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A B S T R A C T   

The thresholds and behavior of bitterness perception over time were studied for quinoa saponins. The detection 
threshold was calculated in two ways using R-index values: linear equation (as previously used) and regression 
analysis (proposed hereby). Panelists were grouped depending on their bitterness sensitivity, and differences 
were found among dynamic panelist perceptions. At the threshold level, the sensation dynamic was lower than 
the caffeine threshold. By HPLC analysis, we identified three main types of saponins (A, B, and C), which 
positively correlated with the stimulus concentration. The saponin fractions were more related to the time- 
intensity parameters than the total saponins. Pearson’s correlations showed that maximum intensity, total 
duration, area under the curve, and rising slope were best correlated with A, B, and C saponins. Interestingly, 
bitterness was perceived before chemical differentiation. It is important to study the saponin bitterness thresh-
olds and perception, as they directly influence consumer choices and must be addressed before being used in 
quinoa products in the food industry.   

1. Introduction 

Quinoa is considered one of the oldest crops in the Andean region 
(Nowak et al., 2016). The grain is its most widely consumed part and it 
represents an excellent source of macronutrients with good quality 
protein (13%–15%) with a high content of essential amino acids. 
However, it also contains considerable amounts of bitter saponin 
(Ruales and Nair, 1993). 

Saponins are a complex mixture of triterpene glycosides that consist 
of a linear arrangement of one to six hexose or pentose glycoside units 
joined to the saponin aglycone (Kuljanabhagavad et al., 2008). Muir 
et al. (2002) identified three types of saponin in quinoa seeds and bran, 
namely A, B, and C, as well as sapogenins, using chromatographic 
techniques (HPLC). According to its content, quinoa is classified into 
sweet (0.02%–0.04%) or bitter (0.47%–1.13%) varieties, the latter 
being an undesirable trait that negatively affects consumption (Koziol, 

1991; Mastebroek et al., 2000). 
Bitterness perception varies between individuals and may be partly 

explained by physiological differences or cognitive processing of the 
taste signals in the brain as well as environmental factors (Dsamou et al., 
2012). Individual perception and taste sensitivity are challenging to 
measure with various methods, e.g., detection and recognition 
threshold, suprathreshold intensity, among others (Puputti et al., 2018). 
Dsamou et al. (2012) determined the detection threshold for caffeine 
and assessors were classified into hypo and hypersensitive. Puputti et al. 
(2018) also classified panelists according to their sensitivity. Hoehl et al. 
(2013) studied changes in subjects’ perceptions of sweet and bitter tastes 
in trained and untrained panels through matching tests, intensity scale, 
and threshold measurement. Other authors who evaluated the bitterness 
in food matrices, such as Nieto et al. (1991), established that saponin 
bitter taste from the cooking liquid of quinoa was accepted up to 
0.058%. Aldin et al. (2006) determined the bitter recognition threshold 
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for soy flake extracts, protein isolate, and soy germ in two contexts 
(water and milk) and concluded that the bitter threshold was much 
higher in milk extracts. 

The objectives of this study were 1) to determine the detection, 
identification, and differentiation thresholds for bitterness of quinoa 
saponin extracts; 2) to research the differences in bitterness perception 
among individuals; 3) to study the dynamics of bitterness perception 
over time; and 4) to relate the saponin types identified by HPLC with the 
bitterness perception. 

2. Materials and methods 

2.1. Plant material and saponin extraction 

Quinoa grains (SICA 17 variety, harvested in 2018), were obtained 
from Cooperativa Apícola, Agrícola y Ganadera del Valle Calchaquí Norte 
(Salta, Argentina). Saponin extraction was performed according to the 
method described by Monje and Raffaillac (2006), with some modifi-
cations. Quinoa grains were scarified, and the saponins were extracted 
with 30 mL/100 mL ethanol solution for 1 h at 25 �C and then vacuum 
filtered and concentrated in a rotary evaporator. A portion of the extract 
was spray-dried (Buchi Spray-Dryer model-B290 Miny; Buchi Labor-
technik AG, Switzerland). 

2.2. Quantitative analysis 

Internal standard: The standard was obtained from spray-dried sa-
ponins purification technique was applied by partitioning with an 
organic solvent (n-butanol) and recrystallizing with methanol. A known 
amount of spray-dried saponin was washed with petroleum ether three 
times for defatting. The solvent was evaporated (60 �C) using a vacuum 
and the residue was dissolved in 100 mL of water. 

For saponins purification, n-butanol was placed in the solution (4:1 
ratio), with constant stirring (25 min). The process was performed four 
times. The n-butanol is selective in its ability to recover quinoa saponins 
from the aqueous extract (Muir et al., 2002). Subsequently, both phases 
(butanol and aqueous) were concentrated in a rotatory evaporator and 
hot methanol was used to recrystallize the saponins. 

Calibration curve: This curve was constructed from the saponin C 
standard from the aqueous fraction. Five dilutions were prepared and 
analyzed by HPLC, per duplicate. The curve was prepared by plotting 
the peak area ratios of the standard against the concentration ratios (mg 
saponins/mL) using linear regression. 

It was assumed that the saponin C standard has the same response 
factor as saponins A and B. Therefore, the concentrations of the other 
compounds were calculated from the factor obtained for saponin C (y ¼
3262446.4808x þ 1091043.3256, r2 ¼ 0.9899). 

High-Performance Liquid Chromatography (HPLC): HPLC analysis was 
performed on a Shimadzu UHPLC (Japan), consisting of a binary pump 
system, an autosampler, and a PDA detector (UV–Vis detector). The 
temperature of the column was set at 40 �C. Chromatography was per-
formed by sample injection (20 μL) on an analytical Zorbax Eclipse C-18 
column (250 � 4.6 mm, 5 μm, Agilent, Waldbronn, Germany), at a total 
flow of 0.8 mL/min and the following water gradient (0.05% TFA) as 
solvent A and acetonitrile (0.05% TFA) as solvent B: 0 min, 5% B; 20 
min, 95% B; 25 min, 5% B. The detection was done at 210 nm. 

2.3. Panel training 

Voluntary assessors were selected according to their bitter taste 
sensitivity (PROP test 0.032 M, excluding condition) and their willing-
ness to participate. During the training phase (10 sessions, 2 h per ses-
sion) (ISO, 1991) the panelists performed the following activities: 1) 
basic taste identification with saccharose (6.0 g/100 mL), caffeine 
(0.008 g/100 mL), tartaric acid (0.06 g/100 mL), and sodium chloride 
(0.1 g/100 mL) solutions; 2) a triangle test with quinoa saponin extracts 

(0.05 g/100 mL, 0.08 g/100 mL, 0.15 g/100 mL, 0.20 g/100 mL, and 
0.30 g/100 mL), and tartaric acid (0.06 g/100 mL); 3) familiarization 
with the limit test for quinoa saponin extracts (0.05 g/100 mL, 0.08 
g/100 mL, 0.15 g/100 mL, 0.20 g/100 mL and 0.30 g/100 mL). For the 
time-intensity method, they performed an ordering test, practiced using 
the software, and made two training curves (2 sessions, 2 h per session). 

For the following three experiments, the samples were prepared the 
day before the test and refrigerated (4 � 1 �C) in glass flasks. The ex-
tracts (15 mL) were served in plastic containers at room temperature and 
coded with three-digit random numbers. A 10-min break was given 
between tests. Mineral water and unsalted crackers were provided. 

2.4. Experiment 1: detection, identification, and differentiation thresholds 

2.4.1. Samples 
Dilutions in distilled water were obtained from the saponin extract: 

0.05, 0.08, 0.15, 0.20, and 0.30 mL/100 mL. Another set of dilutions was 
prepared from the spray-dried saponins: 0.001, 0.002, 0.003, 0.004, 
0.01, and 0.015 g/100 mL. Caffeine was used as a reference standard at 
the recognition threshold level (0.03 g/100 mL) (Robinson et al., 2005). 

2.4.2. ISO 3972:1991 and ASTM (limit test) methods 
Fourteen trained assessors (12 females, 2 males, 21–32 years old) 

carried out the limit test. Detection, identification, and differentiation 
thresholds were established. Ascending series of the dilutions were 
presented monadically, starting with a water sample. 

Following the ISO (1991) norm, the evaluators recorded the absence, 
presence, and/or difference of the perceived stimulus in a spreadsheet, 
as follows: zero (0) when the sensation was not perceived, X when the 
sensation was perceived, and XX, XXX, and so on, when a difference in 
the intensity was detected. Additionally, they recorded if they identified 
the stimulus. Regarding the ASTM (1968) method, if the stimulus was 
noted, the assessors assigned a value of 1; otherwise, they assigned 0. 
The tests were performed in duplicate. 

2.5. Experiment 2: detection threshold by untrained assessors 

2.5.1. Samples 
The concentrations 0.02, 0.05, and 0.08 mL/100 mL (liquid extract) 

and 0.004, 0.01, and 0.015 g/100 mL (spray-dried extract) were selected 
as signals considering the detection and identification threshold ranges 
obtained in experiment 1. Water was used as noise. 

2.5.2. R-index method 
The panel consisted of 66 people (liquid extract: 32, 23 females, 9 

males; 19–36 years old) (spray-dried: 34, 25 females, 9 males; 18–38 
years old). For the selection, they tasted the maximum concentration of 
the signal (0.08 mL/100 mL for the liquid extract and 0.015 g/100 mL 
for the spray-dried extract) and the noise (water), and indicated whether 
they perceived any difference (excluding condition). Each panelist 
received four samples, three signals, and one noise, monadically. They 
were asked if the sample was signal sure (S), signal unsure (S?), noise 
sure (N), or noise unsure (N?) (O’mahony, 1992). The test was per-
formed in quintuplicate. The individual R-index values were computed. 
Then, the detection thresholds for each panelist were calculated in two 
ways: one using a linear equation, where a line was constructed between 
the two measurements directly above and below 0.75 (Robinson et al., 
2005); the other one applying regression analysis, where we considered 
all the measurements, searching for the best trend line when the R-index 
reached 0.75. 

2.6. Experiment 3: temporal behavior of bitterness at the threshold and 
suprathreshold values 

2.6.1. Samples 
Three dilutions of 0.06, 0.21, and 0.36 mL/100 mL of the liquid 
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extract and three dilutions of 0.002, 0.009, and 0.016 g/100 mL of the 
spray-dried extract were prepared. The lowest concentration and the 
increased value were calculated in experiment 1 for the identification 
and differentiation thresholds (ASTM method), respectively. A control 
was prepared (caffeine 0.03 g/100 mL). The tests were performed in 
quintuplicate. 

2.6.2. Time-intensity (TI) method 
The sensory panel consisted of six women (27–40 years old). Each 

assessor received the three samples corresponding to saponin extract 
(liquid or atomized) together with the control. They graphed time- 
intensity curves for each sample, on a scale from 0 (the left side) cor-
responding to “non-perception” to 100 (the right side) corresponding to 
the highest intensity perceived. After 10 s, a sound signaled them to 
expectorate the sample and continue recording up to the end of the 
sensation. Data were collected every 0.25 s. 

The following parameters were recorded (Lawless and Heymann, 
1998): maximum intensity (Imax), time to reach maximum intensity 
(TImax), time to reach half the maximum intensity perceived (T50max), 
total duration (Tdur), area under the curve (AUC), rising slope (RS), and 
declining slope (DS). Experiments were done in quintuplicate, yielding a 
total of 240 curves (4samples � 6panelists � 5replicates � 2extracts); 
then the best three curves of each panelist were selected for each con-
centration, and finally, average curves were calculated. 

2.7. Ethical approval 

For the sensory analysis, all participants signed an Informed Consent 
Form. This study was approved for the use of human subjects by the 
Bioethics Commission of Facultad de Ciencias de la Salud, UNSa (Res. 
795–19). 

2.8. Statistical analysis 

Following the ISO (1991) norm, data were individually analyzed by 
frequency studies. Based on the ASTM (1968) method, the proportion of 
each stimulus was identified. A diagram was plotted to show proportions 
on the y-axis and the stimulus values on the x-axis, and a curve was fitted 
through non-linear regression analysis. The identification and differen-
tiation thresholds (x-value) were calculated when the “y value” was 0.50 
and 0.75, respectively. 

A Cluster Analysis was conducted to identify untrained panelist 
groups according to the R-Index and detection threshold values, where 
the Euclidean distance and Ward’s method were used. 

A Principal Component Analysis (PCA) was conducted to correlate 
time-intensity variables and saponin and caffeine concentrations. 
Another PCA was performed between time-intensity variables, saponin 
types, and concentrations. A correlation matrix was used and the min-
imum eigenvalue was set at 1. Moreover, Pearson’s correlation co-
efficients were calculated between time-intensity parameters and 
saponin fractions. 

Students’t-tests were performed for R-index and for detection 
thresholds between the two calculations. ANOVA analyses were done for 
R-index, detection thresholds, and TI variables among assessors and 
concentrations. The panelists � type of extracts interaction was 
considered. 

Multiple means comparisons were carried out by the Tukey test (P <
0.05). The analyses were conducted using Infostat v. 2016p, Universidad 
Nacional de C�ordoba (C�ordoba, Argentina). 

3. Results and discussion 

In the present study, three main saponins were identified by HPLC; 
saponins A, B, and C, with retention times of 9.3, 10.6, and 12.9 min, 
respectively (data not shown). This is consistent with the results found 
by Ruales and Nair (1993), who identified saponins A and B in quinoa 

seeds with similar retention times. Saponin C, with hederagenin as 
aglycone (Dini et al., 2001b), was found in greater quantity, followed by 
saponin A and finally saponin B (data not shown). Saponins A and B 
share phytolaccagenic acid (PA) as aglycone (Dini et al., 2001a, 2001b). 
Medina-Meza et al. (2016) identified the same aglycones in addition to 
oleanolic acid and serjanic acid in 28 quinoa varieties, with the PA 
showing the greatest quantity. These authors also found a positive 
relationship between total saponin and PA content. 

Saponins in food, traditionally considered anti-nutritional factors, 
are nowadays considered to be bioactive and to have interesting nutri-
tional characteristics as a result of their hypocholesterolemic, analgesic, 
and antioxidant activities (Güçlü-Üstünda�g and Mazza, 2007). However, 
sensory acceptance is the most critical factor in ensuring the consump-
tion of quinoa and its successful use in food products. In this context, 
developing processes (washing, pearling, and biotechnological treat-
ments) to decrease or modify the bitterness of quinoa may enhance 
palatability (Su�arez-Estrella et al., 2018). Therefore, we consider it 
important to determine the bitterness thresholds of saponins. 

3.1. Experiment 1: detection, identification, and differentiation thresholds 

Tables 1 and 2 show the thresholds and the contents of A, B, and C 
saponins for each concentration by HPLC, respectively. 

Regarding the liquid extract, the saponin content increased with the 
increasing amount of extract (Table 2). These modifications in the 
chemical concentration produced variations in the thresholds. The 
detection threshold value was 0.05 mL/100 mL (n ¼ 3, five times) 
(Table 1) corresponding to the lowest concentration of saponins 
(Table 2). Most panelists (n ¼ 10) identified the stimulus at 0.08 mL/ 
100 mL, 19 times (Table 1); when the panelists identified the bitter 
stimulus, an increase in the concentration of saponins A and B was 
observed (Table 2). These results are consistent with those of Keast and 
Breslin (2003), who reported that as the concentration of the chemical 
increases, a detection threshold is, and that, as this concentration in-
creases further, the recognition threshold is reached. Moreover, most 
panelists (n ¼ 10) detected an increase in the intensity of bitter taste in a 
0.08–0.15 mL/100 mL range (Table 1), along with an increase in the 
three types of saponins (Table 2). 

Conversely, the maximum concentration of the spray-dried samples 
(0.15 g/100 mL) showed a high content of saponins A, B, and C (P <
0.0001) (Table 2) and, interestingly, bitterness was perceived before the 
chemical differentiation. Four panelists established a detection 
threshold of 0.001 g/100 mL, eight times (Table 1). Nevertheless, the 
stimulus was identified and differentiated between 0.004 and 0.01 g/ 
100 mL most of the times (Table 1). These results are within the 
0.006–0.007 g/100 mL range reported by Hoehl et al. (2013) for 
caffeine, where the control and trained groups recognized the bitter 
taste between 0.011 and 0.014 g/100 mL and 0.009–0.011 g/100 mL, 
respectively. Moreover, Heng et al. (2006) calculated the bitterness 
detection threshold (0.002 g/L) of pea saponin extracts using a 150 mm 
line scale. Although two of our assessors detected the bitter taste at this 
value (spray-dried extract) (Table 1), the result is debatable because the 
150 mm line is not a threshold method. 

It is known that thresholds are not fixed values and that they vary 
from person to person, even in multiple measurements of a single indi-
vidual. Practice effects can be profound, and the threshold may stabilize 
over time. We also observed a decrease in the individual threshold 
values over time, which may be explained by panelist training and fa-
miliarity with the test (Lawless and Heymann, 1998). This training hy-
pothesis was also verified by Hoehl et al. (2013), with the trained 
subjects showing improved individual performance and sensory acuity. 

According to the ASTM (1968), the experimental data were fitted to a 
logarithmic equation (Eq. (1)) (R2 ¼ 0.912). The identification threshold 
for the saponin liquid extract was 0.057 mL/100 mL, and the differen-
tiation threshold was 0.153 mL/100 mL. It should be noted that the 
identification threshold obtained is similar to the maximum acceptance 
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level (0.058%) reported Nieto et al. (1991) for quinoa saponins in the 
cooking liquid. Besides, the recognition threshold found was within the 
range reported by Robinson et al. (2005) (0.0030–0.0959 g/100 mL) for 
caffeine, denoting generally similar orders for bitter substances. Finally, 
for the spray-dried extract, the experimental data were fitted to a 

logarithmic equation (Eq. (2)) (R2 ¼ 0.745). The identification threshold 
was 0.0017 g/100 mL and the differentiation threshold was 0.007 
g/100 mL. 

y¼ 0:2527lnðxÞ þ 1:2231 (1)  

y¼ 0:1707lnðxÞ þ 1:5879 (2) 

The detection and recognition thresholds are traditional methods 
used to define taste sensitivity (Webb et al., 2015). The ISO norm de-
termines individual threshold values that cannot be averaged, while the 
ASTM 434 method allows calculation of a single value. Nevertheless, 
Lawless and Heymann (1998) argue that both methods are questionable 
because of the variability of one and the arbitrariness of the other, 
claiming that identification occurs 50% of the time. In general, both 
methods (individual and collective) allowed the calculation of similar 
values. 

3.2. Experiment 2: the R-index method 

The sensitivity to bitterness was analyzed with untrained subjects 
considering that when the R-index was greater than 0.75, the panelists 
discriminated better (O’mahony, 1992). 

3.2.1. Detection thresholds calculated according to a linear equation 
The R-index mean values were higher for liquid (0.77 � 0.18) than 

for spray-dried (0.67 � 0.19) extracts [t(136) ¼ 2.99, P < 0.01]. The R- 
index values of the liquid extract were higher for the concentrations 0.05 
and 0.08 mL/100 mL (0.82 � 0.04 and 0.87 � 0.04, respectively) than 
for 0.02 mL/100 mL [F(2,57) ¼ 15.20, P < 0.001], while the R-index 
values of the spray-dried extract were similar [F(2,75) ¼ 1.43] between 
the samples; moreover, all values were lower than 0.75. In other words, 
the panel could discriminate better when the stimulus was given in a 
liquid matrix. 

The R-index values were similar for all panelists for the liquid 
[F(19,40) ¼ 1.08] and spray-dried extracts [F(25,52) ¼ 1.51]. The detection 
threshold range was 0.02–0.08 mL/100 mL for the liquid and 

Table 1 
Number of times and panelists for bitterness detection, identification, and differentiation thresholds in liquid and spray-dried saponins extracts by ISO norm 
3972:1991.  

LIQUID EXTRACT  

Detection threshold Identification threshold Differentiation threshold 

Concentration (mL/100 mL) Panelists Times Panelists Times Panelists Times 

0.05 3 5 7 12   
0.08 2 3 10 19   
0.15 – – 3 3   
0.20 – – 1 2   
0.30 – – – –   
Range (mL/100 mL) 
0.05–0.08     5 6 
0.08–0.15     10 15 
0.15–0.20     6 9 
0.20–0.30     4 5 

SPRAY-DRIED EXTRACT  
Detection threshold Identification threshold Differentiation threshold 

Concentration (g/100 mL) Panelists Times Panelists Times Panelists Times 

0.001 4 8 4 7   
0.002 2 4 5 6   
0.003 4 5 4 8   
0.004 3 9 6 21   
0.01 1 2 5 23   
0.15 1 2 – –   
Range (g/100 mL) 
0.001–0.002     3 5 
0.002–0.003     3 6 
0.004–0.01     6 19 
0.01–0.015     4 8  

Table 2 
Content of saponins A, B and C in liquid and spray-dried extracts.  

Concentration (mL/100 
mL) 

LIQUID EXTRACT 

Saponins content (g/100 mL) 

A B C 

0.05 1.4E-03 � 9.0E- 
06a 

8.6E-04 � 1.8E- 
05a 

1.0E-02 � 4.5E- 
05a 

0.08 2.2E-03 � 9.0E- 
06b 

1.4E-04 � 1.8E- 
05b 

1.0E-02 � 4.5E- 
05a 

0.15 4.1E-03 � 9.0E- 
06c 

2.6E-04 � 1.8E- 
05c 

2.0E-02 � 4.5E- 
05b 

0.20 1.0E-02 � 9.0E- 
06d 

3.4E-04 � 1.8E- 
05d 

2.0E-02 � 4.5E- 
05b 

0.30 1.0E-02 � 9.0E- 
06d 

1.0E-02 � 1.8E- 
05e 

3.0E-02 � 4.5E- 
05c 

Concentration (g/100 
mL) 

SPRAY-DRIED EXTRACT 
Saponins content (g/100 g) 

A B C 

0.001 6.9E-05 � 1.7E- 
04a 

4.5E-05 � 3.1E- 
04a 

3.5E-04 � 6.1E- 
04a 

0.002 1.4E-04 � 1.7E- 
04a 

9.0E-05 � 3.1E- 
04a 

7.0E-04 � 6.1E- 
04a 

0.003 2.1E-04 � 1.7E- 
04a 

1.4E-04 � 3.1E- 
04a 

1.1E-03 � 6.1E- 
04a 

0.004 2.8E-04 � 1.7E- 
04a 

1.8E-04 � 3.1E- 
04a 

1.4E-03 � 6.1E- 
04a 

0.01 6.9E-04 � 1.7E- 
04a 

4.5E-04 � 3.1E- 
04a 

3.5E-03 � 6.1E- 
04a 

0.15 1.0E-02 � 1.7E- 
04b 

1.0E-02 � 3.1E- 
04b 

5.0E-02 � 6.1E- 
04b 

Means within rows followed by different letters denote significant differences at 
P < 0.05 according to Tukey’s test (n ¼ 3). 
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0.005–0.014 g/100 mL for the spray-dried extract, the latter being 
within the range reported by Robinson et al. (2005) for caffeine 
(0.0036–0.0479 g/100 mL) calculated with a linear equation. Some 
panelists were removed because their detection thresholds were not 
within the concentration range studied (12 for the liquid and 8 for the 
spray-dried extract, respectively) (Robinson et al., 2005). 

A Cluster Analysis of the R-index determined two groups for the 
liquid extract (Euclidean distance ¼ 3.8): cluster I (n ¼ 10) with a high 
R-index (0.83–0.92) above 0.75; and cluster II (n ¼ 10) with a low R- 
index (0.53–0.77), including most of the panelists (n ¼ 9) below 0.75 
(dendogram not shown). 

Moreover, three groups were determined for the detection threshold 
(Euclidean distance ¼ 2.4): cluster I (n ¼ 9) with low detection 
thresholds (0.020–0.030 mL/100 mL); cluster II (n ¼ 7) with interme-
diate values (0.035–0.050 mL/100 mL); and cluster III (n ¼ 4) with high 
detection thresholds (0.058–0.080 mL/100 mL) (dendogram not 
shown). 

Regarding the spray-dried samples and the R-index, two clusters 
were obtained (Euclidean distance ¼ 3.80): cluster I (n ¼ 8) with a low 
R-index (0.29–0.60) and cluster II (n ¼ 18) with a high R-index 
(0.66–0.90) (dendogram not shown). As for the detection thresholds, the 
panelists were grouped in two clusters (n ¼ 13 each one), one with high 
(0.0091–0.0140 g/100 mL) and the other with low (0.0050–0.0074 g/ 
100 mL) detection thresholds (Euclidean distance ¼ 4.53) (dendogram 
not shown). 

3.2.2. Detection thresholds calculated by searching for the best trend line 
The R-index values were similar among panelists for the liquid 

extract (n ¼ 16) [F(15,32) ¼ 0.62] and the spray-dried extract (n ¼ 18) 
[F(17,36) ¼ 0.63]. Regarding the former, R-index vs concentration plot 
was fitted to a logarithmic (n ¼ 9), linear (n ¼ 4), potential (n ¼ 2), and 
polynomial (n ¼ 1) trend line; and the detection threshold range was 
0.021–0.060 mL/100 mL. Concerning the latter, R-index vs concentra-
tion plot was fitted to a linear (n ¼ 7), logarithmic (n ¼ 6), polynomial 
(n ¼ 3), and potential (n ¼ 2) trend line; the detection threshold range 
was 0.0043–0.0150 g/100 mL, once again similar to that found by 
Robinson et al. (2005) for caffeine (0.0036–0.0479 g/100 mL). In both 
cases, 16 panelists were removed because their detection thresholds 

were not within the concentration range studied. 
The Cluster Analysis of the R-index for the liquid extract determined 

two groups (Euclidean distance ¼ 3.82): cluster I (n ¼ 9) with a high R- 
index (0.83–0.93) above 0.75; and cluster II (n ¼ 7) with a low R-index 
(0.63–0.77), with most panelists (n ¼ 6) below 0.75 (dendogram not 
shown). Furthermore, the cluster analysis of the detection thresholds 
determined two groups (Euclidean distance ¼ 2.62): cluster I (n ¼ 11) 
with low detection thresholds (0.021–0.039 mL/100 mL) and cluster II 
(n ¼ 5) with high detection thresholds (0.049–0.06 mL/100 mL) 
(Fig. 1a). Most panelists had detection thresholds below the intermedi-
ate concentration studies (0.05 mL/100 mL), denoting good sensitivity. 

Regarding the spray-dried samples and the R-index, two clusters 
were obtained (Euclidean distance ¼ 5.82): cluster I (n ¼ 5) with a low 
R-index (0.55–0.66) and cluster II (n ¼ 13) with a high R-index 
(0.66–0.82) (dendogram not shown). As for the detection thresholds, the 
assessors with low detection thresholds were grouped in cluster I (n ¼
10) (0.0043–0.008 g/100 mL), and those with high detection thresholds 
were grouped in cluster II (n ¼ 8) (0.011–0.015 g/100 mL) (Euclidean 
distance ¼ 2.80) (Fig. 1b). 

In brief, the Cluster Analysis allowed us to determine different 
groups showing dissimilarities in people’s taste perceptions (Puputti 
et al., 2018). Similarly, we were able to determine groups of assessors 
according to their bitter saponin sensitivity. 

3.2.3. Comparison between the different ways of calculating the detection 
threshold 

Contrary to Robinson et al. (2005), we took into account all the 
panelists’ R-index values, because we held that it would be arbitrary to 
consider that the discrimination level behaves as a beeline only between 
two points, above and below an R-index of 0.75. Moreover, no signifi-
cant differences were found in the detection thresholds, either with or 
without R-index values, for the liquid [t(33) ¼ -0.53] and spray-dried 
extracts [t(44) ¼ 0.39]. For example, a panelist presented similar detec-
tion thresholds obtained by tracing a line (y ¼ 13.333xþ0.3333; r2 ¼ 1; 
threshold value: 0.0295) or fitting to a logarithmic equation (y ¼
0.3088ln(x) þ1.8378; r2 ¼ 0.8889; threshold value: 0.0300). Therefore, 
we believe that it is important to consider all R-index measurements–not 
only two–because they determine the individual sensitivity (O’mahony, 

Fig. 1. Dendogram of Cluster Analysis for panelists grouped by detection thresholds calculated by regression analysis: liquid extract (a) and spray-dried extract (b).  
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1992; Lee and Van Hout, 2009). 
Additionally, we observed that not all assessors with a high R-index 

were situated in the low detection threshold cluster, as expected. We 
found this behavior in nine assessors when we considered two R-index 
measurements according to Robinson et al. (2005) and in only two as-
sessors when we considered all R-index values (data not shown), which 
reinforces our proposal. This topic could be explored in greater depth. 

3.3. Experiment 3: time-intensity test 

The ANOVA showed no significant interactions between panelists �
type of extracts for all variables, except for TImax [F(5,93) ¼ 2.93, P <
0.05]. This variable ranged more widely for the spray-dried than for the 
liquid extract, which means that some panelists reached the maximum 
intensity in shorter or longer times. Furthermore, differences were found 
in how the panelists perceived bitterness over time, with differences in 
Imax, Tdur, T50max, RS, and AUC (P < 0.05) (data not shown). In 
general, the bitter taste was perceived as high (Imax >54, n ¼ 2), 

medium (Imax range 22–25, n ¼ 3) or low (Imax ¼ 15, n ¼ 1) (P < 0.05). 
The Tdur (22–25 s, n ¼ 3) and T50max (9–13, n ¼ 3) were long or short 
(11–15 s, n ¼ 3; 19–20, n ¼ 3 respectively) (P < 0.05). The RS was fast 
(29, n ¼ 1) or slow (4–9, n ¼ 5) (P < 0.05). The AUC was big (1229, n ¼
1), medium (400–700, n ¼ 3), or small (140–230, n ¼ 2) (P < 0.05). 
Keast and Roper (2007) constructed psychophysical curves for caffeine, 
PROP, and quinine with threshold and suprathreshold values and 
observed great individual variation in bitterness perception. 

An indicator of differences in individual response rules was the 
characteristic profiles shown by subjects. These profiles could result 
from differences in sensation or could be a function of the response 
tendencies of individuals (Lawless and Heymann, 1998). The differences 
observed among panelists in the perception intensity may be due to 
differences in the structure of their receptor cell membrane (Guinard 
et al., 1995) and to the complexity of the multiple perceptual and pe-
ripheral mechanisms of bitter taste (Keast and Roper, 2007). Also, taste 
receptor cells are quality specific, and not all of them contain all bitter 
taste receptors, but subsets of receptors whose variation may influence 

Fig. 2. Average time-intensity curves for liquid saponins (a) and spray-dried saponins (b) extracts and caffeine.  
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bitterness perception (Chandrashekar et al., 2000; Keast and Roper, 
2007). 

Fig. 2 a and b show the average bitterness intensity for liquid and 
spray-dried extracts, respectively. Regarding the liquid extract (Fig. 2a), 
the caffeine curve was located between the threshold (0.06 mL/100 mL) 
and suprathreshold (0.21mL/100 mL) concentrations. The saponin 
curve at two differentiation thresholds (0.36 mL/100 mL) was placed 
above the caffeine threshold curve. Conversely, taking the spray-dried 
extracts into account (Fig. 2b), the caffeine threshold curve was 
placed above the threshold and suprathreshold concentrations. 

Table 3 shows the ANOVA of temporal variables and contents of A, B, 
and C saponins. Concerning the liquid extract, significant differences 
were found in Imax and AUC (P < 0.001) and Tdur (P < 0.05). These 
variables increased as saponin concentration increased (Table 3). 
However, caffeine (0.03 g/100 mL) and saponin (0.21 mL/100 mL) 
concentrations were isointense with similar Tdur (Table 3). Finally, no 
significant differences were found in TImax, T50max, RS, and DS (data 
not shown). 

Regarding the spray-dried samples, differences were observed in 
Imax, Tdur, T50max, and AUC (P < 0.001), RS (P < 0.01), and TImax (P 
< 0.05) (Table 3). At the threshold level, the Imax, Tdur, T50max, and 
AUC of caffeine were greater than those of spray-dried saponins. 
Moreover, the Imax of spray-dried extracts at the threshold level (0.002 

g/100 mL) was four times less intense than the caffeine threshold level 
(0.03 g/100 mL). This sensation had been perceived before (TImax) and 
was developed at a lower speed (RS) (Table 3). The variation in TImax 
among bitter stimuli may be due to differences in their lipophilic 
property (Guinard et al., 1995). At two differentiation thresholds of 
spray-dried saponins (0.016 g/100 mL), the Imax was perceived to be 
about twice as high, and the contents of saponins A and C were the 
greatest (Table 3). 

Additionally, when the caffeine was compared with the spray-dried 
extract, the values TImax and Imax were similar to those reported by 
Guinard et al. (1995), for the same compound. The link between the 
concentration of a chemical and its perception is complex and related to 
the signal processing in the brain, which may be activated at different 
concentrations. In our research, individual differences were found 
among dynamic panelist perceptions. At the threshold level, the sensa-
tion dynamic was lower, even below the caffeine threshold. In fact, the 
bitter taste system may have distinct perceptual stages at threshold and 
suprathreshold levels (Keast and Roper, 2007). Moreover, the percep-
tion over time at threshold values is only one point on an intensity 
function (Lawless and Heymann, 1998). 

3.3.1. Principal Component Analysis (PCA) 
The first two principal components accounted for 95.2% of the total 

Table 3 
ANOVA and mean � S.E.Ma of the saponins content and time-intensity parameters of the two extractsb.    

Concentration 
(mL/100 mL) 

LIQUID EXTRACT 

Level Concentration increase Saponins content (g/100 mL)d Time-intensity parameterse   

A B C Imax TImax Tdur T50max AUC RS 

Threshold Identification threshold 0.06 1.7E- 
03 �
1.2E- 
05a 

1.0E-03 
� 2.4E- 
05a 

1.0E- 
02 �
6.1E- 
05a 

22.61 
�

5.29a 

nsc 15.26 �
1.97a 

ns 279.94 �
128.82a 

ns 

Suprathreshold One more differentiation 
threshold 

0.21 1.0E- 
02 �
1.2E- 
05b 

3.6E-03 
� 2.4E- 
05b 

2.0E- 
02 �
6.1E- 
05b 

37.33 
�

5.29 
ab 

ns 20.46 �
2.03 ab 

ns 640.83 �
132.56a 

ns 

Suprathreshold Two more differentiation 
threshold than 
identification threshold 

0.36 1.0E- 
02 �
1.2E- 
05b 

1.0E-02 
� 2.4E- 
05c 

4.0E- 
02 �
6.1E- 
05c 

55.89 
�

5.29b 

ns 24.95 �
1.97b 

ns 1176.19 �
128.82b 

ns 

Threshold Identification threshold Caffeine 0.03    37.53 
�

5.44 
ab 

ns 21.97 �
1.97 ab 

ns 687.89 �
128.82a 

ns   

Concentration 
(g/100 mL) 

SPRAY-DRIED EXTRACT 
Saponins content (g/100 g)d Time-intensity parameterse   

A B C Imax TImax Tdur T50max AUC RS 

Threshold Identification threshold 0.002 1.4E- 
04 �
3.0E- 
05a 

9.0E-05 
� 5.3E- 
05a 

7.0E- 
04 �
1.1E- 
04a 

18.94 
�

3.57a 

7.89 �
0.70a 

15.26 �
1.73a 

13.05 �
1.25a 

218.73 �
93.62a 

5.55 �
1.77a 

Suprathreshold One more differentiation 
threshold 

0.009 6.2E- 
04 �
3.0E- 
05b 

4.1E-04 
� 5.3E- 
05 ab 

3.2E- 
03 �
1.1E- 
04b 

28.22 
�

3.57 
ab 

8.93 �
0.70 ab 

17.89 �
1.73a 

14.91 �
1.25a 

425.72 �
93.62a 

9.82 �
1.88 ab 

Suprathreshold Two more differentiation 
threshold than 
identification threshold 

0.016 1.1E- 
03 �
3.0E- 
05c 

7.2E-04 
� 5.3E- 
05b 

1.0E- 
02 �
1.1E- 
04c 

35.19 
�

3.79b 

9.58 �
0.74 ab 

19.58 �
1.84a 

15.95 �
1.33a 

582.09 �
99.29a 

10.72 �
1.77 ab 

Threshold Identification threshold Caffeine 0.03    71.27 
�

4.57c 

11.52 �
0.89b 

31.82 �
2.22b 

21.99 �
1.60b 

1613.82 �
119.75b 

16.28 �
2.26b  

a S.E.M: standard error of means. 
b Means within rows followed by different letters denote significant differences at P < 0.05 according to Tukey’s test. The following parameters were compared: 

saponins content; the TI-parameters of caffeine identification threshold vs. liquid extract concentrations; the TI-parameters of caffeine identification threshold vs 
spray-dried extract concentrations. 

c Ns: not significant. 
d n ¼ 3. 
e n ¼ 5. 
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variance among the samples (Fig. 3a). Small angles between AUC, Tdur, 
Imax, and T50max established a great correlation degree between these 
variables. Besides, the DS was located opposite the RS and TImax. 

The Cluster Analysis determined three groups: cluster I correspond-
ing to the threshold concentrations of both extracts associated with DS; 
cluster II formed by three suprathreshold concentrations also associated 
with DS; and cluster III including the maximum suprathreshold con-
centration of the liquid extract and the threshold concentration of 
caffeine, related to most of the temporal variables (Fig. 3a). 

Moreover, the temporal profile of the saponin threshold for both 
extracts was contrary to those of the caffeine threshold (Cluster I vs. III) 
(Fig. 3a). However, with the increase in one differentiation threshold 
(Cluster II), the perception dynamic was located between saponin 
thresholds (Cluster I) and the caffeine threshold (Cluster III) (Fig. 3a). In 
addition, when the differentiation threshold doubled, the temporal 
profile of the saponin liquid extract was similar to that of the caffeine 
threshold (Cluster III) (Fig. 3a). The differences observed may be due to 
the time required for the bitter stimuli to interact with and saturate the 
lipid membrane, the time to reach the maximum intensity, and the 
longer-lasting taste, along with the complex relationship between 
chemical concentration, detection threshold, and suprathreshold in-
tensity (Guinard et al., 1995; Keast and Roper, 2007). 

In summary, at suprathreshold level, the saponin liquid extract 
showed a similar temporal profile to that of the caffeine threshold. 

3.4. Correlation between time-intensity parameters and types of saponin: 
PCA and Pearson’s correlations 

The first two principal components accounted for 96.6% of the total 
variance among samples (Fig. 3b). The small angles observed between A, 
B, and C saponins showed a great correlation between them. Further-
more, the DS was located opposite most of the variables. 

The Cluster Analysis determined three groups: cluster I composed of 
threshold concentrations associated with a great disappearance speed of 
the stimulus (DS); cluster II formed by suprathreshold concentrations of 
spray-dried samples related to total saponins; and cluster III composed 
of suprathreshold concentrations of liquid samples related to most time- 
intensity variables and A, B, and C saponins. It can be seen that when 
saponins were quantified by fractions, they were more related to the 
time-intensity parameters than when quantified as a total (Fig. 3b). 
Moreover, Pearson’s correlations showed that Imax, Tdur, AUC, and RS 
parameters best correlated with A, B, and C (r range ¼ 0.72–0.82, P <
0.01). 

The saponins found in this research contain HD and PA as aglycones. 
The bitterness may be related to the PA content, since the sweet quinoa 
varieties have no detectable amount of this class of aglycone (Ng et al., 
1994). The PCA analysis, together with Pearson’s positive correlations, 
supports the results found by Ng et al. (1994) and indicates that each 
saponin fraction contributes in different ways to the perception dy-
namic, an idea which deserves further study. In addition, it is important 
to highlight that the research on quinoa saponins is based on chemical 
analyses, and this is the first study to correlate the chemical with the 
sensory analysis. 

4. Conclusions 

The bitter taste of saponins in quinoa was detected, identified, and 
differentiated at very low concentrations. The R-index method allowed 
us to find threshold values within those reported for other bitter sub-
stances (caffeine). In addition, groups of assessors were identified ac-
cording to their sensitivity. We found that it is important to consider all 
data when calculating the bitterness thresholds with the R-index 
method. 

Individual differences were found among dynamic perceptions. At 
the threshold level, the sensation dynamic was even lower than the 
caffeine threshold. However, at two differentiation thresholds, the 
perception curve was above the caffeine threshold for the liquid extract 
but below it for the spray-dried samples. 

Three main saponins were identified by HPLC analysis and, inter-
estingly, bitterness was perceived before the chemical differentiation. 
Secondly, the saponin fractions were more related to the time-intensity 
parameters than the total saponins, which suggests that each fraction 
may contribute in a different way to the perception dynamic. 
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