLOMICS
Chemometrics is a branch of science that relates the 

measurement of chemical systems or processes to certain conditions 
through the application of mathematical or statistical methods. 
Chemometrics is basically classified into two main categories 
according to the intended uses. A qualitative use is known as a pattern 
recognition method (without supervision) while a quantitative 
use aims at multivariate calibration (Brereton, 2003; Gemperline, 
2006). In its application in metabolomics, chemometrics has a very 
important role in data processing. The data can be in the form of 
a chemical profile consisting of retention time and peak area on 
the chromatogram, absorbance, or transmittance in spectroscopy. 
These chemical data are displayed in variables (multivariate 
data) which are plotted in the same number of dimensions as 
the existing variables. Chemometrics can be used to design or 
select optimal procedures and tests, as well as to extract as much 
chemical information as possible from the data. Multivariate data 
measurement has a lot to do with chemometrics, where multivariate 
data are the results from measuring many variables in the same 
sample. The steps in a chemometric analysis include experimental 
design, data preprocessing, classification, and calibration (Hanrahan 
and Gomez, 2010; Rohman, 2014). Modeling with chemometrics 
requires instruments and software to interpret patterns in the data. 
Several methods in chemometrics that are commonly used include 
principal component analysis (PCA); chemometrics regression 
[partial least square (PLS), PCR, MLR, and 3-way PLS) and 
prediction analysis; soft independent modeling by class analogy and 
partial least square-discriminant analysis (PLS-DA) classification; 
design of experimental, analysis of variance, and response 
surface methodology; multivariate curve resolution and clustering 
(K-means) (Berrueta et al., 2007). The use of chemometrics in the 
form of a multivariate data analysis in metabolomic applications 
on sponges and their associated microbes is for sequencing the 
PCR results and analyzing the chemical profiles obtained from the 
separation by chromatographic and spectroscopic techniques. A 
multivariate data analysis is used to represent the statistical weights 
of all significant variables and distributed among individuals 
according to their biochemical contents.

Research on the application of metabolomics to sponges 
and their associated microbes over the past decade has demonstrated 
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the use of a chemometric analysis that is inseparable. Of the 62 
main articles obtained, similarity analysis (SA) was found to be 
the most frequently used chemometric technique, with 40 articles 
using the analysis. The next most commonly used technique was 
PCA, with 24 articles using it. In addition, hierarchical cluster 
analysis (HCA) was used in 22 articles. Next, 10 articles used 
orthogonal projections to latent structures-discriminant analysis 
(OPLS-DA), and three articles used orthogonal projections to 
latent structures (OPLS). There were eight articles that used PLS-
DA, and one article used partial least square (PLS). Finally, there 
was one article that used linear discriminant analysis (LDA).

SA is the most widely used technique in the metabolomic 
applications on sponges and their associated microbes. This 
chemometric technique is usually used in unsupervised 
metabolomic applications that aim to explore compounds to detect 
similarities in chemical structures through the resulting chemical 
profiles. The first step of this analysis is to determine the similarity 
between objects using the SA technique, which is based on the 
correlation coefficient r. This is implemented using fingerprints 
on references from standard compounds or extracts, but this data 
library is still not widely available. An alternative step that can be 
taken is to determine the average or median fingerprint from the 
collected data and perform SA based on all available fingerprint 
profiles, relative retention time, and the peak area of the peak to be 
characterized (Chen et al., 2010; Li et al., 2010; Zhu et al., 2010). 
This may appear to be a subjective approach as the fingerprint 
profile depends on the composition and size of the data set, which 
can affect the results. Another weakness is the high contribution 
of the similarity value to the main peak, so it covers the similarity 
value from the smaller peak. Despite these drawbacks, SA is a fast 
and easy-to-use technique that is useful for the initial analysis of 
datasets. Therefore, this technique is preferred by most researchers 
who perform metabolomic applications on sponges and their 
associated microbes (Gan and Ye, 2006; Parejo et al., 2004). Along 
with the development of technology and the availability of many 
databases over the last decade, the SA technique was developed 
into a molecular networking database that makes it easier to 
perform a similarity analysis of available chemical profiles. The 
chemical profile is usually spectrally derived from MS. These 
chemical profile data are then processed by the database library, 
and the resulting grouping of similar chemical profiles makes it 
easier to carry out a subsequent analysis. Molecular networking 
has been used by several recent studies to analyze the metabolomic 
application on sponges and their associated microbes. The 
chemical shift profile of the NMR spectroscopy allows it to be 
analyzed with this molecular networking technique, provided that 
the available database is sufficient (Fagundes et al., 2021; Ho 
et al., 2021; Kouchaksaraee et al., 2020; Li et al., 2020).

PCA is a form of data interpretation technique in a 
chemometric or metabolomic analysis. The purpose of PCA is to 
reduce the large dimensions of the data space (observed variables) 
to smaller dimensions of the data space (independent variables), 
to describe the data more simply (Pratiwi and Harjoko, 2013). 
PCA is an interpretation of data that is carried out with data 
reduction, in which the number of variables in a matrix is reduced 
to produce new variables while maintaining the information held 
by the data. The resulting new variable is in the form of a score 
or main component. This technique can reduce the influence of 
noise and take advantage of subtle differences from spectrum 

data (Che Man et al., 2011). There are two ways to determine the 
number of principal components (PCs) to be used for the analysis: 
first by looking at a minimum of 80% of the total proportion that 
can be explained and second by observing the scree plot, namely, 
by looking at the elbow fracture of the scree plot (Johnson and 
Wichern, 2007). PCA interpretation can be obtained from a 
loading analysis. Loading is the correlation between the original 
variable and the new variable. Loading provides an indication 
about which original variables are very important or have an 
effect on the formation of new variables. The higher the loading 
value, the more influential the old variable on the formation of 
new variables (Sharma, 1996). There are four important pieces 
of information obtained from the biplot display, including the 
closeness between the observed objects, the diversity of variables, 
the correlation between variables, and the value of variables on an 
object (Che Man et al., 2011; Sartono et al., 2003). In metabolomic 
applications on sponges and their associated microbes, the large 
number of chemical profile data from LC-MS makes it difficult to 
process them; the PCA method is convenient to summarize these 
data without losing the uniqueness of each datum. PCA is used 
to represent the statistical weights of all significant variables and 
their distributions based on their biochemical contents. A PCA 
analysis including unsupervised metabolomics is applied to reduce 
the dimensions of the data while preserving most of the variation 
in the dataset. One of the advantages of the PCA technique in 
metabolomics is its ability to determine the relationship between 
the chemical profile and the given biological activity. This is 
certainly very helpful in the search for new active compounds 
from sponges and their associated microbes. Several studies have 
shown that the PCA technique can determine the relationship 
between the bioactivity of sponges and their associated microbes 
with their chemical profile (Einarsdottir et al., 2017; Ivanisevic 
et al., 2011; Reverter et al., 2016).

The next chemometric analysis technique that is often 
used in metabolomic applications on sponges and their associated 
microorganisms is HCA. This chemometric technique is in the 
form of a hierarchical grouping based on the creation of branched 
structures, which are called a dendrogram. A dendrogram displays 
data qualitatively and allows showing cluster visualization 
and correlations between samples. HCA in its application 
uses two main methods in comparing samples. The first is the 
agglomeration technique, in which each observation starts in its 
own individual cluster and joins the others as they move up the 
hierarchy. The second is the division technique, which starts with 
all the samples in one cluster and then splits down the hierarchy. 
To determine when clusters should be split or merged, a measure 
of (dis)similarity between samples is required for a relationship 
criterion that determines the association between clusters. The 
main objective of HCA is to visualize data in a cluster that is in 
a two-dimensional polarity (Beebe et al., 1998; Brereton, 2003). 
The HCA technique in the metabolomic application on sponges 
and their associated microbes is usually coupled with the PCR 
technique for the purpose of a genome sequence analysis in 
determining the genotype of an organism. The HCA technique in 
metabolomics coupled with the PCR technique will be described 
in a phylogenetic tree, where this phylogenetic tree visualizes the 
relationships between individuals or specific genotypes of a sponge 
or its associated microorganisms (Matroodi et al., 2020; Nouioui 
et al., 2017). Therefore, the HCA technique in the application of 
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metabolomics on sponges and their associated microbes aims at 
individual clusters as well as species-specific determination.

PLS or partial least square is usually used in estimating 
the dependent variable (response) of a large number of predictor 
independent variables that have a linear or nonlinear systematic 
structure with or without missing data and have high collinearity 
(Gemperline, 2006). PLS is used in multivariate calibration 
because of the quality of the resulting calibration model and its 
easy implementation. In the PLS chemometric technique, the 
selected variable is a variable that has a good correlation with the 
response, so the variable will provide a more effective prediction 
(Adams, 2004). This PLS method is a linear combination of 
predictive variables selected from variables that have a high 
correlation with the response variable and explains the variation 
in the predictive variable (Miller and Miller, 2010). Regression in 
PLS is carried out using a least-squares algorithm that connects 
two matrices, namely, the spectra data on the X matrix and the 
reference value on the Y matrix. PLS forms a new variable called 
a latent variable or component, where each component is a linear 
combination of independent variables. The main purpose of PLS 
is to form components that can capture information from variables 
to predict response variables (Garthwaite, 1994). An alternative 
technique of PLS that discriminates more against variables that are 
very influential in a system is the PLS-DA. Both the PLS and PLS-
DA techniques provide advantages in the form of the formation 
of a PLS regression component that can describe the correlation 
between the X and Y variables. In metabolic applications on 
sponges and their associated microbes, both PLS and PLS-DA 
(especially PLS-DA) are used to extract information from chemical 
profiles from both MS and NMR spectra which are complex with 
overlapping peaks, impurities, and noise from the instrument used 
(Ali et al., 2013; Bojko et al., 2019; Ternon et al., 2017).

The analytical technique in chemometrics that can also 
be used in metabolomics is OPLS. This technique is still very new 
in chemometrics which is used for the projection of supervised 
multivariate data which is used to relate a set of predictor 
variables (X) with one or more responses (Y). Basically, OPLS has 
similarities with PLS, but OPLS has the ability to extract maximum 
information that reflects variations in the dataset, while assuming 
the presence of a small subset of hidden variables in the X data 
to predict the response variable. This subset is widely known as 
the latent variable (LV) because it is not measurable. The concept 
of hidden structures in this dataset is derived from a well-known 
chemometric technique, namely, PCA. The OPLS technique uses 
orthogonal signal correction to maximize the covariance described 
in the first LV, while the remaining LV captures the variance in the 
orthogonal predictors, which are not statistically correlated with 
the response variable. The OPLS technique, unlike PLS, which 
handles random noise quite well, allows structured noise filtering 
in the dataset by separately modeling the variation of the correlated 
and uncorrelated X predictor with Y response. In conclusion, the 
OPLS technique reduces the complexity of the model by decreasing 
the number of LV and allows for the identification, analysis, and 
investigation of orthogonal primary sources (Brereton, 2003; 
Tapp and Kemsley, 2009). A complementary technique of OPLS 
is OPLS-DA, which aims at filtering out the differential variables 
responsible for the differentiation between groups after scaling. 
The loading-plot and S-plot generated from the OPLS-DA model 
are used to visualize the relative importance of the differential 

variables and obtain a list of peak indices (Yang et al., 2017; Wu 
et al., 2018). In the application of metabolomics on sponges and 
their associated microbes, the use of the OPLS and OPLS-DA 
techniques (especially OPLS-DA) is very useful and promising. 
The use of these two techniques can determine and predict 
fractions or extracts derived from active and inactive sponges or 
their associated microbes based on the tested bioactivity. Thus, 
bioactivity tests will be easier and simpler when the number of 
extract samples or fractions is quite large. The application of 
metabolomics to sponges and their associated microbes using the 
OPLS-DA chemometric technique has been done in many studies 
to be able to predict active or inactive samples (Ali et al., 2013; 
Bayona et al., 2018; Erngren et al., 2021; Tawfike et al., 2019a).

OBJECTIVES OF METABOLOMICS RESEARCH
Initially, metabolomic applications were used to 

analyze higher plants in the land zone, but over time this 
application can also be applied to groups of organisms in the 
marine zone. Metabolomics plays a crucial role in the study of 
marine organisms, especially for studies of sponges and their 
associated microorganisms. In general, the roles of metabolomic 
applications on marine organisms, especially sponges and 
their associated microbes, include explaining some specific 
metabolites of a species for the development of metabolic profiles, 
identifying and explaining natural products of sponges and their 
associated microbes and biomarkers that have biological effects, 
and providing a mechanical understanding of the effects of the 
environment in which sponges and their associated microbes 
grow, such as carbon and nitrogen sources, salinity, and required 
micronutrients (Samirana et al., 2021b; Yuliana et al., 2013).

The purpose of research related to metabolomics on 
natural products includes all organisms that exist on land and in 
the sea. There are many purposes of research with metabolomic 
application on natural products that will be grouped into seven 
groups, including research with metabolomic application on 
sponges and their associated microorganisms. The groupings are as 
follows: (a) metabolomics for identification and dereplication, (b) 
metabolomics for quality control, (c) metabolomics to link chemical 
profile and bioactivity pattern, (d) metabolomics for identification 
of active compounds and quantitative prediction of bioactivity, (e) 
metabolomics for proof of efficacy and mode of action identification, 
(f) metabolomics for bioavailability and fate of natural compounds 
assessment, and (g) metabolomics for identification of safety and 
toxicity (Yuliana et al., 2011). Of the 62 main articles obtained, 
most of them (58 articles) applied metabolomics on sponges and 
their associated microbes with the purpose of the identification and 
dereplication. In addition, 11 articles had the purpose of quality 
control, and 10 articles applied metabolomics to link chemical and 
bioactivity profiles. Unfortunately, no metabolomic research aiming 
at quantitative prediction of bioactivity, bioavailability, safety, and 
toxicity in sponges and their associated microbes during the last 
decade was found.

For the purpose of identification and dereplication, 
the metabolomic application is carried out with a data reduction 
approach and it is currently widely applied in research on new 
drug discovery from natural products using bioassay-guided 
isolation. In this approach, rapid dereplication of known and 
identified active components is essential. The use of various 
analytical techniques combined with appropriate multivariate 
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analytical data can be used to shorten the isolation route based 
on bioassays with data reduction approaches, especially in the 
identification and dereplication steps. Several studies on sponges 
and their associated microbes, which have a large number of 
chemical profiles or genome profiles, use the multivariate data 
analysis technique, particularly HCA more than PCA, because 
the number of the main components in the first technique is 50% 
more than that of the second technique. The PCA technique is 
more appropriate for similar large datasets. The use of this reduced 
clustering technique can accelerate the dereplication step and 
avoid overanalyzing for the selection of isolation techniques in 
the discovery of new natural products, especially from sponges 
and their associated microbes (Cheng et al., 2015; Ellis et al., 
2017; Mehbub et al., 2016; Romoli et al., 2014; Yuliana et al., 
2011). The most time-consuming step in metabolomic research is 
the identification of metabolites when a mixture fraction has not 
been available. In relation to the use of MS and NMR spectra, 
in several studies of metabolomic applications on sponges and 
their associated microbes, the spectra data are then analyzed 
with the help of MS or NMR spectra databases available in the 
spectral data library using a SA. Currently, a SA analysis has been 
developed into a molecular networking analysis which is very 
helpful in analyzing chemical structures obtained through MS 
or NMR spectra data (Bayona et al., 2020; Kouchaksaraee et al., 
2020; Olatunji et al., 2021; Storey et al., 2020).

The most popular application of metabolomics today 
is natural product quality control. The metabolite profile of an 
organism can have differences due to variations between species 
or varieties, environmental changes during the growing or 
harvesting period, postharvest treatment, extraction processes, and 
sample preparation methods. These factors have a very significant 
effect on the chemical profile and bioactivity of the samples, 
especially samples derived from sponges and their associated 
microbes (Wang et al., 2005). The application of the NMR and MS 
techniques combined with LC and GC followed with a multivariate 
analysis to detect variations due to changes in the environment 
where sponges and their associated microbes grow has been 
widely reported. The multivariate data analysis techniques that 
are often used in metabolomic applications for quality control 
of sponges and their associated microbes are PCA, PLS-DA, 
SA, and OPLS-DA. Almost all research on the application of 
metabolomics for quality control on sponges and their associated 
microbes is related to the environment in which they grow which 
later affects the chemical profile of both the MS and NMR spectra. 
This way, to conduct metabolomic research on the influence of the 
environment where sponges and their associated microbes grow, 
using the NMR or MS techniques  combined with LC or GC, and 
PCA, PLS-DA, SA, and OPLS-DA, is recommended (Bojko et al., 
2019; Bayona et al., 2018, 2020; Fiore et al., 2017; Mehbub et al., 
2016; Reverter et al., 2018; Ternon et al., 2017, 2016).

The implementation of metabolomics in linking chemical 
profiles and bioactivity, especially in sponges and their associated 
microbes, has been reported in several studies. With the existence 
of a data reduction approach that focuses on active compounds, 
in which no single compound or group of compounds is found 
to be responsible for its bioactivity, there is a high possibility of 
synergistic activity and the presence of prodrugs in the chemical 
content of a sample. Therefore, a holistic approach would be 
useful in solving this mystery in terms of the therapeutic efficacy 

of complex samples (Ulrich-Merzenich et al., 2007; Verpoorte 
et al., 2005). Recent research developments reveal that extracts 
from natural products have different biological activities even 
though they have the same chemical profile pattern. In solving 
this problem, researchers use a holistic approach and find that 
there is a change in the pattern of the genome, transcriptome, 
and proteome, resulting in changes in the metabolome, resulting 
in changes in the chemical structure of the active compound. 
Although it is only a slight change, it has a major effect on its 
bioactivity. Changes in the genome, transcriptome, and proteome 
can be detected by the PCR technique. This has been proven in 
several studies on sponges and their associated microbes, in which 
the genome sequences in several individuals were examined using 
the PCR technique, followed by a multivariate analysis using 
HCA and linked to other multivariate analysis such as SA and 
OPLS-DA, yielding information that the genome plays a very 
important role in the production of natural products from sponges 
and their associated microbes, so it affects the level of bioactivity. 
Therefore, linking the pattern of chemical profiles with bioactivity 
in metabolomics is important, and it will be better if the genomic 
profile of the organism under research is also examined in order 
to synchronize the relationship between the chemical profile and 
the resulting bioactivity (Betancur et al., 2017; Costantini et al., 
2017; Einarsdottir et al., 2017; Ellis et al., 2017; Velasco-Alzate 
et al., 2019).

Other purposes of metabolomic research on sponges 
and their associated microbes, namely, identification of 
active compounds and quantitative prediction of bioactivity, 
identification of proof of efficacy and mode of action, assessment 
of bioavailability and fate of natural compounds, and identification 
of safety and toxicity, have not been found in the last decade. 
This is because the development of research on sponges and their 
associated microbes has not yet reached the in vivo testing stage 
and safety testing in humans has not been carried out. Therefore, 
some of the intended metabolic applications have not been found 
in the research conducted in the last decade. On the other hand, 
there have been many metabolomic studies on herbal plants 
in the terrestrial zone because they have been widely used for 
health purposes, so both in vivo and safety testing are absolutely 
necessary (Li et al., 2008).

CONCLUSION
The data presented in the review of metabolomic 

applications on sponges and sponge-associated microorganisms 
show that in the last decade there has been quite a lot of research on 
metabolomics related to sponges and sponge-associated microbes. 
The sponges most often studied in metabolomic research are 
Geodia, Xestospongia, and Agelas, while the sponge-associated 
microbe most often studied is actinobacteria. The LC-MS 
technique is an analytical technique widely used in metabolomic 
research on sponges and sponge-associated microorganisms. The 
most frequently used multivariate data analysis method is SA. 
Mostly, metabolomic research has an objective of identification 
and dereplication. In the future, metabolomic research on sponges 
and sponge-associated microorganisms will increase along with 
the number of new compounds that have potential bioactivities. 
Therefore, it is possible that metabolomic application can be 
done for bioavailability determination, quantitative bioactivity 
determination, and safety and toxicity testing.
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