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Influence of storage time and elevated ripening
temperature on the chemical and sensory
properties of white Cheddar cheese
Emily A. Walsh, Charles Diako , Denise M. Smith , and Carolyn F. Ross

Abstract: Aged cheese is an increasingly popular dairy product. One approach to reduce Cheddar cheese maturation
time is by utilizing elevated temperature, despite potential problems including development of imbalanced or off-flavors
and negative changes in texture. Therefore, the objective of this study was to evaluate the influence of elevated ripening
temperature on chemical and sensory properties of aged white Cheddar cheese. White Cheddar cheese was aged at 7.2,
10, or 12.8 °C for 12 months, with samples evaluated at 2, 5, 8, 10, 11, and 12 months by a trained sensory panel (n =
10). Two consumer sensory panels (n = 120) assessed 8- and 12-month aged cheese for comparison to a commercially
available reference sample of the same cheese, aged for 12 months. An electronic tongue methodology was developed for
analysis of nonvolatile compounds. Trained panel results showed that 2-month cheeses were described by milkfat flavor
and sweet taste, 5-month cheeses were described by nutty aroma and white color, and 8-, 10-, 11-, and 12-month cheeses
developed aged characteristics, such as umami and bitter tastes, brothy aroma, and aged flavor. Consumer panel results
showed similar overall liking scores for the reference cheese and cheeses aged at 10 or 12.8 °C for both evaluations. The
electronic tongue could classify samples according to aging month with a validity value of 92.59%. In conclusion, the
electronic tongue served as a valid method of instrumental analysis for Cheddar cheese samples throughout maturation.
This study demonstrated that aging white Cheddar cheese for 8 months at an elevated storage temperature of 10 °C
produced cheese similar in consumer acceptance to that aged at 7 °C for 12 months.

Keywords: dairy, electronic tongue, sensory changes

Practical Application: This study showed that aged white Cheddar storage at a higher temperature was perceived similarly
by consumers as one stored for 1 year at a slightly lower temperature. This may be useful to those in the dairy industry
exploring ways to accelerate aging, reducing devoted resources, while still producing an acceptable product. Also, the
electronic tongue was effective at distinguishing among aged white Cheddar cheese samples showing another application
for this technology.

1. INTRODUCTION
With growing consumer demand for aged Cheddar cheese,

manufacturers often experiment with changes to the cheesemak-
ing process and require new technology to produce quality cheese
more rapidly. Alterations, including utilizing elevated temperature,
enzyme addition, or fat reduction, influence the physiochemical
and sensory properties of the resulting cheese. The implementa-
tion of elevated temperature reduces refrigeration costs and is the
simplest method of accelerating aging (Law, 2001).

Ripening temperature governs biochemical process activity dur-
ing aging. Elevated temperature can prove problematic due to the
increasing rates of proteolysis, glycolysis, and lipolysis. In addition,
due to this catalysis of biochemical processes, the use of extended
ripening time at elevated temperature may lead to flavor imbal-
ance. Using an elevated temperature of 11 °C, propionic acid and
free amino acids increased at faster rates than Cheddar cheese aged
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at 6 °C, indicating the acceleration of proteolysis and lipolysis
(Marsili, 1985). The acceleration of these biochemical processes
at elevated temperature has been shown to increase flavor inten-
sity in Cheddar cheese (Folkertsma, Fox, & McSweeney, 1996).
Following 3 months of ripening at 16 °C, texture deteriorated,
and atypical flavor was noted, resulting in poor quality (Folkertsma
et al., 1996).

Atypical flavor with extended maturation at elevated tempera-
ture spurred the use of time/temperature combinations in the early
stages of ripening to control aging. Utilizing the time/temperature
combinations of 20 °C for 1 week and 12 °C for 6 weeks, aging was
accelerated by 2 months (Hannon et al., 2005). Nonstarter lactic
acid bacteria were determined to contribute to the perception of
maturity through the formation of volatile compounds given the
differences in aroma and flavor profiles produced by varying tem-
perature (Rehman et al., 2000). These assessments of the influence
of elevated temperature (9 to 12 °C) on Cheddar cheese quality
commonly employ sensory and instrumental analyses (Croissant,
Watson, & Drake, 2011).

The development of the electronic tongue (e-tongue) technol-
ogy has also allowed for a realistic instrumental measurement of
the complex human perception of taste (Ross, 2009). Specifically,
the Alpha MOS R© potentiometric e-tongue is employed for taste
assessment of liquid sample matrices through a set of seven cross
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selective, ion-selective sensors; sweet, sour, salty, bitter, umami,
metallic, and spicy. The e-tongue in the food and pharmaceutical
industries has become a tool for rapid classification, recognition,
discrimination, and identification of samples and can also be used
for quantification purposes (Tudor Kalit, Marković, Kalit, Vahčić,
& Havranek, 2014). In terms of its application in dairy research,
the e-tongue has been used to analyze whey hydrolysates (New-
man et al., 2014) and probiotic fermented milk (Hruškar, Major,
& Krpan, 2010). A recent research has highlighted the use of
e-tongue to evaluate the impact of manufacturing changes on
Cheddar cheese characteristics and its potential applications in the
dairy industry (Lipkowitz, Ross, Diako, & Smith, 2018).

Consumer and trained panels are often employed to assess con-
sumer acceptance and changes in cheese characteristics. This is
especially important when alterations are made to the cheesemak-
ing process so that the extent of the changes, either positive or
negative, can be assessed. Cheddar cheese may develop unbal-
anced flavors and off-flavors that can result in consumer rejection
when aged at elevated temperature (Marsili, 1985). To facilitate
communication among industry, government, and academia, as
well as advance worldwide research on Cheddar cheese flavor, a
universal descriptive language for Cheddar cheese was developed
(Drake, McIngvale, Gerard, Cadwallader, & Civille, 2001). Cheese
samples were profiled using a descriptive sensory evaluation panel
to develop this lexicon. The 17 validated terms created a stan-
dardized language and a universal intensity scale. Additionally, the
lexicon was cross-validated by employing sensory panels using the
descriptive language in three different locations (Drake, Gerard,
Wright, Cadwallader, & Civille, 2002).

Considering the challenges of aging cheese at elevated storage
temperatures, the use of instrumental, chemical, and sensory anal-
yses bolsters research conclusions, serving as an excellent tool for
sample assessment. The purpose of this study was to determine
the influence of elevated temperature on consumer acceptance
of Cheddar cheese and sensory attributes throughout ripening as
well as analyze changes in the nonvolatile taste profile throughout
maturation using an e-tongue.

2. MATERIALS AND METHODS

2.1 Materials
To produce this cheese, whole milk for cheese production was

obtained from Knott Dairy Center (Pullman, WA, USA) and
skim milk and cream were purchased from Darigold, Inc. (Seattle,
WA, USA). Freeze-dried DV850 cultures (CHR Hansen, Mil-
waukee, WI, USA) were utilized as starter lactic cultures. Lac-
tobacillus helveticus WSU19 was used as an adjunct culture and
was provided by the Washington State Univ. Creamery (Pullman,
WA, USA). A Coagulant (CHY-MAX R© Extra) was purchased
from CHR Hansen and MORTON R© Top Flake Topping Salt
was purchased from Morton Salt Inc. (Chicago, IL, USA). Sulfu-
ric acid for Babcock Milk Test (CAS 7664-93-9) was purchased
from Fisher Scientific (Hampton, NH, USA). A chloride meter
standard (200 mg/L Cl) (Sherwood Scientific Ltd., Cambridge,
UK) and combined acid buffer (Nelson-Jameson, Inc., Marshfield,
WI, USA) were used for salt analysis. The micro Kjeldahl proce-
dure was performed using sodium hydroxide 50% (w/v) solution
(Acros Organics, Thermo Fisher Scientific, Waltham, MA, USA),
0.1N HCl titration solution (Hanna Instruments, Woonsocket,
RI, USA), selenized boiling granules (Hengar Co., Thorofare, NJ,
USA), cupric sulfate pentahydrate catalyst (J.T. Baker, Phillipsburg,
NJ, USA), and boric acid (Sigma, St. Louis, MO, USA).

For the preparation of sensory evaluation standards, skim milk,
eggs, and heavy whipping cream (Lucerne Foods, Pleasanton, CA,
USA), walnuts, canned potatoes, and fresh pineapple (Signature
Select, Safeway) were purchased from Safeway (Pleasanton, CA,
USA). Black Diamond Mature Reserve Cheddar cheese (Lactalis
American Group, Buffalo, NY, USA) was also used as a sensory
evaluation standard. Diacetyl, p-cresol, and butyric acid were pur-
chased from Sigma. Taste standards were prepared using quinine
sulfate, sucrose, citric acid, mono-sodium glutamate (Sigma), and
sodium chloride (Avantor Performance Materials, Inc., Center
Valley, PA, USA). Color scales were determined with panel agree-
ment and created using Clark & Kensington and Valspar paint
chips purchased from Ace Hardware (Oak Brook, IL, USA). Both
the trained and consumer panels utilized Tillamook Sharp White
Cheddar as a reference (Tillamook County Creamery Association,
Tillamook, OR, USA). Hydrochloric acid, sodium chloride, and
sodium-l-glutamate standards for e-tongue analysis were obtained
from Alpha MOS (Tolouse, France). Prior to e-tongue analysis,
cheese fat was extracted using chloroform (VWR Intl., Radnor,
PA, USA) and methanol (J.T. Baker).

2.2 Cheese production and storage
White Cheddar cheese was produced by the Washington State

Univ. Creamery during 3 days of production (60 cans/day, totaling
180 cans). Whole milk (Knott Dairy Farm), skim milk, and cream
(Darigold, Inc.) were pasteurized in a cheese vat at 32 °C and held
for 1 hr following inoculation with 0.02% (w/w) DV850 starter
culture and 0.33% (w/w) L. helveticus WSU19. This was followed
by coagulation with the addition of 0.045% (w/w) CHY-MAX R©
Extra (milk rennet) after gentle stirring for 2 min and setting for
30 min. The curd was then cut, allowed to heal, and cooked at
39 °C for 90 min before pumpout onto the cheddaring table when
a titratable acidity (TA) of 0.13 was reached. Whey was drained
and the mass was cut into loaves. The loaves were cheddared to
facilitate moisture removal by flipping and stacking until a TA of
0.46 was obtained at 37 °C. The curd was milled by hand and salt
was added at 0.25% with mixing from the table agitator. Curds
weighing 12.7 kg were put into hoops and assembled under presses.
An initial hour of pressing at 380 kPa allowed for wrapping the
now formed mass with cheese cloth for another overnight pressing
at 380 kPa. The cheese was sliced and vacuum sealed into steel
cans (15.24 cm × 5.40 cm). Seals were checked and cans x-rayed
(Next Guard, ThermoFisher Scientific) before storage. Cheese
from 3 consecutive days of production was assigned to batches 1,
2, and 3, respectively. Within a given day, cans (n = 60) were
randomly assigned to specific aging temperature coolers (7.2, 10,
and 12.8 °C) equally across days. Over the 12-month aging period,
cans from each production day were randomly selected at 2, 5, 8,
10, 11, and 12 months for analysis using the e-tongue and sensory
methods. Before aging the samples, chemical analysis (moisture,
fat, protein, salt, and pH) was completed in triplicates from each
of the three batches of Cheddar cheese made. Thus, a total of
nine samples were randomly selected from the three batches and
analyzed.

2.3 Moisture content
Aluminum pans were placed in a BLUE M C-4850-Q forced air

oven (Thermal Product Solutions, New Columbia, PA, USA) for
45 min to reach constant mass. Grated cheese samples (5.0 g) were
placed on the pans and dried overnight at 100 °C. Samples from
each production day were removed to a desiccator the following
day and weighed after reaching room temperature.
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2.4 Fat content
The Babcock method (Marth, 1978) was used to quantify the

fat content of the Cheddar cheese samples in triplicate. In a Bab-
cock bottle, cheese (9 g) and 60 °C distilled water (9 mL) were
mixed on a Garver mechanical shaker at maximum speed (Garver
Manufacturing Inc., Union City, IN, USA) to form a soft slurry.
Sulfuric acid (90% to 93%) was added in two aliquots of 8.75 mL,
followed by maximum speed shaking after each, until a dark uni-
form color was achieved. Samples were then centrifuged using a
Garver electrifuge (Garver Manufacturing Inc.) at 60 °C for 5 min
at 130 × g. The addition of 60 °C water occurred in two steps; to
the “0” mark (>5 mL)—the beginning of the neck of the bottle—
and to the “45 to 50” mark (>10 mL) preceded centrifugation for
2 and 1 min, respectively. The bottles were placed in a water bath
(60 °C) for 5 min. Red Reader Oil was then used to help read the
percent (w/w) fat, as it highlighted the meniscus at the top of the
bottle neck. The percent (w/w) fat was obtained by subtracting
the number associated with the bottom of the fat in the neck from
the number corresponding to the meniscus.

2.5 Protein content
Nitrogen determination was performed using the micro Kjel-

dahl procedure (AOAC Method 960.52) to quantify the organic
nitrogen content of Cheddar cheese using triplicate samples from
each production day. Nitrogen was converted to protein using the
conversion factor of 6.38 (Rouch, Roginski, Britz, & Roupas,
2008), with concentration of protein expressed in percent.

2.6 Salt content
The amount of salt in the cheese samples was determined us-

ing the Corning Chloride Analyzer 926 (Nelson-Jameson, Inc.).
The instrument was calibrated using a combined acid buffer to
obtain three consecutive readings of 100 ± 3 mg/L before sample
analysis. Cheese samples were prepared by grating 5.0 g samples
into beakers, adding 98.2 g of 65.6 °C (150˚F) distilled water, and
leaching salt (approximately 1.1%) for 20 min. Samples were then
homogenized for 30 s using a Hamilton Beach HMI200 9′ im-
mersion blender (Hamilton Beach Brands, Glen Allen, VA, USA)
and then filtered through Whatman No. 2 qualitative filter paper
(Whatman Intl. Ltd., Maidstone, England). Titration was done
using the chloride analyzer and percentage salt level was deter-
mined. The salt-to-moisture ratio (S/M) was then calculated by
taking the salt percentage and dividing by percent moisture.

2.7 pH determination
The pH of triplicate cheese samples—as prepared for salt deter-

mination, blended with water—was measured using Oakton pH
510 Series Benchtop Meter and the 35805–18 pH probe (Eutech
Instruments, Singapore).

2.8 Cheddar cheese preparation for e-tongue
Cheddar cheese samples were prepared in triplicate using a mod-

ified Folch procedure (Folch, Ascoli, Lees, Meath, & LeBaron,
1951) to extract the fat. Following the addition of 60 mL of a 2:1
chloroform:methanol solution, each 3 g sample was homogenized
for 1 min at 1,600 × g using the Ultra Turrax IKA T18 basic
homogenizer (IKA Labortechnik, Staufen, Germany). The probe
was rinsed with 10 mL chloroform:methanol and 10 mL of MilliQ
water was added. Samples sat for 20 min before centrifugation for
30 min at 3,000 × g using a Beckman GPR centrifuge (Beckman
Coulter, Brea, CA, USA). The top aqueous layer was isolated, fil-
tered through Whatman No. 2 qualitative filter paper (Whatman

Intl. Ltd.), and the methanol evaporated using the Büchi Rotava-
por (Büchi Labortechnik AG, Flawil, Switzerland) at 85 °C for
25 min to a standard volume of 25 mL.

2.9 E-tongue analysis
Following preparation, Cheddar cheese samples were equili-

brated to room temperature and filtered using Whatman No. 1
qualitative filter paper (Whatman Intl. Ltd.) into 25 mL e-tongue
analysis beakers. A potentiometric e-tongue (Astree R© II e-tongue
unit Alpha MOS) analyzed Cheddar cheese samples for taste at-
tributes (sweetness, saltiness, sourness, bitterness, umami, metallic,
and spiciness). The e-tongue was equipped with a liquid auto
sampler (LS48) and seven set #5 sensors (sweet, sour, bitter, salty,
umami, spicy, and metallic). System preparation entailed condi-
tioning, calibration, and diagnostics. This prerun system was per-
formed using 25 mL of 0.01 M standard solutions, each prepared
from 0.1 M hydrochloric acid, sodium chloride, and sodium-l-
glutamate. The set of #5 sensors was then left to hydrate overnight
in 25 mL reagent grade Milli-Q filtered water. A programmed auto
sampler method used the following parameters for sample analysis:
delay = 0 s; acquisition time = 120 s; stirring rate = 1, and ac-
quisition period = 1. The sequence alternated between analyzing
cheese samples and a 10-s cleaning of the sensors in 25 mL reagent
grade Milli-Q filtered water for six loops during data acquisition.

2.10 Trained panel
Panelists (n = 10) were recruited through electronic announce-

ment within the Washington State Univ. community. No previ-
ous experience with cheese or sensory evaluation was required for
participation. Training (16 sessions), totaling 20 hr, took place for
6 weeks before the evaluation of 2-month old cheese. Prior to the
evaluation of cheese samples at the other storage time points (5,
8, 10, 11, and 12 months), a 1-hr refresher training session was
held for panelists to review attributes. Minimal background infor-
mation was given to panelists about the study to reduce potential
bias. The panel was composed of 60% females and 40% males with
ages between 23 and 54 years (mean panel age of 29.5). Cheese
consumption pattern of panelists was either daily or once to sev-
eral times per week. The study was approved by the Washington
State Univ. Institutional Review Board for human subject partic-
ipation. Panelists received nonmonetary incentives following all
training and formal evaluation sessions.

Panelists received training on the use of the 15-cm line scale—
anchored at 1.5 cm (low) and 13.5 cm (high)—and evalua-
tion techniques for aroma, flavor, and tastes of cheese. Standards
(Table 1) were presented over 6 weeks of training, with definitions
taken from Drake et al. (2001). The first and second weeks were
focused on the appearance and taste categories. The third and
fourth weeks were focused on the aroma and flavor categories,
while the remaining two had mix of all categories with an empha-
sis on difficult attributes. Panelist agreement facilitated attribute
standard choice and perception of intensity ratings for 11 flavor
and aroma and 5 taste attributes. Practice evaluations sessions oc-
curred throughout the training period to validate training in each
category by using commercial cheeses. Feedback was provided to
panelists during practice sessions, immediately after rating each
attribute for all samples, using the Feedback Calibration Method
(FCMTM); available through Compusense Cloud (Compusense Inc.,
Guelph, ON, Canada). Additionally, panelists received feedback
about performance following data analysis of practice sessions with
SenPaq (Qi Statistics Ltd., Berkshire, UK). Refresher sessions,
1-hr in length, the day prior to formal evaluation of cheese at 5,
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Table 1–Standards used in panel training for sensory evaluation (n = 10) of white Cheddar cheese samples for appearance, aroma,
flavor, and taste attributes.

Category Attribute Definitiona Standard preparation

Appearance White Intensity of white color in sample Clark & Kensington paint chips Low: CW-C5U
Medium: CW-C2U High: CW-C1U

Yellow Intensity of yellow color in sample Clark & Kensington paint chips Low: 20B-1U
High:18B – 4M
Valspar paint chip Medium: VR011E

Orange Intensity of orange color in sample Clark & Kensington paint chips
Low: 16A-1 High: 16A-2 Valspar paint chip
Medium: 116Q

Brown Intensity of brown color in sample Clark & Kensington paint chips Low: 20A-1U
Medium: 20A-2M High: 20A-3M

Aroma and flavora Cooked Aromatics associated with cooked milk Skim milk heated to 85 °C for 30 min
Fruity Aromatics associated with different fruits Fresh pineapple
Diacetyl Aromatic associated with diacetyl Diacetyl (20 ppm in water)
Sulfur Aromatics associated with sulfurous compounds Boiled egg
Nutty The nut-like aromatics associated with different nuts A: lightly toasted walnuts

F: unsalted wheat thins
Whey Aromatics associated with Cheddar cheese whey Fresh Cheddar whey
Brothy Aromatics associated with vegetable soup stock Canned potatoes
Milkfat Aromatics associated with milkfat Heavy cream
Age Flavors indicating age in Cheddar cheese Aged Cheddar (�1year)
Cowy Aromas associated with animal waste ρ-cresol (160 ppm)
Free fatty acid Aromatics associated with short-chain fatty acids Butyric acid (20 ppm in water)

Tastea Sweet Taste associated with sugars Sucrose (5% in water)
Sour Taste associated with acids Citric acid (0.08% in water)
Salty Taste associated with salts Sodium chloride (0.5% in water)
Bitter Taste associated with caffeine and quinine Quinine sulfate (0.008% in water)
Umami Taste associated with savory Mono-sodium glutamate (1% in water)

aAdapted from Drake et al. (2001).

8, 10, 11, and 12 months also utilized practice tests and panelist
feedback with SenPaq.

Instruction, scale presentation, and data collection during for-
mal evaluations were carried out using Compusense Cloud (Com-
pusense Inc.). All cheese samples were cut into 1.5 cm cubes
with six cubes provided to panelists, prepared in 4 oz. soufflé
cups with random three-digit codes. Samples were removed from
refrigeration 1-hr prior to evaluation to equilibrate to room tem-
perature (approximately 23 °C). Panelists were provided with un-
salted crackers, green grapes, and water for palate cleansing be-
tween cheese samples. Eight cheese samples were evaluated—four
samples (three treatments and one blind reference) in replicate—
utilizing a completely randomized serving order, with forced
breaks between every sample, except the fourth. A 15-min break
after evaluation of the fourth sample was required to prevent sen-
sory fatigue. The panelists were restricted to not eat or drink
during this break time. The majority of the panelists used the
restroom, waited in the booths or discussion room, and checked
emails during this time.

2.11 Consumer panels
Two consumer panels with consumers (n = 120/panel) recruited

through electronic announcement within the Washington State
Univ. community were conducted to assess consumer liking and
preference of aged white Cheddar cheese at 8 and 12 months of
aging, as approved by the Institutional Review Board. The pan-
els were composed of 64% females and 36% males with a mean
age of 34 years old, ranging from 18 to 68 years old. Consumers
were asked to answer demographic questions about race, employ-
ment status, consumption of various cheese varieties, frequency of
consumption, and factors influencing cheese choice.

Consumers were presented with five samples; three tempera-
ture treatment cheeses, 1-year-old white Cheddar cheese for di-

rect sample comparison (Cougar Gold—this is the Washington
State Univ. signature cheese), and a commercial medium Cheddar
cheese as a reference sample. Samples were cut into 1.5 cm cubes
and three cubes of cheese were provided in 4 oz. soufflé cups with
lids. Samples were served at room temperature, labeled with ran-
domized three-digit codes. Unsalted crackers, grapes, and water
were provided as palate cleansers.

Consumers rated the samples based on appearance, aroma, fla-
vor, and texture as well as the intensities of these attributes on
a 9-point hedonic with extremes of 1 (dislike extremely) and 9
(like extremely) and a 9-point intensity scale with 1 = extremely
low intensity and 9 = extremely high intensity. After the eval-
uation of each sample, consumers were asked if they considered
the sample to be Cougar Gold, based on their previous knowl-
edge and experience with this Washington State Univ. signature
cheese. Consumers could select yes, no, or maybe as an answer. Data
collection was carried out using Compusense Cloud (Compusense
Inc.). Consumers received nonmonetary incentives following the
completion of the panels.

2.12 Statistical analyses
Analysis of variance (ANOVA) was conducted on proximate

analysis data (pH, fat, moisture, protein, and salt-to-moisture ratio)
to evaluate consistency of samples produced on different days.
Significance was established at P < 0.05.

Trained panel data were analyzed using ANOVA, Tukey’s HSD,
and principal components analysis (PCA). ANOVA was used to
assess the main effects of elevated temperature, storage time, and
panelist as well as interaction effects of month and temperature on
the intensities of appearance, aroma, flavor, and taste attributes of
the samples. PCA was used to show relationships among treatments
(aging and temperature) and samples over the entire storage time.
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Principal component analysis was performed on the consumer
sensory evaluation data to determine the relationship between the
attributes and the cheese samples at the various time and temper-
ature combinations. A hierarchical agglomerative clustering was
used to segment the consumers to further explore their over-
all liking of the samples. This was followed by correspondence
analysis (CA) on 8-month consumer panel data to determine the
aging temperature that produced sensory characteristics similar
to the reference cheese. Both PCA and CA were conducted us-
ing XLSTAT Sensory 18.07 (Addinsoft, New York, NY, USA).
Consumer liking data were preprocessed for CA by transforming
hedonic data to binary data as follows: on the 9-point hedonic
scale, “like moderately” = 7, “like very much” = 8, “like ex-
tremely” = 9 were converted to 1, while the remaining of the
scales (1 to 6) were assigned 0. PCA was used to create pro-
files of the e-tongue signal data across storage time. Partial least
squares (PLS) regression for sensory correlation was performed on
e-tongue data to correlate sensory taste evaluation with e-tongue
data (AlphaSoft vrs 12, Alpha MOS, Toulouse, France) and dis-
criminant analysis (DA) to evaluate classification of cheese samples
based on storage time and temperature using XLSTAT Sensory
18.07 (Addinsoft).

3. RESULTS AND DISCUSSION

3.1 Chemical analyses
Proximate composition of the Cheddar cheeses was not sig-

nificantly different among the three batches. The overall mean
values obtained for the samples were pH (4.5), fat (33.7%), milk
fat (54.8%), moisture (37.9%), total solids (62%), protein (23.6%),
and salt-to-moisture ratio (3.31). This composition was consis-
tent with the standard of identity for Cheddar cheese, which must
have a minimum milkfat content of 50% by weight of solids and
maximum moisture content of 39% (Cheeses and Related Cheese
Products, 2018). Results also agree with previous research, which
documented levels for moisture, fat, and protein as 37.4%, 33.0%,
and 25.1%, respectively (Folkertsma et al., 1996).

3.2 Descriptive sensory analyses
Of all the 25 attributes studied over the 12-month ripening time,

fruity aroma, free fatty acid (FFA) aroma, and FFA flavor were
the only attributes that were not perceptibly different (Table 2).
Storage temperature was a significant main effect for color, flavor,
and taste attributes (P < 0.05). Most of the aroma attributes were
not significantly different among the samples except for fruity and
aged aroma. The interaction between month and temperature was
significant for nutty and aged flavors, and brown color showing
that different months of aging at different temperatures resulted
in perceptible differences. This indicated that aroma attributes
were mostly influenced by storage time, with flavor and colors
influenced by both storage time and temperature.

Based on temperature, cheeses aged at elevated ripening tem-
perature were distinct in sensory attributes from cheeses ripening
at typical aging temperature (Table 3). More specifically, cheese
aged at 12.8 °C had higher intensity values (P < 0.05) than cheese
aged at 7.2 °C for aged aroma, fruity flavor, nutty flavor, aged fla-
vor, FFA flavor, and all taste attributes except sweetness. Similarly,
cheese aged at 10 °C had higher intensity values (P < 0.05) for
milkfat aroma, diacetyl flavor, aged flavor, and umami taste.

PCA was used to display the relationship between samples and
attributes over the 12-month aging period (Figure 1). The first
two principal components accounted for about 58% of the varia-

Table 2–F ratios from analysis of variance of descriptive analysis
of nine white Cheddar cheese samples as evaluated by trained
panel (n = 10).

Source of variation Month Temperature Month∗Temp
df 5 3 15

Aroma
Fruity 1.19 6.30∗ 0.97
Sulfur 7.75∗ 2.03 1.36
Brothy 5.26∗ 1.38 1.02
Milkfat 10.15∗ 2.46 1.31
Diacetyl 8.19∗ 0.21 0.54
Nutty 10.66∗ 1.68 0.49
Age 18.21∗ 11.07∗ 1.29
FFA 1.57 2.49 0.62
Color
White 10.73∗ 48.00∗ 0.36
Yellow 2.79 345.49∗ 0.62
Orange 8.98∗ 16.16∗ 1.19
Brown 7.92∗ 29.33∗ 1.31∗
Flavor
Fruity 2.64∗ 12.90∗ 0.73
Sulfur 4.94∗ 4.94∗ 1.64
Brothy 17.57∗ 2.28 1.45
Milkfat 9.87∗ 3.28∗ 0.98
Diacetyl 8.17∗ 2.67∗ 1.06
Nutty 8.62∗ 4.60∗ 1.71∗
Age 47.17∗ 24.82∗ 6.68∗
FFA 0.67 2.75∗ 0.80
Taste
Sweet 9.01∗ 14.40∗ 0.16
Salty 5.31∗ 5.66∗ 1.30
Sour 3.56∗ 4.62∗ 1.22
Bitter 11.53∗ 10.08∗ 1.22
Umami 5.94∗ 4.10∗ 1.51

Values with asterisk (∗) represent a significant difference at P < 0.05.

tion in the data. Principal component 1 (PC1) accounted for about
43% of the variation in the data and is described by the contrast-
ing relationship between milkfat flavor and sweet taste with bitter
taste, aged aroma, and brothy flavor. Principal component 2 (PC2)
accounted for 15.4% of variation and was described by the con-
trasting relationship between nutty flavor and aroma with diacetyl
and fruity flavors and aromas.

Young cheeses—2 months in age—were characterized by milk-
fat flavor and sweet attributes as well as a distinct lack of aged
attributes and bitterness. As aging progressed to 5 months, cheeses
began to develop aged characteristics, such as nutty aroma and
white color. During the other aging periods (8, 10, 11, and
12 months), cheeses were described by various attributes indi-
cating maturity, including FFA flavor, sour taste, aged flavor, and
brothy aroma. The development of aged attributes in older cheese
and the characteristics of young cheese has been explored by other
researchers, with the current results are in support of these previ-
ous studies (Drake et al., 2001; Drake et al., 2002). After 8 months
of aging, samples aged at elevated temperature were better de-
scribed by mature attributes—umami and sour tastes, aged and
sulfur flavors, and brothy aroma—than the commercial sample.

3.3 E-tongue analyses
The e-tongue has been used to assess the flavor of probiotic

fermented milk during storage and quantify bitterness of dairy
protein hydrolysates (Hruškar et al., 2010; Newman et al., 2014).
The electronic nose has been utilized in combination with de-
scriptive sensory analysis to chemically differentiate aged (6 to
15 months) Cheddar cheese (Drake, Gerard, Kleinhenz, & Harper,
2003). The current study utilized the e-tongue for taste assessment
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Table 3–Mean values of aroma, color, flavor, and taste attributes
of three Cheddar cheese samples as evaluated by trained pan-
elists (n = 10).

Sensory
attribute 7.2 °C 10 °C 12.8 °C

Cheddar
reference

Aroma
Fruity 2.22 ab 2.50 a 2.43 a 1.97 b
Sulfur 1.63 a 1.58 a 1.78 a 1.72 a
Brothy 4.00 a 4.13 a 4.25 a 4.07 a
Milkfat 4.34 ab 4.55 a 4.41 ab 4.19 b
Diacetyl 3.00 a 3.09 a 3.06 a 3.06 a
Nutty 2.85 a 2.99 a 3.09 a 2.91 a
Age 4.33 bc 4.69 ab 5.02 a 4.14 c
Free fatty acid 2.48 a 2.75 a 2.75 a 2.56 a
Color
White 3.88 a 4.07 a 4.09 a 1.96 b
Yellow 3.70 b 3.48 b 3.55 b 7.24 a
Orange 1.22 b 1.15 b 1.26 b 1.69 a
Brown 1.77 b 1.67 b 1.59 b 2.51 a
Flavor
Fruity 1.93 bc 2.14 ab 2.30 a 1.64 c
Sulfur 1.61 b 1.62 b 1.64 b 1.93 a
Brothy 4.00 a 4.29 a 4.27 a 4.27 a
Milkfat 4.69 a 4.61 a 4.35 a 4.37 a
Diacetyl 3.10 ab 3.36 a 3.21 ab 3.05 b
Nutty 2.62 b 2.94 ab 3.07 a 2.88 ab
Age 4.07 c 4.84 b 5.28 a 4.37 c
Free fatty acid 2.45 b 2.70 ab 2.81 a 2.77 ab
Taste
Sweet 2.83 a 2.74 a 2.89 a 2.13 b
Salty 3.93 b 4.13 ab 4.42 a 4.34 a
Sour 2.58 b 2.80 ab 2.95 a 2.49 b
Bitter 2.55 c 2.74 bc 2.95 ab 3.26 a
Umami 4.42 b 4.88 a 4.86 a 4.76 ab

Duplicate evaluations were conducted at each time point on a 15-cm unstructured scale.
Different letters within a row represent a significant difference among cheese treatments
as analyzed using Tukey’s HSD (P � 0.05).

of white Cheddar cheese aged at varying storage times (2, 5, 8,
10, 11, and 12 months) and temperatures (7.2, 10, and 12.8 °C).

Results from the e-tongue analysis show that the e-tongue was
able to distinguish among the aged white Cheddar cheese samples
with discrimination indices between 82 and 86 throughout the
12-month aging period. The discrimination index represents how
well the instrument distinguished among samples based on the
instrument’s responses for sweet, sour, salty, bitter, umami, metal-
lic, and spicy. Discrimination indices range from –100 to +100.
A high discrimination index (100) indicates big differences be-
tween samples, while a poor discrimination index (–100) indicates
great similarity between samples. A discrimination index of �82
suggests the e-tongue distinguished Cheddar cheese samples with
high discrimination and agrees with previously reported e-tongue
analysis of Cheddar cheese (Lipkowitz et al., 2018).

The responses of the e-tongue sensors to the samples aged for 8
and 12 months are shown as principal component biplots (Figure 2
and 3, respectively). The graphs highlight the changes occurring in
the samples based on e-tongue response. For the 8-month samples,
PC1 accounted for 93% of the variation and is described by the
contrasting relationship between the response from the umami
sensor on the one hand; and the rest of the sensors on the other
hand. Generally, samples aged at elevated temperatures tended
to have higher responses from the umami sensor. However, the
samples aged for 12 months showed a lower amount of variation
(68%) explained on PC 1, which was described by the contrasting
relationship between the umami sensor and four other sensors
(metallic, bitter, sweet, and spicy). The remaining sensors (sour
and salty) responded to changes that accounted for 17% of the
variation among the samples on PC 2, which were not observed
for the 8-month aged samples.

DA of e-tongue data showed 92.59% correct classification of
cheese samples by month. A misclassification occurs when a sample
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Figure 1–Principal component biplot A of
descriptive sensory analysis of aroma, color,
texture, flavor, and taste by trained panel (n =
10) of white Cheddar cheese samples aged at
7.2, 10, and 12.8 °C, over a 12-month ripening
period. Samples are described by their labels
with aging month, followed by aging
temperature. Attributes were defined by the
trained panel, with F describing the flavor
attribute and A describing the aroma attribute.
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Figure 2–Electronic tongue discrimination of nine Cheddar cheese samples aged at various ripening temperatures (7.2, 10, and 12.8 °C) for 8 months
showing high discrimination index (86) based on the Astree set #5 sensors (Alpha MOS, Toulouse, France). The sensors are represented as sweet, sour,
bitter, spicy, metallic, salty, and umami. Each triangle represents the triplicate measurements from a sample and labeled with the aging temperature
and batch number (day of production), where B1 = batch 1, B2 = batch 2, and B3 = batch 3.

is assigned to a month it did not belong to. Misclassified samples
were either assigned to an earlier month or a later month (data
not shown). A sample misclassified as the month before its actual
age could be a sample that was aged at the lowest temperature for
that its age (7.2 °C). Likewise, a sample misclassified as the month
after its age could be a sample aged at the highest temperature for
its age (12.8 °C).

Misclassification assigned to a month earlier or later than the
actual age of a sample as observed in this study could be due to the
influence of elevated temperature on aging. Elevated temperature
has been shown to accelerate flavor development through
the more rapid production of mature flavor attributes (Hannon
et al., 2005; Rehman et al., 2000). For example, the misclassifica-
tion of two samples aged at 10 months was assigned to 11 months
(data not shown). Given their classification as more mature
cheeses (11 months) instead of the actual age of 10 months,
these 10-month samples were aged at the elevated temperature
(12.8 °C) used in this study.

DA of e-tongue data showed a lower percentage correct classi-
fication by temperature of 53%. For a 100% correct classification,
all samples aged at a particular temperature should be correctly
classified as belonging to that temperature irrespective of aging
month. The vast changes experienced by cheese during ripen-
ing explained the e-tongue’s difficulty of correctly assigning aging
temperature. For example, if samples aged at 7.2 °C are misclas-
sified as aged at 12.8 °C, this could be cheese samples from later
months of aging. Therefore, the e-tongue could be misclassifying
samples due to this observed acceleration in taste development,
resulting in the low (53.70%) correct classification using DA. A

nonlinear classification method with more data points from the
e-tongue could be a better way to handle classification of e-tongue
data from Cheddar cheese aging based on different temperatures
for a given month.

The Astree R© e-tongue is a potentiometric e-tongue and its
seven sensors are cross-selective. Hence, although each sensor
is predominantly responding to ionic and molecular species
in solution that correspond to the five basic tastes as well as
the metallic and spicy sensations, each response from a sensor
has some contribution from the other sensors. Therefore, to
determine similarity in performance between the e-tongue and
human assessors, the sensory correlation function that comes
with the software is used. This uses PLS to correlate the signal
intensities from all seven sensors to the intensity scores for each
of the sensory attributes evaluated by the assessors. A strong cor-
relation (coefficient of determination) shows a strong agreement
between trained panel scores for an attribute for the samples
and the e-tongue signal intensities. In the present study, stronger
correlations were prevalent among later aging times (10 to
12 months) aged white Cheddar cheese samples compared to
the younger, less aged samples (Table 4). Increased correlation
at later months may indicate that as aging progressed, the cheese
developed more distinct tastes allowing ease of evaluation by the
trained panel or ability of the e-tongue to distinguish samples.
In the early months of cheese ripening, sensory characterization
cannot be used to predict character of the final cheese product
as sensory character changes slowly during aging (Muir, Hunter,
Banks, & Horne, 1996). Since temperature is the most important
factor governing flavor intensity (Law, Hosking, & Chapman,
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Figure 3–Electronic tongue discrimination of nine Cheddar cheese samples aged at various ripening temperatures (7.2, 10, and 12.8 °C) for 12 months
showing high discrimination index (86) based on the Astree set #5 sensors (Alpha MOS, Toulouse, France). The sensors are represented as sweet, sour,
bitter, spicy, metallic, salty, and umami. Each triangle represents the triplicate measurements from a sample and labeled with the aging temperature
and batch number (day of production), where B1 = batch 1, B2 = batch 2, and B3 = batch 3.

Table 4–Partial least squares correlation between electronic tongue analysis and trained panel evaluation for taste attributes of
white Cheddar cheese samples aged for 12 months.

Coefficient of determination (R2)

Taste 2 months 5 months 8 months 10 months 11 months 12 months

Sweet 0.009 0.441 0.084 0.990∗ 0.981∗ 0.964∗
Salty 0.288 0.995∗ 0.595 0.683 0.724 0.938∗
Bitter 0.990∗ 0.008 0.687 0.998∗ 0.651 0.977∗
Sour 0.458 0.005 0.208 0.918∗ 0.714 0.621
Umami 0.191 0.155 0.073 0.570 0.935∗ 0.951∗

∗Strong correlation sensory correlation is established as R2 � 0.80 (AlphaSoft version 12.3).
Data were collapsed across three aging temperatures (7.2, 10, and 12.8 °C).

1979), by the later months of maturation, the cheese had sufficient
time to develop its taste profile, yielding ease of evaluation for the
trained panel.

3.4 Consumer sensory evaluation
Aged white Cheddar cheese samples were evaluated by con-

sumers at both 8 and 12 months based on consumer acceptability
as well as intensity ratings. Consumers were asked to rate their
liking of appearance, aroma, overall flavor, Cheddar cheese flavor,
sharpness, aged flavor, overall texture, crumbliness, firmness, and
overall liking. Participants were also asked to rate the intensities of
Cheddar cheese flavor, sharpness, and aged flavor.

For 8-month consumer assessment of all attributes (Table 5), the
cheeses aged at 10 and 12.8 °C were similar to the commercial
(12-month) reference (P > 0.05), except for aged intensity where
consumers rated 10 °C as significantly lower than the reference

and overall flavor and Cheddar flavor where 12.8 °C was lower
than the reference. However, the cheese aged at 7.2 °C was sig-
nificantly different (P < 0.05) for all attributes except appearance,
aroma, and texture, which were similar to the 12-month reference
(P < 0.05). All other attributes had lower ratings due to the
7.2 °C being aged for 8 months compared to the 12-month ref-
erence.

For 12-month consumer assessment (Table 4), cheeses aged
at 10 °C were similar to the 12-month reference (P > 0.05) for
all attributes. Cheeses aged at 12.8 °C were only different from
the 12-month reference (P < 0.05) by having a significantly
lower overall liking (P < 0.05) compared to the 12-month
reference sample. The cheese aged at 7.2 °C was similar to
the reference for all attributes except sharpness intensity, aged
intensity, crumbliness, and firmness (P < 0.05). These differences
were not expected at 12 months because the 12-month reference
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Table 5–Attribute liking and intensity values of Cheddar cheese samples as evaluated by a consumer panel (n = 120) using a 9-point
hedonic scale at 8 and 12 months of aging.

8 months 12 months

Attribute
12-month
reference 7.2 °C 10 °C 12.8 °C

12-month
reference 7.2 °C 10 °C 12.8 °C

Appearance 7.200 a 7.350 a 7.267 a 7.092 a 7.317 a 7.308 a 7.250 a 6.933 a
Aroma 7.242 a 7.075 a 7.150 a 7.100 a 7.225 a 7.150 a 7.250 a 7.092 a
Overall flavor 7.550 a 6.950 b 7.217 ab 6.908 b 7.350 a 6.967 ab 7.242 a 6.633 b
Cheddar flavor 7.375 a 6.750 b 7.025 ab 6.883 b 7.200 a 6.917 ab 7.108 ab 6.650 b
Cheddar intensity 6.942 a 5.942 b 6.492 ab 6.592 a 6.358 ab 5.967 b 6.508 a 6.742 a
Sharpness 7.400 a 6.417 b 6.975 a 6.967 a 7.025 a 6.658 a 6.908 a 6.508 a
Sharpness intensity 6.842 a 5.408 b 6.250 a 6.625 a 6.425 b 5.817 c 6.658 ab 6.983 a
Aged flavor 7.225 a 6.592 b 6.892 ab 6.992 ab 7.033 a 6.567 ab 6.833 ab 6.458 b
Aged intensity 6.875 a 5.675 c 6.192 bc 6.508 ab 6.258 b 5.717 c 6.658 ab 6.867 a
Texture 7.133 a 6.575 a 6.792 a 6.942 a 6.983 a 6.483 a 6.917 a 6.708 a
crumbliness 6.775 a 6.033 b 6.375 ab 6.675 a 6.583 a 5.800 b 6.475 a 6.658 a
Firmness 7.008 a 6.392 b 6.925 ab 6.942 a 6.975 a 6.300 b 6.708 ab 6.800 ab
Overall liking 7.458 a 6.817 b 7.108 ab 7.017 ab 7.233 a 6.725 ab 7.092 a 6.508 b

Different letters (a to c) within a row for each aging month represent significant differences among cheese treatments as analyzed using Tukey’s HSD (P < 0.05).

Appearance

Aroma

Overall Flavor

Cheddar Flavor

Cheddar Cheese Intensity

Liking_Sharpness

Cheddar Sharpness Intensity

Liking Aged Flavor

Aged Intensity

Liking Texture

Liking Crumbly

Liking Firmness

Liking Overall

Reference 

12_7.2

8_7.2

12_10

8_10

12_12.8

8_12.8

-5

-4

-3

-2

-1

0

1

2

3

4

5

-5 -4 -3 -2 -1 0 1 2 3 4

F2
 (3

4.
10

 %
)

F1 (50.41 %)

Figure 4–Principal component biplot of
consumer liking (9-point hedonic scale) and
intensity rating (9-point intensity scale) of
appearance, aroma, flavor, and texture
attributes (red dots) of white Cheddar cheese
samples aged at 7.2, 10, and 12.8 °C for 8 and
12 months. White Cheddar cheese samples
(blue triangles) are described by their aging
time in months followed by aging temperature.

and cheese aged at 7.2 °C were comparable samples; both aged
for 12 months at 7.2 °C. Overall liking scores placed 10 and
7.2 °C as similar to the reference (P > 0.05), while 12.8 °C
was significantly lower (P < 0.05). This change in overall liking
compared to the 8-month data may be a result of the development
of unbalanced or off-flavors due to aging at 12.8 °C, a common
problem when utilizing elevated aging temperature (Hannon
et al., 2005). Cheese aged at 10 °C during both 8- and 12-month
evaluation received the greatest overall liking score compared to
the 12-month reference, indicating its acceptance by consumers.

Agglomerative hierarchical clustering of consumer data from
the 12-month aged cheese sensory panel showed three segments
of consumers in terms of liking the cheese samples (Dendrogram
not shown). Consumers in cluster 1 (n = 32) preferred cheese
aged at 12.8 °C gave an average score of 7.3, indicating “like

moderately” on the 9-point hedonic scale. The 10 and 7.2 °C
cheese samples scored a 7.1 (like moderately) and 5.9 (like slightly),
respectively. Cluster 2 had the fewest number of consumers (n =
26). These consumers preferred the Cheddar reference rated at
7.3, or “like moderately” over the 7.2, 10, and 12.8 °C with
ratings of 6.7, 6.7, and 4.1, respectively. Cluster 3 was the largest
cluster (n = 62) with consumers preferring cheese aged at 10 °C
with a rating of 7.3, indicating “like moderately.” Other samples,
7.2 and 12.8 °C, and the Cheddar reference had respective ratings
of 7.2 (like moderately), 7.1 (like moderately), and 4.9 (neither
like nor dislike).

Differences were found among consumer clusters. Most con-
sumers (from clusters 1 and 3) preferred cheese samples aged at
elevated temperatures with cluster 1 preferring cheese aged at
12.8 °C and cluster 3 preferring cheese aged at 10 °C. From
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Figure 5–Correspondence analysis plot of
8-month consumer panel (n = 120) indicating
the ideal product and its “must have”
attributes. The sensory attributes are shown in
red and Cheddar cheese samples aged at
different temperatures are shown at 7.2, 10,
and 12.8 °C. The consumers’ “ideal cheese”
(indicated as a black triangle) was the
reference sample used during consumer
panels—aged for 12 months at 7.2 °C.

trained panel evaluation, these samples are described by mature
cheese attributes. They have intensities greater than the Cheddar
reference—the sample preferred by cluster 2—for aged flavor and
aroma, bitterness, and sourness. In other words, cluster 2 preferred
the Cheddar reference due to its young characteristics. The pref-
erence of cheese samples for the 12-month consumer panel can
be simplified to consumers liking cheese with mature or young
cheese attributes.

While other segmentation work has found more segments
of consumers, the current study does share similarities. Other
segmentation work has been carried out with Cheddar cheese
based on maturity level (Young, Drake, Lopetcharat, & McDaniel,
2004). Utilizing preference mapping, six segments of consumers
preferred different Cheddar cheeses aged for different times, vary-
ing widely in their preferences for flavor profiles, including brothy
and aged flavors (Young et al., 2004).

Principal component analysis was carried out to determine
which of the 8- and 12-month samples were most likely the com-
mercial reference cheese aged for 1 year (Figure 4). The first two
principal components, PC1 and PC2, accounted for 84.50% of
variation among the samples; 50.41% and 34.10%, respectively.
PC1 can be described by the contrasting relationship between
aroma and texture as well as firmness, while PC2 described the
contrasting relationship between overall flavor and the intensity
attributes of aged, Cheddar sharpness, and Cheddar cheese flavor.
Samples aged for 8 months at both elevated temperatures of 10
and 12.8 °C and the samples aged for 12 months at 10 °C were
most similar to the reference. The samples aged at 10 °C and the
reference were best described by the liking attributes of texture,
sharpness, and aged flavor, while the samples aged at 12.8 °C were
described by the liking attributes of firmness and Cheddar cheese
flavor intensity.

CA was carried out using the 12-month commercial reference
as an ideal product to further investigate if elevated temperature

influenced the samples at 8 months (Figure 5). The analysis iden-
tified seven “must have” attributes, including sharpness intensity,
crumbliness, aged flavor, aged intensity, Cheddar cheese flavor
intensity, sharpness, and Cheddar cheese flavor. Those seven at-
tributes are what a product must have to be like the ideal product.
The cheese samples aged at the elevated temperatures were more
like the ideal product than the cheese aged at 7.2 °C. Like the ideal
product, the elevated temperature samples are described by more
mature attributes—Cheddar intensity, aged flavor, sharpness, and
crumbliness—than the sample aged at 7.2 °C. Two of three clus-
ters of consumers preferred samples with mature cheese attributes,
which further justifies the elevated temperatures embodying at-
tributes necessary to be considered the ideal product.

4. CONCLUSION
Maturation changes were monitored using chemical, instru-

mental, and sensory analyses demonstrating the influence of stor-
age time and temperature on the chemical and sensory properties
of white Cheddar cheese during a 12-month ripening period.
Trained panel evaluation at 2, 5, 8, 10, 11, and 12 months aided
in creating a profile of the cheese throughout ripening. Cheeses
aged at elevated temperatures (10˚ and 12.8 °C), compared to a
commercially available reference aged at 7.2 °C, developed higher
intensities of mature sensory attributes, such as aged flavor, umami
taste, and brothy aroma. Consumer evaluation resulted in similar
acceptance of cheese samples aged at 10 °C compared to samples
aged at 12.8 °C, since that elevated temperature produced cheese
with similar sensory properties to the commercial reference. The
e-tongue served as a valid and rapid method for cheese evalua-
tion with the ability to predict the age of cheese samples. This
study demonstrated that instrumental and sensory methods can be
implemented to help control the aging process of white Cheddar
cheese.
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