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Abstract 
The consumption and cultivation of curly kale in Brazil is recent and information on production systems and their 
acceptance by the consumer are scarce. The aim of this work was to evaluate the sensory characteristics of curly 
kales cultivated using the conventional and hydroponic systems, considering the treatments: cultivation under the 
conventional system, without fertilization (A), conventional system with organic fertilizers (C, E) and hydroponic 
system (F). The harvests were performed at 60, 90 and 120 days after planting for the plants cultivated using the 
conventional system and at 30 days for the hydroponic system. The total chlorophyll index content and the sensory 
analyses of ranking of difference and acceptance were analyzed. The lowest chlorophyll index in the curly kales was 
verified for the one cultivated under the hydroponic system. In the ranking test, the darkest green color was obtained 
for the curly kale produced using the conventional system and for the attributes aroma, sweet and bitter taste and 
crunchiness, there was no significant difference.  

Keywords: Brassica oleraceae var acephala; Organic fertilizers; Ranking test; Acceptance test; Color; Chlorophyll index. 

Resumo 
O consumo e o cultivo da couve de folha crespa no Brasil são recentes e mostram-se escassas as informações sobre 
sistemas de produção e sua aceitação pelo consumidor. O objetivo do trabalho foi avaliar as características sensoriais de 
couves de folhas crespas cultivadas em sistemas convencional e hidropônico, considerando os tratamentos: cultivo 
sistema convencional, sem adubação (A), sistema convencional com fertilizantes orgânicos (C, E) e sistema hidropônico (F). 
As colheitas foram realizadas aos 60, 90 e 120 dias após plantio para as plantas cultivadas em sistema convencional e, aos 
30 dias, para o sistema hidropônico. Foi analisado o teor do índice de clorofila total e realizada a análise sensorial de 
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ordenação de diferença e aceitação. O índice de clorofila nas couves de folhas crespas no sistema convencional foi menor 
em relação ao da couve cultivada em sistema hidropônico. Para teste de ordenação, a cor verde foi mais escura na couve 
crespa produzida em sistema convencional e, para os demais atributos (aroma, gostos doce e amargo, e crocância), não 
houve diferença significativa. 

Palavras-chave: Brassica oleraceae var acephala; Fertilizantes orgânicos; Análise de ordenação; Análise de 
aceitação; Cor; Índice de clorofila. 

1 Introduction 

The market of vegetables presents several sectors, one of which is non-traditional vegetables, comprising 
differentiated products, many times not related to unknown vegetable species, but to the variation in size or 
color compared to conventional vegetables. This segment has been prominent because of the growing interest 
of consumers in news in the food area for in natura consumption (Vilela & Macedo, 2000). According to 
ABCSEM (Associação Brasileira do Comércio de Sementes e Mudas, 2016), studies on habits of leafy 
vegetable consumption have demonstrated that crunchiness, reduced size, pleasant taste, varied leaf colors and 
shapes and greater durability are important in the decision of purchase. Among these vegetables is curly kale. 

Curly kale, also known as kale, is characterized by leaves along the stem, and it has gained popularity 
because of its nutritional value, highlighting the protein contents and low calory. In comparison with collard-
green, it has corrugated leaves, usually of dark-green coloration (Olsen et al., 2009). 

According to the ANDA - Brazilian National Fertilizer Association (Associação Nacional para Difusão de 
Adubos, 2016), Brazil is the fourth highest consumer of fertilizers in the world, importing 75% of these nutrients, 
most of which deriving from non-renewable sources. As alternative to mineral fertilization, the organic fertilization 
emerged as a potential for the enhancement of the soil attributes, favoring fertility, benefiting soil biodiversity and 
vegetable productivity (Finatto et al., 2013). Furthermore, the use of organic fertilizers can promote the rise in 
water retention capacity of the substrate, higher aggregation of soil particles, and they serve as an important source 
of nutrients, such as calcium, magnesium, nitrogen and phosphorus (Oliveira et al., 2014). 

The determination of vegetable quality consists in the evaluation of the external (size, shape, appearance, 
color, texture, uniformity, firmness) and internal characteristics, such as aroma, flavor, nutritional value, acidity 
and the content of total soluble solids (Aular & Natale, 2013), and it is related to several factors, among which 
the level of nutrient supply and production systems. Bernardi et al. (2005) reported that the appearance of the 
vegetables is of major importance since the consumer only acquires the most attractive product. 

Kale is usually cultivated in soil; nevertheless, studies have demonstrated that hydroponics is an alternative, with 
the advantage of anticipating the harvest, which can occur in up to 30 days after seedling transplant (Noboa et al., 
2019), whereas for the conventional system, the harvest begins two to three months after culture installation. 
Additionally, hydroponics is the technique of leafy vegetable cultivation that most grows in Brazil (Lima et al., 2018). 

The aim of this work was to compare the sensory characteristics of curly kale cultivated using the 
conventional system with organic fertilization and the hydroponic system. 

2 Material and methods 

2.1 Material 

Curly kale, Brassica oleracea var. acephala, Darkibor hybrid, was employed. The treatments were: 
cultivation using the conventional system, without fertilization (A), conventional system with organic 
fertilizers (C, E) and hydroponic system (F). 
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The experiment was performed in the Center for Agrarian Sciences (CCA), of the Federal University of 
São Carlos (UFSCar), Araras/SP (latitude 22º21’25” South, longitude 47º23'03” West and altitude 646m), a 
region characterized by dry winter (April to June 2019), a period in which the experiment occurred. 

The soil in the area for conventional cultivation was of the Red Latosol type with the following chemical 
characteristics: pH (CaCl2) = 5.7; organic matter =33 g dm-3; p = 7 mg dm3; K = 6.9 mmol dm-3; 
Ca2+ = 68 mmol dm-3; Mg = 15 mmol dm-3; Al = 0.5 mmol dm-3; H+Al = 21 mmol dm-3; 
CTC = 110.9 mmol dm-3; Fe = 43 mg dm-3; Mn = 23.9 mmol dm-3; Zn = 4.6 mmol dm-3 and Cu = 
3.9 mmol dm-3. The composition of the organic fertilizer (C) was chicken manure, bone meal, industrial 
waste from slaughterhouse and foods, and other industrial wastes, and that of fertilizer (E) was sugarcane 
filter cake. The quality of both organic fertilizers was in accordance with Brasil (2020). The amounts of the 
fertilizers, both for planting and cover, were defined according to Trani et al. (2015). 

The hydroponic system was of the NFT (nutrient film technique) type, with trapezoidal polypropylene 
(TP50) profiles, installed under 35% red screen, benches with a 9% slope for the flow of the nutrient solution, 
with spacing of 25x25 cm between plants and profiles. The hydroponic solution used was the recommended 
by Furlani et al. (1999).  

Kale seedlings were produced in 128-cell trays with substrate and at 30 days after germination they were 
transplanted to the experimental plots in the conventional and hydroponic systems. 

At 60, 90 and 120 days after planting, the kales cultivated using the conventional system with organic 
fertilizers, and at 30 days for the kales cultivated under the hydroponic system, were harvested, and evaluated 
regarding their total chlorophyll index and sensory analysis. The leaves used for the sensory analysis and 
total chlorophyll index were collected from the medium part of the plant. The total chlorophyll index was 
analyzed using SPAD. 

2.2 Sensory analysis 

2.2.1 Test conditions 

The study was approved by the Ethics Committee on Human Beings, CAAE no: 95217118.0.0000.5504. 
The sensory tests were performed at the Laboratory of Sensory Analysis, in individual cabins with white 
light, and each taster received one leaf from each kale at room temperature, on white plastic dishes and coded 
with three digits. 

In the first test, the ranking test of difference (International Organization for Standardization, 2006) was 
employed, with adaptations, since the attributes were evaluated in a single test, in order to use the same 
sample. The kales were presented simultaneously, and the taster was requested to rank in ascending order the 
attributes: green color, characteristic aroma, sweet taste, bitter taste and crunchiness. The order of 
presentation was randomized for each taster. The attributes evaluated were based on the study of Noboa et al. 
(2019) in curly kales. 

In the second step, the tasters were characterized regarding age, sex, occupation, and then they were asked 
about the frequency of kale consumption (1 or 2 times per month; 1 or 2 times per week; 3 or more times per 
week; never or rarely) and how they consume kale (braised, salad, juice or raw), allowing them to answer 
several alternatives. Their preference for leaf size (small, medium, or big) was also asked. 

Regarding the acceptance test, 62, 65 and 60 tasters participated, respectively, for the harvests: 1st = 60, 
2nd = 90 and 3rd = 120 days. The tasters were consumers of vegetables and answered about how much they 
liked or disliked the curly kales in terms of color, aroma, flavor, texture and global acceptance, using a 
structured seven-point hedonic scale (1=disliked very much and 7=liked very much) (Meilgaard et al., 2007). 
More than 65% of the participants were women, 82% students, 10% teachers and the others, university staff, 
aging between 18 and 30 years. 
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2.3 Statistical analysis 

For the variable chlorophyll, ANOVA was individually applied for each harvest (at 60, 90 and 120 days), 
considering a completely randomized design. Whenever necessary, the Tukey's test for comparison of means 
was employed. 

For the analysis of the acceptance test data, the univariate analysis of variance of a randomized block design 
was applied, with 62, 65 and 60 tasters (harvests at 60, 90 and 120 days, respectively). Whenever necessary, 
the Tukey's Test of Multiple Comparisons of Means was employed. For the attributes of the acceptance test, 
the association among the attributes evaluated was also quantified, calculating the Pearson’s correlation 
coefficient among them. A principal component analysis (PCA) was applied and using this technique, 95% 
confidence ellipse for each treatment at each harvest was obtained. The analyses were performed with the help 
of the software R version 4.0.2 (R Core Team, 2020), considering a level of significance of 5%. 

The interpretation of the data obtained in the ranking test was performed according to the Friedman’s test 
(p ≤ 0.05) (Newell & MacFarlane, 1987). 

3 Results and discussion 
The mean content of the total chlorophyll index in the kale leaves was lower for the kale cultivated using the 

hydroponic system (Table 1). According to Chitarra & Chitarra (2005), the duration and intensity of light 
modify the coloration of the plants, as occurred in this study. The cultivation in hydroponics was performed 
under red screen (35%) in protected environment, affecting coloration and intensity of chlorophyll in the leaves. 

Candian et al. (2018) verified the value of 48.96 TCI for different collard-green materials under organic 
and conventional management and they did not observe significant interaction of the systems. 

In studies with lettuce, Santos et al. (2001) described that the high total chlorophyll content is an important 
quality variable for lettuce, since the intense green color provided by chlorophyll makes it attractive for the 
consumers. 

Table 1. Results of the means of the total chlorophyll index (TCI), with standard deviation, of the curly kales using 
different management systems. 

Harvest (days) 
Treatment 

A=Control C=conventional* E=conventional* F=hydroponics 
60 51.76 (2.37)a 55.31 (1.01)a 52.96 (4.97)b NP 
90 53.75 (8.35)a 52.06 (8.56)a 56.97 (5.97)b 45.00 (1.05)b 
120 61.08 (1.68)a 58.79 (6.43)a 57.28 (5.79)ab 45.81 (2.58)b 

Values followed by different letters, on the same line, differ statistically by the Tukey’s test (p ≤ 0.05). *with organic fertilizers. NP=Nor Performed. 

3.1 Sensory analysis 

Regarding the color of the kales, the tasters did not identify a significant difference for harvest 
1 (at 60 days) between the control kale and the cultivated with organic fertilizers. For harvest 2 (90 days), 
the kale produced using the hydroponic system presented a lighter green coloration and was similar to kale 
C (with organic fertilizer). Nevertheless, treatments A, C and E did not present difference from each other 
regarding green coloration, being darker. On the other hand, at 120 days (harvest 3), only the hydroponic 
kale (F) was considered different from all treatments regarding the green color, being lighter (Table 2). In 
the commercialization of leafy vegetables, appearance aspects such as size, shape, brightness and color of 
the leaf, mainly, are among the main quality attributes observed by the consumer. Leaf color is of 
fundamental importance, since the consumer makes the decision of buying (Novo et al., 2010). 

For the other attributes of difference (kale aroma, sweet taste, bitter taste, crunchiness), there was no 
significant difference among the treatments (Table 2) in any of the harvests performed. 
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Table 2.  Results of the sum of the ranking test of difference and preference of the curly kales produced using the 
conventional and hydroponic systems. 

Attributes evaluated Harvest days 
Treatment 

A C E F 

Color 
60 46 a 48 a 46 a NP 
90 62 a 51 ab 64 a 34 b 
120 60 a 62 a 64 a 25 b 

Aroma 
60 41 a 45 a 44 a NP 
90 51 a 46 a 53 a 50 a 
120 58 a 55 a 48 a 57 a 

Sweet taste 
60 39 a 44 a 40 a NP 
90 44 a 56 a 56 a 53 a 
120 53 a 48 a 49 a 55 a 

Bitter taste 
60 52 a 46 a 45 a NP 
90 51 a 53 a 56 a 50 a 
120 54 a 57 a 55 a 45 a 

Crunchiness 
60 47 a 46 a 42 a NP 
90 53 a 51 a 60 a 47 a 
120 62 a 58 a 49 a 45 a 

Values followed by different letters, on the same line, differ statistically by the Friedman’s test (p ≤ 0.05). A = Control; C, E = conventional 
system (organic fertilizers), F=Hydroponic. NP=Not Performed. Harvest 1. Critical value: 16 (three samples and 21 tasters). Harvests 2, 3. 
Critical value: 22 (four samples and 21 tasters). 

Regarding the questions answered before the acceptance test, the most frequent way of curly kale 
consumption was braised (77%), followed by salad (55%), juice (22%), soup (6%) and others (3%). The 
frequency of curly kale consumption was: three or more times in the week 26.2%; one or two times in the 
week 30.8%; twice per month 21% and once per month 21%. Regarding kale leaf size, 67% of the tasters 
prefer kales with medium-sized leaves, 20% prefer big leaves and the others, small leaves. 

The results of the acceptance test of the kale demonstrated that there was no significant difference among 
the treatments applied for the attributes flavor and texture (Table 3) in any of the harvests. 

Table 3. Results of the means and standard deviation (in parenthesis) of the treatments, considering each attribute of 
the acceptance test (color, aroma, flavor, texture, and global acceptance) of the curly kales. 

Attributes Harvest days 
Treatment 

A C E F 

Color 
60 5.5 (1.44)a 5.6 (1.12)a 5.6 (0.93)a NP 
90 5.5 (1.36)a 5.5 (1.29)a 5.5 (1.29)a 4.7 (1.36)b 
120 5.1 (1.11)b 5.4 (1.16)a 5.1 (1.20)b 5.1 (1.27)b 

Aroma 
60 5.0 (1.32)a 4.7 (1.51)a 4.7 (1.29)a NP 
90 5.0 (1.41)a 4.6 (1.26)ab 4.6 (1.21)b 4.1 (1.38)b 
120 4.6 (1.19)a 4.7 (1.15)a 4.7 (1.17)a 4.8 (1.35)a 

Flavor 
60 5.1 (1.38)a 5.2 (1.39)a 5.1 (1.25)a NP 
90 4.7 (1.63)a 4.4 (1.58)a 4.7 (1.61)a 4.4 (1.59)a 
120 4.4 (1.65)a 4.4 (1.52)a 4.4 (1.64)a 4.7 (1.63)a 

Texture 
60 5.5 (1.22)a 5.4 (1.37)a 5.4 (1.32)a NP 
90 5.2 (1.34)a 5.1 (1.47)a 5.1 (1.18)a 4.8 (1.33)a 
120 5.3 (1.02)a 5.4 (0.88)a 5.2 (0.93)a 5.1 (1.14)a 

Global acceptance 
60 5.5 (1.35)a 5.4 (1.37)a 5.3 (1.22)a NP 
90 5.1 (1.18)ab 5.2 (1.15)a 4.9(1 .22)ab 4.7 (1.16)b 
120 5.3 (1.09)a 5.4 (1.08)a 5.2 (1.02)a 5.2 (1.21)a 

Values followed by different letters, on the same line, differ statistically by the Tukey’s test (p ≤ 0.05). A = Control; C, E = conventional 
system (with organic fertilizers), F = Hydroponic. NP=Not Performed. 

The treatments did not present significant difference for color in harvest 1 (60 days) (Table 3); 
nevertheless, a difference in the acceptance of the color was verified among the treatments in the other 
harvests, in other words, at 90 and 120 days. Treatment F (hydroponic) received the lowest score when 



Sensory analysis of curly kale produced under conventional and hydroponic systems 
Silva, L. C. et al. 

 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.Braz. J. Food Technol., Campinas, v. 24, e2020192, 
2021 | https://doi.org/10.1590/1981-6723.19220 6/8 

compared to the conventional system at 90 days, presenting the lightest green color in the ranking test of 
difference (Table 2). At 120 days, only treatment C received a superior mean score for the attribute color 
compared to the others, which did not differ from each other. 

Regarding the acceptance of aroma (Table 3), at the 2nd harvest (90 days), there was statistical difference 
among the samples, with treatment A being similar to C and different from the others. 

For the harvests at 60 and 120 days using the conventional system, and hydroponics (30 days), the global 
acceptance of the curly kales did not present differences among the treatments, all being well accepted. For the 
harvest at 90 days, treatments C, A and E presented the highest global acceptance and did not differ from each 
other for this attribute; nonetheless, treatment A presented the same global acceptance as treatments E and F. 

The global acceptance and texture of the kales at 90 days remained constant, the other attributes (color, 
aroma, and flavor) being the most relevant. 

All correlations among the variables were significant (Table 4), in other words, all attributes are correlated 
to each other, with emphasis to the attributes of global acceptance and texture (0.6341), global acceptance 
with flavor (0.5349), indicating that the main attributes that received the highest scores for curly kale global 
acceptance were their texture and flavor. 

Table 4. Results of the standard deviation of each attribute (diagonal), correlation coefficient (upper triangular part) 
and respective p-value of the Pearson’s linear correlation test (in parenthesis). 

Parameters 
Attribute 

Color Aroma Flavor Texture Global acceptance 
Color 1.2686 0.253(p < 0.05) 0.272(p < 0.05) 0.309(p < 0.05) 0.411(p < 0.05) 
Aroma - 1.3463 0.353(p < 0.05) 0.372(p < 0.05) 0.476(p < 0.05) 
Flavor - - 1.594 0.431(p < 0.05) 0.535(p < 0.05) 
Texture - - - 1.280 0.634(p < 0.05) 

Global acceptance - - - - 1.287 

Considering all variables of the sensory test of acceptance (color, aroma, flavor, texture and global 
acceptance), with a level of confidence of 95%, it was verified that the same treatment was different in each 
harvest; nevertheless, the treatments do not differ from each other at 60 and 120 days, with the exception of 
the harvest at 90 days, in which the kales cultivated using the conventional system (organic fertilizers 
C and E) do not differ from the Control (A); additionally, the curly kale cultivated in hydroponics (F) is only 
similar to the kale cultivated under the conventional system using the organic fertilizer E (Figure 1). 

 
Figure 1. Ellipse of confidence for the centroid of each treatment (A, C, E, F) in each harvest (1 = 60 days, 

2 = 90 days, and 3 = 120 days) considering all attributes evaluated in the sensory test of acceptance (color, aroma, 
flavor, texture and global acceptance). 
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4 Conclusions 
The kales produced under the conventional production systems using organic fertilizers and hydroponics 

obtained differences in the chlorophyll content, with the lowest values for the hydroponic kale, which was 
confirmed in the sensory test as the treatment that led to the lighter green color. In general, the differences 
did not alter acceptance much since the tasters always used the same part of the hedonic scale among the 
treatments and harvest periods. 
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