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Abstract 
Floral scent plays a crucial role in the interactions between plants and their 

environment, and is composed of several to many volatile compounds. From the 
aesthetic point of view, floral scent is one of the characters most appreciated in 
flowers, although it is a very variable trait that is frequently acquired and lost 
throughout evolution. Thus, this character is not often included as a target for 
ornamental plant-breeding programmes. Several methodologies have been described 
for floral scent evaluation, both sensorial and instrumental. Considering the 
importance of this character for the flower market industry, this study focused on the 
evaluation of floral scent of three scented cut-flowers: Lilium ‘Sweetness’, Freesia 
‘Oberon’ and ‘semi-double’ chrysanthemum. Sensorial evaluation was performed by 
78 untrained individuals, and floral scent composition was evaluated by using GC-MS. 
Freesia showed the highest acceptability, although it was the sample that contained 
the smallest number of volatile compounds. Chrysanthemum presented the largest 
number of volatile compounds. For the oriental lily, the sensorial panel designated it 
as the one with the highest intensity of scent. This was in agreement with the 
analytical results, because this flower showed relative volatile abundance over a 
thousand times that of chrysanthemum and freesia. Sensorial and instrumental 
evaluation showed different results; therefore, it is important to combine and 
associate these two techniques in order to achieve valuable evaluation of floral scent. 
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INTRODUCTION 
The main function of floral scent is to attract and guide pollinators (Jürgens et al., 2003; 

Reinhard et al., 2004), and it plays a crucial role in fertilization and consequently in 
production of seeds and fruits (Free, 1970). The admiration and sensual pleasure to 
mankind generated by flower fragrance has produced a new commercial commodity, even 
though it is known that floral scent has evolved in plants for other reasons (Vainstein et al., 
2001). Both the composition and number of volatiles in the fragrance determine a scent’s 
appeal to humans, and may provoke big differences in perception (Burdock, 1995). From the 
aesthetic point of view, floral scent is one of the characters most appreciated in flowers, 
although it is a very variable trait that is frequently acquired and lost throughout evolution. 
Thus, this character is not often included as a target for ornamental plant-breeding 
programmes (Aros et al., 2015). 

Many investigations have been performed in order to determine the composition of 
floral scent through collection of headspace and then gas chromatography and mass 
spectrometry (GC-MS) analysis, by which different volatile compounds are separated and 
identified. These studies have described floral scent as a complex mixture composed 
primarily of terpenoid, phenylpropanoid and benzenoid compounds (Dudareva and 
Pichersky, 2000). Furthermore, Knudsen et al. (1993) have described more than 700 plant 
volatile compounds observed in 441 taxa. 

Another methodology carried out to study floral scent is through sensorial analysis, 
which is focused on the perception that our olfactory system is able to detect. Sensorial 
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analysis is widely used to evaluate food products, and little is known about this technique 
applied to flowers. Sensorial analysis has been performed by untrained panels to evaluate 
freesia, lily, rose (Morinaka et al., 2001, 2002) and alstroemeria (Aros and Rogers, 2013; 
Aros et al., 2015), giving interesting results for both liking and intensity of floral scent. 

In some cases, our olfactory system can be more sensitive than analytical tools such as 
GC-MS (Hinterholzer and Schieberle, 1998), although we lack precise words to characterize 
specific scents, and this is recognized as a disadvantage of sensorial analysis (Burdock, 
1995). 

Considering the importance of floral scent for the flower market industry, this study 
focused on the evaluation of this character on three cut-flower species using both sensorial 
analysis and GC-MS. 

MATERIALS AND METHODS 

Plant material 
Floral scent of oriental lily (Lilium ‘Sweetness’), freesia (Freesia × hybrida ‘Oberon’) 

and semi-double chrysanthemum (Chrysanthemum sp.) was evaluated through sensorial 
analysis and GC-MS evaluation. Cut flowers were obtained from the market and, for the 
sensorial analysis, floral stems were trimmed at 60 cm for freesia and chrysanthemum, and 
80 cm for oriental lily (Figure 1). For GC-MS evaluation, floral stems were all trimmed at 
about 5 cm in order to fit one flower in a 1-L glass jar. All the evaluations were performed at 
anthesis stage described with the maximum floral scent output. 

 

Figure 1. Cut flowers used for floral scent evaluation through sensorial analysis and GC-MS. 
From left to right: oriental lily (Lilium ‘Sweetness’), freesia (Freesia × hybrida 
‘Oberon’) and a ‘semi-double’ chrysanthemum (Chrysanthemum sp.). 

Sensorial analysis 
Sensorial analysis was performed at the Laboratory of Sensorial Analysis, Faculty of 

Agricultural Sciences, University of Chile, Santiago, Chile. Seventy-eight untrained 
individuals participated in the evaluation of floral scent liking. Individuals were asked to 
evaluate floral scent of oriental lily, freesia and chrysanthemum by ticking a box on a survey, 
using the following hedonic scale: ‘like extremely’; ‘like very much’; ‘like moderately’; ‘like 
slightly’; ‘neither like nor dislike’; ‘dislike slightly’; ‘dislike moderately’; ‘dislike very much’; 
‘dislike extremely’. 

The hedonic scale was translated into scores (i.e. ‘like extremely’ = 9, ‘dislike 
extremely’ = 1), and the standard deviation (STEDV) and standard error (SE) were 
calculated. 
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GC-MS analysis 
Instrumental evaluation was performed at the Laboratory of Chromatography, Faculty 

of Agricultural Sciences, University of Chile. The method employed for the extraction and 
analysis of the samples was solid phase microextraction (SPME). Single flowers of 
chrysanthemum and oriental lily and inflorescences of freesia were enclosed in a 1-L glass 
jar with 200 mL extra-pure Milli-Q water (Merck Millipore, USA). For 30 min, the sample was 
kept hermetically enclosed in the jar in order to saturate the headspace with the floral scent. 
Afterwards, a fibre (57330-U, Supelco) was exposed to the headspace for another 30 min to 
collect the volatile compounds. The fibre was subsequently desorbed into the injector of a 
gas chromatograph (Agilent, HP 6890) set at 220°C. GC analysis continued for 39 min using 
the following thermal profile: 5 min at 40°C and then increasing temperature at a rate of 6°C 
min-1 until a final temperature of 170°C was reached. MS analysis was carried out with an 
Agilent MSD 800 in full-scan mode between 35.00 and 500.00 m/z. 

Peaks displayed in the chromatograms were analysed through Masslab Software and 
compared with the NIST Library (version 1.2) in order to identify each individual volatile 
organic compound (VOC) by matching the spectrum of the sample with the spectrum of the 
library. Relative area under the peak was registered in order to estimate the concentration of 
the detected VOCs. The compounds were semi-quantified by means of relative area with 
respect an internal standard of 4-methyl 2-pentanol. 

RESULTS AND DISCUSSION 

Sensorial analysis 
Sensorial analysis showed that freesia was the highest rated by the evaluators, 

reaching an average liking close to 7 (‘like moderately’). Oriental lily and chrysanthemum 
were below 6 (‘like slightly’) on average (Figure 2). 

 

Figure 2. Floral scent liking evaluated through sensorial analysis of oriental lily (Lilium 
‘Sweetness’), freesia (Freesia × hybrida ‘Oberon’) and a ‘semi-double’ 
chrysanthemum (Chrysanthemum sp.). 

Previous studies have reported similar values for segregating lines of Alstroemeria 
caryophyllaea that showed liking values ranging between 5.9 and 6.9 (Aros et al., 2015). 
Another study performed by Aros (2010) showed freesia with a liking value of 7.2, slightly 
higher than the result obtained in the present study (6.91). In the same study, peony and 
Alstroemeria ‘Sweet Laura’ reached values of 7.1 and 7.0, respectively. 

Sensorial analysis has been described as being affected by ethnic group (Distel et al., 
1999), sex (Larsson et al., 2004) and age (Fusari and Ballesteros, 2008); therefore, is not 
surprising to find differences in floral scent liking of the same species (i.e. freesia) between 
the present study and those performed previously (Aros, 2010; Aros et al., 2015). 
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GC-MS analysis 
Large numbers of VOCs were identified in oriental lily and chrysanthemum, showing 

17 and 16 VOCs, respectively (Figure 3), whereas freesia only showed six VOCs. The 
monoterpenes β-pinene, linalool and β-cis-ocimene were the major VOCs detected in the 
floral scent of oriental lily, freesia and chrysanthemum, respectively (Table 1). These 
compounds are characterized as being citric, floral, green aromas. Furthermore, the largest 
amount of VOC was observed in oriental lily, reaching relative values up to 1500 and 8000 
times those found in freesia and chrysanthemum, respectively (Table 1). 

 

Figure 3. Chromatogram obtained from GC-MS analysis assayed in Chrysanthemum sp. 

Table 1. Floral scent evaluation of oriental lily, freesia and chrysanthemum through GC-MS 
analysis. 

Flower GC-MS analysis Aromatic description of major VOCs No. of VOCs Major VOC Relative area 
Oriental lily 17 β-cis-Ocimene 15539.8 Herbaceous, spicy, green 
Freesia 6 Linalool 10.4 Citric, fruits, floral, sweet, lemon, 

lavender, rose 
Chrysanthemum 16 β-Pinene 2.0 Fresh, pungent, humid, green, sweet, 

pine, resin, rosin, wood 

Previous studies performed by Park et al. (2014) identified phenylacetaldehyde 
(35.2%), benzaldehyde (20.6%), camphor (4.7%), 2-phenylethyl alcohol (3.8%), bornyl 
acetate (1.7%) and benzyl alcohol (2.3%) as the major VOCs in chrysanthemum. In the 
present study, only camphor, at a lower concentration, was detected. Linalool was previously 
detected as the major VOC in freesia (Fu et al., 2007), confirming the result obtained in this 
study. In oriental lily, Oyama-Okubo et al. (2011) identified seven of the VOCs detected in the 
present study: benzaldehyde, benzyl alcohol, β-trans-ocimene, β-cis-ocimene, p-cresol, iso-
eugenol and α-farnesene. Another study performed in Lilium auratum (Morinaga et al., 2009) 
observed 10 VOCs, among which p-cresol, iso-eugenol, β-trans-ocimene and β-cis-ocimene 
coincided with those detected in this study. 

CONCLUSIONS 
Both sensorial analysis and GC-MS evaluation provide valuable information for the 

characterization of floral scent. While specific volatile compounds were identified through 
GC-MS, the sensorial analysis allowed an evaluation of the fragrance as a whole bouquet. 
Hence, sensorial analysis data could be seen as more subjective and well appreciated from 
the market (i.e., liking), and GC-MS evaluation provides more objective and quantitative 
information (i.e., identification and quantification of VOCs). 
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