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Abstract. The present study systematically investigated the effects of warehouse and
greenhouse aquaponic growing conditions on consumer acceptability of different basil
cultivars. A total of 105 consumers rated their liking of three basil cultivars (Nufar,
Genovese, and Eleonora), each grown in three conditions (aquaponically in a greenhouse,
aquaponically in a warehouse, both with Cyprinus carpio, Koi fish, and grown in soilless
medium). We used linear random effect models to investigate consumer preferences for
attributes of basil plants grown in different environments by controlling for individual-
specific random effects. Participants generally liked the soilless medium–grown and
greenhouse aquaponically grown basil plants more than the warehouse aquaponically
grown plants. The soilless medium–grown basil had the highest appearance liking and
flavor intensity, followed by the greenhouse aquaponic grown and then by the warehouse
aquaponic grown. Aquaponically grown cultivars were rated less bitter than soilless
medium–grown cultivars.

Aquaponics, also known as the integra-
tion of aquaculture and hydroponics (Love
et al., 2015), has attracted growing interest
from producers and researchers around the
globe. With the combination of the hydro-
ponic production of plants and the aquacul-
ture production of fish, aquaponics is a
sustainable agricultural system in which
nutrient-supplemented water, generated from
fish production, serves as a liquid fertilizer to

hydroponically grown plants (Love et al.,
2015; Savvas and Gruda, 2018). After a
biofilter treatment, the hydroponic plants
use the nitrate-nitrogen from the fish waste,
so that both water resources and plant nutri-
tion can be conserved (Diver and Rinehart,
2000; Somerville et al., 2014; Tyson et al.,
2011). Aquaponics has the potential to in-
crease agricultural production by growing
plants year-round in a controlled, soilless

medium environment (Coyle and Ellison,
2017; Savidov, 2004; Short et al., 2018). With
aquaponics systems, crops like lettuce and
herbs can be produced in nontraditional areas,
and consumers in urban areas can get locally
produced crops (Coyle and Ellison, 2017).

Ocimum basilicum L. (basil), one of the
most popular fresh culinary herbs, is a high-
value, short-season crop (Ferrarezi and Bai-
ley, 2019). For centuries, fresh and dried basil
leaves have been used as a common spice for
cooking, the essential oils and aromatic ex-
tract are also widely used in oral and skin care
in clinical settings by virtue of their health
benefits (Singletary, 2018). A small number
of studies have investigated the production
performance and nutrition of aquaponically
grown basil. Aquaponically grown basil
showed good adaptation in warm tropical
conditions, and the yield was higher than that
obtained from other hydroponic crops
(Ferrarezi and Bailey, 2019). Although some
researchers have argued that aquaponic
growing methods do not necessarily result
in higher yields, they do keep water quality
stable (Wilson, 2017). Walters and Currey
(2015) compared production systems and
cultivars for hydroponic greenhouse basil
plants, and suggested that the yield of fresh
basil was affected more by cultivar selection
than by the hydroponic production system.
Cultivars such as Genovese and Spicy Globe
have been identified as the highest yielding
cultivars in summer and fall in aquaponic
systems (Ferrarezi and Bailey, 2019).
‘Nufar’, compared with other cultivars in-
cluding Genovese, not only produced greater
yields, but was more resistant to Fusarium
oxysporum f. sp. basilici (fusarium wilt), a
common fungal disease in basil production
(Walters and Currey, 2015).

Studies on aquaponics production have
emphasized the environmental and economic
benefits of aquaponic growing systems com-
pared with hydroponics (Tyson et al., 2011).
Several researchers have investigated con-
sumer perceptions and willingness to pay for
aquaponically grown produce. Although
aquaponic produce was considered an inno-
vative and unfamiliar food category (Tamin
et al., 2015), consumers viewed aquaponics
as having positive impacts on the environ-
ment (Short et al., 2017), and many saw
aquaponics as an acceptable form of alterna-
tive farming (Coyle and Ellison, 2017). Con-
sumers’ willingness to pay for aquaponically
grown lettuce was similar to that of soilless-
produced lettuce (Coyle and Ellison, 2017;
Short et al., 2017). There is a potential niche
market for sustainable, local, and green
aquaponic products (Tamin et al., 2015).
However, limited studies examined the con-
sumer acceptability of the aquaponic produce
based on consumers’ evaluation of intrinsic
attributes (for instance, visual appearance,
color, flavor, taste). To better understand
consumers’ food selection behaviors for var-
ious cultivars in different growing systems,
we need to compare consumer acceptability
among aquaponically and soilless medium–
grown produce.
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The objective of this research was to measure
and compare consumer acceptability of three
cultivars of basil (Nufar, Genovese, and
Eleonora) grown in three different conditions
(soilless medium as a control; greenhouse
aquaponics and warehouse aquaponics, both
using Koi fish). This study contributes to the
literature in several ways. First, we examined
the acceptability of aquaponically grown ba-
sil leaves when participants in the experiment
were not given any growing information.
The acceptabilities were measured and com-
pared, based on consumer preferences for
the intrinsic attributes. Second, existing re-
search on consumer acceptability of aquaponic
products has largely focused on consumer
perceptions of the aquaponics production
method but ignored the factors affecting the
real-time experience of consumers. The pres-
ent study with sensory evaluation fills this gap.
Third, a linear mixed effect model was used to
control for consumers’ individual random ef-
fects when evaluating the differences in ac-
ceptability of different basil products. To the
best of our knowledge, this is the first study on
consumer taste sensitivity and the acceptabil-
ity of aquaponically grown basil cultivars. This
research will help determine which sensory
attributes are most valued by basil consumers.

Materials and Methods

The data provided for this study come
from a sensory test focusing on consumer
acceptability of different basil cultivars
grown in three different growing conditions.

Basil products. In May 2017, we har-
vested three basil cultivars (Nufar, Genovese,
and Eleonora; seed lots obtained from
Johnny’s Seed Co., Winslow, ME), each
grown in three environmental conditions
(aquaponically in a greenhouse using koi
fish, aquaponically in a warehouse using koi
fish, and grown in soilless medium). The
choice of basil cultivars was based on an
informal poll of aquaponic and hydroponic
growers in Minnesota. Cultivars chosen re-
flected the best ones to capture market share
in the upper Midwest fresh herb market. The
basil cultivars are all open-pollinated culti-
vars and inherently genetically different from
each other (https://www.johnnyseeds.com/

herbs/). ‘Nufar’ basil is a 77-d cultivar with
sweet-scented, 10.16-cm (4-inch) leaves. It
has partial Fusarium resistance. In contrast,
Genovese Compact Improved is an earlier
cultivar (74-d) of classic Italian flavor type.
Its tall plants are slow to bolt (flower) and
sport large, dark-green 7.62-cm (3-inch)
leaves; the flowers are also edible. Elenora
is the earliest one grown, a 65-d cultivar, with
characteristic 7.62-cm (3-inch) cupped
leaves and a spicy flavor. This cultivar has
partial downy mildew resistance. The basil
leaves were harvested from greenhouses and
a warehouse located in the Minneapolis–
Saint Paul Metropolitan area, State of Min-
nesota, specifically at the St. Paul Campus of
the University of Minnesota (lat. 44�59#17.8$
N, long. –93�10#51.6$ W).

Growing conditions. Exact growing con-
ditions of the three treatments are identical to
those delineated by Abbey et al. (2019a,
2019b). Briefly, for the soilless medium
treatment, the greenhouse environmental
conditions were 24.4 ± 3.0/18.3 ± 1.5 �C
day/night daily integral and a 16-h-long day
photoperiod (0600–2200 HR) lighting (400-
W high-pressure sodium high-intensity dis-
charge lamps, HPS-HID) at a minimum of
150 mmol·m–2·s–1 (Abbey et al., 2019a). The
soilless medium used was Sunshine LC8
soilless potting medium (Sun Gro Horticul-
ture, Agawam, MA). We know of no effect
elicited by growing basil in the soilless
medium compared with aquaponic growing
conditions, hence the objective of this study.
All greenhouse aquaponic systems, regard-
less of the type of growing structures, had a
23.6 + 0.8 �C daily integral, based on a
temperature setpoint of 23.5 �C. Lighting
was supplied during winter months and cloudy
days with a 16-h photoperiod (0600–
2200 HR; long days) by (400-W HPS-HID)
at a minimum of 150 mmol·m–2·s–1. Our
warehouse aquaponic system was contained
within a retrofitted walk-in cooler (7.19 ·
4.87 · 2.74 m), in the basement of the
Plant Growth Facilities headhouse, which
had galvanized interior walls and an
F5 Fantastically Fun Fresh Food Factory
commercial-type closed aquaponic system
installed from Nelson and Pade Company
(http://aquaponics.com/; Montello, WI).
An LED lighting system from Agrivolu-
tion LLC (http://www.agrivolution.co/;
South Windsor, CT) had a triple-band
LED light (bar) above the plants, which
telescoped vertically, depending on the
plant height. The LEDs have single-chip
diodes emitting blue, green, and red light
with full photosynthetically active radia-
tion (PAR = 400 nm to 700 nm). Supple-
mental cooling is supplied to maintain
average growing temperatures of 20 to
21 �C day/night.

Treatments were identified as follows and
supplied to each participant with a code
number:

� ‘Nufar’ in soilless medium (control)
� ‘Nufar’ in greenhouse aquaponics
� ‘Nufar’ in warehouse aquaponics

� ‘Genovese’ in soilless medium (control)
� ‘Genovese’ in greenhouse aquaponics
� ‘Genovese’ in warehouse aquaponics
� ‘Eleonora’ in soilless medium (control)
� ‘Eleonora’ in greenhouse aquaponics
� ‘Eleonora’ in warehouse aquaponics

Samples were harvested the afternoon
before the test day, washed, blotted dry with
paper towels, and placed into coded (random
3-digit numbers) sandwich-sized zip-closed
bags (up & up; Target Corporation, Minne-
apolis, MN). These bags of basil were stored
in a refrigerator overnight (3 to 5 �C), re-
moved from the refrigerator the morning of
the test, and were held at ambient tempera-
ture (�21 �C) until serving (no longer than
4 h). Each participant received one basil leaf
per sample in an individually coded plastic
bag. Participants were given a sample at a
time in a random order to avoid the reference
point effect. Participants were given a palate
cleanser between the samples.

Participants. A total of 105 participants
were recruited from students and staff of the
University of Minnesota who expressed an
interest in participating in sensory tests. The
experiment was conducted at the University
of Minnesota in May 2017. Eligible partici-
pants were 18 years or older and had no food
allergies. Participants were paid $10 after
completing the test. The recruiting and ex-
perimental procedures were approved by the
Institutional Review Board at the University
of Minnesota.

Experimental procedure. Basil leaves
served to participants were balanced for order
and carryover effects using a Williams Latin
square design (Wang et al., 2009). Partici-
pants were instructed to taste each leaf and
rate overall liking, appearance liking, flavor
liking, flavor intensity, bitterness intensity,
and texture liking (Table 1). They made
liking ratings on labeled affective magnitude
(LAM) scales. With numeric labels illustrat-
ing the absolute ratings of liking/disliking,
the LAM was easy to use and provided
greater discrimination among similar foods
(Schutz and Cardello, 2001). For all the
ratings except for intensity, the LAM scales
were 120-point line scales with the leftmost
ends labeled greatest imaginable disliking
(point value of 0), and the rightmost ends
labeled greatest imaginable liking (point
value of 120) (Table 1). Intensity (flavor
intensity and bitterness intensity) ratings
were made on 20-point line scales with the
leftmost ends labeled none and the rightmost
ends labeled intense (Table 1). The partici-
pants were presented with the product code
for each treatment during the experiment, but
they did not know the name of cultivars or
production methods. After evaluating all nine
basil samples, participants answered a series
of demographic questions (Table 1).

Statistical analysis. We used a repeated
and mixed measure of analyses of variance
(ANOVAs) to determine whether the cultivars
or growing conditions differed in any of the six
variables: overall liking, flavor liking, texture
liking, appearance liking, flavor intensity, and
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Table 1. Testing score sheets used by participants for the basil sensory evaluations. Ratings by cultivar for overall liking, flavor liking, texture liking, appearance
liking, flavor intensity, and bitterness. Liking ratings were made on 120-point labeled affective magnitude scales, with the leftmost ends labeled greatest
imaginable disliking and the rightmost ends labeled greatest imaginable liking. Intensity ratings were made on 20-point line scales with the leftmost ends
labeled none and the rightmost ends labeled intense.
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bitterness intensity. Variables such as cultivar,
growing condition, and cultivar · growing
condition were included as fixed predictors,
and the individual participant was included as
a random predictor in the models. We also
used post hoc pairwise comparison (Student-
Newman-Keuls tests) to determine whether
differences among specific cultivars and specific
growing conditions were significant (a = 0.05).

To further analyze the relationship between
consumer acceptability and different growing
conditions for three basil cultivars, we used
linear mixed effect models and controlled for
both observable and unobservable interindi-
vidual variations in acceptability.

The model for respondent i and attribute t
can be written as follows:

yit = a + b1GreenhouseAquaponicst
+ b2WarehouseAquaponicst
+ b3Genoveset
+ b4Eleonorat
+ b5ðGreenhouseAquaponics � GenoveseÞt
+ b6ðGreenhouseAquaponics � EleonoraÞt
+ b7ðWarehouseAquaponics � GenoveseÞt
+ b8ðWarehouseAquaponics � EleonoraÞt
+ gXi + vi + eit

where i represents a given respondent, and t is
a given attribute of the basil product. The
dependent variables, yit, are the individual-
specific ratings on different attributes (t) of
the basil products. The model included the
product-specific variables, such as produc-
tion methods, basil cultivars, and the interac-
tion terms; the individual-specific variables,
Xi, such as respondents’ socioeconomic sta-
tus; the unobserved random individual effect,
vi; and «it is the unobserved random error
term. a is the constant term, b and g are the
vectors of corresponding parameters for
product-specific and individual-specific var-
iables. Two specifications with and without
the production treatments and cultivar inter-
actions were conducted. In all the specifica-
tions, the Nufar cultivar grown in the soilless

medium was used as the base group for esti-
mation. The mixed model ANOVA and the
mixed effect model were analyzed using Stata
14 (StataCorp, College Station, TX). All sta-
tistical tests were carried out with a = 0.05.

Results

Consumers’ sociodemographic information.
Participants’ ages ranged from 18 to 70 years,
with the average �35 (Table 2). With respon-
dents from the university staff and students,more
than half of our sample had some graduate
school education, �33% had associate degrees
or college diplomas, and 13%had high school or
some college education. Approximately 21% of
the respondents were male, and fewer than half
were married. Only 15% of the respondents had
a child younger than 12 in the household. The
average household had two people, with a me-
dian household income ranging from $35,000 to
$50,000. Forty-seven percent of the respondents
bought vegetables at least once aweek (Table 2).
Compared with the Minnesota population, our
sample was younger, more educated, and con-
sisted of more females.

Differences among cultivars. Participants
rated overall liking, flavor liking, texture
liking, and flavor intensity of Nufar higher
than the other cultivars (Table 3). However,
ratings of bitterness did not differ signifi-
cantly among the three cultivars (Table 3).

Differences among growing conditions.
Participants liked (overall liking and texture
liking) basil grown in the soilless medium
and greenhouse aquaponics conditions more
than the basil grown in the warehouse aqua-
ponics condition (Table 4). They liked the
appearance of the basil plants grown in the
soilless mediummore than those grown in the
warehouse, with plants grown in the green-
house falling in-between. Participants liked
the flavor of the basil grown in the green-
house aquaponics environment more than the
basil grown in the other two environments.
The soilless medium growing condition pro-

duced basil with the highest flavor intensity,
followed by the greenhouse aquaponics and
then by the warehouse aquaponics. The soil-
less medium growing condition produced
more bitter basil than the other growing
conditions. (Table 4).

Estimation results from the linear mixed
effects model regressions. The estimation
results for the linear mixed effects model
are presented in Table 5. The individual
random effects have significant standard de-
viations, and the variances for the residuals
are also significant, suggesting that the per-
ceptions of the basil cultivars’ performance
are individual-specific. With individual ran-
dom effects and sociodemographic back-
grounds controlled, Genovese and Eleonora
cultivars were rated significantly lower, com-
pared with Nufar, on almost all sensory
attributes except for bitterness. No significant
differences were identified among three cul-
tivars for bitterness. When the fixed effects of
different cultivars were controlled, cultivars
grown in warehouse aquaponics were rated
significantly lower than soilless-grown culti-
vars on overall liking, appearance liking,
flavor intensity, bitterness, and texture liking.
Basil cultivars grown in greenhouse aqua-
ponics were rated lower on appearance,
flavor intensity, and bitterness, compared
with soilless medium–grown cultivars. The
negative coefficients of warehouse aqua-
ponics were much larger in magnitude than
the coefficients of greenhouse aquaponics for
flavor intensity, liking of appearance, and
texture, demonstrating that warehouse aqua-
ponics was the least preferred in terms of
these three attributes. Greenhouse aqua-
ponics got the lowest ratings on bitterness.
Compared with soilless medium–grown
breed, greenhouse aquaponics breed was pre-
ferred in terms of flavor liking, but warehouse
aquaponics was not.

In addition, some of the individual demo-
graphics had significant impacts on respon-
dents’ sensory ratings. For instance, more

Table 2. Summary statistics of the demographic background of participants (N = 105) in the basil sensory evaluation experiment.

Variables Descriptions Mean (SD) Percentage Minnesota Censusz

Age Participants’ age 35 (14.3) 38
Education Participants’ highest education (%)

1 = some college or high school 13 45
2 = associate degree or college diploma 33 36
3 = some graduate school or professional degree 54 13

Gender Percentage of male respondents 21 50
Married Percentage of married respondents 45 52
Child Percentage of respondents with children

younger than 12
15 28

Household size Number of people in the household 2 (1.0) 3
Household income Percentage of respondents

$15,000 or less 10
$15,001–$25,000 19
$25,001–$35,000 9
$35,001–$50,000 14
$50,001–$65,000 10
$65,001–$80,000 11
$80,001–$100,000 7
$100,001–$150,000 16
Over $150,000 4

Frequent buyer Percentage of respondents who
buy veggies more than once a week

44

zSource: U.S. Census Bureau, 2017 American Community Survey 1-Year Estimates.
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educated respondents tended to have higher
ratings for overall liking and flavor liking.
Compared with respondents with no children,
the presence of children lowered the ratings on

most of the sensory attributes. Respondents
with children had lower ratings on appearance
liking and flavor intensity. Married respon-
dents had lower ratings of bitterness.

Interactions between cultivars and
growing conditions. The regression results
for the linear mixed effect model with inter-
actions between cultivars and growing

Table 3. Mean (N = 105) ratings by cultivar for overall liking, flavor liking, texture liking, appearance liking, flavor intensity, and bitterness.z

Attribute

Cultivar Stats

Nufar Genovese Eleonora F-value P value

Overall liking 69 ay 63 b 65 b 8.84 <0.001
Appearance liking 77 a 66 c 72 b 27.45 <0.001
Flavor liking 66 a 60 b 62 b 6.22 0.002
Flavor intensity 11 a 10 b 10 b 7.28 <0.001
Bitterness 7 7 7 1.3 0.284
Texture liking 76 a 70 b 72 b 12.6 <0.001
zLiking ratings were made on 120-point labeled affective magnitude scales, with the leftmost end labeled greatest imaginable disliking and the rightmost end
labeled greatest imaginable liking. Intensity ratings were made on 20-point line scales with the leftmost ends labeled none and the rightmost ends labeled intense.
yMean ratings within a row having lowercase letters in common do not differ significantly (Student-Newman-Keuls test, P > 0.05).

Table 4. Mean ratings by growing condition for overall liking, flavor liking, texture liking, appearance liking, flavor intensity, and bitterness.z

Attribute

Growing condition Stats for growing condition

Soilless medium Greenhouse aquaponics Warehouse aquaponics F-value P value

Overall liking 67 ay 68 a 62 b 6.36 0.002
Appearance liking 78 a 73 b 63 c 57.8 <0.001
Flavor liking 62 b 65 a 61 b 3.53 0.03
Flavor intensity 11 a 10 b 9 c 26.1 <0.001
Bitterness 8 a 6 b 6 b 17.4 <0.001
Texture liking 74 a 75 a 70 b 10.5 <0.001
zLiking ratings were made on 120-point labeled affective magnitude scales, with the leftmost end labeled greatest imaginable disliking and the rightmost end
labeled greatest imaginable liking (cf. Table 1). Intensity ratings were made on 20-point line scales with the leftmost ends labeled none and the rightmost ends
labeled intense (cf. Table 1).
yMean ratings within a row having lowercase letters in common do not differ significantly (Student-Newman-Keuls test, P > 0.05).

Table 5. Estimation results from linear mixed effects model assessing effects of different basil cultivars and treatments on sensory ratings for overall liking, flavor
liking, texture liking, appearance liking, flavor intensity, and bitterness.z

Overall liking Appearance liking Flavor liking Texture liking Bitterness Flavor intensity

Fixed effects
Treatment (Base: Soilless medium)
Greenhouse aquaponics 1.057 –5.195*** 3.651** 0.669 –1.671*** –0.854***

(0.671) (3.517) (2.142) (0.552) (5.103) (2.880)
Warehouse aquaponics –4.105*** –15.290*** –0.513 –4.289*** –1.622*** –2.096***

(2.607) (10.353) (0.301) (3.539) (4.954) (7.069)
Cultivars (Base: Nufar)
Genovese –6.329*** –10.680*** –5.862*** –5.716*** 0.209 –1.164***

(4.020) (7.231) (3.440) (4.717) (0.638) (3.928)
Eleonora –4.262*** –5.077*** –3.749** –4.398*** 0.523 –0.656**

(2.707) (3.438) (2.200) (3.629) (1.598) (2.212)
Control variables
Age 0.078 –0.144* 0.065 –0.083 –0.018 –0.017

(0.870) (1.707) (0.696) (0.974) (0.665) (0.758)
Education 3.354** –0.740 4.020** 1.707 –0.582 0.290

(2.168) (0.506) (2.503) (1.165) (1.224) (0.737)
Male 2.783 –0.658 4.636 1.135 –0.142 –0.381

(0.995) (0.249) (1.596) (0.428) (0.165) (0.535)
Married 2.254 –0.381 3.417 –0.152 –2.129** –0.922

(0.810) (0.145) (1.182) (0.058) (2.486) (1.304)
Child –3.286 –6.935** –3.585 –4.700 –1.179 –2.240**

(0.889) (1.985) (0.934) (1.343) (1.038) (2.386)
Household size –0.558 1.485 0.596 1.488 0.697 0.898**

(0.392) (1.104) (0.404) (1.104) (1.593) (2.486)
Household income –0.969 0.541 –1.552** –0.359 0.005 –0.089

(1.606) (0.949) (2.478) (0.628) (0.028) (0.578)
Intercept 62.955*** 86.862*** 55.394*** 75.055*** 9.419*** 10.914***

(10.341) (15.095) (8.746) (13.115) (5.092) (7.127)
Random effects
sv 2.214*** 2.162*** 2.228*** 2.241*** 1.159*** 0.949***

(20.977) (20.657) (20.142) (25.070) (14.147) (11.145)

Number of observations 945 945 945 945 945 945
Log likelihood –4,216.882 –4,157.223 –4,287.316 –3,991.280 –2,773.906 –2,670.470
zThe base group cultivar is soilless medium–grown ‘Nufar’. Absolute t statistics in parentheses. *P < 0.1, **P < 0.05, ***P < 0.01.
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conditions are shown in Table 6 and Figs. 1–
6. Because variables of cultivars (Genovese
and Eleonora) and treatments (greenhouse
aquaponics and warehouse aquaponics) were
all binary variables, the base group products
in this specification are soilless medium–
grown Nufar cultivars. The coefficients of
cultivars represent the effects of Genovese
and Eleonora compared with Nufar in the
soilless-grown condition. The coefficients for
growing condition treatments represent the
effects of different aquaponic growing
methods compared with the soilless medium
growing condition for ‘Nufar’. The coeffi-
cients of the interaction terms represent the
effects of the greenhouse or warehouse aqua-
ponics on the ratings of different attributes
for Genovese and Eleonora cultivars. For
example, for the specification of appearance
liking, the negative and significant coefficient
for warehouse aquaponics means that ware-
house aquaponics, compared with the soilless
medium, decreases the average appearance
ratings on ‘Nufar’ by 7.4. The effects of

warehouse aquaponics growing condition
on appearance liking of ‘Genovese’ can be
calculated by adding the coefficients for
corresponding treatment effects (–7.4) and
the interaction term (–13.0). In other words,
compared with those grown in a soilless
medium, ‘Genovese’ grown in warehouse
aquaponics received an average of 20.4 lower
ratings of appearance.

The ratings on overall liking and flavor
liking for ‘Genovese’ and ‘Eleonora’ were
significantly lower than those for ‘Nufar’ in
the soilless medium–grown condition. Com-
paring across soillessmedium–grown cultivars,
Eleonora and Genovese gave higher bitterness
ratings compared with ‘Nufar’. The likings of
appearance did not differ significantly among
soilless medium–grown cultivars.

The effects of aquaponics growing
condition on different cultivar liking. ‘Nufar’
leaves grown in warehouse aquaponics had
the lowest appearance ratings compared with
soilless medium–grown ‘Nufar’. The flavor
intensity for ‘Nufar’ was also rated lower for

aquaponically grown plants compared with
soilless medium–grown plants. Regarding
the overall liking, flavor liking, and flavor
intensity, ‘Nufar’ was the best cultivar to
grow in the soilless medium condition.

For ‘Genovese’, the aquaponics growing
methods (both greenhouse and warehouse)
negatively affected the liking of appearance
and bitterness. Warehouse aquaponics had
negative effects on flavor intensity and tex-
ture liking.

‘Eleonora’ grown in warehouse aquaponics
had the lowest ratings of appearance liking.
Aquaponics growing methods lower the ratings
of appearance and bitterness on ‘Eleonora’.
Compared with soilless medium–grown plants,
greenhouse aquaponics ‘Eleonora’ was rated
significantly higher on flavor-liking.

In summary, warehouse aquaponics cul-
tivars were least acceptable for all the liking
attributes, whereas greenhouse aquaponically
grown basil plants were not significantly dis-
liked compared with soilless-grown plants ex-
cept for appearance liking.

Table 6. Estimation results from linear mixed effects model assessing effects of different basil cultivars, treatments, and cultivar · treatment interactions on
sensory ratings for overall liking, flavor liking, texture liking, appearance liking, flavor intensity, and bitterness.z

Overall liking Appearance liking Flavor liking Texture liking Bitterness Flavor intensity

Fixed effects
Treatment
Greenhouse aquaponics –1.150 0.130 –1.420 1.794 –0.008 –1.101**

(0.423) (0.052) (0.483) (0.857) (0.014) (2.158)
Warehouse aquaponics –2.585 –7.425*** –1.541 –1.534 –0.126 –1.556***

(0.951) (2.931) (0.524) (0.733) (0.224) (3.050)
Cultivars
Genovese –4.985* –2.982 –7.028** –3.527* 1.688*** –1.064**

(1.833) (1.177) (2.391) (1.684) (3.004) (2.085)
Eleonora –6.292** 0.415 –8.682*** –2.708 2.204*** –0.464

(2.314) (0.164) (2.954) (1.293) (3.923) (0.909)
Interactions
Greenhouse aquaponics · Genovese 0.625 –10.081*** 4.526 –1.258 –2.276*** 0.930

(0.162) (2.814) (1.089) (0.425) (2.865) (1.288)
Greenhouse aquaponics · Eleonora 5.994 –5.894* 10.688** –2.119 –2.713*** –0.189

(1.559) (1.645) (2.572) (0.716) (3.416) (0.261)
Warehouse aquaponics · Genovese –4.657 –13.013*** –1.029 –5.310* –2.160*** –1.231*

(1.211) (3.632) (0.248) (1.793) (2.719) (1.707)
Warehouse aquaponics · Eleonora 0.097 –10.583*** 4.112 –2.953 –2.329*** –0.388

(0.025) (2.954) (0.990) (0.997) (2.931) (0.537)
Control variables
Age 0.078 –0.144* 0.065 –0.083 –0.018 –0.017

(0.870) (1.707) (0.696) (0.974) (0.665) (0.758)
Education 3.354** –0.740 4.020** 1.707 –0.582 0.290

(2.168) (0.506) (2.503) (1.165) (1.224) (0.737)
Male 2.783 –0.658 4.636 1.135 –0.142 –0.381

(0.995) (0.249) (1.596) (0.428) (0.165) (0.535)
Married 2.254 –0.381 3.417 –0.152 –2.129** –0.922

(0.810) (0.145) (1.182) (0.058) (2.486) (1.304)
Child –3.286 –6.935** –3.585 –4.700 –1.179 –2.240**

(0.889) (1.985) (0.934) (1.343) (1.038) (2.386)
Household size –0.558 1.485 0.596 1.488 0.697 0.898**

(0.392) (1.104) (0.404) (1.104) (1.593) (2.486)
Household –0.969 0.541 –1.552** –0.359 0.005 –0.089
Income (1.606) (0.949) (2.478) (0.628) (0.028) (0.578)
Intercept 63.184*** 82.465*** 57.427*** 73.761*** 8.366*** 10.817***

(10.157) (14.038) (8.859) (12.702) (4.478) (6.979)
Random effects
sv 2.215*** 2.167*** 2.231*** 2.241*** 1.160*** 0.950***

(21.061) (20.909) (20.274) (25.112) (14.219) (11.197)

Number of observations 945 945 945 945 945 945
Log likelihood –4,214.297 –4,149.082 –4,283.573 –3,989.341 –2,765.854 –2,664.920
zThe base group cultivar is soilless medium–grown ‘Nufar’. Absolute t statistics in parentheses. *P < 0.1, **P < 0.05, ***P < 0.01.
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Discussion

Participants generally liked the soilless
medium–grown and greenhouse aquaponi-
cally grown basil plants more than the ware-
house grown plants. However, when the
interaction terms were included, and the lik-
ings of each cultivar in different growing
systems were compared, no significant dif-

ferences were identified for the overall liking
of greenhouse or warehouse aquaponics–
grown cultivars compared with soilless
medium–grown cultivars. The differences in
overall liking are mainly affected by different
cultivars, rather than the production methods.

The overall liking of basil leaves seems to
be affected by both cultivar selection and the
production system. One previous study also

discussed that cultivar type has a larger impact
on the yield of fresh basil than production
systems (Walters and Currey, 2015). With
better appearances and more intense flavor
than the other cultivars, Nufar was the best-
liked or among the best-liked under all grow-
ing conditions. We found evidence that, when
controlled for individual differences, people
like the flavor of ‘Eleonora’ in greenhouse
aquaponics better than those grown in a soil-
less medium. Therefore, aquaponic growers of
basil should choose production systems and
cultivars not only based on the yield but also
consider the sensory likings of selected culti-
vars under different growing conditions.

Moreover, consumer perception of aqua-
ponics affects consumer preferences of
aquaponic produce. Previous studies on
aquaponically grown lettuce suggested that
consumers’ willingness to pay for aquaponics
and soilless medium–grown produce are similar
(Short et al., 2018). Consumers are generally
neutral or favorable to aquaponic products
(Short et al., 2018; Tamin et al., 2015) and think
of aquaponic products as green products that can
benefit the environment and health. Although
the appearance for greenhouse-grown basil cul-
tivarswas not preferred, the overall liking, flavor
liking, texture liking, and flavor intensity for
greenhouse aquaponics were not significantly
different from soillessmedium–grown cultivars,
and greenhouse aquaponics even gives better
flavors. In the University of the Virgin Islands
commercial aquaponic system, basil has the
potential to be a high-value specialty crop
(Ferrarezi and Bailey, 2019). Basil growers with
greenhouse aquaponics could promote their
produce as green products and possibly get
price premiums for the environmental-friendly
label and the better flavor. A recent study
(Barnhart et al., 2016) suggested that the pres-
ence of some environmental bacteria, such as
Listeria spp., in aquaponic-grown crops are less,
if not the same, compared with hydroponically
grown crops, but consumers lack this knowl-
edge. Therefore, more consumer education on
the benefits of the aquaponic growing method
for sustainable agricultural and greenhouse gas
emission reduction may be essential to improve
the acceptability of aquaponically grown pro-
duce. The present study focused on evaluating
consumer sensory likings of aquaponically
grown basil plants when the respondents have
no knowledge of the production methods or
cultivars, and the ratings of basil cultivars were
all based on intrinsic attributes. Future studies
could measure consumer acceptability ratings
when the respondents would also see aqua-
ponics or soilless medium–grown labels.

Our results have important implications
for producers. Basil cultivars grown in aqua-
ponics do not necessarily have better appear-
ance or flavor intensity, but the selection of
cultivars is more influential than the produc-
tion methods. Producers should choose basil
cultivars based on cultivar performance, con-
sumer acceptability, and the adopted pro-
duction systems. With better yields in the
aquaponic system and appropriate market-
ing, producers might obtain a premium price
for aquaponically grown basil plants. The

Fig. 1. Ratings of overall liking for cultivars (Eleonora, Genovese, Nufar) by growing conditions
(greenhouse aquaponics, soilless medium, warehouse aquaponics) based on the 120-point labeled
affective magnitude scales with the leftmost ends labeled greatest imaginable disliking and the
rightmost ends labeled greatest imaginable liking.

Fig. 2. Ratings of appearance liking for cultivars (Eleonora, Genovese, Nufar) by growing conditions
(greenhouse aquaponics, soilless medium, warehouse aquaponics) based on 120-point labeled
affective magnitude scales with the leftmost ends labeled greatest imaginable disliking and the
rightmost ends labeled greatest imaginable liking.

848 HORTSCIENCE VOL. 55(6) JUNE 2020



aquaponics industry should build a consumer
base by promoting the green and sustainable
nature of aquaponic production methods.

Conclusions

Although previous studies have focused
on the production aspects and consumer per-

ceptions of aquaponically grown produce, the
present study provides a broader view of
consumer preferences for aquaponic products
by investigating the sensory performance of
different cultivars under aquaponically and
soilless medium–grown conditions. The sen-
sory approach showed that the difference in
likings of basil leaves results from the three

variations in growing methods and basil cul-
tivars. With individual-specific random ef-
fects controlled in a linear mixed effect
model, we found that participants liked the
soilless medium–grown and greenhouse
aquaponically grown cultivars more than
the warehouse aquaponically grown culti-
vars. The soilless medium–grown breed
had the highest flavor intensity, followed
by the greenhouse aquaponic grown and
then by the warehouse aquaponic grown.
Basil leaves grown in aquaponics were less
preferred in appearance compared with
soilless medium–grown basil, but leaves
from aquaponics plants were also less bit-
ter. Further, when comparing production
methods for specific cultivars, warehouse
aquaponics was least acceptable for all the
liking attributes, whereas greenhouse aqua-
ponically grown basil cultivars were not
significantly disliked compared with soil-
less medium–grown cultivars except for
appearance liking.
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