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1. INTRODUCTION 
Citrus fruits belonging the Rutaceae family and 
Citrus genus, are represented by fruits like Citrus 
paradisi (grapefruit), Citrus reticulata (tangerine), 
Citrus sinensis (orange), Citrus limetta (lime) and 
Citrus lemon (lemon) (Inan et al., 2018). Citrus fruits 
can be grown more easily in tropical and 
subtropical climatic conditions and in well drained, 
loose and ventilated, sandy, loamy, clayey-tin soils. 
Countries with these soil characteristics are also the 
countries where citrus production is the most 
common (Kafa et al., 2015). Leading countries in 
the world in citrus production are Brazil, USA, 
China, Mexico, Spain, India, Iran, Italy, Egypt, 
Argentina, Turkey and Pakistan. Orange is the major 
citrus specie in the world. Annual production of 
oranges in the world is over 73 million tons in 2017 
(FAOSTAT, 2018). Following orange, lemons are 
the other important fruits in Citrus genus with a 
production of 17 million tons comprising 11.5% of 
total citrus production (FAOSTAT, 2018). Lemons 

are generally grown in subtropical climate regions 
of the northern and southern hemisphere and it is 
known that it is mainly studied in three groups as 
sour lemon, sweet lemon and different groups 
(lemon equivalents). Generally known as sweet 
lime or sweet lemon, C. limetta is a type of citrus 
that grows in tropical and subtropical regions. 
Specific to South and Southeast Asia and mostly 
grown in India, China, South Japan, Vietnam, 
Malaysia, Indonesia and Thailand, more than 100 
million metric tons of sweet lime are produced 
annually worldwide. Sweet lime is a fruit rich in 
bioactive ingredients such as vitamin C, minerals, 
and phenolic compounds. Due to its rich 
composition, it is used in cholesterol control, 
inflammation and wound healing, digestive 
disorders (Perez et al., 2010). Although it is not 
widely known in Albania, sweet lime juice is an 
important commercial product used in fruit juice 
processing industry in many countries. Besides 
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Citrus limetta also known as sweet lime or sweet lemon is grown generally in tropical 
and subtropical regions including Turkey as one of the main producer country. In the 
present study, it was aimed to investigate the effects of handsqueezing methods (with 
or without peel of sweet lime) on volatile profile of juices. Volatile compounds were 
extracted with the application of liquid-liquid extraction and classified and quantified 
by gas chromatograpy-mass spectrometry (GC-MS). In addition to volatile 
compounds, total phenolic, total ascorbic acid amounts and antioxidant activity were 
also evaluated. Juices obtained from unpeeled sweet limes had a greater amount in 
total volatiles rather than the samples obtained from peeled fruits. This result displays 
the contribution of peel composition to the juice released due to the disruption of the 
peel during squeezing. Similarly, ascorbic acid amounts differed and were higher in the 
usage of unpeeled fruits. Aroma profile of sweet lemon juice was mainly composed of 
terpene compounds. Among these compounds, limonene was the major compound 
which stood out in both the peeled-squeezed (82%) and unpeeled-squeezed samples 
(52%). In contrast, acetic acid, the second compound found in higher concentrations, 
displayed an opposite behavior and was found in higher amounts in unpeeled-
squeezed sweet lemon juices. 
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their nutritive value, the taste, unique aroma, 
texture and color parameters are highly effective in 
the wide usage of citrus fruits in the world. Within 
these parameters, aroma which is a combination of 
lots of volatile compounds plays a key role in the 
preference of consumers. Citrus fruits aroma is a 
complex mixture of terpenic hydrocarbons, 
alcohols, ketones, aldehydes and other volatiles 
(Selli, 2007). Therefore, the aim of this research 
was to determine the aroma profile of sweet lime 
juice obtained from two different squeezing types 
(with or without peels of limes). In addition, total 
phenolic compounds, antioxidant activities and 
ascorbic acid amounts of sweet lime juices were 
also investigated. 

2. MATERIALS AND METHODS 
2.1. Materials 
The sweet limes (Citrus limetta) used in this study 
were obtained from Mediterranean region of 
Turkey in 2017. Immediately after harvest (20kg), 
sweet lime juices were obtained by using two 
different squeezing methods. For the first samples, 
fruits were halved and directly hand-squeezed and 
coded as JWP. For the second ones, the fruits were 
peeled first and then hand-squeezed which was 
coded as JWOP. Obtained juices were put into dark 
bottles (500ml) and immediately used in the 
analyses. 

2.2. Methods 
2.2.1. Extraction and Analysis of Volatile Compounds 
The aroma compounds of different lime juices were 
determined by liquid-liquid extraction (LLE) method. 
100 ml of juice samples were taken and extraction was 
carried out at 4-5°C with stirring in a 500 ml aliquot on 
a magnetic stirrer under nitrogen gas for 60 minutes 
with the addition of 100 ml of high purity 
dichloromethane solvent. After dehydration by 
anhydrous sodium sulfate, pooled aromatic extract was 
reduced to 5 mL in a Kuderna Danish concentrator fitted 
with a Snyder column and then a second concentration 
is made to 200 μL under a gentle stream of purified 
nitrogen. All extracts were subsequently stored at -20 °C 
in 2 mL glass vials (Selli and Kelebek, 2011). 

2.2.2. Representativeness of aromatic extracts 

Similarity and intensity tests were performed to 
assess the affinity of extracts and the juices in 
terms of aroma. The panel was composed of 
eleven experienced assessors (six males and five 
females between 28 and 49 years old). The 
panellists were previously trained in sensory 
evaluation of foods. Sensory analysis was 
performed with the use of cardboard smelling 
strips (7140 BPSI, Lyas, France) which were 
reported to give effective results for the 
representativeness test of citrus juices (Selli et al., 
2008; Selli et al., 2011; Kesen, 2020). The aroma 
extracts were saturated to the smelling strip than 
placed in the brown-coded flask after 1 min waiting 
for solvent evaporation and the 2 ml reference 
sample was likewise. After that, the assessors were 
asked to evaluate the strips on a 100 mm scale and 
all of the strips were assessed at 20°C (Selli et al., 
2011). Similarity test was performed to scale the 
closeness between the odour of extract and 
reference sample. Likewise, in intensity test, the 
panellists assessed the odour intensity of extracts. 

2.2.3. GC-MS analysis of volatile compounds 
The GC system consisted of an Agilent 6890 equipped 
with a flame ionization detector (FID), and an Agilent 
5973N – mass selective detector (MSD). Aroma 
compounds were separated on a DB-Wax (30 m x 0.25 
mm, 0.5 μm thickness; J&W Scientific, Folsom, CA). A 
total of 3 μL of extract was injected each time in pulsed 
splitless (40 psi; 0.5 min) mode. The injector and FID 
were set at 270 and 280 °C, respectively. The flow rate 
of carrier gas (helium) was 1.5 mL/min. The oven 
temperatures was first increased from 50 to 200 °C at a 
rate of 5 °C/min and then to 260 °C at 8 °C/min with a 
final hold at 260 °C for 5 min. The mass detector was 
operated in scan mode, with electronic impact 
ionization energy of 70 eV. The GC–MS interface and 
ionization source temperatures were set at 250 and 180 
°C, respectively. Identification and quantification were 
performed in full scan mode scanning a mass range of 
m/z 30–300 at 2.0 scan/s. The compounds were 
identified by comparing their mass spectra output with 
those in Wiley 9 and NIST 11 mass spectral data libraries 
and an in-house library created from previous laboratory 
studies using similarity searching of MS fragmentation 
(Selli and Kelebek, 2011). Compounds were taken into 
account if they had a similarity match of at least 80% 
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with the MS fragmentation in the databases. The 
chromatogram obtained was analysed, and each peak 
was checked by determining the per cent area on the 
chromatogram, the retention time, the spectrum and 
the base peak and then referring to the characteristic 
mass spectra of compounds listed on the National 
Institute of Standards and Technologies (NIST) using the 
software of Agilent ChemStation. Each sample was 
analysed in triplicate. Linear Retention Indices (LRI) was 
calculated as a confirmation of identified compounds 
(Xu et al., 2017). 

2.2.4. Total phenolic content 
Total phenolic content was determined by Folin- 
Ciocalteu method. 1 ml of sweet lemon juice was taken 
and 60 ml of water was added and 5 ml of Folin solution 
was added and mixed. Then 15 ml of sodium carbonate 
solution was added to the mixture and the volume was 
completed and kept in a dark place for 2 hours. Finally, 
the absorbance of each solution was read on the 
spectrophotometer (Shimadzu UV‐1201, Tokyo, Japan) 
at 765 nm in 10 ml cuvettes and a calibration curve was 
drawn. Gallic acid was used as the phenolic standard in 
drawing the graph (Singleton et al., 1999). 

2.2.5. Total phenolic content Antioxidant activity 
Total ascorbic acid values of sweet lemon juice 
were determined by spectrophotometric method 
based on the reduction of 2,6-dichloroindophenol 
solution (Hewitt and Dickes, 1961). 10 ml of the 
sample was homogenized with a 90 ml stabilizing 
solution (0.4% oxalic acid) and then filtered. 9 ml 
of pure water and 1 ml of sample were added to the 
first of two separate test tubes, and 9 ml of the dye 
solution (2,6-dichloroindophenol, Na salt) and 1 ml 
of the sample were measured and the absorbance 
value at 518 nm was measured. Calibration graph 
was drawn by using L-ascorbic acid standard and 
total ascorbic acid values in sweet lime juices were 
calculated. 

3. RESULTS AND DISCUSSION 
3.1. Volatile composition of sweet lime juices 

Selecting the most appropriate extraction method 
is crucial in obtaining aroma compounds. The most 
efficient and effective procedure to make this 
decision is to apply similarity and intensity tests for 
the evaluation of representativeness of the extract. 

In this manner, the results of those applied tests 
were in acceptable levels indicating that liquid-
liquid extraction is highly efficient in obtaining 
volatiles from sweet lime juices. According to the 
assessors, obtained aromatic extract had the 
similarity of 73% with the reference sample and 
had an odor intensity value of 78%. When 
compared to other previous studies, these results 
were acceptable and that the LLE was a trustable 
procedure (Selli et al., 2008; Kesen et al., 2013; 
Selli et al., 2014). The juices of sweet lemon fruits 
squeezed differently were examined for aroma 
composition and total of 21 volatile compounds 
were detected by GC-MS (Table 1). The volatile 
groups forming the composition consist of 
alcohols, aldehydes and acids under the abundance 
of terpenes. It was determined that volatile 
composition differed with the mode of juice 
extraction. Terpenes are the most important aroma 
compounds responsible for the characteristic odor 
of Citrus fruits (Perez-Cacho and Russell, 2008). 
DL-Limonene was found as the major terpene in 
both sweet lime juice samples (82,3 % in JWP and 
51,6% JWOP). In literature, this compound was 
referred to give “citrusy” odor and found in almost 
all of the citrus fruits (Sawamura et al., 2006; Selli 
et al., 2008). Another compound found in high 
amounts was linalool. In some studies, it was 
reported that linalool is the most dominant 
compound among the terpene alcohols in orange 
peel samples (Högnadóttir and Rouseff, 2003; 
Qiao et al., 2008). Following linalool, β-myrcene 
was also determined in high amounts. It has been 
reported that it contributes to the odor of some 
tropical fruits as well as citrus fruits. It was observed 
that the amounts of some compounds such as 
limonene, linalool and β-citronellol are higher in 
juices squeezed with peels. This can be explained 
with the disruption of the peel during the squeezing 
and the passage of the aroma compounds in the 
peel into the juice. These results indicate that the 
increase in aroma compounds is due to volatile 
compounds present in the peel. Similarly to  

Table 1. Aroma composition of sweet lime juices 
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*LRI: Linear retention index calculated on DB-WAX capillary column; 
N:Not found; The results are the means of % peak areas obtained from 
3 different injections. 
**JWP: Juices obtained from squeezing with their peels; JWOP: Juices 
squeezed without peel. 

present study; Zhong et al. (2014) carried out the 
analysis of aroma compounds in lemon juice and 
peel and found that terpenes were dominant in the 
peel, similar to fruit juice. They also reported that 
the amount of terpenes present in the peel was 
significantly greater than the terpenes in lemon 
juice.  
A total of six different organic acids were found in 
the Citrus limetta samples examined and it was 
observed that acetic acid had the abundance. One 
of the other identified acids, decanoic acid was 
found only in JWP sample. The reason for that, 
decanoic acid is thought to pass from the peel to 
water during squeezing. Reversely, heptanoic acid 
was detected only in lime juice squeezed without 
peels (JWOP). Heptanoic acid may be induced by 
other high amount volatiles in the peel. Regarding 
the alcohols in the Citrus limetta juices, two 
alcohols namely 3-penten-2-ol and phenylethyl 
alcohol were determined. It has been reported that 
3- penten-2-ol contributes to the aroma of 
vegetable oils such as olive oil as well as fruits in 
previous studies (Kesen et al., 2014). As for the 
phenylethyl alcohol, it is known that this aroma 

compound is found in a wide range of products, 
including fruits, wine, honey and olive oil (Kesen et 
al., 2014) 

Table 2. Total phenolic, total ascorbic acid and 
antioxidant activities of juices 

± ±

± ±

µ ± ±

JWP: Juices obtained from squeezing with their peels; JWOP: Juices 
squeezed without peel. 
While both alcohol compounds were not detected 
in JWP, they were determined after peeling. 
According to GC-MS results, JWP sample had more 
volatiles obviously and these finding are in line with 
previous studies. One of the earlier studies by 
Moshonas and Shaw (1994) reported that the 
concentration of volatiles in commercial orange 
juice was greater when the juice was obtained from 
whole fruits because the compounds were 
liberated from the aqueous phase, lipids, and from 
essential oils contained in the fruit peel. Similar 
results were also indicated in clementine and 
mandarin juices (Barboni et al., 2010). 

3.2. Total phenolic compounds and antioxidant 
activities of juices  
The total phenolic content of the juice obtained 
from fresh Citrus limetta peeled and unpeeled 
fruits was found to be 109 mg/L and 88.9 mg/L 
respectively, while the antioxidant activities were 
118 mM Trolox/L and 93.2 mM Trolox/L 
respectively (Table 2). Barreca et al. (2011) 
determined the antioxidant activity of Citrus 
limetta juice as 261 μM Trolox by the DPPH radical 
quenching method. Rekha et al. (2012) determined 
the total phenolic content in Citrus lemon juice as 
600 mg/L by Folin-Ciocalteu method. In a study 
performed by antioxidant activities of the extracts 
obtained from lemon peels with supercritical fluid 
extraction and Soxhlet extraction processes were 
1165 and 879 μg GAE/g dry matter, and 2.415 and 
23.80 μmol Trolox/g dry matter respectively. C. 
limetta juice was found to have lower values in 
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terms of total phenol and antioxidant activity 
compared with Citrus varieties studied in literature. 
The concentrations of bioactive compounds can 
vary depending on the fruit culture, maturity, 
growth and storage conditions, and extraction 
processes (Hashemi et al., 2017). Thus, the mode of 
extraction was determined to affect both phenolic 
content and antioxidant activity of juices. 

3.3. Total ascorbic acid amounts of juices 
The amount of ascorbic acid obtained from fresh 
Citrus limetta peeled and unpeeled fruit juice was 
determined as 539 mg/L and 511 mg/L, 
respectively. Damian-Reyna et al. (2017) 
determined the amount of ascorbic acid of Citrus 
limetta juice as 112 mg/L. Rekha et al. (2012) found 
the total amount of ascorbic acid of Citrus limon 
juice 10.60 g/100 mL. In another study, the 
amount of ascorbic acid in Citrus sinensis juice was 
determined as 16.03 ppm. As mentioned above, 
the total amount of ascorbic acid in fresh Citrus 
limetta juice was found in higher amounts than the 
other Citrus fruits. In addition, the sweet lime juices 
obtained from unpeeled fruits were found to 
contain more ascorbic acid than the juice from 
peeled fruits, similar to the total phenolic content 
and antioxidant activity values. It is thought that 
this is a fragmentation of the peel reasoned from 
the pressing during squeezing and that the 
bioactive compounds in the peel pass into the juice. 

4. CONCLUSIONS 
The aim of this study was to investigate the volatile 
and general composition of sweet lime juices 
squeezed with and without peels. Total of 21 aroma 
compounds with the majority of terpenes were 
identified in samples. Limonene was found 
dominantly in all samples and the usage of peels in 
squeezing reasoned an increase in the amount of 
this compound. In the light of the findings, it was 
determined that the amount of volatile 
compounds in juices squeezed with peels was 
higher than the juices without peels. This is due to 
the corruption of the peel and the passage of 
volatile compounds in the peel to the juice during 
squeezing. In addition, higher total phenolic, total 
ascorbic acid and antioxidant activities were found 
in the juices obtained from unpeeled sweet limes. 
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