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Abstract 
Four types of kale-based snacks were investigated on the basis of polyphenol content and compo-
sition, glucosinolates amount, and antioxidant activity. The amount of polyphenols resulted to be 
higher than that of raw material, fresh kale (0.57 ± 0.03 mg GAE). The antioxidant activity turned 
out indeed very effective, resulting sufficient just from 0.72 mg to 2.1 mg to dishearten the activity 
of 1 ml DPPH to 50%. Glucosinolates present in kale-based snacks ranged from 1.17 mg/gr to 1.52 
mg of sinigrin equivalent/gr. Polyphenol profile, obtained by UPLC-DAD analysis allowed us to 
identify gallic acid, chlorogenic acid, and catechin common in all samples. Other polyphenols, that 
is caffeic acid, p-coumaric acid, and ferulic acid, were found in almost all samples, almost all more 
abundant than fresh kale, representing a precious source of beneficial metabolites. Our results 
suggest that such snacks could represent an effective functional dietary supplement also if com-
pared to fresh vegetable. Manufacturing of kale-based snacks does not negatively affect the bene-
ficial effect of the raw material; indeed, such snacks could positively meet people’s expectation, 
mainly children and young, well known consumers of snacks, which, also in such manner, could be 
addressed towards a healthier dietary regime. 
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1. Introduction 
The modern dietary life style is unfortunately represented, mainly among young people, by an increasing con-
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sumption of some fast foods, like snacks, which can represent a “bomb” in terms of energy, fat, salt and carbo-
hydrates, and contain a very low amount of healthy ingredients. Such problem is dramatically relevant: nowa-
days, also some eastern countries, like China, are trying to fight, also through more information, the increase and 
diffusion of such “bad” food. Fast foods often have a greater energy density respecting both to home-prepared 
ones and to the Mediterranean diet, this last being characterized by a great consumption of fruit and vegetables; 
their regular consumption may thus contribute to surplus of energy intake. Epidemiological studies ascertained 
that regular consumption of fruits and vegetables may reduce the risk of chronic diseases [1]; such benefits are 
mainly attributable to their natural antioxidant content [2]. Modern consumers are increasingly interested in their 
personal health, expecting that food is “healthy” or capable of preventing illnesses. Snacks, always considered 
as a popular and convenient food, can represent a key in the improvement of new categories of foods [3], with 
large diffusion and meliorated nutritional values [4]. They might be considered a perfect food format to deliver 
fruit or vegetal-derived phenolic antioxidants. Recently, some western countries proposed on the market new 
types of snacks (chips or crackers), manufactured almost totally with green vegetables, like Brassicaceae, with 
proven health benefits. The family Brassicaceae (or Cruciferae) include different genera and thousands of spe-
cies, of worldwide economic relevance. These vegetables possess beneficial properties, ascribable to the content 
of secondary metabolites, such as phenolics, vitamins and carotenoids [5], generally produced by plant against 
biotic and abiotic stress, and with well knowm antioxidant and anticarcinogenic properties. Furthermore, they 
provide a large group of glucosinolates, in which hydrolysis products can protect against cancer [6] [7]. Kale 
broccoli (Brassica oleracea var acephala) or Greek cauliflower, is one of the most ancient Brassica species de-
veloped in the eastern countries of the Mediterranean area. It has pulpy and curly dark green leaves and is much 
resistant to low temperatures. Kale may be prepared in the same way as spinach and its small amounts are used 
as a good component of salads. At our knowledge, there is not literature reporting the putative beneficial effect 
of kale when manufactured in unusual way than salads or soups, two of the most diffused manner of eating this 
vegetable. Kale is rich of antioxidants, and represents a good source of minerals, like Fe, Mn, S, Ph; kale con-
tains a noticeable amount of highly bioavailable Ca (about 9% of daily need) [8], as well as vitamins A, K and C. 
It has anticancer [9], anti-inflammatory [10] and hypocholesterolemic properties [11]; due to its high content of 
fibers and the absence of fat, kale has a very low content of calories. Thus, choice to use such raw matter for the 
production of these snacks can be very relevant from a functional viewpoint, taking also into account the high 
beneficial properties of kale on human health. Therefore, aim of our work was to evaluate the polyphenol com-
position, the glucosinlates amount and the antioxidant activity of four types of kale-based snacks (chips and 
crackers), much diffused in some markets of USA, Australia and Northern Europe.  

2. Materials and Methods 
All standards were provided from Sigma Chemicals (Milano, Italy). Acetonitrile, methanol, ultrapure water and 
trifluoroacetic acid were obtained from Carlo Erba Reagenti (Milano, Italy). All reagents were analytical 
grade.The work was performed on these types of Kale-based snacks, bought on local markets: “Inspiral kale” 
chips, containing: Kale (56%), Wasabi mix (formed by raphanus, mustard,wasabi 1.4%, spirulin, wheat 0.9%, 
salt, pepper; “Yellow kale” chips, containing Kale, yellow sweet pepper, olive oil, salt; “Happy kale” snack, 
containing Kale, sunflower, seeds, water, coconut, carob, vanilla extract, salt; “Kale crackits” (like crackers), 
containing Kale, sunflower seed, carrot, buckwheat, almonds, olive oil, flax seed, garlic, salt 

2.1. Extraction of Polyphenols 
Samples were homogenized with 3 volumes of ethanol and kept at 4˚C overnight, to avoid the extraction of glu-
cosinolates, usually extracted with another procedure at hot temperatures (see later). The procedure was per-
formed on a horizontal shaker. After centrifugation (11,600 × g, Biofuge, Beckmann, CA, USA), the supernatant 
was collected, dried and re-suspended in 3 ml of sterile pure water. 

2.2. Colorimetric Analysis of Total Phenolics 
The total phenolic contents were determined following the method of Singleton & Rossi [12] using the Folin- 
Ciocalteu phenol reagent. The absorbance at λ = 760 nm was determined at room temperature using a Cary 
UV/Vis spectrophotometer (Varian, Palo Alto, CA, USA). Quantification was based on a standard curve gener-
ated using gallic acid. The results were expressed as mg of gallic acid equivalent (GAE)/g of fresh weight (fw) 
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of the product ± standard deviation (SD). 

2.3. Free Radical Scavenging Capacity 
The free radical scavenging activity was determined using the stable radical 2,2-diphenyl-1-picrylhydrazyl 
(DPPH assay) [13]. The analysis was performed in microplates by adding 7.5 μL of extract to 303 μL of a me-
thanol-DPPH solution (153 mM). Next, the absorbance at λ = 517 nm was measured (Cary 50 MPR, Varian, 
USA). The absorbance of DPPH without antioxidant (control) was used for baseline measurements. The sca-
venging activity of the extract was expressed as the 50% effective concentration (EC50), defined as the sample 
concentration (mg) necessary to inhibit the DPPH radical activity by 50% during a 60-min incubation. These 
experiments were performed in triplicate, and the results are expressed as the mean values ± standard deviation. 

2.4. Extraction of Glucosinolates 
The extraction of glucosinolates was performed following the method of Abdel-Farid et al. [14] with some 
modifications. 1 gr sample was mixed with methanol 70% (rate 1:10 w/vol). Samples were vigorously mixed, 
heated for 10 minutes at 100˚C, mixed again and centrifuged (Biofuge, Beckmann, CA, USA) for 10 min at 
6000 rpm at 4˚C, to recover supernatant. Methanol 70% was added to the pellet, and the resulting mixture was 
kept overnight into the dark. The two supernatants were pooled and kept at −25˚C until the step of separation 
and analysis of glucosinolates. 

2.5. Separation and Analysis of Glucosinolates 
Arylsulfatase was prepared following the method of Graser et al. [15], dissolving the enzyme (70 mg) in 3 ml of 
deionised water and 3 ml of ethanol. Supernatant, recovered after centrifugation at 4000 rpm for 5 min (Biofuge, 
Beckmann, CA, USA), was washed with ethanol (9 ml) and centrifuged again. Pellet, containing purified en-
zyme, was then re-dissolved in ultrapure water. Separation of glucosinolates was performed using mini-columns 
containing Sephadex A25 previously activated with methanol 67%. On each column 0.8 ml of enzyme and 1 ml 
of sample were charged. One side of the column was closed and columns were kept at room temperature over-
night. Elution was performed using firstly 2 ml of ultrapure water, then 2 ml of methanol 60%. Fractions were 
recovered and analyzed by HPLC, using a Gold System chromatograph equipped with an UV detector (Beck-
man, CA, USA). A Khromasil-KR100-5 C18 column (25 cm × 4.6 mm) at room temperature was used for this 
analysis. The mobile phase included HPLC-grade water (containing 0.1% trifluoroacetic acid; solvent A) and  
95% acetonitrile (containing 0.1% trifluoroacetic acid; solvent B) in the following gradient system: initial 10% 
B, linear gradient to 50% B in 30 min, linear gradient to 100% B in 5 min, hold at 100% B for 2 min, decreasing 
gradient to 10% B in 2 min and coming back to the initial steps 10% B for 10 min [16]. The total pre-running 
and post-running time was 54 min. The flow rate was 1 ml/min, the injection volume was 20 µl, and the detec-
tion wavelength was set at 229 nm. The areas of peaks were added together and quantified compared to the area 
of standard sinigrin. Glucosinolates were expressed in terms of mg sinigrin equivalent (SE)/gr sample. 

2.6. Chromatographic Analysis of Polyphenols 
Phenolics were analyzed using ultra performance liquid chromatography (UPLC). The extracts and the standards 
(previously dissolved in methanol) were filtered (0.45 µm, Waters, Milford, MA, USA) before analysis. UPLC 
analyses were performed using an ACQUITY Ultra Performance LC system (Waters) linked to a PDA 2996 
photo diode array detector (Waters). Empower software was used to control the instruments, and for data acqui-
sition and processing. The analyses were performed at 30˚C using a reversed phase column (BEH C18, 1.7 µm, 
2.1 × 100 mm, Waters) following the method of Fratianni et al. [17]. The mobile phase consisted of solvent A 
(7.5 mM acetic acid) and solvent B (acetonitrile) at a flow rate of 250 µL·min−1. Gradient elution was employed, 
starting with 5% B for 0.8 min, then 5% - 20% B over 5.2 min, isocratic 20% B for 0.5 min, 20% - 30% B for 1 
min, isocratic 30% B for 0.2 min, 30% - 50% B over 2.3 min, 50% - 100% B over 1 min, 100% B for 1 min, and 
finally 100% - 5% B over 0.5 min. At the end of this sequence, the column was equilibrated under the initial 
conditions for 2.5 min. The pressure ranged from 6000 to 8000 psi during the chromatographic run. The effluent 
was introduced into an LC detector (scanning range: 210 - 400 nm, resolution: 1.2 nm). The injection volume 
was 5 µL. 
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3. Results and Discussion 
The interest of finding natural antioxidants considerably increased since research has shown the impact that such 
compounds can exert on the management of a variety of clinical conditions and maintenance of health. Vegeta-
ble products are a good source of many biologically active antioxidant compounds [18]. Phenolic compounds, 
present in high concentration in human foods and beverages from plant and fruits, are potent blocking agents of 
N-nitrosamine compound formation [19]. Phytophenolics can exhibit a positive effect in disease prevention, 
playing a crucial role in many mechanisms related to cell differentiation, inhibition of N-nitrosamine formation 
[20], deactivation of pro-carcinogens [21], and maintenance of DNA repair [22]. Vegetables, such as Brassica, 
are rich in bioactive compounds, including polyphenols, carotenoids and glucosinolates with proven positive ef-
fects on human health when consumed regularly [5] [9]. Lee et al. [23] observed a powerful antimutagenic ac-
tivity of kale juice against aflatoxin B1. Table 1 lists the total phenolic content (expressed as mg of gallic acid 
equivalents, Panel A), the glucosinolates content (expressed as mg of sinigrin equivalents, Panel B), and the an-
tiradical activity (expressed as EC50, Panel C). On the whole, the four kale-based snacks exhibited a good con-
tent of polyphenols, ranging from 1.21 mg/g to 3.37 mg/gr. Such finding let us hypothesize that the presence of 
sweet pepper and olive oil did not positively affect the content of polyphenols in yellow kale, which exhibited 
the lowest amount of polyphenols (1.21 mgGAE/gr). In all cases, the values were lower than those reported by 
Heimler et al. [24] which reported about 13.8 mg GAE/gr of Italian kale; conversely, they resulted superior re-
spect to the typical kale “torzella” of the Campania region (0.57 mgGAE/gr). Glucosinolates (GSs) are the main 
class of secondary metabolites found in cruciferous crops. They are formed by a thio-glucose moiety, a sulpho-
nated moiety, and a variable side chain giving rise from an amino acid. GSs and their breakdown products (thi-
ocyanates and isothiocyanates, nitriles and epithionitriles) have ascertained positive effects on human health, by 
exhibiting a blood protective effect against some types of cancer [25]-[27]. In vitro and in vivo studies showed 
that isothiocyanates affect many steps of cancer development including modulation of phase I and II detoxifica-
tion enzymes [28]-[30]. Their presence is of particular relevance, taking into account, first of all, that such bio-
molecules can be easily degraded by stress technological processes, and mainly that, at the level of colon, they 
can be hydrolyzed by microbial enzymes, such as myrosinase, giving rise to the well known isothyocianates 
with anti-carcinogenic properties [31] [32]. Consequently, these compounds are attracting attention as potential 
chemo-protective agents against cancer. In our experiments, glucosinolates were analyzed by HPLC; their total 
amount was expressed in terms of mg sinigrin equivalent (SE)/gr of sample (Panel B, Table 1). All snacks 
showed high content of glucosinolates, ranging from 1.17 mg SE/gr to 1.52 mg SE/gr. Although less abundant 
than in fresh kale (which exhibited 2.24 mg SE/gr, Panel B, Table 1), all snacks retained a good amount of glu-
cosinolates, better preserved in yellow kale and crackits (1.52 mg SE/gr and 1.47 mg SE/gr, respectively), prob-
ably, in our opinion, due to the presence of olive oil. The high level of glucosinolates should not be related, in 
kale crackits, to the presence of carrot. Therefore, Shapiro et al. [33] demonstrated that the consumption of 
non-cruciferous (corn, tomatoes, green beans and carrots) did not lead to the excretion of dithiocarbamates, gen-
erally detected only after eating of cruciferous vegetables and condiments rich in isothiocyanates and/or gluco-
sinolates. Moreover, the quantities of dithiocarbamates excreted were ascertained as related to the glucosino-
late/isothiocyanate profiles and amount of the cruciferous vegetables administered (kale, broccoli, green cab-
bage, and turnip roots). The results of Shapiro et al. [33] established also that humans (and their gut microflora) 
convert substantial amounts of isothiocyanates and glucosinolates to dithiocarbamates that can be easily quanti-
fied. The antioxidant activity of samples was determined in terms of the their capability to inhibit the activity of  
 
Table 1. Total Polyphenols (Panel A), Total glucosinolates (Panel B) and antioxidant activity (Panel C) of the four kale- 
based snacks The data are expressed as mean of three independent experiments ± SD (Standard Deviation).                

 
A 

Total polyphenols  
(mg GAE/gr ± SD) 

B 
Total glucosinolates  

(mg SE/gr ± SD) 

C 
Antioxidant activity  

(mg EC50 ± SD) 

Inspiral Kale 2.52 ± 0.12 1.19 ± 0.08 1.13 ± 0.12 
Yellow Kale 1.21 ± 0.14 1.52 ± 0.12 2.17 ± 0.04 
Happy Kale 3.37 ± 0.18 1.17 ± 0.06 0.72 ± 0.06 

Kale Crackits 2.16 ± 0.19 1.49 ± 0.09 1.29 ± 0.16 

Fresh Kale “Torzella riccia” 0.57 ± 0.03 2.24 ± 0.13 1.53 ± 0.09 
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DPPH stable radical (Panel C, Table 1). All snacks were able to scavenge the radical, with EC50 values ranging 
from 0.72 mg/ml to 2.17 mg/ml. The lowest activity was exhibited by yellow kale chips, although also its value 
is of remarkable value, occurring less than 2.5 mg of its extract to inhibit DPPH at 50%. In any case, the EC50 
resulted always more effective than italian kale [24], which exhibited a EC50 of 92.91 mg, but very similar to a 
Southern Italy typical kale, the so called “Torzella riccia” (EC50 = 1.53 mg) [34]. Overall, taking into account 
the data about total polyphenols and glucosinolates, the antioxidant activity of snacks could be ascribable mainly 
to the total phenolic content than to glucosinolates. All kale-based snacks showed to be a potential important 
“mine”, also in terms of specific polyphenols. UPLC polyphenols profile (Figure 1) lead to the detection of 
three common biomolecules in all kale snacks, although contained at different amount (Table 2): gallic acid, 
chlorogenic acid and catechin. The most abundant polyphenol in the snacks resulted (Table 2) chlorogenic acid, 
at concentration ranging from 431 µg/gr (Yellow Kale) to 1706 µg/gr (Happy Kale), and gallic acid, ranging 
from 94.7 µg/gr (Yellow Kale) to 448 µg/gr (Inspiral Kale). Chlorogenic acid reduces the risk of type II diabetes; 
the absorbed fraction of chlorogenic acid enters the blood and has positive effects on the cardiovascular system 
[35]. In vivo studies ascertained the antioxidant and anticarcinogenic properties of chlorogenic acid, which is 
usually poorly absorbed in the small intestine, but is conversely capable of providing higher yields of microbial 
metabolites, active compounds responsible for the biological properties attributed to dietary polyphenols [36]. 
The presence of catechin, although at minor concentration (ranging from 37 µg/gr to 72 µg/gr, Table 2), may 
represent a further added value for the functional value of the kale-based snacks. Catechin is a plant flavonoid 
with non-toxic and liver-protective effects. This biomolecule is capable to inhibit the oxidation of low-density 
lipoprotein and to prevent human plasma oxidation [37]. Caffeic acid was found in yellow kale and kale crackits; 
p-coumaric acid, of remarkable value for its anti-inflammatory in vivo properties [38] was detected in almost all 
snacks (except yellow kale); its amount was particularly high in kale crackits. Ferulic acid was absent only in 
kale crackits, and resulted most abundant in inspiral kale. Other polyphenols were detected only in one of the 
snacks: epicatechin, was found only in inspiral kale; on the other hand, rutin was identified in yellow kale. Phe-
nolics from cruciferous vegetables, such as flavonols (present in Brassica species), seemingly have protective 
properties against cardiovascular diseases and some types of cancer [39]. Although contained in minor amount 
and only in two of the snacks analyzed, the presence of these two biomolecules is very important, taking into 
account that they have the capability to protect low density lipoproteins against oxidation. Rutin is regarded as 
potent antioxidant with a broad spectrum of biological activities, including antioxidant, anti-inflammatory and 
immune-stimulating effects. The protective effect of rutin against different pro-carcinogens suggests other im-
portant biological activities for this compound, which can contribute to human health when incorporated into the 
diet [40]. Rutin is also capable to affect the NO synthesis by inhibition of NOS-2 and increase of endothelial 
NOS-3 activity [41]. Epicatechin can be easily absorbed (Yao et al., 2004) and reach different tissues, plasma, 
and the gut, where it not only inhibits the growth of some pathogens [42], but also can act as effective metal 
chelating and free radical scavenger, thereby considerably influencing the physiology of various mammalian 
cellular systems. Flavanols like epicatechin play a valuable effect opposed to a wide range of diseases from car-
diovascular pathologies to cancer and degenerative conditions. The intake of epicatechin was ascertained to be 
inversely related to coronary heart disease [43]. Such molecules can be absorbed in the gastrointestinal tract and 
excreted, also through their metabolites. At intestinal level, microbiome split flavonoids eterocyclic ring which 
can be subsequently be degraded to phenolic acids; these last are subsequently absorbed, conjugated, excreted or 
further metabolized by bacteria, thus supplying the body of supplementary defense mechanisms against allergic 
reactions, inflammation, and in the prevention of cancer. 

4. Perspectives 
The future viability and success of functional foods in the marketplace depend on many factors. The key issue is 
consumer acceptance of such products. Functional snacks can represent one of the largest future area for func-
tional food markets. Among the functional snacks, those made with vegetables, in this case with Brassicaceae 
stand out due to the inherently health benefits of polyphenols and glucosinolates, and to the beneficial changes 
occurring to the microbioma. Our results suggest that these kale-based snacks could represent an effective func-
tional dietary supplement also if compared to fresh vegetable. Taking into account the biochemical characteris-
tics of a fresh kale, like the Campania region typical “torzella” kale, which exhibited all polyphenols found in 
the four snacks analyzed [34], we can state that manufacturing of kale-based snacks does not negatively affect  
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Figure 1. Polyphenol profile of the four kale-based snacks, obtained by UPLC analysis.                              

 
Table 2. Quantitative analysis of polyphenols present in the four Kale-based snacks, obtained through UPLC analysis. The 
data are expressed as µg GAE/gr of product.                                                                  

UPLC analysis (µg/gr) 
 HAPPY KALE’ INSPIRAL KALE’ CHIPS KALE’ CRACKITS YELLOW KALE’ CHIPS 

Gallic acid 182.51 447.67 330.32 94.70 
Chlorogenic acid 1706.13 1012.00 945.04 431.39 

Catechin 31.72 52.99 73.96 71.37 
Caffeic acid - - 69.46 16.64 
Epicatechin - 18.12 - - 

Coumaric acid 34.65 15.64 42.10 - 
Rutin - - - 193.44 

Ferulic acid 31.21 57.44 - 44.42 

 
the beneficial effect of the raw material; indeed, the kale-based snacks might positively much more meet 
people’s expectation, mainly children and young, well known consumers of snacks, which, also in such manner, 
could be addressed towards a more healthy dietary regime. New studies are expected to test other ingredients, to 
explore more options of food matrices which have not yet been industrially utilized, and to reengineer products 
and processes.  
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