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Consumption of edamame (vegetable soybeans) has increased significantly in the U.S.

over the last 20 years. Although market demand has been increasing, most edamame is

still imported from Asian countries. A team of multistate plant-breeding programs in the

mid-Atlantic and Southeast U.S. has focused on developing new breeding lines that grow

well in the U.S. and deliver what domestic growers, processors and consumers need

and expect from their edamame. In our study, sensory evaluation was used to identify

edamame genotypes and sensory attributes preferred by consumers to support breeding

selection criteria. In the first year (reported as our “screening study”), 20 edamame

genotypes were grown in three locations: Newport, AR, and Blacksburg and Painter, VA.

In the second year (reported as our “validation study”), 10 edamame genotypes selected

after our screening study were grown in Blacksburg and Painter, VA, Portageville, MO,

and Stoneville, MS. In both years of research, untrained participants (adults; vegetable

consumers not allergic to soy; N ≥ 50) used a traditional 9-point acceptability (hedonic)

scale (1 = “dislike extremely”; 9 = “like extremely”) to evaluate overall-liking, aroma,

appearance, taste, and texture, and a 5-point scale (1 = “not sweet,” 5 = “extremely

sweet”) to evaluate sweetness intensity. Next, participants used a check-all-that-apply

(CATA) list of selected sensory terms to describe the sensory characteristics of each

edamame sample. Overall acceptability of edamame genotypes was significantly different

among all genotypes (p< 0.05). Samples described as “bitter,” “sour” (flavor) or “starchy”

(texture) were associated with lower acceptability scores while “salty” and “sweet” (flavor)

were correlated with higher acceptability. Sensory data from the screening study were

used to select the best genotypes by use of a defined decision process based on

the consumer data. The validation study tested the selection decisions and further

supported the genotype choices. Sensory evaluation is a powerful tool to direct breeders

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2020.556580
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2020.556580&domain=pdf&date_stamp=2021-01-18
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles
https://creativecommons.org/licenses/by/4.0/
mailto:duncans@vt.edu
https://doi.org/10.3389/fsufs.2020.556580
https://www.frontiersin.org/articles/10.3389/fsufs.2020.556580/full


Carneiro et al. Consumer Perception of Edamame Genotypes

to improve market acceptability and develop new edamame genotypes. Both screening

and validation studies illustrate the significant role of consumer sensory data in support

of genotypes targeted for domestic (U.S.) production.

Keywords: edamame, vegetable soybean, Glycine max (L.) Merr., sensory, consumer, plant breeding, food

development

INTRODUCTION

Edamame, vegetable soybean [Glycine max (L.) Merr.], is a
nutritious and high-value specialty crop that has been consumed
in Asian countries for centuries and its consumption has
increased in the U.S. in the past 20 years (Johnson et al., 1999;
Wolfe et al., 2018). Edamame is rich in vitamins, dietary fibers,
isoflavones, proteins, and essential amino acids (Masuda, 1991;
Mebrahtu et al., 2004; Song et al., 2013; Ntatsi et al., 2018).
Generally, edamame beans are consumed as a snack or added in
salads, stews, and soups (Masuda, 1991; Konovsky et al., 1994;
Mebrahtu and Devine, 2008; Kumar et al., 2011). Edamame has
also gained popularity among growers and processors in the
mid-Atlantic and Southeast U.S as it has been promoted as a
potential alternative crop to replace some traditional crops whose
production and value have been decreasing, such as tobacco
(Ernst andWoods, 2001; Carson et al., 2011; Xu et al., 2012; Ogles
et al., 2016). In order to increase the domestic production of
edamame, improved seeds that grow well in the U.S. and deliver
what U.S. consumers expect from their edamame products are
needed. Therefore, in addition to improving nutritional profile
and agronomic characteristics of edamame, breeders working on
the improvement of this specialty crop for domestic production
should also consider the sensory attributes of edamame, such
as appearance, flavor, and texture, and consumer preferences
(Carneiro et al., 2020).

The current quality and grading standards of edamame are
mostly defined by the Japanese, who are still the major consumers
and importers of this vegetable in the world (Sirisomboon
et al., 2007; Wang, 2018). Traditionally, Japanese consumers
prefer sweeter edamame, crisper beans, and flowery flavor,
while American consumers prefer more mature beans that
have a buttery flavor (Johnson et al., 1999). In a recent
review article, Carneiro et al. (2020) summarized the limited
information on U.S. consumer preferences for edamame. Despite
the increasing consumption of edamame in the U.S over the
last decades, only a few studies have investigated consumers’
acceptability and preferences for edamame with focus on the
U.S. market (Johnson et al., 1999; Young et al., 2000; Kelley
and Sánchez, 2005; Wszelaki et al., 2005; Krinsky et al., 2006;
Williams, 2015; Wolfe et al., 2018; Flores et al., 2019). Pod
appearance, bean taste, aroma, and texture were reported as
sensory attributes that significantly affect edamame acceptability
among U.S. consumers, who have also shown higher preference
for a moderate chewy texture and balanced sweet and nutty
flavor (Wszelaki et al., 2005; Flores et al., 2019). Nevertheless, a
broader understanding of sensory attributes that can contribute
to increase consumer acceptability or may lead to consumer
rejection of new edamame genotypes in the U.S. market is

still needed to guide breeding programs in the country. This
knowledge is also of great value to guide growers and processors
in their business decisions. Sensory evaluation can provide
essential information for breeding selections and development of
new food crops (Hampson et al., 2000). However, there is a lack
of information regarding how sensory data could be used in such
decision processes. The objectives of this study were to evaluate
acceptability of new edamame breeding lines, identify genotypes
preferred by consumers in the U.S., and develop a protocol for
using consumer sensory data to support breeding selection for
edamame genotypes with high market potential.

MATERIALS AND METHODS

In order to support edamame breeders in the process of selecting
edamame genotypes for U.S. production, consumer studies
were conducted in two sequential years. The material included
edamame breeding lines developed by the breeding programs of
Virginia Tech (V lines) and University of Arkansas (R lines),
and released edamame cultivars (“Asmara” and “UA-Kirksey”)
as references, commonly called “checks” by plant breeders.
Edamame genotypes evaluated in each year are further detailed
in sections Edamame Samples and Edamame Samples.

In both years of research, affective evaluation (acceptability)
of overall and targeted attributes was completed by untrained
consumers of vegetables; participants were adults (18+ years
old) and not allergic to soy (N ≥ 50). Traditional descriptive
analyses such as QDA (quantitative descriptive analysis) were
not chosen for this project as they do not reflect consumers’
acceptability of the samples, and require longer time investment
and commitment of trained panelists, which can also increase
costs (Carneiro et al., 2020). The faster check-all-that-apply
(CATA) descriptive method, which has already been used with
affective tests to support breeding programs around the world
(Lado et al., 2010; Vela-Hinojosa et al., 2018), was chosen to
help explain our acceptability data. Sweetness has been reported
as one of the most important sensory attributes to differentiate
edamame genotypes (Wszelaki et al., 2005; Flores et al., 2019);
in this study sweetness intensity also was included to estimate
how consumers in the U.S. may perceive the sweetness of
our edamame breeding lines. Consumers were instructed to
rate the intensity of the sweet taste compared to other cooked
vegetables they typically included in their diet. Although the lack
of calibration among panelists is a limitation of our study, the
use of untrained panelists to evaluate intensity of edamame flavor
characteristics (sweetness, beaniness, nuttiness, and oiliness) and
support the selection of genotypes for production was previously
reported by Young et al. (2000).
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The first year of our research (summer 2018 to spring 2019) is
further presented and discussed as the “screening study” [section
Screening Study (Year 1)]; it was an exploratory study and
was the first year of edamame genotype screening supported
by consumer sensory testing. Consumer data obtained in the
first year helped us to determine criteria standards for genotype
selection of edamame. It also guided the development of a
decision tree, which contributed to reducing the total number
of edamame genotypes to be analyzed in the sequential year
of research.

The second year of our research (summer 2019 to spring
2020) is further presented and discussed as the “validation study”
[section Validation Study (Year 2)]; it served as a validation
for the selected genotypes and the screening criteria suggested
in the first year (screening study). Therefore, year 2 was not a
replication of year 1. As described throughout the next sections,
the methodology was partially changed from the first year to
the second in order to address study limitations, challenges, and
points of improvement identified after concluding the first year
(e.g., drying step of edamame processing, sample preparation for
sensory evaluation, and statistical design of sensory tests).

Screening Study (Year 1)
Edamame Samples
A total of 24 edamame genotypes were planted in the summer
2018 from the following growing locations: Newport, AR, and
Blacksburg and Painter, VA. Twenty edamame genotypes were
tested in the sensory panels: 2 edamame cultivars (“Asmara”
and “UA-Kirksey”), and 18 advanced breeding lines (R08-4004,
R13-5029, R14-16195, R14-6238, R14-6450, V09-4192, V10-
3653, V13-0329, V13-0339, V13-1644, V15-0344, V15-0396,
V15-0398, V15-0411, V16-0523, V16-0524, V16-0528, and V16-
0547). Four genotypes (edamame cultivar “LV75” and 3 advanced
breeding lines, R07-589, R15-10280, and R16-5336) presented
color variability and/or low amount of beans from one or more
growing locations, so their incomplete datasets were not included
in this report.

Edamame pods were harvested between September and
October, 2018, and stored in cold before processed at the
Virginia Tech Food Processing Pilot Plant (Blacksburg, VA,
USA) within 48 h after harvesting. Samples from more distant
growing locations (Newport and Painter) were placed in coolers
or Styrofoam boxes containing ice bags and shipped overnight in
order to minimize quality changes; samples were processed the
next day, upon receipt, at Virginia Tech facility. Distilled water
was used in all processing steps, except in the initial washing,
when Blacksburg tap water (pH 7.5, 78 mg/L total dissolved
solids, disinfected with chloramines Yao et al., 2019), was used to
remove most soil and dirt. Fresh edamame pods were placed in
metal baskets, blanched (boiling water, 98 ± 1◦C) for 1min in a
steam kettle (Legion Utensils Co., Long Island City, NY, USA),
and then immersed in a cooling bath (4 ± 1◦C) for 2min to
avoid over blanching. Then, samples were manually dried with
paper towels, packed in re-sealable plastic storage bags, labeled,
and stored in a−20◦C walk-in freezer. Blanching was performed
following processing conditions suggested by Sheu and Chen

(1991), which were determined based on remaining activity of
the lipoxygenase and peroxidase enzymes. The same processing
conditions were also tested for microbial quality and safety by
Pao et al. (2008), who reported that blanching edamame in pod at
98◦C for 1min eliminated inoculated Escherichia coli and Listeria
monocytogenes (≈ 6 log cfu/g), and naturally occurring coliform,
yeast, or mold counts were below detection levels. In January and
February 2019, samples were thawed for∼8 h at 4◦C in a walk-in
fridge and were manually shelled. During this step, yellow beans
were separated and discarded, as well as unhealthy beans with
visible signs of pest or plant diseases (e.g., brown spots on pods).
Shelled beans were stored in re-sealable plastic bags at ∼20◦C
until the day before sensory evaluation.

Sensory Sample Preparation
Edamame beans were thawed overnight in a refrigerator (4◦C),
then cooked in polyethylene plastic bags for 4min in microwave
on high power (SHARP household microwave oven, model n◦

R-2W38, serial n◦34328, 120 VAC, 60Hz, Thailand, 1996) the
day before each sensory panel. After cooled to room temperature
(≈ 21◦C), cooked edamame beans were placed in 2-ounce
black and clear plastic cups with clear lids. Each black cup
contained one bean (evaluated for overall acceptability) and
each clear cup contained two beans (evaluated for additional
attribute acceptability and characterization). A random 3-digit
code was assigned to each edamame sample for identification
and to reduce risk of bias. All cups were labeled with the
3-digit code equivalent to the sample they contained and
were kept refrigerated until served. Participants were not
given any information about the samples that could influence
their decisions.

Sensory Evaluation
The 20 edamame genotypes that had enough beans from all three
growing locations (section Edamame Samples) were randomly
analyzed within a total of 10 sensory panels, which took place
at the Virginia Tech Sensory Evaluation Lab (Blacksburg, VA,
USA) in February and March, 2019. The study was approved by
the Virginia Tech Institutional Review Board (IRB) for Research
Involving Human Subjects (IRB 18-310). Participants were
untrained volunteers and consisted of students, faculty, staff, and
the general public from Virginia Tech and its surrounding area.
Study recruitment was accomplished through physical and online
distribution of advertisement flyers, posts on social media and
VT Daily News, emails to individuals and listservs, and word-
of-mouth. Participants were 18 years or older and vegetable
consumers not allergic to soy; they were asked to review and
consent to the study parameters in the first session in which they
participated. In each sensory panel, a set of 6 edamame samples
(samples from all 3 growing locations of 2 edamame genotypes
chosen at random) was served to each participant to limit sensory
fatigue. Samples were served in a monadic random order and
each sample was analyzed by a minimum of 50 people. As the
edamame sample set was always different in each one of the 10
sensory panels, volunteers were allowed to participate in one or
more panels (up to 10 times) in a period of 6 weeks, but no more
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than once on a single day. Participants did not receive financial
compensation; they were compensated with a snack and/or non-
alcoholic beverage (valued at $1 or less per unit) after completing
a session of the study.

Participants were seated in individual sensory booths
with white daylight lighting and equipped with touchscreen
monitor. Data were collected using Compusense R© Cloud version
20.0.7373.25578 (Compusense Inc., Guelph, Ontario, Canada) on
the monitor. Participants were instructed to first ensure the code
on the sample cup was the same code as listed on the monitor,
then remove the lid from the sample cup, taste the edamame
bean presented in the coded black cup, and evaluate overall-
liking of the sample using a 9-point hedonic scale (1 = “dislike
extremely,” 9 = “like extremely”). In sequence, they were asked
to use the same 9-point scale to evaluate acceptability of sensory
characteristics of two edamame beans from the same sample
(coded clear cup). Participants were directed to smell the beans
to evaluate aroma and then visually assess appearance. Next, they
were instructed to chew one bean and assess taste and texture
liking, evaluate intensity of sweet taste using a 5-point scale (1
= “not sweet,” 5 = “extremely sweet”), and answer a check-
all-that-apply (CATA) question using a list of sensory attributes
to describe the sensory profile of each sample. Panelists could
consume the second bean if needed to complete the assessment.
The 15 descriptive terms included in the CATA list were chosen
from literature and are shown in Table 1 (Johnsen et al., 1988;
Day N’Kouka et al., 2004; Krinsky et al., 2006; Wang et al.,
2017). Terms and definitions were available to participants at the
beginning of each CATA question and, at the end of the question,
the single words that could be selected were presented in a fixed
order. Subjects received unsalted saltine crackers and a glass of
water for refreshing their palate and rinsing their mouth between
samples. In addition to the sensory test, volunteers participating
for the first time were asked to first answer a demographic and
behavioral survey, then answer an economics survey after the
sensory evaluation (data not presented).

Validation Study (Year 2)
Edamame Samples
Ten edamame genotypes (1 cultivar, UA-Kirksey, and 9 advanced
breeding lines, R14-16195, R14-6238, R14-6450, R15-10280,
R16-5336, V10-3653, V16-0524, V16-0528, and V16-0547)
were grown during summer 2019 in Blacksburg and Painter,
VA, Portageville, MO, and Stoneville, MS. Eleven edamame
genotypes were originally selected by breeders after the first
year of research, but genotype R07-589 was not included in
the sensory evaluation panels due to notable differences in
color (reddish beans) in comparison to the other genotypes
(greenish beans). Only edamame cultivar UA-Kirksey was used as
a reference in the validation study because there were not enough
seeds of Asmara cultivar to be planted in the second year. Harvest
and processing occurred between August and October 2019.
In order to reduce the variability that may be associated with
shipping, samples from all four growing locations were placed in
coolers containing ice bags and delivered within 24 h after harvest
to be processed at Virginia Tech Food Processing Pilot Plant.
Processing flow was similar to the first year (section Edamame

TABLE 1 | Check-All-That-Apply (CATA) list of sensory attributes for edamame.

Attribute Definition References

Chewy Food texture that requests long

chewing time in order to obtain a

satisfactory consistency for

swallowing

Wang et al., 2017

Starchy Aroma, flavor, and aftertaste

associated with raw wheat flour

Day N’Kouka

et al., 2004

Raw bean Aroma, flavor, and aftertaste

associated with raw soybeans,

legumes

Day N’Kouka

et al., 2004;

Krinsky et al.,

2006

Cooked bean Aroma, flavor, and aftertaste

associated with cooked

soybeans, legumes

Day N’Kouka

et al., 2004;

Krinsky et al.,

2006

Green/Grassy Aroma associated with fresh

green beans and freshly cut

twigs, grass.

Day N’Kouka

et al., 2004;

Krinsky et al.,

2006

Fruity Aroma and flavor associated with

a mixture apple/pear/tropical

Krinsky et al.,

2006

Nutty Aroma and flavor associated with

nuts and having legume-like

character

Krinsky et al.,

2006

Sulfury/ Rotten Egg Aroma and flavor associated with

hydrogen sulfide, rotten egg

Krinsky et al.,

2006

Brothy/ Umami Aroma and flavor associated with

boiled meat, soup, stock. Feeling

factor associated with glutamate,

aspartate, ribonucleotides

Krinsky et al.,

2006

Sweet Basic taste on tongue

associated with sugars and high

potency sweeteners

Johnsen et al.,

1988; Day

N’Kouka et al.,

2004; Krinsky

et al., 2006

Salty Basic taste on tongue associated

with salts and sodium ions

Johnsen et al.,

1988; Day

N’Kouka et al.,

2004; Krinsky

et al., 2006

Sour Basic taste on tongue and

aftertaste associated with acids

(Johnsen et al.,

1988; Day

N’Kouka et al.,

2004

Bitter Basic taste on tongue and

aftertaste associated with

caffeine, quinine, alkaloids

Johnsen et al.,

1988; Day

N’Kouka et al.,

2004; Krinsky

et al., 2006

Astringent Dry, puckering, chemical feeling

factor and aftertaste associated

with pure cranberry juice,

tannins, alum

Johnsen et al.,

1988; Day

N’Kouka et al.,

2004; Krinsky

et al., 2006

Metallic Metallic, flat chemical feeling

factor associated with iron and

copper

Johnsen et al.,

1988

Samples), but salad spinners were used for the drying step instead
of manual drying with paper towels. Additionally, samples were
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manually shelled right after blanching and edamame beans were
stored at−20◦C until use.

Sensory Sample Preparation
The day before each sensory test, bags containing frozen
edamame beans were placed in a refrigerator (4◦C) for 4–
6 h before cooking. Edamame beans were placed in a glass
microwave-safe container, covered with a paper towel sheet and
cooked on high power for 1.5min in a R-2W38 Sharp microwave
oven. After cooking, edamame beans remained in the glass
container covered with a paper towel for another 1min. Similar
to the previous year (section Sensory Sample Preparation), beans
were placed in 2-ounce black and clear plastic cups with clear
lids after cooled to room temperature (21◦C). However, in this
study, the number of beans was increased compared to the
previous year: overall acceptability (black cup) contained two
beans instead of only one, and characterization (clear cups)
contained three beans instead of two. As in the first year of
research, samples were anonymized and all cups were labeled
with random 3-digit codes, then kept refrigerated until served.

Sensory Evaluation
The research protocol was updated by researchers and approved
by the Virginia Tech Institutional Review Board for Research
Involving Human Subjects (IRB 18-310). Consumers were
recruited to participate in up to four sensory panels (one
per growing location), which took place at the Virginia Tech
Sensory Evaluation Lab (Blacksburg, VA, USA) in February
2020. Recruitment method and selection criteria were the same
as the previous year (session Sensory Evaluation). Participants
were adults (18 years or older) who were vegetable consumers
and not allergic to soy, and were students, faculty, staff, or the
general public from Virginia Tech and its surrounding area. As
the edamame sample set was different in each sensory panel
(same 10 genotypes, but a different growing location every
week), subjects who agreed with study parameters and signed
the consent forms were allowed to participate in one or multiple
panels in the period of 4 weeks, but no more than once a
week. After completing a session of this study, participants were
compensated with a snack and/or non-alcoholic beverage (valued
at $1 or less per unit) for their time and efforts. In the first
panel, in which volunteers participated, they were instructed to
answer a demographic and behavioral survey before the sensory
test, then answer a new economics survey (different then first
year’s survey) after the sensory evaluation (data not presented).
Sensory studies were performed as described in section Sensory
Evaluation (Year 1), but the experimental design was changed
to a balanced incomplete block design (BIBD) that required a
total of 90 participants per sensory panel. The BIBD allowed
each edamame breeding line to be analyzed by 50 people,
and the control (cultivar UA-Kirksey) to be analyzed by all
90 participants of the panel. Therefore, the new experimental
design and the smaller number of genotypes allowed a direct
comparison between the control and all breeding lines, which
was an improvement in comparison with our screening study. In
each panel, 6 edamame samples (5 randomly selected breeding
lines and the control) were served in a monadic random order

to each one of the 90 participants along with a glass of water
and unsalted saltine crackers. Participants were asked to evaluate
overall-liking and characteristics (aroma, appearance, taste, and
texture liking, sweetness intensity, and the CATA), as described
in section Sensory Evaluation.

Statistical Analysis
Hedonic and intensity scores were analyzed using analysis of
variance (ANOVA) and multiple comparison of means were
conducted using Tukey’s Honestly Significant Difference (HSD)
tests. Unchecked and checked terms in the CATA were assigned
codes 0 and 1, respectively. Correspondence analysis (CA)
was performed to investigate relationships between sensory
attributes, genotypes, and growing locations. Penalty analysis
(PA) was conducted to identify which sensory terms contributed
to higher or lower hedonic and intensity scores. Statistical
analysis was performed in R, RStudio, and JMP Pro R© and a 5%
significance level was considered for all tests.

RESULTS AND DISCUSSION

Screening Study (Year 1)
Participants
A total of 182 untrained volunteers participated in the screening
study. About 58% of the participants were female, 63% were
20–29 years old, 60% were white, Caucasian, and 56% had at
least a bachelor’s degree. Participants reported they intentionally
consume vegetables at least once a day (71%), soy-based products
a few times per month (39%), and edamame a few times per year
(48%). Additionally, “like the taste” (65%) and “for heath reason”
(45%) were reported as their main motivators to consume
soy products.

Edamame Selection for Breeding Programs
The quality of edamame can be affected by environmental factors
like soil, weather and climate (e.g., temperature, light intensity,
rainfall), and season (Masuda, 1991). The growing regions have
different soil types and weather conditions (Table 2).

The decision tree shown in Figure 1 was developed and used
to assist breeders of Virginia Tech (V lines) and University
of Arkansas (R lines) breeding programs in their selection
criteria. In the screening study, 10 experimental edamame
genotypes with the best sensory attributes were identified and
suggested to continue in the next steps of the breeding programs
mentioned above: V16-0547, V13-0329, R14-16195, V16−0524,
R13-5029, V15-0396, V13-0339, R14-6238, V13-1644, and
R14-6450. Previous studies reported overall acceptability for
edamame cultivars varied between 5.5 and 6.84 based on a
9-point hedonic scale (1 = “dislike extremely”; 5 = “neither
like nor dislike” 7 = “like moderately”; 9 = “like extremely”)
(Kelley and Sánchez, 2005; Wszelaki et al., 2005). Thus, an
overall acceptability mean score of 6.0 (“like slightly”) or higher
on a 9-point hedonic scale was considered a good target for
this study. Due to the fact sweetness plays a relevant role to
differentiate edamame genotypes (Wszelaki et al., 2005; Flores
et al., 2019), sweetness intensity mean score was considered
an important score to be considered in our decision tree.

Frontiers in Sustainable Food Systems | www.frontiersin.org 5 January 2021 | Volume 4 | Article 556580

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Carneiro et al. Consumer Perception of Edamame Genotypes

TABLE 2 | Environmental characteristics of growing locations.

Blacksburg, VA Painter, VA Newport, AR Portageville, MO Stoneville, MS

Average

temperature

(◦C)

Total

percipitation

(mm)

Average

temperature

(◦C)

Total

percipitation

(mm)

Average

temperature

(◦C)

Total

percipitation

(mm)

Average

temperature

(◦C)

Total

percipitation

(mm)

Average

temperature

(◦C)

Total

percipitation

(mm)

2018

May 19.2 107.2 21.6 127.3 24.2 79.8

June 21.6 28.2 24.3 114.8 26.8 43.4

July 22.2 72.4 24.8 153.9 27.9 34.6

August 23.9 103.6 26.1 67.3 26.1 144.2

September 22.5 185.7 24.6 239.8 23.5 163.6

October 16.7 91.9 17.2 108.5 16.3 113.1

2019

May 19.9 66.8 21.8 45.2 21.7 218.7 23.9 320.8

June 21.8 84.3 24.2 105.7 24.4 198.4 26.1 193.8

July 22.8 65.3 26.4 220.2 26.6 128.3 27.8 139.2

August 23.4 61.7 25.3 34.3 25.9 172.5 27.8 102.6

September 22.6 11.7 23.2 43.7 25.8 26.4 28.3 10.2

October 16.7 160.8 18.3 171.2 15.5 203.5 18.3 287.3

Soil Type Hayter loam: fine-loamy,

mixed, active, mesic Ultic

Hapludalfs

Bojac sandy loam:

Coarse-loamy, mixed,

semiactive, thermic Typic

Hapludults

Dexter silt loam: fine-silty,

mixed, active, thermic Ultic

Hapludalfs

Dundee silt loam, fine-silty,

mixed, active, thermic Typic

Endoapualfs

Sharkey clay. Very-fine,

smectitic, thermic Chromic

Epiaquerts

FIGURE 1 | Decision tree for selection of edamame genotypes based on sensory evaluation scores.

As a reference, Young et al. (2000) reported the sweetness
intensity mean score for a group of 31 edamame genotypes
evaluated by untrained panelists was 1.85 (5-point intensity scale,
1 = “not intense,” 5 = “extremely intense”). In our decision
process, we also considered that the combination of sensory
characteristics that were within the same range of our references
(cultivars Asmara and UA-Kirksey) would suggest potential
commercial value.

In summary, our selected genotypes had a mean of 5.9
(rounded up) or higher for overall acceptability (OA) and/or
mean of 1.8 or higher (1 = “not sweet”; 2 = “slightly sweet”; 5
= “extremely sweet”) for sweetness intensity (SI). The criteria
for selection included a combination of at least four attributes,
which necessarily included overall acceptability and/or sweetness
intensity as described above, plus mean scores that were not
significantly lower than the references for aroma, appearance,
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taste, and/or texture means (Table 3). Mean scores for each
edamame genotype represent the average of all three growing
locations scores. A large number of samples with limited amount
of beans was a limiting factor for this study and required several
days of sensory panels and a large number of volunteers. Ideally,
all samples should be evaluated by all the participants to increase
the statistical power of the study, but this was not viable. Thus,
a smaller number of genotypes with larger amount of beans and
a new experimental design were chosen for the validation study
(year 2).

Edamame Acceptance
Panelists had very different opinions about edamame overall-
liking. The average acceptance scores (mean value ± standard
deviation; average of 3 growing locations) for edamame
genotypes ranged from 5.1 ± 2.0 (V15-0344) to 6.3 ± 1.7 (UA-
Kirksey, reference). Growing location did not have a significant
effect in overall acceptability (p> 0.05). However, the interaction
between genotypes and location was significant, as well as the
genotype factor (p < 0.05), which means the changes in genotype
scores were different depending on growing location. Wszelaki
et al. (2005) investigated appearance of edamame pods and
beans, aroma, taste, texture, and aftertaste of beans, and overall
acceptability of six commercial edamame genotypes (Sapporo
Midori, White Lion, Early Hakucho, Sayamusume, Misono
Green, and Kenko), which were grown organically in Ohio.

The hedonic scores reported in Table 3 were close to aroma,
taste, and texture liking scores of edamame beans reported by
Wszelaki et al. (2005). In their study, sweetness intensity was not
investigated and panelists (N = 54, 46% females, ages between
20 and 60 years old) may have considered sensory attributes
of edamame pods (not edible) to evaluate overall acceptability
of their samples. In our study, both taste and texture mean
scores ranged between 5 (“neither like nor dislike”) and 7
(“like moderately”), which was similar to the scores reported
by Wszelaki et al. (2005). Appearance mean scores reported by
Wszelaki et al. (2005) for edamame beans were between 6 (“like
slightly”) and 7 (“like moderately”), which were higher than the
mean scores obtained in this study (range: 4.9–6.6; 4 = “dislike
slightly” and 7 = “like moderately”). However, aroma scores
reported in their study were slightly lower (range: 5.3–5.7) than
mean scores shown in Table 3.

The frequencies (percentages) at which sensory descriptors
from the CATA question were used by our panelists to describe
each edamame genotype are shown in Table 4. The most used
descriptors were “cooked bean,” “green/grassy,” “chewy,” “nutty,”
“raw bean,” “starchy,” and “sweet” (frequency >25% for most
genotypes). Penalty analysis (PA) is a traditional tool used to
analyze Just-About-Right (JAR) data; it has been used in the
analysis of CATA data to understand how sensory attributes
that are not in their optimal levels can cause drop in overall-
liking scores (Qannari, 2017). Results of the PA performed using

TABLE 3 | Screening Study: Sensory scores (overall acceptability, sweetness intensity, aroma, appearance, taste, and texture) of edamame genotypes for breeding

selection.

Genotype Overall acceptability1 Sweetness intensity2 Aroma1 Appearance1 Taste1 Texture1 Suggestion3

UA-Kirksey 6.3 ± 1.7a 1.9 ± 0.9 6.3 ± 1.4a,b,c 6.6 ± 1.6a 6.2 ± 1.8a 6.4 ± 1.5a Reference

Asmara 6.1 ± 1.8a,b 1.9 ± 1.0 6.4 ± 1.4a,b 6.0 ± 1.7a,b,c,d 5.9 ± 1.7a,b 6.0 ± 1.7a,b,c,d Reference

V16-0547 6.1 ± 2.0a,b 2.0 ± 1.0 6.3 ± 1.7a,b,c,d 6.2 ± 1.7a,b 5.8 ± 1.8a,b 6.0 ± 1.6a,b,c,d Include

V13-0329 6.0 ± 1.9a,b 1.9 ± 0.8 6.0 ± 1.6a,b,c,d,e 5.9 ± 1.6b,c,d 5.9 ± 1.7a,b 5.9 ± 1.7a,b,c,d Include

R14-16195 6.0 ± 1.8a,b 1.9 ± 0.9 5.8 ± 1.7b,c,d,e 5.7 ± 1.7b,c,d 5.8 ± 1.7a,b 6.0 ± 1.5a,b,c,d Include

V16-0524 6.0 ± 1.7a,b 1.8 ± 0.8 6.0 ± 1.8a,b,c,d,e 6.4 ± 1.7a,b 6.0 ± 1.6a 6.0 ± 1.8a,b,c,d Include

R13-5029 6.0 ± 1.9a,b 2.1 ± 1.0 5.7 ± 1.8c,d,e 5.9 ± 1.6b,c,d 6.0 ± 1.9a 6.2 ± 1.6a,b Include

V15-0396 5.9 ± 1.6a,b 1.8 ± 0.8 5.8 ± 1.6a,b,c,d,e 5.5 ± 1.6c,d,e 6.0 ± 1.5a,b 5.8 ± 1.7a,b,c,d Include

V13-0339 5.9 ± 1.8a,b 1.8 ± 0.8 5.6 ± 1.7d,e 5.5 ± 1.7c,d,e 5.9 ± 1.6a,b 6.1 ± 1.7a,b,c Include

R14-6238 5.9 ± 1.6a,b 1.8 ± 0.9 6.5 ± 1.4a 6.0 ± 1.6a,b,c,d 6.0 ± 1.6a 5.9 ± 1.7a,b,c,d Include

V13-1644 5.9 ± 1.9a,b 2.0 ± 1.0 5.8 ± 1.7b,c,d,e 6.2 ± 1.7a,b 5.7 ± 1.9a,b 6.1 ± 1.7a,b,c,d Include

R14-6450 5.9 ± 1.8a,b 1.9 ± 0.9 6.0 ± 1.5a,b,c,d,e 5.4 ± 1.9c,d,e 5.8 ± 1.6a,b 5.7 ± 1.9b,c,d Include

R08-4004 5.8 ± 1.8a,b,c 1.8 ± 0.8 6.1 ± 1.8a,b,c,d,e 6.1 ± 1.8a,b,c 5.8 ± 1.7a,b 6.1 ± 1.7a,b,c,d Exclude

V16-0523 5.8 ± 2.0a,b,c 1.9 ± 0.9 5.6 ± 1.7e 4.9 ± 2.0e 5.7 ± 1.8a,b 5.5 ± 1.9c,d Exclude

V15-0398 5.8 ± 1.9a,b,c 1.8 ± 0.8 6.0 ± 1.6a,b,c,d,e 5.8 ± 1.7b,c,d 5.9 ± 1.7a,b 5.9 ± 1.9a,b,c,d Exclude

V10-3653 5.7 ± 1.8a,b,c 1.7 ± 0.8 5.7 ± 1.7c,d,e 5.3 ± 2.0d,e 5.8 ± 1.7a,b 5.7 ± 1.9b,c,d Exclude

V15-0411 5.6 ± 1.7a,b,c 1.8 ± 0.8 5.6 ± 1.7e 4.9 ± 1.8e 5.6 ± 1.6a,b 5.4 ± 1.7c,d Exclude

V09-4192 5.5 ± 1.9b,c 1.8 ± 0.8 5.7 ± 1.6c,d,e 5.9 ± 1.7b,c,d 5.6 ± 1.8a,b 5.9 ± 1.6a,b,c,d Exclude

V16-0528 5.5 ± 1.8b,c 1.9 ± 0.9 5.8 ± 1.5b,c,d,e 4.9 ± 1.8e 5.6 ± 1.7a,b 5.5 ± 1.7c,d Exclude

V15-0344 5.1 ± 2.0c 1.8 ± 0.9 5.6 ± 1.7e 5.4 ± 1.8d,e 5.3 ± 1.7b 5.4 ± 1.8d Exclude

a−eMeans ± SD followed by a letter in common are not significantly different (p > 0.05).
1Scale: 1 = “dislike extremely”; 5 = “neither like nor dislike”; 9 = “like extremely”; 2Scale: 1 = “not sweet”; 5 = “extremely sweet.”
3Criteria for selection include (1) overall acceptability: mean of 5.9 (rounded up) or higher; (2) sweetness intensity: mean of 1.8 or higher; (3) aroma, appearance, taste, and texture: no

significant lower than both references; (4) combination of at least 4 attributes, which must include overall acceptability and/or sweetness intensity. Bolded means indicate a match to

criteria. “Reference” refers to a selected cultivar (control genotype).
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TABLE 4 | Citation frequency (%) for sensory descriptors from Check-All-That-Apply (CATA) list used to describe edamame genotypes in the screening study.

Genotype Chewy Starchy Raw

bean

Cooked

bean

Green/

Grassy

Fruity Nutty Sulfury/

Rotten

egg

Brothy/

Umami

Sweet Salty Sour Bitter Astringent Metallic

UA-Kirksey* 42.0% 26.0% 34.7% 58.7% 40.0% 15.3% 40.0% 2.7% 9.3% 34.0% 6.7% 0.7% 6.0% 8.7% 6.7%

Asmara* 37.2% 27.6% 37.8% 47.4% 47.4% 11.5% 41.7% 3.8% 6.4% 30.8% 8.3% 3.8% 9.6% 5.8% 5.8%

V16-0547** 46.0% 26.7% 33.3% 54.0% 39.3% 15.3% 39.3% 4.0% 11.3% 31.3% 4.0% 4.0% 10.7% 9.3% 10.0%

V13-0329** 37.3% 35.3% 50.0% 40.0% 46.0% 12.0% 47.3% 9.3% 10.7% 28.0% 8.7% 4.0% 8.0% 3.3% 8.7%

R14-16195** 42.9% 27.6% 38.5% 51.3% 41.7% 12.8% 36.5% 9.0% 9.0% 28.8% 7.1% 7.1% 13.5% 5.8% 17.9%

V16-0524** 44.0% 38.0% 35.3% 50.0% 49.3% 14.7% 42.0% 8.7% 12.0% 28.7% 3.3% 4.0% 10.0% 1.3% 6.7%

R13-5029** 43.4% 30.2% 41.5% 49.1% 49.1% 11.3% 35.2% 5.7% 11.3% 32.7% 6.3% 5.0% 7.5% 3.8% 5.7%

V15-0396** 39.9% 36.6% 44.4% 50.3% 55.6% 11.1% 36.6% 3.9% 10.5% 20.3% 5.9% 1.3% 9.8% 2.6% 4.6%

V13-0339** 40.5% 31.4% 37.9% 49.0% 41.2% 9.8% 45.1% 5.2% 9.2% 34.0% 2.6% 3.3% 8.5% 3.9% 9.8%

R14-6238** 44.9% 32.7% 31.4% 50.6% 47.4% 9.0% 43.6% 4.5% 7.7% 30.1% 6.4% 2.6% 5.8% 3.8% 10.9%

V13-1644** 45.1% 32.7% 50.3% 37.9% 53.6% 9.8% 33.3% 7.2% 7.2% 28.8% 7.8% 0.7% 8.5% 5.2% 3.3%

R14-6450** 41.7% 29.5% 38.5% 42.9% 40.4% 14.7% 35.3% 9.6% 11.5% 30.8% 5.1% 4.5% 8.3% 5.1% 12.8%

R08-4004 39.3% 34.7% 39.3% 47.3% 61.3% 13.3% 45.3% 7.3% 8.0% 32.7% 4.7% 3.3% 10.7% 3.3% 9.3%

V16-0523 42.5% 33.3% 43.1% 43.8% 33.3% 9.2% 35.9% 5.2% 13.1% 24.8% 9.2% 2.0% 9.2% 3.3% 7.2%

V15-0398 36.7% 38.7% 49.3% 42.0% 44.0% 9.3% 46.7% 8.7% 14.0% 24.0% 5.3% 2.0% 13.3% 4.7% 8.0%

V10-3653 43.1% 34.6% 34.6% 42.5% 42.5% 14.4% 41.2% 7.8% 7.2% 20.9% 6.5% 2.0% 11.1% 2.6% 13.7%

V15-0411 38.6% 34.6% 41.8% 37.9% 41.2% 7.2% 39.9% 3.3% 11.8% 22.9% 9.2% 0.7% 9.2% 0.7% 7.2%

V09-4192 40.9% 29.6% 47.2% 45.3% 57.2% 8.2% 42.1% 6.3% 9.4% 18.2% 6.3% 1.9% 8.8% 3.8% 8.2%

V16-0528 38.0% 28.7% 30.7% 52.0% 36.0% 8.7% 32.0% 4.0% 5.3% 29.3% 5.3% 2.7% 6.0% 6.0% 5.3%

V15-0344 42.7% 32.0% 33.3% 47.3% 34.7% 7.3% 37.3% 4.7% 5.3% 27.3% 4.7% 2.0% 13.3% 4.0% 8.7%

Edamame genotypes from each location were evaluated by 50–53 untrained participants. This table combines data from the 3 locations (Newport, AR, and Blacksburg and Painter,

VA). High responses for an attribute (≥25% frequency) are bolded. *“Check” (selected cultivar; control genotype). **Suggested genotypes to continue in the breeding selection.

the overall acceptability scores showed the CATA attributes
“salty,” “sweet,” “brothy/umami,” “nutty,” “cooked bean,” “fruity,”
and “chewy” contributed positively to the acceptability of
edamame genotypes when they were present, but liking scores
dropped when the attributes “starchy,” “raw bean,” “metallic,”
“green/grassy,” “astringent,” “sour,” “sulfury/rotten egg,” and
“bitter” were used to describe the samples (Figure 2A). The
CATA terms that were associated with higher acceptability of
edamame samples were the same ones associated with higher
taste scores. “Chewy” was the major sensory attribute associated
with texture in our CATA list, followed by “starchy.” Blanching
and cooking parameters (time and temperature) can affect
edamame texture (Konovsky et al., 1994). However, as all samples
were blanched and cooked following the same parameters,
differences among hedonic scores were most likely associated
with differences in genotypes and harvesting conditions. PA
performed using the texture hedonic scores showed that lower
texture scores were obtained when “chewy” was associated
with the samples, but the opposite was observed for overall
acceptability. “Starchy” had a negative impact on texture scores
as well as observed for overall acceptability. Flores et al. (2019)
reported increasing hardness was positively correlated to texture
liking scores (based on an 11-point hedonic scale; 0 = “Do not
like at all,” 10 = “Like extremely”). Hardness of edamame seeds
was not measured in this study and is suggested for further
research. Our results are in accordance with the study ofWszelaki
et al. (2005) which suggested an equilibrium between sweet

and nutty attributes, plus a moderate chewy texture would be
preferred characteristics for edamame consumer in U.S.

The relationship between genotypes and sensory attributes
was verified through correspondence analysis (CA) (Figure 3A).
The first two dimensions explained 51% of the variance of the
data, which was a relatively small amount. Both references,
Asmara andUA-Kirksey, andmost genotypes that were suggested
to continue in the breeding programs were associated with the
desired attribute “sweet.” Savory flavor in edamame can be
associated with amino acids content, and sucrose content is the
major contributor to the sweet flavor (Konovsky et al., 1994). The
suggested genotypes R14-16195 (OA= 6.0) and R14-6450 (OA=

5.9) were associated with the undesired attributes “bitter,” “sour,”
and “metallic,” which can be an important aspect to be considered
by the breeders. Bitter taste can be associated with the enzyme
lipoxygenase, which concentration increases as beans mature,
and/or the presence of saponins (Masuda, 1991; Konovsky et al.,
1994; Young et al., 2000). Furthermore, the off-flavors “bitter,”
“astringent,”, and “metallic” that contributed to lower taste
scores are associated with undesired dry-mouth feeling (Masuda,
1991). In our study, lipoxygenase activity and saponin contents
were not measured. It was assumed that processing conditions
effectively inactivated oxidation enzymes present in the samples
as the blanching method and time/temperature were suggested
by others (Sheu and Chen, 1991). Thus, further investigation
would be needed to understand whether bitterness of samples
was associated with the genotypes, late harvest, or ineffective
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FIGURE 2 | Penalty analysis plots representing the impact of sensory descriptors from the Check-All-That-Apply (CATA) list in the overall acceptability scores of

edamame genotypes. (A) corresponds to the screening study and (B) corresponds to the validation study.

blanching. Our experimental blanching was the same for all
genotypes we studied, so it is not likely that bitterness differences
between genotypes were related to blanching effectiveness.

Environmental factors can affect sensory traits and affect
quality and value of vegetables (Ferreira et al., 2012). Thus, the
relationship between growing location and sensory attributes
was also verified and the first two dimensions of the CA
explained 100% of the sensory space (Figure 2B). The CA
factor map for location showed that samples from Newport,
AR, were discriminated from samples from the other two
growing locations in Virginia (Table 2). As explained by the
first dimension of the CA map (83%), genotypes grown in
Newport were more associated with the negative terms “sour,”
“astringent,” “bitter,” “green/grassy,” and “raw beans,” while
genotypes grown in Blacksburg and Painter, VA were more
associated with the attributes “sweet,” “nutty,” and “chewy.”
In addition, Blacksburg and Newport samples were also more
associated to the terms “salty” (positive, as shown by PA plot) and
“sulfury/rotten egg” (negative). This analysis may suggest Painter,
VA, on the Eastern Shore and a region known for growing
produce and vegetables, as the location with most potential to
grow high-quality edamame; however, a deeper understanding
of other factors like agronomic or climatic conditions, and
harvest standards is needed to confirm this potential. Some
genotypes may perform better (or lower) in one location
than others, and in our study interactions between genotypes
and locations were not controlled, which was a limitation of
the study.

Validation Study (Year 2)
Participants
A total of 171 untrained volunteers participated in the validation
study. Their demographic and behavior profiles were similar to
the profiles reported in the screening study (section Participants).
Participants were mostly female (51%), age between 20 and
29 years old (56%), white, Caucasian (46%), and had at least
a bachelor’s degree (68%). Most participants reported they
intentionally consume vegetables one or more times per day
(67%), soy-based products a few times per month (34%), and
edamame a few times per year (50%). Lastly, their major
motivations to consume soy products were also “like the taste”
(48%) and “for health reason” (40%).

Edamame Selection for Breeding Programs
The decision tree developed in the screening study (Figure 1;
explained in section Edamame Selection for Breeding Programs)
was used again to suggest whether edamame genotypes should
continue or not in the breeding programs after our validation
study (Table 5). Regarding the edamame genotypes that were
analyzed in the screening study, V10-3653 and V16-0528 were
suggested to be excluded from the 2019 field trials, but they
were selected by breeders to continue due to agronomic traits
such as high fresh yield. As in the first year, V10-3653 (OA =

5.8) did not meet the selection criteria and was suggested to be
excluded from the breeding programs, but V16-0528 (OA= 5.8)
had a different performance and was suggested to continue in the
program. Moreover, we observed that the overall acceptability
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FIGURE 3 | Correspondence analysis (CA) factor maps for edamame genotypes and growing locations. (A) correspond to the screening study and (B) correspond to

the validation study.

of the reference UA-Kirksey in the validation study (OA = 5.9)
was lower than previous year (OA = 6.3), but this variability
could be due to the variable nature of consumer data. It was
not possible to assure which factors mainly contributed to the
reduced acceptability of this cultivar in the second year. However,
the BIBD used to collect sensory data in our validation study
allowed consumers to make better direct comparisons among
multiple genotypes, which may have led to the changes observed
in the mean scores. The breeding line R15-10280, which was not
tested in the screening study due to low amount of beans from
one growing location, had the highest overall acceptability (OA=

6.3) and sweetness intensity score (SI= 2.4) among all genotypes;
it was also more preferred than UA-Kirksey in taste and texture.
Therefore, R15-10280 was suggested as the genotype with the
most preferred sensory profile and great market potential.

In both years, our decision tree (Figure 1) was used to suggest
which edamame genotype should be included or excluded from
the breeding programs based on our sensory data (Tables 2,
4). Overall, most suggestions (include or exclude) made after
analyzing our validation study data confirmed the suggestions
made in the first year, which suggests that our criteria were
appropriate. Williams (2015) previously reported a set of
criteria used to select edamame genotypes that included both
agronomic and sensory characteristics of edamame, but almost

no information was given about how sensory data was obtained
or analyzed. The author only reported that sensory evaluation
criteria was based on edamame (pods and seeds) being acceptable
to a vegetable processor, which meant “two- to three-seed pods,
green pods and seeds, seed free of blemishes, a smooth seed
texture, and seed with a sweet and/or nutty flavor.” However,
the references used to determine whether an edamame bean
had a smooth texture, or a sweet and/or nutty flavor were not
presented, which makes the criteria difficult to be replicated or
adapted. On the other hand, the detailed sensory evaluation tests
and decision process used in our study could be easily replicated
in future edamame studies or adapted to guide other plant
breeding programs in the development of improved vegetables,
fruits and nuts.

Edamame Acceptance
Genotype, location and their interaction significantly affected
overall acceptability scores (p < 0.05). As reported in Table 5,
overall acceptability (mean value ± standard deviation; average
of 4 growing locations) of edamame genotypes ranged from 5.8
± 1.7 (V16-0528) to 6.4 ± 1.7 (R15-10280). The frequencies
(percentage) of which sensory terms from the CATA list were
used by our panelists to describe each edamame genotype are
shown inTable 6. Similar to the screening study results, the terms
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TABLE 5 | Validation study: sensory scores (overall acceptability, sweetness intensity, aroma, appearance, taste, and texture) of edamame genotypes for breeding

selection.

Genotype Overall

acceptability1
Sweetness intensity2 Aroma1 Appearance1 Taste1 Texture1 Suggestion3

UA-Kirksey 5.9 ± 1.7b 1.8 ± 0.9c,d 5.7 ± 1.5 6.0 ± 1.6a,b,c 5.7 ± 1.7b,c 5.8 ± 1.7b,c Reference

R15-10280* 6.4 ± 1.7a 2.4 ± 1.2a 5.9 ± 1.7 6.1 ± 1.6a,b,c 6.3 ± 1.8a 6.3 ± 1.7a Include

R14-16195 6.3 ± 1.8a,b 1.9 ± 0.9b,c,d 5.8 ± 1.7 6.3 ± 1.6a,b 6.0 ± 1.8a,b,c 6.3 ± 1.6a,b Include

R16-5336* 6.2 ± 1.6a,b 2.0 ± 1.0b,c 5.8 ± 1.6 5.9 ± 1.7b,c 6.1 ± 1.5a,b,c 6.2 ± 1.6a,b,c Include

V16-0547 6.2 ± 1.7a,b 2.1 ± 0.9b 5.8 ± 1.6 6.1 ± 1.6a,b,c 6.1 ± 1.6a,b 6.3 ± 1.5a,b,c Include

R14-6238 6.2 ± 1.7a,b 2.0 ± 1.0b,c 5.7 ± 1.6 6.5 ± 1.7a 6.1 ± 1.7a,b 6.2 ± 1.8a,b,c Include

V16-0524 6.1 ± 1.7a,b 2.0 ± 0.9b,c 5.7 ± 1.5 6.1 ± 1.5a,b,c 5.9 ± 1.6a,b,c 6.3 ± 1.6a,b Include

R14-6450 6.1 ± 1.6a,b 2.1 ± 0.9b,c 5.6 ± 1.7 5.8 ± 1.7b,c 5.9 ± 1.6a,b,c 6.3 ± 1.6a,b,c Include

V10-3653** 5.8 ± 1.6b 1.6 ± 0.8d 5.8 ± 1.5 6.0 ± 1.6b,c 5.5 ± 1.6c 5.8 ± 1.6c Exclude

V16-0528** 5.8 ± 1.7b 1.8 ± 0.8b,c,d 5.6 ± 1.6 5.6 ± 1.7c 5.6 ± 1.7b,c 5.9 ± 1.7a,b,c Include

a−dMeans ± SD followed by a letter in common are not significantly different (p > 0.05).
1Scale: 1 = “dislike extremely”; 5 = “neither like nor dislike”; 9 = “like extremely”; 2Scale: 1 = “not sweet”; 5 = “extremely sweet.”
3Criteria for selection include (1) overall acceptability: mean of 5.9 (rounded up) or higher; (2) sweetness intensity: mean of 1.8 or higher; (3) aroma, appearance, taste, and texture: no

significant lower than reference; (4) combination of at least 4 attributes, which must include overall acceptability and/or sweetness intensity. Bolded means indicate a match to criteria.

“Reference” refers to a selected cultivar (control genotype).

*Genotypes not tested in the screening study. **Genotypes suggested to be excluded in the screening study.

TABLE 6 | Citation frequency (%) for sensory descriptors from Check-All-That-Apply (CATA) list used to describe edamame genotypes in the validation study.

Genotype Chewy Starchy Raw

bean

Cooked

bean

Green/

Grassy

Fruity Nutty Sulfury/

Rotten

egg

Brothy/

Umami

Sweet Salty Sour Bitter Astringent Metallic

UA-Kirksey* 38.6% 31.1% 41.4% 31.1% 46.9% 10.6% 43.3% 5.0% 10.3% 24.4% 9.2% 3.6% 11.7% 5.0% 11.7%

R15-10280** 35.0% 23.5% 36.5% 35.0% 41.5% 16.0% 48.5% 3.0% 9.5% 52.5% 12.0% 2.0% 8.5% 5.5% 5.5%

R14-16195** 37.5% 27.5% 43.5% 39.0% 40.5% 10.0% 43.0% 3.0% 7.0% 32.0% 10.0% 3.0% 11.0% 3.5% 11.0%

R16-5336** 31.0% 28.0% 38.0% 35.0% 44.5% 18.0% 51.0% 5.0% 11.5% 36.5% 8.0% 3.0% 9.0% 3.0% 11.5%

V16-0547** 40.0% 25.0% 46.0% 36.5% 55.5% 14.0% 41.5% 3.5% 9.5% 39.5% 10.5% 1.0% 10.5% 3.5% 13.5%

R14-6238** 32.0% 29.0% 44.5% 37.0% 49.5% 14.5% 43.5% 4.5% 11.5% 35.0% 9.0% 3.5% 7.0% 5.5% 10.0%

V16-0524** 34.5% 28.0% 48.5% 30.0% 43.5% 8.5% 44.5% 6.0% 12.0% 28.0% 8.0% 1.5% 7.0% 3.0% 11.0%

R14-6450** 32.0% 20.0% 36.5% 36.0% 48.5% 11.0% 43.0% 3.5% 15.0% 30.5% 8.0% 2.5% 9.0% 5.0% 13.5%

V10-3653 35.0% 37.0% 54.5% 28.0% 50.5% 7.0% 46.0% 6.0% 7.5% 18.0% 8.5% 5.0% 10.5% 5.0% 12.0%

V16-0528** 38.5% 30.5% 38.5% 38.5% 47.0% 7.5% 54.5% 4.5% 14.0% 26.0% 6.5% 3.5% 9.5% 7.0% 10.5%

Edamame genotypes from each location were evaluated by 50 untrained participants, except UA-Kirksey, which was evaluated by 90 participants. This table combines data from the 4

locations (Blacksburg and Painter, VA, Portageville, MO, and Stoneville, MS). High responses for an attribute (≥25% frequency) are bolded.

*“Reference” (selected cultivar; control genotype). **Suggested genotypes to continue in the breeding selection.

“cooked bean,” “raw bean,” “green/grassy,” “chewy,” “starchy,”
“nutty,” and “sweet” were the most used terms (frequency
>25% for most genotypes). Penalty analysis (PA) confirmed
the positive association between the sensory attributes “cooked
bean,” “sweet,” “salty,” “fruity,” “nutty,” and “brothy/umami”
and higher acceptability of edamame genotypes (Figure 2B).
Therefore, these six flavor attributes were confirmed as desired
sensory characteristics to be considered when breeding to
develop edamame genotypes for the U.S. market. The descriptors
“green/grassy,” “raw bean,” “starchy,” “metallic,” “astringent,”
“sulfury/rotten egg,” “sour,” and “bitter,” once more, were
associated with lower acceptability scores and were confirmed as
undesired edamame sensory attributes for consumers in the U.S.
According to Vara-Ubol et al. (2004), some sensory attributes
like “brown” “green/pea pod,” “musty/dusty,” “musty/earthy,”

“nutty,” and “starchy” flavors, sour aromatics, and a powdery
feel (texture) can be associated with the undesired “beany”
characteristic, frequently associated with soybean products.
The PA of our validation study did not confirm the texture
attribute “chewy” as a sensory characteristic associated with
higher acceptability scores. Wszelaki et al. (2005) reported
chewiness is an important sensory attribute to differentiate
edamame genotypes and suggested it is a desired attribute
that increases with maturity of pods and beans. Cooking
can affect texture of edamame (Young et al., 2000); it is
possible that our changes in microwave cooking conditions
(sensory sample preparation) affected texture of the edamame
beans. However, texture and appearance mean scores obtained
in our validation study were, in general, higher than the
mean scores obtained in our screening study, which suggests
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changes in microwave cooking were positive (edamame beans
were placed in a glass microwave-safe container instead of
being cooked in polyethylene plastic bags and microwave
cooking time was reduced from 4 to 1.5min). Although
texture acceptability was evaluated in our study, further sensory
and analytical studies are suggested to better understand
which edamame texture characteristics are desired or preferred
by consumers.

Correspondence analyses (CA) were performed to verify
relationships among sensory attributes and genotypes, and
sensory attributes and growing locations (Figure 3B). The first
two dimensions of the CA map for edamame genotype explained
68% of the sensory space. R15-10280 was the breeding line that
obtained the highest scores for overall acceptability, sweetness
intensity, aroma, taste and texture in our validation study.
This genotype was highly associated with the sensory attributes
“sweet,” “fruity,” and “salty” (third quadrant of the CA map).
As opposed to that, V10-3653 was suggested both years to be
excluded from the breeding programs and was mostly associated
with the sensory descriptors “starchy,” “raw bean,” and “bitter”
(fourth quadrant of the CA map). In our validation study, higher
overall acceptability was observed for Painter, VA, but it was not
significantly different from Portageville, MO, and Blacksburg,
VA for the edamame grown in the 2019 season. Stoneville,
MS, had the lowest overall acceptability, but it did not differ
significantly from Blacksburg, VA. Environmental characteristics
of all four locations are presented in Table 2. In the CA map
for location (Figure 3B), Stoneville, MS was separated from the
other three growing locations by the first dimension of the
map. Samples from this location were more associated with the
most rejected sensory attributes “bitter” and “sour.” The poor
taste of the Stoneville samples may be partially explained by
the historically high temperature and lack of rain immediately
preceding harvest (Table 2). The two dimensions of the CA
map for location explained 91% of the variance in the data.
However, it was not possible to assure whether the differences
shown by the sensory data were due to environment or harvest
conditions. In fact, the 2019 season in Stoneville, MS was
considered very hot, but irrigation was done only earlier in the
season in this location, while in Painter, VA irrigation was done
throughout the whole season. The different irrigation practices
and climatic conditions (Table 2) may have contributed to the
different edamame sensory profiles observed among growing
locations, but might not be the only factors. Further investigation
is suggested to identify the best practices to grow high-quality
edamame in the U.S, and to better understand differences
among growing locations, interactions between genotypes and
locations, and identify best genotypes for the different growing
locations (suitability).

CONCLUSION

Consumer studies performed in two sequential years successfully
supported the selection of edamame genotypes and allowed the
development of a decision tree that can be adapted to provide
guidance to present and future plant breeding programs for

incorporating consumer acceptability data to support breeding
decisions. References and standards used for breeding selection
criteria depend on the food crop (vegetable, fruit, nut) targeted
for development or improvement. In our study, for example, it
was chosen to exclude edamame genotypes with acceptability
(hedonic) scores lower than 5.9, even when the scores were
not significantly different than this standard. Additional criteria
(sweetness; acceptability of additional attributes) were included
to create a holistic evaluation. Thus, breeding selection results
may differ among research groups that choose different
references and standards for a same crop. Although in the
first year of our research some statistical analyses were limited
by the experimental design, the validation study (year 2)
sustained the results of the previous screening study (year 1). A
reduced number of samples (genotypes/growing locations) and
larger availability of plant material for analysis (in this study,
edamame beans) are recommended for future affective testing
aiming to support breeding decisions because they allow the
use of a more stringent experimental design, such as the BIBD
used in the validation study. Overall, sensory data provided
a better understanding of U.S. consumers’ perception and
acceptability of edamame; “salty” and “sweet” were confirmed
as the major natural sensory attributes that drove higher
acceptability scores, while “bitter” was highly associated with
lower acceptability. Future work would benefit by the use of
trained panels and descriptive sensory evaluation methods, such
as QDA. Descriptive methods could be used to quantify valuable
sensory attributes of selected breeding lines. As our edamame
breeding programs continue, this valuable consumer information
contributes to the improvement of edamame genotypes to be
tested in the next years. It has also been contributing to the
identification of advanced breeding lines with market potential
in the U.S., such as R15-10280. This breeding line had consumer
acceptability scores significantly higher than reference cultivar
UA-Kirksey and was suggested as a strong candidate to be grown
at the locations reported in this study and to be commercially
released. However, different/new genotypes may have a better
performance in different growing locations, which justifies
breeding efforts to continue in order to find a genotype that
best suits to those potential growing locations. Moreover, as
edamame samples were discriminated by growing location, the
fact that genotype interactions with environmental conditions
(e.g., soil, weather) and agricultural practices (e.g., irrigation,
pest, and weed control) were not controlled was identified as
a limitation of our study. Further research is recommended
to develop a better picture of each location potential to grow
high-quality edamame and understand which best practices
should be followed by growers. Our data for the edamame
genotypes investigated in this study suggested Painter, VA as a
good potential location to grow this specialty crop, but it was
not possible to assure which main factor(s) contributed to the
differences observed in acceptability (e.g., environmental and/or
harvest conditions). In summary, consumer studies and sensory
evaluation are valuable tools to guide breeders, growers, and
processors in the development, selection, and production of high-
quality edamame with sensory attributes desired by consumers
in the U.S.
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