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ABSTRACT 

In order to estimate the bitterness intensity of citrus products we applied an adaptative sensory evaluation method, using 
naringin as the reference for bitterness. Twenty-five untrained subjects participated in this study. Firstly they tasted and 
positioned 2 naringin references on an unstructured relative-to-reference scaling to define their own bitterness scales. 
They then evaluated the bitterness intensity of 2 types of bitter orange products (3 distillates and 2 cold-pressed essen- 
tial oils of bitter orange peels) according to their own perceptions on their own scales. We observed that 2 types of scale 
use could be distinguished that might be related to subjects’ sensitivity or/and consumption habits to bitterness. As a 
result, we observed a significant difference in bitterness intensity between the crude cold-pressed essential oil and the 
debittered one of bitter orange, whereas there was no significant difference between the 3 distillates. This approach 
makes it possible to take inter-individual differences in subjects’ sensitivity into account. It also provides a way to very 
simply rate bitterness intensity with subjects who have received no prior training in sensory evaluation. 
 
Keywords: Unstructured Relative-to-Reference Scaling; Untrained Subjects; Bitterness; Naringin; Bitter Orange  

Products 

1. Introduction 

Bitterness is one of the so called “basic-taste” qualities in 
food and beverages. Various types of scales have been 
used to evaluate the bitterness intensity: structured cate- 
gory scale from 1 to 5 [1-3] or from 1 to 10 (Pripp et al. 
2004) or a 15 cm line-scale anchored with “no percep- 
tion” and “very strong” [4-6]. Most studies implying bit- 
terness intensity assessment either require prior training 
or do not consider the training issue at all. However, un- 
trained subjects’ innate ability to rate bitterness should 
not be taken for granted [7]. 

In this study, we deliberately worked with a relatively 
small panel of untrained subjects in order to be in the 
same conditions as so-called “intern panels” that are fre- 
quently used in small-size private companies where only 
few people can participate in the taste tests and where 
there is usually not much time to train them. 

Frequently, chemical references are used to define bit- 
terness or to help subjects evaluating it. For instance, ca- 
ffeine (0.27 g·L–1 of caffeine for detection [8]; 0.8 g·L–1 
[9]) or quinine (0.5 g·L–1 of quinine hydrochloride [10] 
are probably the most frequently used references. Hase-
leu et al. [11] proposed a more comprehensive definition 
of bitterness with 3 different reference solutions: MgSO4 

(166 mmol·L–1) representing a short-lasting metallic bit-
ter taste quality, salicin (1.4 mmol·L–1) imparting a long- 
lasting bitter taste sensation, perceived mainly at the back 
of the tongue as well as in the throat, and caffeine (8.0 
mmol·L–1) providing a long-lasting bitterness perceived 
throughout the oral cavity. 

In citrus products, the origins of bitterness are specific 
flavonoids called flavanones (refreshing) and limonoids 
(unpleasant aftertaste [12]). Flavanones represent most of 
the citrus flavonoids [13], and naringin is one of the most 
abundant of them [14] found in the albedo of bitter or- 
ange peels [15]. For this reason, we decided to use nar- 
ingin as a reference to evaluate the bitterness intensity of 
the bitter orange essential oil (EO) and its distillate. The 
strong bitterness due to naringin can be detected at a di- 
lution of 1:50,000 [16]. Bitter orange peels contain about 
5 mg·g–1 of naringin (Sawalha et al. 2009). Soldo and 
Hofmann [17] reported that when diluted in water, nar- 
ingin was perceived as slightly bitter at 0.03 mmol·L–1, 
relatively bitter at 0.07 mmol·L–1 and very bitter at 0.25 
mmol·L–1. 

In the present study we used relative-to-reference scal- 
ing. Stoer and Lawless [18] argued that a great advantage 
of the relative-to-reference scaling is that it can be used 
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in studies with untrained subjects. Also, according to Lar-
son-Powers and Pangborn [19]: “Anchoring the descrip-
tion to a reference, and expressing results in terms of the 
positive and negative deviations from a reference, im-
proves both the precision and accuracy of the responses, 
compared to the unanchored descriptive method.” The 
number of references used for calibrating the scale differs 
widely from one study to another. Many authors used only 
one reference (i.e. at one concentration) [9,18,20] while 
others fully calibrate intensity scales using many concen-
trations (see for instance [21]. Here we chose 2 refer-
ences (low and high concentrations of naringin) in order 
to determine high and low levels of bitterness, which 
allow defining interval properties of the scale. We there-
fore let each subject calibrate his own visual analog lin- 
ear scale according to his personal perception of these 2 
references. 

In order to better characterize inter-individual differ- 
ences in terms of bitterness perception, we measured our 
subjects’ sensitivity to quinine which is commonly rec- 
ognized for its distinctive bitter taste. Moreover, since in- 
dividual bitter taste sensitivity may be related to the con- 
sumption of products like coffee or beer [22,23], a ques-
tionnaire about consumption habits of some bitter prod-
ucts was submitted to the subjects. 

Citrus products such as EO from citrus peelings or 
their distillates are often added to foods and beverages to 
enhance their citrus flavor [24,25]. These products how- 
ever also cause bitterness which may be perceived as an 
unpleasant taste. After extraction, essential oil can un- 
dergo various debittering treatments [26,27]. The under- 
lying motive of this study was to look at the efficiency of 
the debittering treatments applied to bitter orange EO and 
peel distillates on bitterness intensity. Our purpose was 
first to observe how each untrained subject positioned the 
references prepared with 2 matrices (oil and water) on 
the linear scale according to his/her own sensations. Se- 
condly, we observed how untrained subjects used their 
own scales to evaluate the bitterness intensity of citrus 
products. Finally, we discussed the practical sensory con- 
ditions and suggest some means of improving them. 

2. Materials and Methods 

2.1. Chemicals 

Naringin (≥90%) was purchased from Sigma-Aldrich, Co. 
(St Louis, MO, USA). Quinine was obtained from Ex- 
trasynthese (Genay, France). Bottled water (Evian, low 
mineralization: 405 mg·L–1, pH 5.2) and commercial 
sun- flower oil were bought from a local grocery store. 

2.2. References for Bitterness Scalings 

Two naringin concentrations, established from the Soldo 

and Hofmann study [17], were chosen from preliminary 
testing so that their perceived bitterness would frame those 
of EO and distillate samples. Two references were thus 
prepared at slightly bitter (0.38 g·L–1) and very bitter 
(6.12 g·L–1) concentrations. Reference solutions for the 
sensory analysis of EO and distillate samples were thus 
prepared with sunflower oil and Evian bottled-water, res- 
pectively. References were coded with letters. 

2.3. Essential Oil and Distillate Samples 

Cold-pressed EO from Citrus aurantium L. from the 
West Indies was produced in May 2009. The debittering 
treatment was conducted in January 2010. Two samples 
of EO were studied before and after the debittering treat- 
ment: crude EO (cEO) and treated EO (tEO). 

Bitter orange peel distillates were from a private food 
company and produced in December 2009. Three sam- 
ples of distillate obtained with various treatments were 
studied. They were produced with different peeling per- 
centage and maceration steps before distillation: 
 Control distillate: 100% of peeling efficiency (with- 

out albedo) with maceration step (control CD); 
 Distillate 1: 90% of peeling with maceration step 

(D1); 
 Distillate 2: 90% of peeling without maceration step 

(D2). 
The EO (crude and treated) tastes were judged too 

strong to be tasted on the tongue. Therefore, for sensory 
analysis we decided to prepare them with a 1:4 dilution 
by adding sunflower oil. 

For the preparation of the 3 distillate samples, we wan- 
ted to reach a degree of alcohol that did not anesthetize 
the tongue nor mask the basic tastes. As a matter of fact, 
it is well-known that ethanol increases bitterness [28]. 
We decided to work with diluted distillates at 15% vol of 
ethanol [29,30] with bottled water for the sensory analy-
sis. The degree of alcohol was checked using a densi- 
meter (Anton Paar DM35N). All the samples were coded 
with three-digit numbers and were kept at a cool tem-
perature (4˚C). 

2.4. Sensory Evaluation 

Participants. Twenty-five subjects (from 22 to 60 years 
of age) were recruited for being motivated and available 
to participate in a three-session sensory analysis (Table 
1). 

Fourteen subjects were from AgroParisTech (subjects 
J1 to J14) and eleven subjects were plant workers from a 
private food company (subjects J15 to J25). Warnings about 
EO and terpene (e.g. limonene) allergies were given before 
starting the study. 

After all sensory sessions had been completed, a ques- 
tionnaire relating to bitter food consumption habits was  
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Table 1. Summary of participants. 

Group of the  
panel (number  

of subjects) 
Age (mean) Sex Smokers 

Consumers 
of bitter 

products* 

A: AgroParisTech 
(14) 

22 - 55  
(31.5) 

11 women, 
3 men 

2 12 

B: Food company  
(11) 

32 - 60  
(49.2) 

4 women,  
7 men 

4 10 

Total (25) 
22 - 60 
(39.3) 

15 women, 
10 men 

6 22 

*Regular consumption of 5 or more bitter products (coffee, citrus, endive, 
cabbage, asparagus, celery, mint, citrus drink (tonic), orange liqueur, tea, 
beer). 
 
submitted to the participants. Additional questions regarding 
their smoker status and any current medical treatments were 
also asked. 

Detection threshold test. The detection threshold ses- 
sions were conducted over 2 days in the same week. De- 
tection thresholds were measured for quinine using the 
ascending series, 2-AFC method [31]. Beginning with 
the lowest concentration, subjects received serial dilu- 
tions of quinine beginning at 400 µM [32] in bottled wa- 
ter (Evian) and progressing in 10 steps of successive de- 
creasing dilutions (dilution factor 2) and a bottled water 
control. Subjects were thus presented with successive 
pairs of samples in coded plastic cups and their task was 
to indicate which cup tasted stronger. If the subject was 
incorrect at one concentration level, the next pair of sam- 
ples (higher concentration level) was presented. The thres- 
hold was defined as the lowest quinine concentration co- 
rrectly chosen versus water among 4 consecutive correct 
trials [33]. All threshold measurement sessions were car-
ried out the same day for a given group. 

Product bitterness evaluation. Four days of evalua- 
tion sessions were organized over a two-week period on 
Thursdays and Fridays between 9 am and 12 am. While 
tasting conditions differed slightly between the Agro- 
ParisTech group and the plant group, all sessions took 
place in a quiet room at warm temperature (~20˚C). Sub- 
jects evaluated the distillate samples during the first day 
(Day 1) and EO samples during the second day (Day 2). 

References and samples were placed at room tem- pe-
rature 1h before the session start. Twenty millilitres of 
each distillate sample and corresponding reference were 
poured into clear plastic cups (30 mL graduated cup, 47 
mm in diameter and 31 mm in height with airtight lid). 
The same operation was carried out with 15 mL of each 
EO sample and corresponding reference. Each subject 
was thus given a tray with the 2 references (low and high 
concentrations) and 3 distillate samples or 2 EO samples 
depending on the session. Subjects were also given a rat- 
ing form (Figure 1) and oral instructions on how to pro-
ceed. This was repeated 3 times in a row for each subject. 

First of all, the 2 coded references were tasted accord-  

SENSORY EVALUATION FORM FOR BITTERNESS INTENSITY OF BITTER 
ORANGE DISTILLATE AND ESSENTIAL OIL 
Name: 
 
On a tray, two cups are presented on the left-hand side and three (or two) others are on their right-hand side: 
- Blend the sample before taking 0.5 ml with the pipette. 
- Drop off the sample on your tongue.  
- Taste by spreading it over the entire surface of the tongue without swallowing. Wait 5 seconds and indicate 
the bitterness intensity by placing the sample code a vertical line. 
- Spit the sample in a goblet and drink water. 
- Rinse the pipette in a water (or oil) cup, and carry out the same tasting procedure for the next sample. 

 
 

 
 
 
Following the same procedure, taste and place the three (two) others samples on the vertical line (even beyond 
the two limits just defined by the two previous samples) according to their bitterness intensity. Rinse your 
mouth well between tested samples. 

Slightly bitter Very bitter

 

Figure 1. Sensory evaluation form. 
 
ing to a sip-and-spit protocol [34-36]. Subjects took 0.5 
mL from the cup with a plastic pipette (7 mL graduated 
Pasteur pipette up to 3 mL, purchased from VWR Inter- 
national). They held the sample on their tongue for 5 
seconds before estimating the bitterness intensity on a 16 
cm line scale. Indeed, preliminary tests indicated that 5 
seconds were necessary to perceive the delayed bitterness 
taste. Subjects were asked to rinse their mouth with water 
(Evian) and to wait between samples until they felt they 
had recovered a neutral taste sensation on their tongue 
[36-38]. They had to position the references when start- 
ing each repetition. Once the references had been evalu- 
ated and rated, EO or distillate samples were evaluated in 
the same way on the same linear scale. Subjects also had 
to rinse the pipette between each sample with the same 
solvent used for the sample dilutions: either sunflower oil 
or bottled water for the EO and distillate samples, re- 
spectively. After the test was completed, the experimen- 
ter measured the bitterness ratings for the references and 
for the samples, and recorded them on an Excel spread-
sheet for subsequent data analysis. 

Evaluation conditions. All tests took place in either 
AgroParisTech facilities or the food company, in a silent 
room with natural light at room temperature (mid-March). 
A maximum of five subjects performed the evaluation at 
the same time to keep a silent atmosphere. They were 
placed in an isolated spot with no possibility of commu- 
nicating with other subjects. The first tray was given with 
2 references on their left-hand side and samples in ran- 
dom order on their right-hand side. Glasses of water and/ 
or sunflower oil, napkins and pipettes were also provided. 
First, subjects had to read the form and then, 2 minutes 
later, we checked that everything was well understood 
before starting the analysis. During the session subjects 
could ask for more water, sunflower oil, napkins or pi-
pettes. Subjects took about 30 minutes to complete the 3 
repetitions in a row. After the EO sample evaluation (Day 
2), the questionnaire was submitted to the subjects. 

2.5. Data Analysis 

The bitterness of each sample was evaluated by the sub- 
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jects relative to the perceived intensity of the reference 
solutions. For every subject, the distance between refer- 
ences (reference inferior (refinf)—reference superior (ref 
sup)) was arbitrarily given a value of 10 units (Figure 2). 
Bitterness ratings were thus converted for each subject 
according to his/her own reference scale. Absolute rat- 
ings for references were also considered for analyzing 
the use of the scale.  

erences for each individual over 3 repetitions, we ob- 
served that most of the subjects are very well repeatable 
and positioned the refinf close to the “slightly bitter” an- 
chor (mean of 1.4 cm). Regarding the [refinf – refsup] dis- 
tance, 2 groups of subjects can however be distinguished: 
one group of 18 subjects (group 1) who placed an impor- 
tant distance between the 2 references (mean [refinf – refsup] 
= 11.1 cm in water and 7.2 cm in oil) and a second group 
of 7 subjects (group 2) who placed a small distance be- 
tween references (mean [refinf – refsup] = 3.9 cm in water 
and 2.2 cm in oil). We hypothesized that these 2 different 
uses of the scale is related to subjects’ sensitivity to bit- 
terness. In order to test this, we compared subjects’ de- 
tection thresholds to quinine for these 2 groups. Group 1 
indeed has a slightly more sensitivity to quinine than 
group 2. This difference is however not significant (tdf = 24 
= 1.087, p = 0.144). It could also be noted that the 
threshold values are widely dispersed (from 10–4 g·L–1 to 
10–1 g·L–1) irrespective of the group of subjects. It is thus 
difficult to conclude on a possible effect of the sensitivity 
to quinine on the scaling use, especially with such a small 
sample size. 

A Student’s t test was performed to determine the sig- 
nificance of differences of detection thresholds between 
2 groups of subjects and of bitterness taste between the 2 
EO (cEO and tEO). Chi2 tests were also performed to 
determine the significance of differences among sub- 
jects’ consumption. The difference in bitterness intensity 
between the 3 distillates (CD, D1 and D2) was tested by 
Analysis of variance (ANOVA). The level of signify- 
cance was chosen as p < 0.05. All analyses were per- 
formed with XLSTAT (Addinsoft XLSTAT v 2010.5.01). 

3. Results and Discussion 

3.1. Use of Intensity Scales with Untrained 
Subjects 

Moreover we examined the bitter product consumption 
habits of these subjects, as recorded with our question- 
naire. This shows that group 1 was characterized by higher 
consumption of beer, asparagus and orange liqueur, 
whereas group 2 had a tendency to consume more grape-
fruit and tea (Figure 3). 

Inter-individual differences in bitter perception were cited 
in the literature [39-42]. It is for this reason that we chose 
to evaluate the feasibility of estimating the bitterness in- 
tensity of citrus products with subjects who were not spe- 
cifically selected nor trained to evaluate this characteristic. 

When analyzing the positioning of the bitterness ref-  
 

Slightly bitter Very bitter 

Reference 
inferior 

Reference 
superior Sample 

10 units 

Sample-refinf 

(Sample-refinf) *10

(refinf-refsup) 
Bitterness intensity = 

 

Figure 2. Calculation of the distance of bitterness intensity according to references positions placed by each subject. 
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Figure 3. Frequencies of the bitter products consumption for the group 1 (dark) and the group 2 (light).  
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But again, Chi2 tests indicate that none of the differ- 

ences of consumption between the 2 groups were sig- 
nificant. These observations about the detection thresh- 
olds and the consumption habits were to be expected 
given the small number of participants and the size of 
these 2 groups. 

3.2. Nature of the Testing Matrix: Oil or Water 

We observe that the subjects positioned the references in 
the same way regardless of the nature of the matrix (i.e. 
oil or water) over the 3 repetitions. However 4 subjects 
(J2, J10, J22 and J25) placed apart the 2 references in 
water (mean [refinf – refsup] = 11.9 cm) while they posi- 
tioned the 2 references in oil very close together (mean 
[refinf – refsup] = 1.9 cm). We may hypothesize that these 
subjects perceive the bitterness difference less clearly in 
an oily matrix than in aqueous solution. This observation 
agrees with Thurgood and Martini [43] who found that  

the bitterness was perceived with a lower intensity in a 
lipid phase than in an aqueous solution. 

Another option would have been to change the oily 
matrices used for testing the EO and references. For ex- 
ample, using an emulsion instead of plain oil could have 
been more appropriate. However, any modification in the 
structure of the matrix (e.g. the droplet size of the emul- 
sion [38,43]) or in the nature of the lipids [37] could also 
influence taste perception. 

3.3. Position of Samples According the 
References 

It is interesting to analyze how the subjects positioned 
the sample depending on the way they initially posi- 
tioned the references. Hence, for each of the 2 groups we 
studied where the EO and distillate samples were posi- 
tioned relatively to inter-reference distances (Figures 4 
and 5). 
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Figure 4. Use of the relative-to-reference scale with EO samples for the group 1(a) and group 2(b). 
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(a) 

 

refsup 

Refinf 

 
(b) 

Figure 5. Use of the relative-to-reference scale with distillate samples for the group 1(a) and group 2(b). 
 

In general we noticed that the distillate samples are 
more frequently positioned between the 2 references than 
the EO samples in the 3 repetitions. 

For group 1, most subjects positioned the samples ei- 
ther between the 2 references or very close to the refer- 
ences. This is notably the case for the distillate samples 
(Figure 5(a)), which means that the references frame the 
subjects’ representations of the bitterness range well. How- 
ever we note that 2 subjects (J22 for the EO samples and 
J17 for the distillate samples) perceived the sample bit-
terness as much stronger than that of the bitterest refe- 
rence (Figures 4(a) and 5(a)). On the opposite for group 
2, the subjects tended to position at least one of the sam-
ples beyond (bitterer than) the references (Figures 4(b) 
and 5(b)) with the exception of J15 who always posi-
tioned the samples between the 2 references. 

These observations indicate that our choices of con- 
centrations for references in the aqueous matrix was per- 
tinent, while is seemed to be less adequate for the refer- 
ences in the oily matrix. This difficulty may be related to 
the issues of measuring taste perception in oily matrices 

as discussed above. 

3.4. Practical Sensory Considerations 

According to subjects’ feedback, positioning of bitter refe- 
rences was in itself easy. Overall, subjects found disti- 
llate samples pleasant to evaluate because of the orange 
flavor. It is noteworthy that several subjects reported a 
sweet sensation associated to the orange flavor, in spite 
of the fact that those samples contained no sweetening 
substances. 

The only practical problem we faced was that many 
subjects reported that after tasting oily samples, the mouth 
cleansing was difficult and the tongue sensations took 
longer to be recovered than after tasting aqueous samples. 
The cleansing efficiency could have been improved by 
providing subjects with a different mouth-cleanser. 

Moreover, as required in our evaluation instructions, 
the subjects kept the samples in their mouth for at least 5 
seconds before evaluation. As we had experienced during 
the pretests, the subjects confirmed that bitterness per- 
ception came later on the tongue, especially with the EO 
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samples. This delayed bitterness might be linked either to 
a matrix effect or to limonin that is well-known to have 
strong and delayed bitterness [44-48]. HPLC analyses 
(data not shown) indeed revealed that limonin was pre- 
sent in both the EO samples (around cEO = 32 mg·mL–1 
and tEO = 28 mg·mL–1). Unexpectedly, naringin was not 
detected by these analyses, which may eventually draw 
into question our choice to use naringin as a reference. 
What is more, other non-identified compounds could also 
contribute to the bitterness perception. Subsequent che- 
mical analyses would be required to elucidate this point. 

3.5. Differences of Bitterness Intensity 

With a Student’s test, we noticed a significant difference 
in bitterness between the 2 EO (tdf = 24 = 1.882; p = 0.036). 
The debittering treatment is thus efficient for decreasing 
the bitterness of bitter orange essential oil. However, 
regarding the ANOVA analyses, there were no signify- 
cant differences between the 3 distillates in terms of bit- 
terness intensity, even with the most sensitive group (group 
1). The initial treatment of the orange peelings (peeling per-
centage, maceration) thus has either no effect or a minor 
effect that is leveled by distillation. 

4. Conclusion 

The relative-to-reference rating method allowed us to 
estimate differences of bitterness intensity between citrus 
products with untrained subjects. With appropriate sam- 
ple preparation, the bitterness intensity of oily and hy- 
dro-alcoholic samples can be easily evaluated. Subjects’ 
uses of the scale seemed to be related to their sensitivity 
to quinine, even though our data do not allow us to firmly 
conclude on this point. In both solvents (oil and water), 
naringin reference concentrations are easily evaluated and 
appeared to be close to the panel’s representation of bit-
terness intensity. Naringin appeared to be a good a priori 
choice of a bitter reference, but further knowledge on 
specific bitter compounds, such as limonin, that was pre-
sent in the evaluated products, merit study. Regarding 
repeatability, untrained subjects give good and reliable 
bitterness perceived. This choice of methodology seems 
to be relevant for the evaluation of bitterness of citrus 
products, and it could be qualified by chemical composi-
tion analysis. This work can help in targeting efficient 
treatments and processes, which contribute to decreasing 
the bitterness of citrus products. 
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