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Abstract 
Horseradish (Armoracia rusticana Gaertn) is a perennial crop belonging to the Brassicaceae 
family, widely used as spice in food and as herbal ingredient in ethno-medicine. This study eva-
luated the phenolic compounds content, antioxidant capacity and anti-lipase activity of methanol, 
methanol/water (70/30, v/v) and methanol/water (50/50, v/v) extracts of horseradish roots and 
leaves. Among the extracts tested, both roots and leaves aqueous methanolic (70/30, v/v and 
50/50, v/v) extracts showed higher total phenol and flavonoid contents and antioxidant capacity 
than the corresponding methanol extracts. But extraction yield was high for methanol/ water 
(50/50, v/v) extracts, in both roots and leaves. The extracts exhibited anti-lipase activity in 
dose-dependent manner. The results showed that the extraction yield and the antioxidant capacity 
were strictly dependent on the solvent polarity. The results suggest that A. rusticana could provide 
opportunities for the development of functional food and further in vivo studies for obesity treat-
ment. 
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1. Introduction 
Horseradish (Armoracia rusticana Gaertn) is a perennial crop belonging to the Brassicaceae family. Due to its 
extremely pungent root, horseradish is used fresh grated as condiment for meat and fish products or into sauces. 
Moreover, the ethno-medical uses of Armoracia rusticana leaves and roots have a long history [1]. Horseradish 
is rich in glucosinolates (GLSs) that provide the characteristic flavour [2] and aroma as a result of their break-
down into isothiocyanates (ITCs) and others sulfur compounds. Horseradish, as well as the other members of 
Brassicaceae family, represents a rich source of health-promoting phytochemicals, and their beneficial effects 
have been principally attributed to the anticancer properties of GLSs and their ITCs derivatives [3] [4] and vita-
mins [5]. Also, horseradish contains the complex mixture of phenolic compounds possessing antioxidant activity 
[6] [7]. It is well known that many phenolics as flavones, tannins and chalcones show the inhibitor effect against 
pancreatic lipase [8]-[11]. Up to now, no reports describing the anti-lipase activity of horseradish have been re-
ported. Lipids are an important component in human diet; however, hyperlipidaemia resulting from their in-
creased intake is directly associated with obesity and other diseases like diabetes, hypertension and cardiovas-
cular pathologies [12]. The triglyceride absorption efficiency is one of the main factors contributing to the plas-
ma triglyceride levels; however, the dietary triglycerides are not absorbed as such until hydrolyzed to free fatty 
acids by triacylglycerol lipases [13]. Pancreatic lipase represents a principal enzyme involved in the enterocytes 
triglyceride absorption. Thus, the inhibition of this digestive lipase represents an important strategy in the treat-
ment of obesity [14]-[17]. To this end, several plants have been screened for their anti-lipase activity [18] [19]. 
It was observed that the extracts from plants belonging to different families as Brassicaceae (Brassica nigra and 
Raphanus sativus), Ericaceae (Arctostaphylos uva-ursi and Vaccinium myrtillus), Fabaceae (Pisum sativum and 
Phaseolus vulgaris), Solanaceae (Solanum tuberosum) and Rosaceae (Malus domestica, Filipendula ulmaria, 
Rubus ideaus) showed lipase inhibitory activity ranging from 40% to more than 70% [18]. 

In this paper we report the total phenol and flavonoid contents, antioxidant capacity and lipase inhibition of 
roots and leaves horseradish extracts obtained using three different solvents. 

2. Material and Methods 
2.1. Chemicals 
All reagents used were of the highest grade and were purchased from Sigma-Aldrich (St. Louis, MO, USA), 
Carlo Erba (Milan, Italy), Bio-Rad Laboratories (Segrate, Italy) and GE Healthcare (Uppsala, Sweden). 

2.2. Plant Material 
Four horseradish (Armoracia rusticana Gaertn, Mey, and Scherb) samples named as: Acc1, Acc2, Acc3, Acc4 
were harvested from a fields grown in Southern Italy (Accettur latitude 40˚29'N, longitude 16˚9'E—Basilicata, 
Italy). For each sample, leaves (30 - 35 cm long) were caught, successively frozen in liquid nitrogen, lyophilized 
and then stored at −70˚C. The corresponding roots (35 - 40 cm long and 2.5 - 3.0 cm in diameter) were collected 
from the middle of the plants. Samples were cleaned with distilled water, dried with paper towels and quickly 
frozen in liquid nitrogen. Successively they were lyophilized, grinded into a fine powder and stored at −70˚C. 

2.3. Preparation of Extracts 
For each sample ten grams of both leaf and root powders were extracted for 12 h at 30˚C in a conical flask at 
150 rpm with 100 mL of three different solvents: methanol, methanol/water (70/30, v/v) and methanol/water 
(50/50, v/v). The extracts were recovered after centrifugation (18,000 × g for 4 min at 20˚C), filtered through 
filter paper and stored at 4˚C. To calculate the percent yields (w/w), an aliquot of each extract was evaporated in 
a rotary vacuum evaporator and weighed.  

( )Yield of extract % weight of extract weight of sample 100.= ×  

2.4. Total Phenolic Content 
Total phenolic content (TPC) of the root and leaf extracts was determined spectrophotometrically by Folin-  
Ciocalteu reagent [20] with some modifications. 2.5 mL of Folin-Ciocalteu reagent (diluted 10 times with water) 
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was added to 0.5 mL of root or leaf extract and, after 3 minutes, 2 mL of 7.5% sodium carbonate was added. 
Then, after 2 h of incubation at room temperature (in the dark) the absorbance was measured at 765 nm using 
Ultrospec 2000 spectrophotomer (Pharmacia Biotech, Uppsala, Sweden). Total phenols content was determined 
as gallic acid equivalents (GAE) and expressed in terms of mg GAE/g dry mass of sample.  

2.5. Total Flavonoid Content 
Total flavonoids content (TFC) was determined by aluminium chloride method using quercetin as reference 
compound [21]. Briefly, 0.3 mL of each extract was mixed with 0.9 mL of methanol, 0.06 mL of 10% aluminum 
chloride, 0.06 mL of 1 M potassium acetate and 1.7 mL of distilled water. The reaction mixtures were incubated 
at room temperature and after 30 min the absorbance was measured at 415 nm. Total flavonoid content was de-
termined as quercetin equivalent (QE) and expressed in terms of mg QE/g dry mass of sample.  

2.6. DPPH Radical Scavenging Activity 
Antioxidant capacity of the horseradish extracts was measured on the basis of free radical scavenging activities 
of the stable 2,2-diphenyl-1-picrylhydraziyl (DPPH˙) [22]. Briefly, 0.5 mL of the different concentrations of 
plant extracts (range 25 - 200 µg/mL) were mixed with 2.5 mL of freshly prepared DPPH˙ methanol solution 
(0004 g DPPH˙ to 100 mL methanol). After 30 min of incubation in the dark at room temperature, the absor-
bance was measured at 517 nm. Radical scavenging activity of the samples was calculated as follows and ex-
pressed in terms of IC50, were IC50 values denote the concentration (μg/mL) of sample, which is required to sca-
venge 50% of DPPH free radicals. Gallic acid was used as standard. 

( ) ( )DPPH radical scavenging activity % 1 absorbance sample absorbance of control 100.= − ×  

2.7. Total Reducing Power 
Total reducing power (TRP) of the extracts was determined according to Oyaizu [23] with some modification. 
Different concentration of root and leaf extracts (25 - 200 µg/mL), were mixed with 2.5 mL of 0.2 M sodium 
phosphate buffer pH 6.6 and 2.5 mL of 1% potassium ferricyanide. After 30 min of incubation at 50˚C, 2.5 mL 
of 10% trichloroacetic acid was added to the mixture and then centrifuged (10 min at 4000 g). Afterwords, 2.5 
mL of the supernatant was mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% ferric chloride. The absor-
bance was read at 700 nm and was compared with the standard gallic acid.  

2.8. Assay for Pancreatic Lipase Inhibitory Activity 
For determining lipase inhibitory activity, the extracts were obtained by removal of the solvents in vacuo and 
dissolved in 100 mM sodium phosphate buffer, 150 mM NaCl, pH 7.0. A solution containing 100 units/mL of 
porcine pancreatic lipase (Type II, Sigma, St. Louis, MO) was prepared in 100 mM sodium phosphate buffer, 
150 mM NaCl, pH 7.0. Then a 10 mM solution of p-nitrophenyl butyrate (p-NPB) (Sigma) in acetonitrile was 
prepared. For each extract, aliquots of 25 μL at different concentrations were pre-incubated with 25 μL of en-
zyme solution for 15 min at 37˚C then 50 μL of substrate solution and 900 μL 100 mM sodium phosphate buffer, 
150 mM NaCl, pH 7.0 were added. The enzymatic reaction was allowed to proceed for 30 min at 37˚C. Inhibi-
tion of lipase activity was expressed as the percentage decrease in absorbance at 400 nm when lipase was incu-
bated with the horseradish extracts. Lipase inhibition (%) was calculated according the following formula:  

( ) ( ) ( ) ( )Inhibition % A a B b A a 100= − − − − ×    

where A is the activity without inhibitor, a is the negative control without inhibitor, B is the activity with inhibi-
tor, and b is the negative control with inhibitor. 

2.9. Statistical 
Data, corresponding to the mean of two independent extractions performed in triplicate (n = 6), were analyzed 
by one way analysis of variance (ANOVA) and significant differences at P < 0.05 between the samples were 
determined by the Tukey’s test. 
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3. Results and Discussion 
3.1. Extraction Yield, Total Polyphenol and Flavonoid Contents  
The extraction yield, determined in the extracts of horseradish roots and leaves, obtained by using different ex-
traction solvents, is shown in Table 1. No significant differences were found between the four samples tested. 
The root extracts showed a yield (range: 18.51% - 26.15%) higher than the corresponding leaves extracts (range: 
15.44% - 21.31%) (P < 0.05). For both roots and leaves, higher extraction yields were achieved with metha-
nol/water (50/50, v/v) compared to methanol and methanol/water (70/30, v/v) (P < 0.05). The mean yields of 
methanol, methanol/water (70/30, v/v) and methanol/water (50/50, v/v) of the roots extracts of A. rusticana were 
19.24% ± 0.74%, 20.06% ± 1.12% and 25.40% ± 0.13%, respectively, whereas, for leaf extracts the mean yields 
were 16.12% ± 0.54%, 16.86% ± 0.29% and 20.68% ± 0.55%, respectively. Our results showed that, the in-
crease of polarity solvent leads to a greater extraction yield, probably due to the major solubility of carbohy-
drates and proteins, as reported by several authors [24] [25]. The differences in the extract yields within roots 
and leaves might be ascribed to the different availability of extractable components, resulting from the varied 
chemical matrix composition. Phenolic compounds represent an important group of phytochemicals ubiquitous-
ly present in the plant kingdom, and they have received much attention due to their potential health benefits as 
antioxidant and protective agents against cancer and other several diseases. These compounds were largely stu-
died in Brassica vegetables [26]-[28]. Total phenolic contents (TPC) of horseradish roots and leaves, as deter-
mined by Folin-Ciocalteu method, were reported as gallic acid equivalents/g dry mass (Figure 1). In all samples 
analyzed, the extracts obtained from leaves (Figure 1(b)) showed a TPC content (range: 3.85 - 2.56 mg GAE/g 
dry mass) higher than the corresponding root extracts (Figure 1(a)) (range: 2.89 - 1.74 mg GAE/g dry mass). 
Among the extracts, both roots and leaves aqueous methanolic (70/30, v/v and 50/50, v/v) extracts resulted to 
contained increased amount of phenolic compounds respect to the corresponding methanolic extracts (P < 0.05). 
The mean TPC of methanol, methanol/water (70/30, v/v) and methanol/water (50/50, v/v) of the roots extracts 
were 1.80 ± 0.17, 2.36 ± 0.14 and 2.61 ± 0.20, respectively, whereas, for leaf extracts the mean TPC were 2.72 ± 
0.21, 3.55 ± 0.26 and 3.35 ± 0.20, respectively. No significant differences were found between the four samples 
tested. Results of the present study showed that aqueous methanol extracts of roots and leaves exhibited the 
highest phenolic contents. This might be due to the fact that phenolics are extracted in higher amounts in more 
polar solvents such as aqueous methanol or ethanol solutions as compared with absolute methanol or ethanol [29] 
[30]. The determined amounts of total phenolics from the four horseradish samples investigated in the present 
study were similar to what reported by Tomsone et al. [31] in their studies concerning the comparison of differ-
ent solvent and extraction methods to isolate phenolic compounds from horseradish roots. Flavonoids are the 
 
Table 1. Yield of root and leaf extracts using different solvent.                                                          

Sample 
Yield % 

ME MW (70/30, v/v) MW (50/50, v/v) 

Acc1 
Roots 19.24*a ± 0.54 20.16*a ± 0.61 25.42*b ± 0.98 

Leaves 16.73a ± 0.88 16.99a ± 0.16 20.33b ± 0.55 

Acc2 
Roots 18.51*a ± 0.81 19.15*a ± 0.44 25.94*b ± 1.17 

Leaves 16.03a ± 1.08 16.43a ± 0.56 20.95b ± 0.74 

Acc3 
Roots 20.26*a ± 1.03 21.61*a ± 1.54 26.15*b ± 1.22 

Leaves 16.26a ± 1.11 17.08a ± 1.13 21.31b ± 1.12 

Acc4 
Roots 18.96*a ± 0.77 19.33*a ± 1.12 24.09*b ± 0.77 

Leaves 15.44a ± 0.82 16.95a ± 0.95 20.13b ± 0.57 

Mean 
Roots 19.24*a ± 0.74 20.26*a ± 1.12 25.40*b ± 0.13 

Leaves 16.12a ± 0.54 16.95a ± 0.29 20.68b ± 0.55 

Values are reported as mean ± SD of two independent experiments performed in Triplicate (n = 6). The mean values with different letters superscript in 
the same row are significantly different (P < 0.05, Tukey’s test) as analyzed by one-way analysis of variance ANOVA. The mean values with asterisk 
subscript within the same column indicate significant (P < 0.05) differences of means within the roots and leaves. ME, methanol; MW, metha-
nol/water. 
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Figure 1. Total phenols content of horseradish extracts. Total phenols content of roots (a) and leaves extracts (b) was deter-
mined using Folin-Ciocalteu reagent and expressed as mg of gallic acid equivalents (GAE)/g dry mass of sample.                 
 
most abundant polyphenols in plants. Due to their hydroxyl groups, flavonoids show antioxidant activity and 
have radical scavenging effect in the plants [32] [33], also providing health beneficial effects [34]. Total flavo-
noid contents (TFC) of horseradish roots and leaves, as determined by the aluminum chloride method were re-
ported as quercetin equivalents/g dry mass (Figure 2). The content of flavonoids in the samples followed the 
same trend as polyphenols. Leaves extracts (Figure 2(b)) showed a TFC (range: 1.71 - 0.95 mg QE/g dry mass) 
higher than the corresponding roots extracts (Figure 2(a)) (range: 1.26 - 0.75 mg GAE/g dry mass). Amount of  
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Figure 2. Total flavonoids content of horseradish extracts. Total flavonoids content of roots (a) and leaves extracts (b) was 
determined by aluminium chloride method and expressed as mg of quercetin equivalent (QE)/g dry mass of sample.              
 
TFC in all the aqueous methanol (70/30, v/v and 50/50, v/v) extracts were significantly higher (P < 0.05) than 
that one obtained using methanol. Results showed that flavonoids represent about 45% and 40% of the total 
phenolic compounds in roots and leaves, respectively.  

3.2. DPPH Radical Scavenging Activity 
The DPPH radical has been commonly used to evaluate the free radical scavenging activities of compounds. In 
this contest, lower IC50 value reflected higher antioxidant activity. The radical scavenging activity of extracts 
obtained from roots and leaves of the four horseradish samples, was tested by DPPH method and the results are 
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showed in Table 2. No significant differences were found among the four samples analyzed. The aqueous me-
thanol (70/30, v/v and 50/50, v/v) extracts from roots and leaves were found to be more (P < 0.05) active radical 
scavengers than the corresponding methanolic extracts. In roots, meanly IC50 values were 65.15 ± 3.52, 50.94 ± 
3.08 and 48.82 ± 2.34 µg/mL, for methanol, methanol/water (70/30, v/v) and methanol/water (50/50, v/v), re-
spectively, whereas in leaves, 76.40 ± 1.91, 63.83 ± 1.40 and 63.1 ± 2.36 µg/mL, for methanol, methanol/water 
(70/30, v/v) and methanol/water (50/50, v/v), respectively. IC50 value of gallic acid was 3.86 ± 0.21 µg/mL. It 
has well established that free radical scavenging activity of plant extracts is mainly due to phenolic compounds. 
The aqueous methanol (70/30, v/v and 50/50, v/v) roots and leaves extracts containing the highest amounts of 
the total polyphenols, were found to be more (P < 0.05) active radical scavengers than the corresponding me-
thanolic extracts. Contrarily to total phenolic contents, the extracts from the roots showed higher DPPH sca-
venging activity comparing to those extracts from the leaves. This different trend within the scavenging activity 
and polyphenol content might be attributed to the major presence in roots extracts of non-phenolic antioxidant 
compounds that do not react using the conventional Folin method [35]. Some researcher [7] has reported that oil 
obtained from horseradish roots showed a high antioxidant activity compared to synthetic antioxidant such as 
butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), or natural antioxidant such as α-toco- 
pherol, whereas Majewska and co-workers [6] report the weak antioxidant properties of leaf and root water-ex- 
tracts originated from four different types of horseradish cultivated in Poland. 

3.3. Determination of Reducing Power 
It has well established that the reducing capacity of bioactive compounds is related to the antioxidant activity. 
The reducing power of extracts obtained from roots and leaves of the four horseradish samples, expressed as 1 
µg gallic acid equivalent, is showed in Table 3. Lower concentration values reflected higher reducing capacity. 
The reducing power in the samples followed the same trend as radical scavenging activity. The extracts obtained 
from roots showed an activity (range: 96.79 ± 5.49 - 118.56 ± 3.18 µg/mL) higher than the corresponding leaves 
extracts (range: 106.11 ± 9.06 - 130.31 ± 3.92 µg/mL) (P < 0.05). For both roots and leaves, higher activity were 
achieved with aqueous methanol (70/30, v/v and 50/50, v/v) extracts than the corresponding methanol extracts 
(P < 0.05). In roots, meanly IC50 values were 113.70 ± 3.51, 100.34 ± 1.51 and 99.00 ± 2.38 µg/mL, for metha-
nol, methanol/water (70/30, v/v) and methanol/water (50/50, v/v), respectively, whereas in leaves, 125.15 ± 3.67, 
111.83 ± 3.22 and 108.01 ± 2.18 µg/mL, for methanol, methanol/water (70/30, v/v) and methanol/water (50/50, 
v/v), respectively. Results showed that, in the extracts, reducing potential of antioxidant components is strictly 
associated with their TPC, but such as for DPPH radical scavenging activity, we noticed the same reverse trend 
within the reducing power and polyphenol content between root and leaves extracts. 
 
Table 2. DPPH radical scavenging activity of root and leaf extracts.                                                      

Sample 
DPPH (IC50 μg/mL) 

ME MW (70/30, v/v) MW (50/50, v/v) 

Acc1 
Roots 68.42*a ± 2.89 53.73*b ± 4.12 51.22*b ± 3.77 

Leaves 76.42a ± 3.98 62.22b ± 3.77 61.73b ± 4.12 

Acc2 
Roots 65.94*a ± 2.17 51.07*b ± 5.93 49.11*b ± 2.44 

Leaves 74.94a ± 4.34 63.15b ± 3.44 61.07b ± 8.93 

Acc3 
Roots 60.15*a ± 4.32 46.62*b ± 5.91 45.61*b ± 4.54 

Leaves 75.15a ± 4.22 64.61b ± 4.54 63.62b ± 7.91 

Acc4 
Roots 66.09*a ± 3.77 52.34*b ± 6.63 49.33*b ± 5.12 

Leaves 79.09a ± 4.77 65.33b ± 5.12 66.34b ± 3.63 

Mean 
Roots 65.15*a ± 3.52 50.94*b ± 3.08 48.82*b ± 2.34 

Leaves 76.40a ± 1.91 63.83b ± 1.40 63.19b ± 2.36 

Gallic acid 3.86 ± 0.21 3.86 ± 0.21 3.86 ± 0.21 

Values are reported as mean ± SD of two independent experiments performed in Triplicate (n = 6). aThe mean values with different letters superscript 
in the same row are significantly different (P < 0.05, Tukey’s test) as analyzed by one-way analysis of variance ANOVA. The mean values with as-
terisk subscript within the same column indicate significant (P < 0.05) differences of means within the roots and leaves. DPPH: 2,2-diphenyl-1-   
picrylhydraziyl; ME, methanol; MW, methanol/water. 
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Figure 3. Lipase inhibition activity of horseradish extracts. Lipase inhibitory effect of roots and leaves extracts obtained by 
using methanol (a) and aqueous methanolic (70/30, v/v and 50/50, v/v) extracts ((b) and (c), respectively).                       

3.4. Pancreatic Lipase Inhibitory Activity 
Recently, newer approaches for the treatment of obesity have involved inhibition of dietary triglyceride absorp-
tion via inhibition of pancreatic lipase [14]. In this study, we checked the pancreatic lipase inhibitory activities 
of horseradish roots and leaves extracts obtained by using three different solvents. The enzyme inhibition was 
expressed as IC50 value (the concentration required to inhibit a lipase activity by 50%) (Figure 3). All the ex-
tracts exhibited inhibitory effect in dose-dependent manner with an IC50 value ranging from 15.96 ± 0.82 to 
23.66 ± 1.05 µg/mL. No significant difference was found between the four samples tested. For both roots and 
leaves, methanolic and aqueous methanol (70/30, v/v) extracts (Figure 3(a) and Figure 3(b), respectively) 
showed higher activity (P < 0.05) than the corresponding aqueous methanol (50/50, v/v) extracts (Figure 3(c)). 
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Table 3. Total reducing power of root and leaf extracts.                                                              

Sample 
TRP (μg gallic acid equivalent) 

ME MW (70/30, v/v) MW (50/50, v/v) 

Acc1 
Roots 112.03*a ± 5.12 99.42*b ± 3.21 102.12b ± 5.99 

Leaves 124.71a ± 3.06 108.12b ± 4.32 106.24b ± 5.77 

Acc2 
Roots 113.76a ± 3.53 101.33*b ± 4.27 97.54*b ± 4.16 

Leaves 123.91*a ± 4.41 113.71b ± 6.34 110.48b ± 3.75 

Acc3 
Roots 110.44*a ± 4.82 98.71*b ± 5.39 96.79*b ± 5.49 

Leaves 121.67a ± 3.83 115.21b ± 4.54 109.21b ± 6.79 

Acc4 
Roots 118.56*a ± 3.18 101.88*b ± 4.52 99.56b ± 4.18 

Leaves 130.31a ± 3.92 110.26b ± 2.11 106.11b ± 9.06 

Mean 
Roots 113.70*a ± 3.51 100.34*b ± 1.51 99.00*b ± 2.38 

Leaves 125.15a ± 3.67 111.83b ± 3.22 108.01b ± 2.18 

Values are reported as mean ± SD of two independent experiments performed in Triplicate (n = 6). aThe mean values with different letters superscript 
in the same row are significantly different (P < 0.05, Tukey’s test) as analyzed by one-way analysis of variance ANOVA. The mean values with aste-
risk subscript within the same column indicate significant (P < 0.05) differences of means within the roots and leaves of same sample. TRP: total re-
ducing power; ME, methanol; MW, methanol/water. 
 
For all solvents, not significant differences (P < 0.05) were found between root and the corresponding leaf ex-
tracts. To our knowledge, there are no data on the presence of anti-lipase activity in A. rusticana plant. In a re-
cent study, Slanc et al. [19] reports on the presence of lipase inhibitory activity in other four Brassicaceae plants 
(Brassica nigra, Raphanus sativus, Brassica oleracea capitata and Brassica oleracea var botrytis).  

4. Conclusion 
The results of the present investigation revealed that aqueous solvent extracts of plant materials, exhibited better 
antioxidant capacity and higher phenolic contents. The absence of differences on the phenolics content and an-
tioxidant capacity among the four horseradish samples tested, might be ascribed to the fact that samples were 
caught in the same place. On the other hand, Majewska et al. [6] reported that the most important factor which 
had impact on the antioxidant compounds of horseradish was the place of plant cultivation. The results also 
suggest that A. rusticana would represent a potential source of drug for the treatment of obesity. However, fur-
ther in vivo studies are needed to identify and characterize the inhibitory-lipase compounds and for the devel-
opment of functional food for obesity treatment. 
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