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Electronic Tongue and Consumer Sensory
Evaluation of Spicy Paneer Cheese
Courtney Schlossareck and Carolyn F. Ross

Abstract: Evaluating sensory properties of spicy foods can be challenging due to how quickly individuals experience
fatigue. Analytical methods, such as HPLC quantification of capsaicin, are accurate. However, they may not always be
interchangeable with perception of spiciness by consumers. The electronic tongue (e-tongue) offers a unique opportunity
to simulate human perception of capsaicin pungency with an analytical method. This study evaluated consumer’s and the
e-tongue ability to discriminate among paneer cheese samples containing different levels of capsaicin (1.875, 3.75, 7.5,
15, and 30 ppm). Over 2 days, using a blocked design to minimize fatigue, consumers (n = 110) evaluated samples using
a difference from control sensory test. Consumers distinguished the spicy paneer sample from the control (0 ppm) at 3.75,
7.5, 15, and 30 ppm (P < 0.05). Differences were found among sample 3.75, 7.5, and 15 ppm (P < 0.05). However, no
significant differences were found between control and 1.875 ppm or between samples 15 and 30 ppm. Although these
high and low concentrations were challenging for consumers, the e-tongue resulted in a high degree of discrimination of
93% among all samples. On the principal component analysis plot created by the e-tongue, PC1 explained 85.6% of the
variability and was associated with spicy, sweet, salty, sour, and umami sensors. PC2 explained 7.96% and was associated
with the bitter and metallic sensors. The 3.75 and 15 ppm samples were defined by PC1, while PC2 defined samples
1.875 and 30 ppm. These results conclude that the e-tongue may be useful in qualitative discrimination among spicy
paneer along with sensory evaluation.
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Practical Application: As the market for spicy foods continues to grow, methods for rapid, accurate analysis of the sensory
qualities of the food products is needed. As the electronic tongue discriminated effectively among spicy paneer cheese
samples, the method could be used alongside sensory testing to evaluate spicy food samples without encountering the
typical issues of fatigue common with evaluating spicy foods.

Introduction
In 2016, 18,000 new spicy products were introduced into the

market compared to 3,000 in 2007, marking a notable 500% in-
crease in the spicy foods available (Kalsec, 2017). The primary
molecules responsible for the pungent, spiciness of chili peppers
are called capsaicinoids and are naturally found and synthesized
in the placenta of the chili pepper (Reyes-Escogido, Gonzalez-
Mondragon, & Vazquez-Tzompantzi, 2011). There are 22 known
capsaicinoids, however 90% of the total pungency of a chili pep-
per comes from the three most prominent—capsaicin, dihydro-
capsaicin, and nordihydrocapsaicin (Guzmán & Bosland, 2017;
Schneider, Seuß-Baum, & Schlich, 2014a). The sensory effect
caused by capsaicin is referred to as chemesthesis and results in the
burning, tingling, and oral pain typically felt after consuming hot
chili peppers (Carstens et al., 2002; Schneider et al., 2014a).

Traditionally, the spiciness of peppers is measured in Scoville
Heat Units (SHU), units determined through sensory evaluation
of chili pepper extracts (Nwokem, Agbaji, Kagbu, & Ekanem,
2010). However, evaluating the sensory properties of spicy foods
can be challenging due to how quickly panelists experience fa-
tigue and can no longer accurately evaluate the spicy samples
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(Dowell, Chambers, Milliken, & Chambers, 2005; Lawless, Rozin,
& Shenker, 1985; Schneider, Seuß-Baum, & Schlich, 2014b).
Currently, high-performance liquid chromatography (HPLC) is
the standard method for capsaicin analysis (AOAC International,
1998; Hoffman, Lego, & Galetto, 1983; Parrish, 1996). Although
analytical methods are accurate and give consistent results, they
may not always be interchangeable with sensory perception of
spiciness by consumers (Guzmán & Bosland, 2017, Schneider
et al., 2014b). As such, consumer evaluation along with analytical
analysis is critical for reaching a full understanding of spicy foods.

The electronic tongue (e-tongue) offers a unique opportunity
to correlate human perception of capsaicin pungency to an ana-
lytical method. The e-tongue has a sensor array capable of detect-
ing nonvolatile compounds in liquid matrices to simulate human
taste, detecting sweet, salty, bitter, sour, umami, metallic, and spicy
(Diako, Vixie, Weller, Dycus, & Ross, 2017; Lipkowitz, Ross,
Diako, & Smith, 2018). Recent research explored the ability of
the e-tongue to characterize spiciness of various spicy compounds,
such as capsaicin, eugenol, menthol, p-cymene, piperine, thymol,
and zingerone, accompanying this detection with consumer eval-
uation (Paup, Barnett, Diako, & Ross, 2018). The e-tongue dis-
criminated among the seven spicy compounds, one of which was
capsaicin, and among three concentrations of a single spicy com-
pound. E-tongue results were compared to results from a sensory
panel to conclude the e-tongue is a convenient method that can
work well in conjunction with consumer panel results to evaluate
spicy compounds in water (Paup et al., 2018).
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In application, the use of the e-tongue would allow larger sample
sets to be evaluated or narrowed without encountering the fatigue
and carryover challenges typical of sensory evaluation. However,
little information is available using the e-tongue to analyze cap-
saicin in a complex food matrix, like cheese. The e-tongue has
previously been shown to successfully discriminate among cheddar
cheeses with different protein to fat ratios at different time points
of the aging process (Lipkowitz et al., 2018).

The objective of this study was to determine the ability of the
e-tongue to discriminate among different levels of capsaicin in pa-
neer cheese as compared to consumer’s ability to discriminate the
spice level in paneer. Paneer was the selected matrix for this study
as its curd structure allows for maximum absorption of capsaicin
solution and its mild taste and flavor would allow for more spe-
cific sensory evaluation. Paneer was spiked with varying levels of
capsaicin and analyzed using a difference from control consumer
sensory panel and the e-tongue.

Materials and Methods

Materials
Capsaicin (C1869, minimum 55% capsaicin, minimum 20% di-

hydrocapsaicin, and 15% other capsaicinoids) was purchased from
Spectrum Chemical MFG Corp. (Gardena, CA, USA) and 100%
USP ethanol from Decon Laboratories Inc. (King of Prussia, PA,
USA). Water used for analytical analysis was filtered Milli-Q water
from the Millipore purification system (Bedford, MA, USA) and
the deionized water used for sensory evaluation was filtered using
a unit purchased from EcoLab (St. Paul, MN, USA). Unsalted
saltine crackers were used as palate cleansers during the sensory
evaluation panels (Safeway, Pleasanton, CA, USA). Whole milk
with 3.96% butterfat, 3.3% protein, and pH 6.63 came from Knott
Dairy Center (Pullman, WA, USA) and food grade citric acid was
from MilliardTM Citric Acid (Lakewood, NJ, USA).

Capsaicin solution preparation
Capsaicin solutions were prepared following the modified meth-

ods of Costanzo, Yost, and Davenport (2014). A 4,570 ppm cap-
saicin stock solution was prepared in 100% ethanol and used to
make a 1,000 ppm stock solution in 10% ethanol (v/v). This
1,000 ppm stock solution was used to prepare the solutions so as
to achieve the final capsaicin concentrations in the paneer of 0
(control), 1.875, 3.75, 7.5, 15, and 30 ppm.

These concentrations were selected considering the published
threshold of capsaicin of 0.31 ppm in water and 11.75 ppm in oil
(Lawless, Hartono, & Hernandez, 2000). Because paneer cheese
has a higher fat content and is more complex than a simple water
solution, the initial concentrations were selected to be above the
published threshold. This selection was also based on the con-
centration of capsaicin present in a commercially available spicy
cheese, which was found to be approximately 7.1 ppm for Crim-
son Fire Cheese (WSU Creamery) through HPLC analysis. This
value was consistent with previous work, which used a capsaicin
concentration of 7.3 ppm in tomato salsa, indicating a moderate
spice level (Allison, Chambers, Milliken, & Chambers, 1999).

Additionally, previous research used 0, 4, 8, and 16 ppm
capsaicin concentrations in chicken stock sensory research
(Hernandez & Lawless, 1998). These concentrations were con-
firmed in bench testing with a small group (n = 10) of experi-
enced panelists. During bench testing, multiple concentrations of
capsaicin were evaluated. It was initially found that 1.2 ppm cap-
saicin, selected from previous work done by Baron and Penfield

(1996) and Carden, Penfield, and Saxton (1999), was too low of
a concentration of capsaicin in paneer for the experienced pan-
elists to detect. As such, through these bench trials, the selected
concentrations of 1.875, 3.75, 7.5, 15, and 30 ppm were found to
be sufficiently different from each other to conduct the sensory
evaluation and analytical testing.

Paneer preparation
The modified methods of Vishweshwaraiah and Anantakrishnan

(1985) and Sharma, Kumar, and Pathak (2002) were used to pre-
pare the paneer cheese. Paneer was made in 32.8 ± 0.32 kg batches
by heating whole homogenized milk to 82 °C for 5 min, with
occasional stirring. The milk was cooled to 70 °C, and 64.4 g of
2% (w/v) citric acid (1.96 g citric acid/kg of milk) was added to
induce coagulation (Khan & Pal, 2011). The curd was removed
from whey and 50 mL of the prepared capsaicin solutions was
mixed into the respective 1.4 kg batches of curd. The samples
were tightly wrapped in cheesecloth and pressed for 15 min under
22.7 kg. Finished samples were refrigerated overnight and used
the following 2 days for sensory evaluation. This procedure of
preparing the paneer cheese was replicated four times; the con-
trol sample was produced in each of the four batches and each
treatment was produced in replicate. The replicate batches were
confirmed to not be noticeably different from each other by the
experienced panel (n = 10), thus the batches of each treatment and
control were combined for sensory and analytical testing. Moisture
content of the paneer was determined to be 48% to 50% using a
forced draft oven method (Bradley, 2010; Tunick, Van Hekken,
Guo, & Tomasula, 2012). The shelf life of paneer is approximately
3 to 6 days under refrigeration, but it loses its fresh taste after 3
days in refrigerated storage (Kumar, Rai, Niranjan, & Bhat, 2014;
Sachdeva, Prokopek, & Reuter, 1991). To account for the limited
shelf life, the paneer was made the day prior to sensory evaluation
studies to ensure its freshness for panelist evaluation.

Sensory evaluation
Sensory evaluation took place the 2 days following the produc-

tion of the paneer and was conducted at Washington State Univ.
(WSU) in Pullman, WA, USA. Compusense Cloud TM (Com-
pusense Inc., Guelph, Canada)—WSU is a part of the Compusense
Consortium—was used to develop and administer the difference
from control questionnaire. The 110 participating panelists were
recruited from the Pullman, WA area, 64 were female and 46
were male, and ages ranged from 21 to 88 years old, with an average
of 38 years. Previous works have found those in an elderly popula-
tion were still able to discriminate among capsaicin samples (Forde
& Delahunty, 2002; Kremer, Bult, Mojet, & Kroeze, 2007). All
panelists were asked to not consume spicy foods 24 hr before their
evaluation, as well as refrain from smoking, brushing teeth, chew-
ing gum, or drinking coffee at least 1 hr before their evaluations.
There were no exclusion criteria for panelist participation other
than a minimum required age of 18 years and being willing to con-
sume spicy cheese. The Institutional Review Board at Washington
State Univ. approved this project and all participants received a
nonmonetary incentive after the second day of the evaluations.

Evaluations were taken in individual tasting booths using white
lights and panelists were provided with water, unsalted crack-
ers, and green grapes for palate cleansers. Panelists were asked
to cleanse their palate between each set of samples (flight) of
evaluations. Each sample consisted of �10 g of paneer at room
temperature. For the difference from control test, the panelist
was presented with two samples simultaneously. One sample was
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labeled “C” for control (0 ppm capsaicin) and the other sample
was labeled with a random three-digit code. Panelists were asked
to rate how different the treatment sample was from the con-
trol sample (described below). There were six flights, with two
samples per flight. To minimize sensory fatigue, the six flights of
evaluations were divided evenly into two separate sessions on two
consecutive days (three flights per day). To create the serving order
design and minimize panelist fatigue and carryover (Dowell et al.,
2005), the six samples were placed into three groups: control and
1.875 ppm (group 1), 3.75 and 7.5 ppm (group 2), and 15 and 30
ppm (group 3). The design assured each panelist received one sam-
ple randomly selected from each group on each day and prevented
any one panelist from receiving the three spiciest samples all in
the same tasting session. The panelists were required to participate
on both days so each panelist evaluated all six samples across the
2 days of evaluations.

Panelists were first asked a series of demographic questions in-
cluding age and gender. Following this, questions were asked to
determine if each panelist could be considered a high user, moder-
ate user, or low user of spicy foods (Lawless et al., 1985). Panelists
were asked the frequency of their spicy food consumption on
a seven-point scale (1—once a year or less, 2—less than once a
month, 3—1 to 3 times per month, 4—once a week, 5—3 to 4
times a week, 6—everyday, and 7—more than once a day; Lawless
et al., 1985). Panelists were also asked to which degree they like
or dislike the burn of chili peppers and the degree to which they
like or dislike the taste of chili peppers in the foods they typically
consume (1—dislike extremely, 2—dislike very much, 3—dislike
moderately, 4—dislike slightly, 5—neither like nor dislike, 6—like
slightly, 7—like moderately, 8—like very much, and 9—like ex-
tremely). Three true or false questions followed, which asked if
panelists felt chili pepper makes their food taste better, if without
hot spices they feel the food tastes too bland, or if they find it
hard to appreciate the flavors of the food when there are hot spices
included (Lawless et al., 1985). A final question was also asked
to determine which spice level the panelist prefers in their salsa
(1—no spice, 2—mild, 3—medium, 4—hot, and 5—extra hot).

Following the introductory demographic questions, the pan-
elists began the difference from control evaluation. Panelists were
asked to taste the control sample first and then the treatment
sample, and along the nine-point hedonic scale (1—no difference,
2—very slight difference, 3—slight difference, 4—slight/moderate
difference, 5—moderate difference, 6—moderate/ large differ-
ence, 7—large difference, 8—very large difference, and 9—
extreme difference), rate how different the treatment sample was
from the control sample. Panelists were instructed to wait 30 s after
tasting the treatment sample to make a final evaluation because the
nociceptors, which detect capsaicin, are located underneath the
epithelium, not directly on the surface of the oral cavity (Green,
1996). Due to this, previous research has established that the pun-
gency of capsaicin takes a short time to reach its full pungency
(Dowell et al., 2005; Green, 1996; Stevens & Lawless, 1986). Af-
ter responding to the difference from control question, panelists
were given the option to make comments on their evaluation de-
cision. Between each set of evaluations, panelists were required to
wait 5 min before starting the next evaluation (Schneider et al.,
2014b). Panelists were also informed that one of the treatment
samples may be the same as the control sample.

Sample preparation for chemical analyses
The capsaicin extraction method for HPLC analysis was adapted

from the American Spice Trade Association Methods 21.3 (ASTA,

2004) and a similar sample preparation method was used for the
e-tongue analysis. Paneer cheese, cut into approximately half-inch
cubes, with all replicates represented, was freeze dried for 72 hr.
For HPLC extraction, dried paneer was ground into a powder
and 2 g was weighed into a glass vial. Ethanol (20 mL, 90%) was
added and the vial cap was sealed. The samples were shaken for
10 s and then placed in a 40 °C oven for 8 hr. After heating, the
samples were cooled to room temperature, shaken for 10 s, and
filtered through a 0.45 µm syringe filter into HPLC vials. Samples
for e-tongue analysis were prepared in the same way with a few
alterations. These alterations included heating the samples in a
40 °C water bath for 13 hr and vacuum filtering with Whatman
1 filter paper before being filtered with the 0.45 µm syringe filter
into the e-tongue beakers.

Electronic tongue analysis
An Astree R© II potentiometric electronic tongue (Alpha Mos,

Toluouse, France) with a liquid auto sampler (LS48) was used to
analyze the prepared paneer samples. The e-tongue used the seven
set #5 sensors of spicy, sweet, salty, sour, bitter, umami, and metal-
lic (Diako et al., 2017; Lipkowitz et al., 2018). Prior to analysis,
the sensors were hydrated in 25 mL Milli-Q water for 24 hr. The
conditioning and calibration steps were performed using 25 mL
of 1 M hydrochloric acid standard solution, and the diagnostic
pretest was run using 25 mL 0.1 M of sodium l-glutamate (MSG),
sodium chloride, and hydrochloric acid solutions. Once passing
the pretests, the paneer samples were analyzed in two runs, using
a reference sample in both runs, so the data could be linked. The
auto sampler was programmed to the following parameters: de-
lay = 0 s, acquisition time = 120 s, stirring rate = 1, acquisition
period = 1, and six loops for data acquisition were set to com-
plete the analysis (Lipkowitz et al., 2018). During the analysis, the
sensors were rinsed in 25 mL of Milli- Q water for 10 s between
each sample (Diako et al., 2017).

HPLC analysis
Southwest Bio-Labs, Inc. (Las Cruces, NM, USA) conducted

the HPLC analysis following the Official Methods of AOAC
International 995.03 (AOAC International, 1998; ASTA, 2004;
Hoffman et al., 1983; Parrish, 1996). An LC-18 chromatographic
column was used with a mobile phase 40% acetonitrile and 60%
DI water with 1% acetic acid (v/v). A flow rate of 1.5 mL/min,
isocratic, was used with an injection volume of 20 µL and a UV
detection wavelength of 280 nm. N-vanillyl-n-nonanamide, 99%
(CAS Registry Number 2444-46-4, Penta International Corpo-
ration, West Caldwell, NJ, USA), was used for HPLC capsaicin
standardization.

Dried paneer samples were analyzed to determine total cap-
saicinoid concentration, specifically the combined concentration
of the three most prominent capsaicinoids: capsaicin, dihydrocap-
saicin, and nordihydrocapsaicin. The SHU of the paneer were
calculated by the following methods (AOAC International, 1998;
ASTA, 2004; Hoffman et al., 1983; Parrish, 1996):

a) Capsaicin, SHUC = (C/A) × (CS/CX) × (HC/RC)
b) Dihydrocapsaicin SHUD = (D/A) × (CS/CX) × (HD/RD)
c) Nordihydrocapsaicin SHUN = (N/A) × (CS/CX) ×

(HN/RN)
d) Total = SHUC + SHUD + SHUN

where:
A = average peak area of standard
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Table 1–HPLC analysis of the concentration of capsaicin in spicy
paneer cheese.

Sample target capsaicin
concentration (ppm)

HPLC-determined capsaicin
concentration (ppm)

0 0
nd

1.875 2.836b

3.75 4.35c

7.5 10.45d

15 19.14e

30 35.7f

The HPLC concentration is presented as the mean of three evaluations. Concentrations
with different letters are significantly different (P < 0.05) analyzed with ANOVA and
Tukey’s HSD means separation.
ndBelow limit of detection of 0.7 ppm for method.

N, C, D = average peak area for respective capsaicinoids from
duplicate injections

CS = concentration of standard in mg/mL
CX = concentration of sample in extract expressed as mg

of sample/mL
In addition, the heat factors for the capsaicinoids in the cal-

culation included nordihydrocapsaicin (HN), capsaicin (HC), and
Dihydrocapsaicin (HD), which were 9.3 × 106, 16 × 106, and
16 × 106, respectively.

The response factors of the capsaicinoids relative to standard
nordihydrocapsaicin (RN), capsaicin (RC), and dihydrocapsaicin
(RD) were 0.98, 0.89, and 0.93, respectively.

A correction factor was applied to the calculation of capsaicin
concentration in the paneer to account for the use of the sample’s
dry weight in the capsaicin calculation. The moisture content was
used to calculate the estimated initial wet weight of the dried pa-
neer samples used in the HPLC analysis and calculate the corrected
concentration of capsaicin in the paneer samples (Table 1).

Data analysis
The mean differences from control were compared to one an-

other using analysis of variance (ANOVA) with Tukey’s HSD
means separation using XLSTAT (Version 19.6.48348, Addinsoft,
New York, NY, USA). Segmented consumer spicy food use level
data were evaluated using ANOVA with Tukey’s HSD means sep-
aration as well. For the e-tongue data, Astree Alpha software was
used to develop a principal component analysis (PCA) for the
sample discrimination index.

For panelist segmentation, the consumption pattern informa-
tion above was used to create a spicy food use level score according
to Lawless et al. (1985). The score was calculated by tallying the
scores on the two nine-point hedonic questions asking how much
the panelist likes or dislikes the taste and burn of chili peppers in
their foods. To this score, the true or false questions were added. If
a panelist responded “true” to the statements “I think chili pepper
makes food taste better” and “without hot spices, I find that food
tastes too bland,” (s)he received four points each, or zero points if
(s)he responded with “false.” For the third true/false question, if
the panelist responded to the statement “I find it hard to appreciate
the flavors of food when the food contains hot spices” with “false,”
(s)he received four points or if (s)he responded with “true,” (s)he
received zero points. The scores were tallied and panelists were
categorized as a low user with a score of 0 to 15, moderate 16 to
21, and high 22 to 30.
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Figure 1–ANOVA (P < 0.05) with Tukey’s means separation for panelist
(n = 110) response in difference from control discrimination test of spicy
paneer cheese where 1—no difference from control and 9—extreme differ-
ence from control. Means with the same letter are not significantly different
from each other. Control sample was not spiked with capsaicin and a blind
control was used in the evaluation.

Results and Discussion

Difference from control
The mean magnitude of difference of the six paneer treatment

samples (0, 1.875, 3.75, 7.5, 15, and 30 ppm) from the control
sample (0 ppm capsaicin) was calculated and compared (Figure 1).
Consumers reported the blind control sample to have a mean
difference from the control of 0.62, which on the nine-point scale
corresponds to the “no difference” option.

All capsaicin-containing paneer samples displayed increasing
mean differences from the control corresponding to the increasing
concentration of capsaicin in the samples. The lowest concentra-
tion of capsaicin in the paneer was 1.875 ppm and was rated to
have a mean difference from the control of 1.09, which was not
significantly different from the control (P > 0.05). Capsaicin con-
centrations of 3.75, 7.5, 15, and 30 ppm were all significantly dif-
ferent from both the control and the 1.875 ppm capsaicin samples.
These results suggest the detection concentration for capsaicin in
paneer may be between the 1.875 and 3.75 ppm concentrations.
This range is similar to the published threshold for capsaicin in
water and oil solutions as being 0.31 and 11.75 ppm, respectively
(Lawless et al., 2000). In addition, previous research established the
higher the fat content in a sample, the less pungent the capsaicin is
perceived (Baron & Penfield, 1996; Carden et al., 1999). Because
paneer has a higher fat content than water but lower than pure oil,
detection within this range was expected.

The smallest magnitude of difference between consecutive pa-
neer samples was found between the blind control and 1.875 ppm
with a difference of 0.47. The largest magnitude of difference from
the control between two consecutive samples was 2.35 found be-
tween 7.5 and 15 ppm. The 15 and 30 ppm samples had the highest
mean differences from the control (5.13 and 5.77, respectively),
which was expected as these samples contained the highest con-
centrations of capsaicin. However, the 30 ppm capsaicin paneer
sample was not significantly different from the 15 ppm treatment.
This indicated that at concentrations �15 ppm capsaicin in pa-
neer, consumers may have difficulty in distinguishing differences
among capsaicin levels. For context, a previous study used tomato
salsa with a range of 1.5 to 10.3 ppm capsaicin for a range of mild
to hot products (Allison, Chambers, Gibson, & Aramouni, 1999).
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These consumer results indicate that at moderate concentra-
tions of capsaicin (3.75 to 15 ppm) in paneer, consumers could
distinguish differences among the paneer samples. However, con-
centrations lower than 3.75 ppm or higher than 15 ppm capsaicin
in paneer proved to be more difficult for consumers to adequately
discriminate. This is consistent with previous research on human
perception of stimuli. At low concentrations at or near the de-
tection and recognition thresholds of the stimuli, discrimination
is more difficult as people are being challenged to determine if
the stimuli is present or not (Keast & Roper, 2007). At higher
concentrations of a stimulus, a point is reached at which even
though the concentration of the compound is increasing, human
perception of the compound is limited, and differences among
the samples diminish (Keast & Breslin, 2002). This was reflected
in the present study as the lowest concentrations (blind control
and 1.875 ppm) were not significantly different from each other,
and the highest concentrations (15 and 30 ppm) also were not
significantly different from each other.

Panelist characterization and segmentation
Data from the participating panelists (n = 110) were segmented

in three different methods to determine if spicy food users rated
the samples differently than those who are not considered spicy
food users. The first segmentation was based on the frequency at
which the panelist typically consumes spicy foods (Figure 2A). If
a panelist reported to consume spicy foods once a year or less, less
than once a month, or 1 to 3 times per month, (s)he was classified
as low spicy food user. Panelists who reported to consume spicy
foods once a week were moderate users, while panelists reporting
consuming spicy foods 3 to 4 times a week, every day, or more
than once a day were classified as high users.

The second segmentation method was based on panelist spice
level score (Figure 2B). Panelists were categorized as a low user if
they received a score of 0 to 15, a moderate user for a 16 to 21,
and a high user for a score 22 to 30.

The third segmentation method was based on the panelist’s
response to which type of salsa they prefer (Figure 2C). Panelists
who responded with either no spice or mild salsa were in the low
group, medium spice salsa in the moderate group, and hot or extra
hot salsa in the high group (Moskowitz, Muñoz, & Gacula, 2003).

No significant differences among user groups were found using
any of the three segmentation methods described above. These
results indicated that for the consumers in this study, the frequency
at which panelists consumed spicy foods, their spicy food use score,
and their salsa preference did not influence their difference ratings
of spicy paneer cheese. The lack of significant differences across
segments on the ratings of this spicy cheese may have been due
to limited participation by people who do not like consuming
spicy foods. Low spicy food users were not specifically recruited,
so many in this group likely self-selected out and did not decide to
participate in a sensory panel evaluating spicy cheese. Specifically,
low users accounted for 30%, 9%, and 19% of the panelists within
each of the segmentation methods, those being frequency of use,
spice level score, and salsa preference, respectively.

These findings are not entirely consistent with previous liter-
ature, which indicates that use level does influence the intensity
ratings of capsaicin pungency (Lawless et al., 1985; Prescott &
Stevenson, 1995). In two previous studies, nonusers of chili pep-
per rated the burn of the chili pepper to be higher than ratings
provided by chili pepper consumers (Lawless et al., 1985; Prescott
& Stevenson, 1995). Ludy and Mattes (2012) found that nonspicy
users had poor discrimination among spicy tomato soup sam-
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Figure 2–The response of the different consumer segments in the evalua-
tion of spicy paneer cheese using a difference from control discrimination
test. Means with the same letter are not significantly different from each
other. Method A represents segmentation based on frequency of spicy food
use (low, moderate, and high). Method B represents segmentation based
on spicy food use score (low, medium, and high). Method C represents
segmentation based on salsa preference (mild, medium, and hot).

ples, while frequent users displayed greater discrimination ability
when evaluating capsaicin-spiked tomato soup samples (0, 2, 4, and
16 ppm capsaicin) using a labeled affective magnitude scale. Al-
though intensity ratings of capsaicin pungency have been shown
to be significantly influenced by a panelist’s consumption of spicy
foods, use level did not appear to significantly impact the ability of
consumer panelists to discriminate among this study’s spicy paneer
samples.
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Figure 3–Principal component analysis of spicy paneer cheese on the e-tongue. Individual lines represent individual sensors of sweet, sour, bitter, salty,
umami, metallic, and spicy. Triangles represent one sample analyzed in triplicate. Paneer samples are shown with the capsaicin concentration 0, 1.875,
3.75, 7.5, 15, and 30 ppm.

HPLC analysis
The capsaicin concentrations in the paneer cheese samples

were confirmed using HPLC (Table 1). Significant differences
in capsaicin concentration were found among the paneer sam-
ples (P < 0.05). Some variation was observed between the target
concentration and the actual concentration determined using
HPLC. Differences between these values may be attributed to
moisture differences and the effect of freeze-thaw cycles on the
frozen paneer samples (Akora & Gupta, 1980). The amount of
capsaicin added to the fresh paneer was calculated before the pa-
neer was pressed and all of the whey was removed. Thus, the
capsaicin may have been slightly more concentrated in the paneer
than the initial calculations accounted for.

E-tongue
A PCA of the six spicy paneer samples showed a discrimination

index of 93, indicating a high degree of discrimination among
samples by the e-tongue (Figure 3). A higher discrimination
index (maximum of 100) indicates that greater differences were
found between the samples, while a lower value suggests that
fewer differences among samples (Lipkowitz et al., 2018). Each
triangle on the plot represents one sample run in triplicate and
the lack of overlapping triangles provides a visual indicator of
good discrimination between samples. PC1 explained 85.6% of
the variability and was associated with an increased response from
the spicy, sweet, salty, sour, and umami sensors. PC2 explained
7.96% of the variability and was associated with an increased
response from the remaining two sensors of bitter and metallic.
The paneer samples containing 3.75 and 15 ppm capsaicin were
described most by PC1, whereas the paneer samples containing
1.875 and 30 ppm capsaicin were described mostly by PC2. The
paneer samples containing 0 and 7.5 ppm capsaicin were not well
defined by the response from any sensor.

Typically, the e-tongue will give a response consistent with the
human responses to increasing concentration of a stimulus (Legin
et al., 1997). This results in a PCA plot where more similar samples
will be displayed nearer to each other and higher concentrations
will be located closer to the sensor loading points on the plot
(Lipkowitz et al., 2018). This was not the case in these results.
Although the e-tongue displayed a high degree of discrimination,
the sample placement on the PCA plot did not provide a systematic
pattern based on the concentration of capsaicin in the sample. The
paneer samples with similar capsaicin concentrations were not
grouped near each other and not grouped near the spicy sensor
loading. For example, the highest concentration of capsaicin in the
paneer, 30 ppm, was closest to the metallic sensor loading, not the
spicy sensor. Also, the 1.875 and 30 ppm samples were grouped
closer together than the 15 and 30 ppm samples were and closer
than the 0 and 1.875 ppm samples.

The placement of the paneer samples on the e-tongue PCA may
be explained by the principles of separation by the e-tongue. The
seven sensors used on the e-tongue are cross-selective and all are
used to help discriminate among samples. The spicy sensor is not
the only sensor used to discriminate among the samples. Previous
research using the e-tongue for evaluation of spicy compounds
had similar findings in that the spicy sensor did not correspond
to the sample with the highest concentration of capsaicin (Paup
et al., 2018). The study theorized that at lower concentrations of
capsaicin in the sample the e-tongue may need to use all of the
sensors to help discriminate because differences at the lower con-
centrations may be less apparent and more difficult to detect (Paup
et al., 2018). Nevertheless, the data show that at concentrations
at which consumers have a difficult time discriminating between
in sensory evaluations, the e-tongue can be a useful qualitative
measure of discrimination among spicy food samples.
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Conclusion
Consumer sensory evaluation revealed panelists were able to

discriminate among spicy paneer cheese samples at concentrations
above 3.75, 7.5, and 15 ppm of capsaicin. Concentrations higher
or lower than these levels proved challenging for consumers to
determine differences as there were no significant differences be-
tween the control (0 ppm) and 1.875 ppm samples and between 15
and 30 ppm samples. The e-tongue, however, had a high degree
of discrimination of 93% between all concentrations of capsaicin-
spiked paneer, indicating the e-tongue may be a useful tool to
qualitatively discriminate between spicy paneer samples. This may
be useful to aid in development of spicy cheese products to allow
for less preliminary sensory testing of product spice levels. It is
important to note, however, that the matrix the capsaicin is added
to will impact the consumers discrimination ability of capsaicin
pungency.
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