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Abstract

In Galicia (northwestern Spain), Brassica rapa var. rapa L. includes turnip greens and
turnip tops as vegetable products. They are characterized by a particular sulfurous
aroma, pungent flavor, and a bitter taste. In this work twelve local varieties grown as
turnip greens and turnip tops were evaluated to define the sensory attributes, to relate
them with secondary metabolites, and to select those sensorial traits that better describe
these crops. Results showed differences in the sensory profiles of B. rapa varieties.
Turnip greens were significantly differed for aroma intensity, leaf color, and salty taste,

while turnip tops were for color and firmness of leaves, moistness and fibrosity in
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mouth, sharpness, and bitter taste. Secondary metabolites as glucosinolates in turnip
greens and phenolic compounds in turnip tops were highly correlated with texture and
flavor. Glucosinolates especially progoitrin (in turnip greens) and gluconapin (in turnip
tops) showed correlation with bitter taste and aftertaste persistence. Correlation between
sensory traits showed highest values between leaf firmness and stalk firmness (0.94%%*),
leaf firmness and fibrosity (R=0.92**), aftertaste persistence and bitterness (R=0.91%%*)

and between bitterness and moistness (R=-0.89**),
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Introduction

B. rapa vegetable crops from Asian countries as Chinese cabbage, pak Choi or
bock Choi have been extensively studied regarding different attributes (agronomic and
nutritional) because of the importance of these crops in the Asian diet. Nevertheless, in
Europe most research has been focused on different B. oleracea crops as cabbage,
broccoli or cauliflower since these have a great economic importance in this continent
and consequently, studies on nutritional quality of B. rapa types are minor. However,
leafy forms of B. rapa crops are very popular in farming and diet in some European
countries as Portugal [1], Spain [2] or Italy [3] where they are traditionally known as

‘nabigas, or grelos’ and cima di rapa or Italian turnip’, respectively.

In Galicia (northwestern Spain), Brassica crops have been the main source of
vegetables for human consumption and also for winter fresh fodder. According to the
particularities of Galician agriculture (small familiar farms and traditional cultural
practices), farmers obtain their own seeds for sowing. This process has led to a great
number of Brassica landraces adapted to different conditions and to different uses all
along Galician geography. In this region, Brassica rapa var. rapa L. includes turnip
greens and turnip tops as vegetable products for culinary profit as well as turnips for
fodder. Turnip greens are the young leaves, harvested in the vegetative period, wich are
characterized by hairy lower leaves, petiolated with broad lateral lobes, which become
larger at the top. Turnip tops are the fructiferous stems with the flower buds and the
surrounding leaves. Upper flower spike leaves of an oblong spear shape, with two large
rounded auricles, hairless and embracing the stem. The harvest of turnip tops occurs in
late winter when the flower buds are formed, which are consumed before opening and

while still green. Both are boiled and generally consumed as meat companions. They



are characterized by a particular sulfurous aroma, pungent flavor, and a bitter taste,

which differentiate them from other Brassica vegetables [4, 5].

Like all Brassica species, B. rapa crops contain secondary plant metabolites,
mainly glucosinolates (which are found almost exclusively in Brassicaceae family) and
phenolic compounds including flavonoids and hydroxycinnamic acids. The presence of
these compounds in the diet has increased on the last years because of their beneficial
health properties [6]. Moreover, these compounds have been related to the sensorial and
nutritional qualities of vegetables. In fact, total glucosinolate content and their
breakdown products were associated with sensory attributes in Brassica crops [7-9].
Other authors [5, 10] have reported that bitterness is considerably affected by the

gluconapin, an aliphatic glucosinolate.

The cultivation of B. rapa takes place during the winter season. In many cases,
the same variety can be exploited for several uses (turnips, turnip greens, and turnip
tops), preventing the fixing of standard morphological characteristics and allowing the
existence of local varieties with high levels of variability. A collection of 200 varieties
collected from northwestern Spain was previously evaluated for their agronomic
performance [2] as well as for their nutritional value focused on glucosinolate, fiber and
protein content [5]. Besides, a first evaluation regarding sensorial attributes (bitterness
and flavor) was carried out with the aim to discard those varieties that did not fit the
normal parameters of this crop. As result, varieties were classified based on their
morphological and agronomic attributes by using the Ward-MLM method [2]. Based on
this previous classification, some varieties, suitable for turnip tops or/and for turnip
greens fresh production were selected. Galician local varieties are maintained by local
farmers based on their agronomic behavior but sensory quality was not a criterion to

maintain them.



In later years, the importance of the quality of vegetables for consumers has
continuously increased. Main criteria are sensory characteristics and higher health
benefits. Descriptive sensory analysis can be considered as the first step in the sensory
characterization of a food product, providing a pre-defined terminology for describing
sensory perceptions as objectively as possible [11]. Sensory profiles in Brassica crops
have been determined mainly for B. oleracea crops such as Brussels sprouts, broccoli
and cauliflower cultivars [8, 10, 12, 13, 14]. However, little information has been
reported about descriptive sensory analysis for B. rapa crops as turnip tops and turnip
greens. Only Jones & Sanders [15] defined a panel based on flavor and aroma traits and

found differences among turnip greens varieties and maturity.

The objectives of this study were i) to define the sensory attributes of a set of B.
rapa varieties grown as turnip tops and turnip greens in NW Spain, ii) to relate them
with the content of secondary metabolites and iii) to select those sensorial traits that

better describe these crops .

Material and Methods

Plant material. Twelve local varieties of B. rapa were evaluated in this study (Table 1).
From these, 10 varieties were chosen based on their agronomic performance for turnip
tops and/or turnip greens and two varieties derived from three cycles of masal selection
by fresh yield. The variety designation as well as their geographical and source of origin
are shown in Table 1. The varieties were evaluated in two years (2006 and 2007) at two
locations in northwestern Spain: Oroso (A Corufia) (43°1°N, 8°26°W, 280 m.a.s.l.) and
Guitiriz (Lugo) (43°12°N, 7°53’W, 516 m.a.s.l.). Both locations represent standard B.

rapa production areas in northwestern Spain. The varieties were planted in multiplot-



trays and seedlings were transplanted into the field at the five or six leaves stage.
Transplanting dates were on the 10™ and 19™ October in 2006 and on the 01™ and 04™
September in 2007, in Oroso and Guitiriz, respectively. Varieties were transplanting in a
randomized complete block design with three replications. The experimental plots
consisted of three rows with 10 plants per row. Rows were spaced 0.8m apart and plants
within rows 0.5m apart. Transplanting was carried out manually according to local
practice. A complex mineral fertilizer was added to the soil (8-15-15) at the rate of
412Kg/ha (33K/ha N, 62 Kg/ha P,Os and K,O). For pest control were used Aphox
against aphids and Laidan against Delia radicum L . Force® was added at the time of
transplantation against soil insects. Weed control were made according to local
practices. Twenty five to forty leaves and shoots from each variety were harvested at
each environment. Since trained panel must be done on several days, plant material
(leaves and shoots) was sequentially harvested on each environment according to the
maturity cycle of each variety at the optimum time for consumption. Leaf harvest
ranged from 44 to 98 days after planting while shoot harvest ranged from 114-224 days

after planting.

Sample preparation. Plant material was collected and immediately was carried to the
laboratory for the sensory evaluation. The trained panel evaluation lasted several
months as no more than three or four 4 varieties per day could be tasted. Samples were
cleaned with water, selected and cut. After this, they were cooked in boiling water (no
salt) for 45 minutes, with 1000W heat-plates—in a 1100g sample / 2 L water
proportion. Once the samples were cooked, the excess water was drained off and
servings of approximately 100g were presented for each taster in plates coded with 3

random digits. The samples were distributed in a complete block design. Evaluation was



performed in individual sensory booths with controlled humidity and temperature.

Sensory analysis. Descriptive sensory analyses were carried out according to Alonso-
Fernandez et al. [16]. Thirteen trained panellists were selected for turnip greens and
turnip tops sensory evaluation in accordance with [17]. Fifteen attributes were
considered according to ISO norms [18]: aroma intensity, leaf color, leaf brightness,
stalk and leaf firmness, resistance to cutting, moistness and fibrosity in mouth,
sharpness, sticks to palate, bitter, acid sweet and salty taste, aftertaste persistence, and
abnormal aroma. All descriptors were quantified using 10-cm no structured intensity
scales [19], except abnormal aroma which were evaluated on two-point scales.
Reference values for each attribute are shown in Table 2. In all cases a rating of 1 was

considered ‘slight” and a rating of 10 as ‘high’.

Statistical analyses. A combined analysis of variance across environments was
performed for each sensory trait. Analysis were made independently for each of the two
plant organs evaluated (leaves and shoots). Varieties were considered as fixed effects
and environments were considered as random factors. Comparison of means among
varieties was made by Fisher’s protected least significant difference (LSD) at P=0.05
[20]. Simple correlation coefficients (p < 0.05) among sensory traits were made in order
to determine which traits better explain the sensory attributes of turnip tops and turnip
greens. Total and individual glucosinolate content and total and individual phenolic
compound content were quantified in the same set of varieties. Part of these results was
published by Francisco et al. [21]. Therefore, simple correlations (p < 0.05) between
these secondary metabolites and sensory characteristics were made in order to establish

the relationships between them. All statistical analyses were made using SAS [22].



Results and Discussion

Turnip greens

The combined analysis of variance showed significant differences for most traits (aroma
intensity, stalk and leaf firmness, resistance to cutting, moistness and fibrosity in mouth,
sharpness, sticks to palate, and bitter, acid, sweet and salty tastes) among environments
(Table 3). Climatic conditions all along the crop cycle (between September 2006 and
May 2008) were very different in each environment, being the minimum temperatures
and the precipitation between the years 2007 and 2008 the main factors that
considerably affected the sensory attributes , mainly for turnip greens (Fig.1). Varieties
were very similar for most traits and they only significantly differed for aroma intensity,
leaf color, and salty taste. The analysis of variance for sensory traits showed a
significant environment x variety interaction for leaf brightness, resistance to cutting
and sharpness (Table 3). For these three traits, individual analyses of variance were
performed and varieties did not showed significant differences among them. Regarding
variety performance across environments, ’"MBG-BRS0461°showed the highest aroma
intensity and the lowest leaf color and salted taste. By the other side, ‘MBG-BRS0163’
showed high salted taste, the lowest aroma intensity and the highest leaf color (Table 4).
A descriptive profile graphic of the twelve varieties in turnip greens and turnip tops is

shown in Figure 2.

Glucosinolates and phenolic compounds are secondary metabolites found in
large quantities in B. rapa and responsible, among other roles, for the typical bitter taste
and characteristic aroma of Brassica crops. The correlations between sensory traits with

the content of aliphatic, indolic, aromatic and total glucosinolate content as well as the



correlations between sensory traits with the content of phenolic compounds are showed
in Table 6. Data show that most correlations between glucosinolates and sensory traits
were low and non significant. The most remarkable was the negative relationship
between progoitrin with bitter and salty taste, aftertaste presistance, and stick to palate (-
0.69**, -0.60**, -0.74**, and -0.79**). Walters [23] found a very closely relationship
between bitter and sweet taste, which could be explained the negative values found in
our work for bitter or salty taste. Progoitrin is not the main glucosinolate found in leaves
of turnip greens but it has been often shown to be related to bitterness and taste
preference in Brussels sprouts [8, 12]. Progoitrin has been defined as a non-bitter
glucosinolate. However, it can be degraded enzymatically by the enzyme
thioglucosidase or by heat treatment to the extremely bitter compound goitrin [8].

The concentration of chlorogenic and sinapic acids affects considerably the
sensory quality of food, since they contribute to enzymatic browning of food products,
thus inducing their astringency and bitter taste [24]. Hydroxycinnamic acids are present
in high amounts in turnip greens. However, as far as we know, information about the
relationship between sensory traits characteristics of this crop such as bitterness, aroma
or taste with flavonoids and hydroxycinnamic acids is lacking. Thus, this work means a
real improvement in the study of nutritional quality of this crop. Some sensory traits
evaluated in turnip greens seem to have important relationships with some phenolic
compounds. For instance, moistness had positive and high correlations with total
phenolic compound content (R= 0.75**) and with total hydroxycinnamic acids (R=
0.74**) whereas stalk firmness had positive and high correlations with
hydroxycinnamic acids (R=0.85**). Even if glucosinolates and flavonoids are not
structural compounds of the plant, it seems that there are a kind of relationship among

plant structure and these compounds, which could be related to the plant health status



and the roles of flavonoids and glucosinolates such as provide protection against
ultraviolet radiation, pathogens and insect attack. All traits related to flavor (except
sweetness) showed negative and significant correlation coefficients with total
hydroxycinnamic acids and total phenolic compound content (ranging from R=-0.58* to
R=-0.82*%*). Total flavonoids only showed a significant and moderate relationship with
acid taste. Most of the literature related flavonoids with bitter, acid or astringent tastes
[25] but minor alterations in the flavonol structure can change their taste from bitter to

sweet or the other way around [26].

As summary, sensory traits evaluated in turnip greens seem to be more related to
hydroxycinnamic acids and flavonoid compounds than to glucosinolates.
Hydroxycinnamic acids and total phenolic compound content were positively related to

firmness traits and negatively related to flavor traits.

Turnip tops

Likewise happened for turnip greens, there were significant differences among
environments for most traits, highlighting the importance of climatic conditions upon
the sensorial quality of these crops. Thus, the choice of a particular variety in basis of its
sensorial value should be done on many sites and years. The combined analysis of
variance did not show any significant environment x variety interaction, which means
the stability of different genotypes. Varieties were significantly different for color and
firmness of leaves, moistness and fibrosity in mouth, sharpness, and bitter taste.
Because of this variability, it would be possible to select in the future a particular
variety according to consumer preferences. As well occurring in turnip greens, ‘MBG-
BRS0163’ displayed the highest leaf color. Besides, this variety had the lowest leaf

firmness, fibrosity in mouth, stalk firmness and resistance to cutting even though no



differences for these last two traits were found among varieties. ‘MBG-BRS0143” had
the lowest leaf color and the highest fibrosity in mouth. With regard to the bitter taste
typical of this crop, the variety ‘“MBG-BRS0197” was the bitterest whereas ‘MBG-
BRS0472’ was the less bitter (Table 5). Although bitterness are usually considered as an
unfavourable flavor trait, a certain degree of bitterness is appreciated by consumers

because of it is a typical characteristic of this vegetables.

Correlations between glucosinolates and phenolic compounds were also
calculated for turnip tops (Table 6). In contrast to happened in turnip greens, sensory
traits evaluated in turnip tops seem to be more related to glucosinolates than to phenolic
compounds. Total glucosinolate concentration in turnip tops (25.6 um g') was higher
than in turnip greens (17.6 um g™"). This difference was due to aliphatic glucosinolates
(20.6 um g and 12.8 pm g, respectively), which can explain the higher importance of
glucosinolates on the sensory traits of turnip tops. Likewise it was discussed for turnip
greens, information about the relationship between sensory traits and glucosinolate and
flavonoids content on turnip tops is scarce. Our study proves that some traits defining
the texture and taste were related to glucosinolate content. For example, leaf and stalk
firmness and resistance to cutting had negative, significant and moderate to high
correlations (ranging from R=-0.58* to R=-0.88**) with indolic glucosinolate content
and with the aromatic glucosinolate GST. On the other hand, bitter taste, acid taste, and
aftertaste showed moderate correlations (from R=0.61* to R=0.74**) with indolic,
aliphatic, aromatic and total glucosinolate content. Regarding individual glucosinolate
composition, gluconapin (the major glucosinolate in these crops) showed positive and
significant correlations with aftertaste, moistness, acid and bitter taste. For sweet taste

this correlation was negative (R=-0.59%). In broccoli and cauliflower Briickner et al.



[27] showed that sweetness was high and negatively related to the total glucosinolate

content, which in turn coincided closely with bitter and pungent taste.

Hydroxycinnamic acids and flavonoids had a slight relationship with the sensory
traits evaluated in turnip tops. Therefore, it’s worth pointing out that flavonoids
kaempferol-3-O-(caffeoyl)sophoroside-7-O-glucoside and quercetin-3-O-
(caffeoyl)sophoroside-7-O-glucoside displayed correlations highest than R=0.60 for leaf
and stalk firmness (once again negatives) and for taste traits (acid, salty, bitter and
aftertaste persistence). The highest coefficient correlation was found between salty taste
and quercetin-3-O-(caffeoyl)sophoroside-7-O-glucoside (R=0.82). The highest
difference between turnip greens and turnip tops was found in the hydroxycinnamic
acids content. Turnip greens had 27 pm g™ of hydroxycinnamic acids concentration and
turnip tops 19.3 um g', which can partially explain the less importance of this

compounds on the flavor of turnip tops.

As summary, indolic and aromatic glucosinolates seem to be more related to
traits indicative of texture while all glucosinolate types (indolic, aliphatic and aromatic)

seems to affect considerably flavor traits, mainly bitterness, acid taste and aftertaste.
Selection of sensorial traits

Simple correlation coefficients among all sensory traits were calculated to
determine which trait gives a better measure of sensorial value in turnip greens and turnip
tops (Table 7). Two attributes related to product appearance, i.e. aroma intensity and
leaf brightness and one trait related to preference, i.e. sharpness, were not correlated
with any other trait. Therefore, these traits have not been useful to describe the flavor
attributes of turnip tops and turnip greens but, depending on the consumer preferences

may play a main role in the evaluation of the products.



The highest correlation (0.94**) was found between two traits related to hand
texture, leaf firmness and stalk firmness. As it was previously explained, leaves and
shoots are the plant parts consumed for turnip greens and for turnip tops, respectively.
Thus, leaf firmness would be associated to turnip greens whereas stalk firmness would
be associated to turnip tops. Regarding correlation coefficients altogether, three groups
of relationships among the sensory traits evaluated could be differentiated. First,
relations between traits linked to texture in hand (leaf firmness, stalk firmness,
resistance to cutting) and texture in mouth as fibrosity. Coefficients among these traits
were higher than R=0.86 and the highest value (R=0.92**) was found between leaf
firmness and fibrosity. This suggests that fibrosity of plant samples detected by panelist
increased as leaves are more firmness. The second type of remarkable correlations was
found between flavor traits (bitter, salty, and acid taste) and aftertaste persistence. It is
well- known that a flavor more intense remains more time after eating, i.e. it is more
persistent. In this case, the highest correlation was found between aftertaste persistence
and bitterness (R=0.91*%*). Finally, the third kind of relationships was found between
flavor traits (bitter, salty, acid and aftertaste and acid taste) with moistness in mouth.
Among these, the highest coefficient value was found between bitterness and moistness
(R=-0.89*%*). Coefficients were always negative suggesting that as moistness in mouth
increase, scale values for bitter, acid, and salty tastes (but not for sweet taste) decrease.
In addition, a significant and high correlation was also found among salty, acid and
bitter tastes. A possible explanation is that flavor is probably very complex and difficult
to evaluate objectively. The identification of each flavor trait separately is difficult

because flavors are usually mixed and they are often misunderstanding.

Conclusions



Brassica rapa varieties from northwestern Spain showed differences in their
sensory profiles. This variability could be used to select the best variety for sensorial
characteristics according to vegetable market and consumer preferences. Secondary
metabolites as glucosinolates and phenolic compounds, which play a crucial role in fruit
and vegetable quality, were responsible of texture and flavor, depending on the organ
evaluated. So, glucosinolates in turnip tops and hydroxycinnamic acids and flavonoids
in turnip greens resulted to be related to some sensory traits responsible for taste and
firmness. Regard to phenolic compounds, correlations with structural and flavor traits
were found, thus indicate the relationship of these compounds and the cell wall integrity
as well as provide characteristics taste. Hydroxycinnamic acids play a very important
role in the life of the cell wall. They are principal components governing cell wall
integrity, shape and defence against pathogenic access [28]. Glucosinolates, especially
progoitrin (in turnip greens) and gluconapin (in turnip tops), showed a high correlation
with flavor traits as bitter taste and aftertaste persistence. Hence, these compounds may
be the main responsible for the bitter and pungent impression in these vegetables, which
are frequently disliked and are one of the reasons for low consumer acceptability of
some Brassica crops [10, 15, 25]. Some sensory traits evaluated in this study, mainly
those related to texture as leaf and stalk firmness and resistance to cutting and those
related to taste as bitter, salty and aftertaste could be used as important parameters for
measuring the sensorial value of turnip tops and turnip greens. This first study has
allowed us not only to define the sensory attributes of these crops but also to select
those traits that they would be good candidates for a rapid screening of material. This
invaluable information would help us to improve the quality and potential health value

of turnip greens and turnip tops.
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Table 1. Local varieties of B. rapa evaluated in this study.

Code Name Origin Source ' | Type®
MBG-BRS0082 Vilar, Forcarei, Pontevedra | MBG L
MBG-BRS0143 Lama, Boqueixén, A Coruiia | MBG L
MBG-BRS0163 Barcia, Meldn, Ourense MBG S
MBG-BRS0173 Valongo, Cortejada, Ourense | MBG L
MBG-BRS0184 Carballo, A Corufia MBG L
MBG-BRS0197 Arnoia, Ourense MBG S
MBG-BRS0401 San Xiao, Coirds, A Corufia | MBG L
MBG-BRS0433 Santiago, A Coruifia MBG L
MBG-BRS0451 O Val, Narén, A Coruiia MBG L
MBG-BRS0461 Castro de Rei, Lugo MBG L
MBG-BRS0472 Porta, Sobrado, A Corufia MBG L
MBG-BRS0550 Trazo, A Coruiia MBG L

" Germplasm bank of the Misién Bioldgica of Galicia (MBG).

? L= Local variety (without selection), S= Variety derived from three cycles of masal

selection by fresh yield.



Table 2. Sensory traits evaluated in this study using a 10-cm no structured intensity

scales (ISO 4121:1987) according to Alonso-Fernandez et al. (2003).

INTENSITY SCALE

Trait 1 10
External aspect

Leaf color' 3975u 5815u

Leaf brightness Dry olive Wet olive
Aroma

Aroma intensity Weak Strong
Texture in hand

Stalk firmness Spaghuetti 5’ Spaghuetti 15

Leaf firmness Spaghuetti 5’ Spaghuetti 15’

Resistance to cutting Asparagus tops Asparagus stalks
Texture in mouth

Moistness in mouth Apple Bean

Fibrosity in mouth Asparagus tops Asparagus stalks

Sharpness Eggplant Bean

Sticks to palate Egg white Pate



Flavor

Bitter taste Weak Strong
Acid taste Weak Strong
Sweet taste Weak Strong
Salty taste Weak Strong
Aftertaste persistence > <10's 60 s

" Pantone” COLOR SCALE

’Time in seconds
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Table 3. Mean squares of the combined analysis of variance across four environments

for sensory traits in the 12 B. rapa varieties (turnip greens and turnip tops) from

northwestern Spain.

Turnip greens Turnip tc
Environment (E)  Variety (V) ExV  Error Environment (E)  Variety
Aroma intensity 2.495% 1.723* 0.763 1.989 2.004 1.50
Leaf color 5.736 9.740%* 4285 3.188 2.913 11.94
Leaf brightness 4.519 2.538 4.883** 2.309 29.387** 5.44
Stalk firmness 389.217** 3.728 6.084 4.110 391.556** 8.25
Leaf firmness 91.786%** 8.501 11.693  8.709 111.577%* 10.01
Resistance to 36.377** 7.668 7.813** 3.446 22.440%* 18.26
cutting
Moistness in 14.005** 0.858 2.018 2.986 6.519* 4.30
mouth
Fibrosity in 12.411% 3.392 3.957 3.938 6.898 7.18
mouth
Sharpness 25.343** 3.704 4.358* 2.519 20.719** 8.59
Sticks to palate 11.091** 1.033 1.340  2.084 0.773 2.39
Bitter taste 16.088** 3.583 2.570 2340 11.650%* 5.18
Acid taste 14.925%%* 1.561 1.435  4.401 22.136%* 2.59
Sweet taste 10.491%** 0.957 1.183  3.543 13.486%** 2.21
Salty taste 12.786** 4.705% 1.612  3.272 31.847** 2.51
Aftertaste 1.560 2.431 2347  2.128 8.124* 3.33

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.
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Table 4. Mean of sensory traits for the 12 turnip greens varieties evaluated in this study

in two locations and two years in northwestern Spain.

Aroma Leaf Leaf Stalk Leaf Resistance M
Variety

intensity color brightness firmness firmness  to cutting
MBG-BRS0082  5.64ab 6.04bc 5.57ab 5.07a 4.83ab 5.07bc (
MBG-BRS0143  5.14ab 6.48abc 5.62ab 4.81ab 5.87a 5.76ab
MBG-BRS0163  4.85b 7.30a 5.39ab 1.44d 2.40c 4.29¢
MBG-BRS0173  5.40ab 6.35abc 5.36ab 4.75ab 4.70ab 5.60ab (
MBG-BRS0184  5.19ab 5.87cd 5.39ab 5.33a 5.08ab 5.30bc (
MBG-BRS0197  5.14ab 6.15bc 447c 2.97c 3.90bc 5.15bc (
MBG-BRS0401  4.96ab 6.90abc 5.69a 4.74ab 4.54ab 5.34bc (
MBG-BRS0433  5.26ab 6.43abc 5.62ab 3.81bc 3.98bc 5.98ab (
MBG-BRS0451  5.61ab 7.05ab 5.54ab 5.24a 6.02a 6.49a (
MBG-BRS0461  5.73a 4.90d 5.51ab 5.17a 5.23ab 4.96bc (
MBG-BRS0472  4.99ab 6.40abc 4.77bc 5.15a 4.90ab 5.24bc (
MBG-BRS0550  5.22ab 6.84abc 5.32abc 5.26 5.24ab 5.96ab

Sticks to
Variety Sharpness Bitter taste ~ Acid taste Sweet taste Salty taste A
palate

MBG-BRS0082  4.77abc 3.43b 5.92cd 3.15b 3.16a 3.58b <
MBG-BRS0143  5.17ab 3.69ab 6.21bcd 3.66ab 3.11a 4.26ab <
MBG-BRS0163  4.73abc 4.46a 7.11a 4.42a 2.99a 5.08a
MBG-BRS0173  5.55a 4.07ab 6.85ab 3.92ab 2.92a 4.58ab

22



MBG-BRS0184  5.03abc 3.31b 6.19bcd 3.59ab 2.86a 3.99b <

MBG-BRS0197  5.29a 4.00ab 6.81abc 3.78ab 3.11a 5.20a

MBG-BRS0401  5.42a 4.01ab 6.49abcd 3.80ab 2.83a 4.58ab <
MBG-BRS0433  5.44a 3.83ab 5.94¢cd 3.19b 3.20a 4.15ab |
MBG-BRS0451  5.02abc 3.66ab 5.74d 3.41ab 3.38a 3.82b |
MBG-BRS0461  4.25bc 3.74ab 6.35abc 3.65ab 3.03a 3.54b |
MBG-BRS0472  4.88abc 3.87ab 6.18bcd 3.41ab 3.01a 4.48ab |
MBG-BRS0550  4.18c 3.48b 5.79d 3.43ab 3.33a 4/.22::: rormates Inglés (Estados

~__| Unidos)

8 | Means with the same letter in the same column are not significant different at 2 <0.05.
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two locations and two years in northwestern Spain.

Table 5. Mean of sensory traits for the 12 turnip tops varieties evaluated in this study in

Aroma Leaf Leaf Stalk Leaf Resistance Moistn
Variety

Intensity color brightness  firmness firmness to cutting mot
MBG-BRS0082 5.37a 5.26bc 5.31ab 3.96d 4.47bc 5.88ab 6.92ab
MBG-BRS0143 5.26a 3.47d 4.87abc 5.63ab 4.83bc 6.29a 6.86ab
MBG-BRS0163 5.89a 6.90a 5.11abc 0.80e 2.11d 2.52e 6.58abx
MBG-BRS0173 5.53a 5.22bc 5.60a 5.05abed  5.36ab 5.75ab 6.67ab
MBG-BRS0184 6.00a 5.35bc 4.82abc 4.00d 4.62bc 5.45abc 6.70abx
MBG-BRS0197 5.57a 5.86ab 5.18abc 1.18e 3.68¢c 3.51de 5.61c
MBG-BRS0401 5.52a 5.27bc 5.34ab 4.39bcd 5.11ab 4.45bcd 6.45bc
MBG-BRS0433 5.30a 4.14cd 4.60bc 5.23abed  S5.11ab 6.07a 7.08ab
MBG-BRS0451 5.54a 4.56cd 5.33ab 5.80a 5.48ab 4.89abcd  7.32ab
MBG-BRS0461 5.65a 4.75bc 5.00abc 4.27cd 4.22bc 4.95abcd  7.55ab
MBG-BRS0472 5.55a 5.02bc 4.33c¢ 5.32abc 5.05b 4.09cd 7.70a
MBG-BRS0550 5.07a 4.21cd 4.70abc 5.46abc 6.48a 5.03abcd  7.08ab

Sticks to
Variety Sharpness Bitter taste  Acid taste Sweet taste  Salty taste  After
palate

MBG-BRS0082 4.93a 4.08ab 6.73bc 3.61b 3.11a 4.17bc 6.72b
MBG-BRS0143 4.58ab 4.24ab 6.21bcd 3.38b 3.20a 5.00ab 6.82at
MBG-BRS0163 4.40ab 4.38ab 7.23ab 4.28ab 2.48a 4.66abc 7.29at
MBG-BRS0173 5.00a 3.98ab 7.10ab 4.19ab 2.68a 4.55abc 7.23at
MBG-BRS0184 4.97a 3.90ab 6.87bc 4.19ab 3.19a 4.24bc 7.10at
MBG-BRS0197 4.88a 4.85a 8.00a 5.28a 3.15a 5.71a 7.92a
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MBG-BRS0401 4.40ab

MBG-BRS0433 5.27a

MBG-BRS0451 3.82bc

MBG-BRS0461 3.81bc

MBG-BRS0472 3.10c

MBG-BRS0550 4.47ab

4.11ab

4.65ab

3.68b

3.82ab

4.09ab

4.44ab

6.98abc

6.40bcd

6.95bc

6.34bcd

5.61d

5.98cd

4.00ab

3.18b

3.93ab

3.74ab

3.38b

3.54b

2.63a

3.0la

3.28a

3.43a

2.84a

3.04a

4.32bc

3.96bc

4.34bc

4.46abc

3.48c

4.39bc

6.78b

6.80at

6.59b

6.54b

6.29b

6.19b

12 Means with the same letter in the same column are not significant different at P <0.05.
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Table 6. Simple correlations among sensory traits and glucosinolate and phenolic

compound content for (A) turnip greens and (B) turnip tops.

(A)
Turnip greens Glucosinolates Phenolic compounds
Alipha | I A Fl H i
1P a n.do r(.)m Total a.vono yd¥0xy.c1nn Total
tic lic atic ids amic acids

Aroma intensity | 0.22 0 1 L] 003 | 0.7 0.16 0.57 0.50
Leaf color 0.18 | 0.20 | 0.17 0.23 0.03 -0.38 -0.28
Leaf brightness 0.32 0 -20 0.09 0.27 -0.24 0.27 0.11
Stalk firmness 0.51 0 ;‘9 -0.02 0.41 0.46 0.85%* 0.82
Leaf firmness 0.43 0 -28 0.07 0.35 0.57 0.73 0.77
Resistance to\ o 0 | 002 | 028 | 042 | 054 0.42 0.51
cutting
Mo - .

olstness in 0.51 009 | 043 | 051 0.74%% | 0.75%*
mouth 0.33
Fibrosity in - N
mouth 0.32 0.30 0.05 0.25 0.57 0.55 0.63
Sharpness 0.22 0 ;)4 -0.15 0.25 -0.11 -0.28 -0.27
Sticks to palate -0.03 0 ;)4 -0.51 0.07 -0.54 -0.72%* -0.75%*
Bitter taste 0.01 0.01 | -0.55 0.10 -0.58 -0.76%* -0.79%*
Acid taste 0.11 0.26 | -0.21 0.19 -0.64* -0.76%* -0.827%*
Sweet taste 0.10 | 0.37 | 042 0.11 0.54 0.36 0.47
Salty taste -0.05 | 0.20 | -0.28 0.05 -0.16 -0.79%** -0.67*
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Aftertaste

0.41

0.02

-0.44

0.50

-0.42

-0.58*

-0.61%

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.

B)
Turnip tops Glucosinolates Phenolic compounds
Ahpha In‘do Ar?ma Total Fle%vono Hydfoxy(.:lnn Total
tic lic tic ids amic acids
Aroma intensity | 0.31 | 0.36 0.35 0.37 0.26 0.47 0.41
0.55 | 0.76 | 0.73** | 0.61* 0.27 0.43 0.39
Leaf color .
Leaf brightness 0.55 | 0.33 0.42 0.55 0.11 0.35 0.27
-0.38 - - -0.46 -0.23 -0.36 -0.33
Stalk firmness 0.88 | 0.76**
kk
-0.05 - -0.65* | -0.17 -0.30 -0.50 -0.47
Leaf firmness 0.58
*
. -0.31 - -0.68* | -0.39 -0.19 -0.10 -0.15
Resistance to
. 0.70
cutting -
. . -0.60* - -0.58 | -0.62* 0.01 -0.11 -0.06
Moistness in
0.59
mouth N
Fibrosity in 0.01 - -0.45 -0.07 -0.30 -0.30 -0.33
mouth 0.48
Sharpness 032 | 0.13 | -0.05 0.26 -0.19 0.21 0.04
Sticks to palate 0.27 | 0.44 0.30 0.27 -0.29 -0.01 -0.14
. 0.65* | 0.68 | 0.67* | 0.70%* 0.07 0.22 0.17
Bitter taste N
Acid taste 0.69* | 0.74 | 0.70* | 0.73* 0.09 0.05 0.07

27
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k%

-0.54 - -0.55 | -0.58* -0.13 -0.38 -0.30
Sweet taste
0.40
Salty taste 036 | 0.57 0.53 0.40 0.17 0.06 0.12
Aftertaste 0.61* | 0.61 | 0.70* | 0.67* 0.04 0.27 0.19

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.

28




21
22
23

24

25

26

27

28

29

30

Table 7. Simple correlations among sensory traits on 12 B. rapa varieties grown in four
environments in northwestern Spain.

LC BR SF LF RC MM FM SH SP BT
Al -0.21 037 0.05 -0.01 0.03 0.15 -0.14 -0.17  -0.44 0.17
LC -0.03  -0.65* -0.62* -0.68* -0.67* -0.62* 0.15 0.51 0.61*
BR 0.27 0.20 0.37 0.11 0.24 0.33 -0.21 0.16
SF 0.94**  0.86*%*  0.90**  0.87** -0.12 -0.74** -0.74**
LF 0.87**  0.76**  0.92** -0.10 -0.71* -0.67*
RC 0.68%* 091** 026  -0.54 -0.60*
MM 0.60* -0.43  -0.77*%* -0.89**
FM 0.25 -0.53 -0.56
SH 0.38 0.39
SP 0.66*
BT
AT
SWT
SLT

Al= Aroma intensity; LC= Leaf color; BR= Leaf brightness; SF= Stalk firmness; LF=
Leaf firmness; RC= Resistance to cutting; MM= Moistness in mouth; FM= Fibrosity in
mouth; SH= Sharpness; SP= Sticks to palate; BT= Bitter taste; AT= Acid taste; SWT=

Sweet taste; SLT= Salty taste; AFT= Aftertaste.

*, ** Significant at the 0.05 and 0.01 probability levels, respective
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Figure captions:

Figure 1. Graphic representation of (A) Minimum and maximum temperatures and (B)

Precipitations in two locations from 2006 to 2008.

Figure 2. Descriptive sensory analysis of twelve varieties in turnip greens (A) and turnip

tops (B). For abreviations see Table 7.
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