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Abstract 

Manual headspace solid-phase microextraction (HS-SPME) coupled to gas 

chromatography-mass spectrophotometry (GC-MS) was used for the qualitative analysis 

of the aromas of several tropical fruits from Indonesia i.e. two different cultivars of roselle 

pomace (Hibiscus sabdariffa purple and red cultivar. Pomace was used as samples as a 

part of valorization application of agroindustry by-product. The analytes identified 

included aroma compounds that can be derived from several aroma precursors. A total of 

16 major volatile compounds were identified from purple roselle pomace, whereas 11 

major volatile compounds were identified from red roselle pomace using HS-SPME. The 

major free volatile compounds were dominantly derived from fatty acid compounds. PCA 

analysis showed the difference in the aroma profile of two different cultivars of pomace 

based on the cultivar. PC1 can differentiate 86.4% between two roselle pomace cultivar 

whereas PC2 can differentiate 9.4% between two roselle pomace cultivar. This study also 

provides the map for free volatile compounds of pomace in two different roselle cultivars.  

1. Introduction 

Hibiscus sabdariffa or called roselle is a tropical 

wild plant belonging into Malvaceae family. It is an 

annual or perennial plant.  It has a long history of edible 

and medicinal uses spanning from Egypt, Sudan, 

Trinidad and Tobago, Mexico, China, Thailand, 

Malaysia, Indonesia, and India to South America (Patel, 

2014).  The beverages from roselle are consumed in 

traditional like in Africa continent a non-alcoholic 

beverage soborodo is prepared from the water extract of 

dried calyces.  It is used as a folk medicine for 

constipation, heart ailment, high blood pressure, urinary 

tract infections, cancer, diabetes, and nerve disorders.  In 

recent times. Several investigations have been conducted 

to establish its scientific purposes. So far, antioxidant, 

hypocholesterol effect, anti-obesity, hypotensive, 

antidiabetic, immunomodulatory, anticancer, 

hepatoprotective, antimicrobial, renoprotective, have got 

several adequate experimental evidence (Patel, 2014).   

The dried calyces of Roselle are consumed 

worldwide in hot infusing and in cold drinks (Teruel et 

al., 2015).  In Indonesia, commonly roselle is added with 

hot water and drink afterward.  Several developments by 

developing rolled instant drink or ready to drink have 

been developed recently to fulfil consumer demand since 

roselle are rich in antioxidant compounds and other 

bioactive compounds for health purpose (Patel, 2014).  

The interest in natural antioxidants found in several 

plants has increased due to the worldwide increase in 

using plants extracts as additives in food and cosmetics, 

specifically to ensure the high quality and stability of 

lipids and lipid-containing products. These properties 

have very important influence on human health and also 

economic terms (Loranty et al., 2010).   

The red anthocyanin pigments in the calyces are 

used as food coloring agents. The swollen calyces are the 

part of the plant of commercial interest as they are rich 

sources of Vitamin C, phytochemicals and are also used 

for several purposes. Several products like jellies and 

jams made from roselle which are said to taste like an 

acidic plume jam. Several bioactive compounds are 

found in Roselle e,g. anthocyanins, carotenoids, 

riboflavin, thiamine, niacin, ascorbic, malic and hibiscus 
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acids (Jung and Joo, 2013). The fleshy calyces (sepals) 

are commercially important for the production of several 

food products from beverages, juices, jams and syrup in 

food industries (Borrás-linares et al., 2015).   

Volatile part of foods is essential for the quality of 

food product. The flavor of a certain product which is 

one of the important attributes for sensory analysis and 

consumer’s acceptance is given by the combination of 

(usually) many volatile molecules. In several fruits and 

vegetables, the volatiles representing their characteristic 

flavoris generally can come from esters, aldehydes, 

alcohols, terpenes, norisoprenoids and other derivatives 

(Bicas et al., 2011). Sometimes, one substance alone can 

reflect the approximate flavor of a product and in this 

case, the compound can be called as aroma impact 

compound. Several aroma impact compounds are 

extremely important for industry and commonly used for 

the elaboration of different products, from foods, 

beverages and cosmetics to perfumes. Recently, several 

studies on the production of flavor compounds from agro

-industry by-product have been well supported because it 

is an alternative way to dispose of and valorize the 

waste.  This is also been extensively investigated for the 

production of flavours by biotransformation using agro-

residues as the substrates in most biological processes. 

This rising trend to overcome high manufacturing costs 

in the production of flavors is by using agrowaste as the 

substrate (Zamzuri and Abd-Aziz, 2013; Sine, 2015).   

Several pomace is an interesting resource of healthy 

molecules or called as bioactive compounds such as 

phenolic compounds, pectin and also dietary fiber (Belén 

et al., 2013; Madrera and Pando, 2015; Tournour et al., 

2015; Zhu et al., 2015). Several pomaces also have been 

investigated as a source of aroma compounds. Roselle 

extract when consumed in moderation induced no toxic 

effects and is safe, thus, can be introduced in food 

processing and clinical practices (Patel, 2014). Drinks 

from roselle are commonly prepared by adding water to 

Roselle, but the roselle pomace afterward is commonly 

discarded.  This pomace still contains a high amount of 

several bioactive compounds that can be further utilized 

as an example as a flavorant and fragrance application. 

Aroma compounds constitute one of the important parts 

of food additives (Madrera and Pando, 2015). This 

compound is one of the most influential properties when 

it comes to consumer preference and is mainly 

determined by the volatile compounds. Certain volatiles 

compounds can act as impact aroma compounds that are 

the characteristics for particular beverages, including 

beverages from roselle (Weldegergis et al., 2011). The 

appreciably variable aroma of hot and cold extract will 

give influence on earthy, floral, fruity relevant in roselle 

extract. The appealing color and acidic sweet taste or 

roselle extract provide, a plausible substitute for grapes 

deficiency affecting the wine industry in the tropics 

passively (Farag et al., 2015). 

This research is aimed on focusing on the use of 

pomace from red and purple roselle from Indonesia, 

especially to screen the aromatic compounds in the 

pomace which can be used as valuable flavor compounds 

using HS SPME coupled to GC MS. SPME is one of true 

green revolution in volatiles sample preparation 

technique gaining a broad spectrum of applications 

particularly in aroma profiling in several decades. 

Typical headspace SPME coupled to GC procedure 

implicates volatile extraction and concentration on the 

polymeric coating of a silica fiber and will directly 

desorb of the loaded fiber into the GC injection port. 

This technique has been used in several applications to 

investigate aroma compounds in several tropical fruits, 

spices and herbs (Riu-Aumatell et al., 2004; Montero-

Prado et al., 2013; Ningrum and Schreiner, 2014; Reade 

et al., 2014; Ningrum et al., 2015).   

 

2. Materials and methods 

2.1 Materials 

Several selected pomace were used in these 

experiments e.g. two different cultivars of roselle 

(Hibiscus sabdariffa), purple and red roselle. The 

pomace of purple and red roselle is obtained based on the 

modified method of Jasna et al. (2016). 

2.2 Free volatile analysis in selected tropical fruits by 

HS-SPME GC MS 

One gram of pomace from red and purple roselle 

were grounded by a mortar and placed in 4 ml screw-top 

vials (15 x 45 mm) with PTFE silicon septa. An 

equilibration time of 10 mins was selected. (Wakte et al., 

2010) 65µm Polydimethylsiloxane/Divinylbenzene 

(PDMS/DVB) fiber of 1 cm was selected for analysis of 

free volatiles (Supelco, Bellefonte, PA, USA). The fiber 

was conditioned as per manufacturer’s guidelines, where 

for 65µm PDMS/DVB, conditioning temperature is 250°

C for 0.5 hrs. After conditioning, the fiber was then 

exposed to the headspace of the sample in a 4 ml vial at 

60oC for 30 mins.  SPME fibers were desorbed in the 

injector port for 10 min. The free volatile compounds 

were analyzed by GC-MS using the following 

temperature program: initial temperature 50oC, 

maintained for 5 mins, ramped to 150oC at 51oC/min, 

ramped to 220oC at 40oC/min and held for 3 mins. The 

mass scan range was set to m/z 40–400 at a scan rate of 

1204,6 scan/s.  Helium was used as carrier gas at a 

constant flow rate of 1.7 mL/min. GC-MS Instrument is 

composed to TRACE GC Ultra 2000 version 1.4 SR1

(Thermo Corporation, Austria) coupled with mass 
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spectrometric detector equipped with the capillary 

column.  The fused silica capillary columns used were 

coated with HP5 or BPX-70 column.  The HP5 Column 

(Agilent USA, 30 m, 0.25 mm id., 0.25 µm film 

thickness). The BPX70 (70% Cyanopropyl-

Polysylphenylene-Siloxane) capillary column (50m x 

0.22mm ID x 0.25 µm film thickness) (Agilent USA). 

The chromatogram was evaluated by Excalibur Software 

Version 1.4 (Thermo) and mass spectra were composed 

with NIST-Library version 2005.  All experiments were 

performed in duplicate.  The identification of volatile 

compounds was based on comparison of the Kovats 

Index (KI) of a series of n –alkane (C7-C40) with those 

reported in the literature, comparison of the relative area 

and on comparison of the mass spectra of each 

component with mass spectral libraries (NIST. National 

Institute of Standards and Technology, Gaithersburg, 

MD, USA) (Xu et al., 2014) 

2.3 Data analysis using PCA  

PCA involves the transformation of a set of variables 

to a new coordinate system, in which the new axes are 

the principle components, following the direction of 

highest variance in the data set. These principal 

components are orthogonal to one another and also 

constructed in such a manner that the amount of residual 

variation decreases with the increasing number of 

principal components (Weldegergis et al., 2011).  PCA 

was commonly used to objectively interpret and compare 

multiple independent volatile compounds that present in 

the roselle cultivar studied.  The purpose of PCA as one 

of multivariate analysis in order to decrease the number 

of descriptors associated with the data set while still 

explaining the maximum amount of variability present in 

the data.  PCA bi plots were also constructed using a 

statistical package Minitab 17 (Minitab Inc, USA). 

 

3. Results and discussion 

The aim of this research was to investigate the 

diversity of volatile profiles within two different roselle 

pomace, e.g. red and purple roselle using GC-MS and 

PCA as one of chemometrics assessment. Several aroma 

compounds were identified in Roselle that can be derived 

from several compounds. In Purple Roselle cultivar the 

aroma compounds are more varies not just from fatty 

acid derivatives but also from esters class. Purple roselle 

pomace constituted 16 major of the identified free 

volatiles, compared to 11 major of the identified free 

volatiles from red roselle pomace.  Several aroma 

compounds in purple roselle pomace are described in 

Figure 1.  

Generally, two different roselle pomace volatile 

profile was dominated by fatty acid derived volatiles 

with regard to the number of identified constituents, 

Chemically, identified volatiles belonged to fatty acids 

and esters. Fatty acid derived volatiles comprised the 

largest number of volatile constituents and amounting 

approximately 100% of the red roselle pomace volatiles 

present in both investigated samples, respectively. 

Volatile ester derivatives were also slightly more 

enriched in purple roselle pomace samples over red 

pomace samples (approximately 45% vs. nd, 

respectively) with nonadecanoic acid methyl ester as the 

major constituent.  

Detailed information form selected aroma 

compounds in purple roselle pomace is described in 

Table 1. Chemically, several identified volatiles in 

purple roselle belonged to several major chemical 

derivatives e.g. fatty acids and esters. Several 

compounds as ester derivatives are identified in purple 

roselle, similar to previously reported by Farag et al. 

(2015). Another compound from ester derivatives also 

can be identified in purple roselle. Esters compound can 

influence the character of aroma in several cultivars of 

roselle such as white, purple and red roselle (Elrasheid et 

al., 2017). Thus, the highest pleasant aroma of Al-Rahad 

or purple roselle type could be attributed to high ester 

compounds content (Elrasheid et al., 2017).  

In red roselle pomace cultivar, there are several 

aroma compounds mainly derivatives from fatty acids 

(Table 1). In apple pomace, the production of aroma 

compounds was mainly during bioconversion of 

polyunsaturated fatty acids by the endogenous enzyme 

system. The volatile classified in aldehydes and alcohols 

by apple peripheral tissues from in situ or added linoleic 

acid or linolenic acid. Amongst the apple pomace 

enzymes involved in aroma production, lipoxygenase 

catalysis of fatty acid to produce aldehydes or alcohol 

compounds, on the other hand, hydroperoxidelyase will 

ensure also to the formation of aldehydes and alcohol 

compounds (Almosnino et al., 1996). The volatile 

compounds of red roselle are described in Figure 2. 

There were eleven major volatile compounds identified 

in Figure 2.   

Detailed information form selected aroma 

compounds in red roselle pomace is described in Table 2. 

The previous investigation also showed that generally 

Roselle volatile profile was dominated by fatty acid 

derived volatiles (Farag et al., 2015).   

Figure 3A and 3B showed the score and loading plot 

of PCA (Principle Component Analysis) from two 

different cultivars of Roselle. The purple roselle pomace 

has slightly higher volatile metabolites rather than the 

red roselle. The PCA score plots loadings plot (Figure 

3B) shows the first and second principal component of 
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the mean centre metabolite concentrations, which 

together explained more that 90% of-of the total 

variance. The first axis (PC1) described 86.4% of the 

variance and mainly discriminated esters derivatives with 

positives scores and negatives score from fatty acid 

derivatives. The second axis (PC2) described 9.4% of the 

variance with positive scores to mainly the compound 

from ester derivatives and mostly fatty acid derivatives, 

where negative score from minor fatty acid derivatives 

(heptadecane). 

4. Conclusion 

Two different roselle pomace contains diversely free 

volatile compounds. The free volatile compounds were 

extracted from two different roselle pomace using SPME 

and afterward analyzed using GC-MS. Total of 16 major 

free volatile compounds was identified from purple 

roselle pomace and 11 major free volatile compounds 

were identified from red roselle pomace. These volatile 

compounds can be derived from precursors such as fatty 

acids are important to the formation of volatile 
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Figure 1. GC Chromatogram of Purple Roselle 

Figure 2. GC Chromatogram of Red Roselle 

Figure 3. PCA Score Plot (3A) and Loading Plot (3B) of Purple and Red Roselle 

(B) (A) 
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compounds in two different roselle pomace cultivar. The 

systematic approach employed in this work has allowed 

us to focus on the identification of the aroma of relevant 

volatile compounds in red and purple pomace of Roselle 

from Indonesia. These compounds are valuable as 

potential markers for a different cultivar of Roselle 

pomace 
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Table 1.  Aroma components in Purple Roselle Pomace 
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Table 2.  Aroma components in Red Roselle Pomace 

*FA = Fatty Acids 
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