
Submit Manuscript | http://medcraveonline.com

Introduction
Although the consumption of certain foods for their health-

promoting effects is a practice diffused for centuries, the interest 
in bioactive food components is always growing.1 Dietary 
phytochemicals such as polyphenols, glucosinolates, phytoestrogens, 
terpens could have a role in the reduction of the incidence of 
degenerative or chronic diseases.2 These compounds are widely 
diffused in the vegetable kingdom, both in the edible parts of foods 
and in agro-industrial wastes. Thus, their intake can be obtained by 
diet or they can be recovered from the inedible food parts and then 
used in the food industry for obtaining functional food or in the 
pharmaceutical industry for the production of supplements.

Spices are parts (seeds, stems, leaves, roots) of plants, used whole 
or ground in order to enhance the sensory characteristics of foods and 
beverages. The compounds responsible for these properties such as 
terpenes and derivatives, phenylproponoids, isothiocyanates, sulfur 
compounds, are the same the made the spices useful in the traditional 
medicine for the treatment of various diseases.3,4 Most of the health 
benefits of spices depend on their antioxidant ability.5 Among the 
traditional spices, there is a growing interest for wasabi, horseradish, 
turmeric, and ginger whose antioxidant properties depend on allyl 
isothiocyanate, polyphenols, curcuminoids, and gingerols (shogaols, 
paradols, and zingerone) contents, respectively.6

Agro-industrial wastes consist in residual biomass produced by 
food industries as results of processing of fruit and vegetables.7 They 
can include leaves, seeds, roots, stems. In Europe, the food industry 
generates 250million tons/year of by-products, waste and effluents 
and 6% of them is represented by fruits and vegetables.8 In addition 
to agro-industrial wastes, there are crops not involved in human 
consumption but cultivated within the so-called crop rotation, whose 
products are used in animal feed (horse or tic beans, for example). 
Further, there are crops whose parts generally have industrial use in 
food sector that generates a lot of waste (carobs, for example).

Wastes and by-products represent a loss of valuable biomass and 
nutrients and determine potentially pollution problems because of 
their high organic matter content.7 Furthermore, legislation reasons 

force the industry to find alternative uses for the residual matter.9 An 
effective alternative to strategies of valorisation such as production 
of compost, animal feed, and bioethanol is represented by the 
extraction of biopolymers that can find several application in different 
fields including, as an example, the production of food nutrients and 
additives.10

Vegetable residues are sources of potential phytochemicals such 
as phenolic compounds with antioxidants and anti-inflammatory 
activity that should be used in food, cosmetic and pharmaceutical 
industries. Often, by-products have been found to contain higher 
amounts of phenolics than the edible parts. For example, peels from 
apples, peaches, pears, and nectarines were reported to contain twice 
the amount of phenolics of the peeled fruits11,12 while pomegranate 
peels contain amounts of phenolics ten times higher than those 
of the pulp.13 In such conditions, and considering the high value 
products obtained, the recovery of phenolic compounds seems to be 
economically interesting. In addition, the extraction methodology 
must be environmental friendly, in order to avoid that the remedy is 
worse than the disease.14

The aim of this work was to give an overview of the antioxidant 
potential of some traditional spices, fruits and vegetables are generally 
used for animal feed but also suitable for humans, and agro-industrial 
wastes.

Materials and methods
Vegetable materials

The spices analysed included rizhomes of ginger (Zingiber 
officinale Roscoe, 1807), turmeric (Curcuma longa) L., horseradish 
(Armoracia rusticana L.), and wasabi (Wasabia japonica (Miq.) 
Matsum). The following vegetables used in animal feed were 
analysed: horse beans (Vicia faba L.), carobs (Ceratonia siliqua L.) 
The vegetables wastes included: pistachio ((Pistacia vera L.) hulls, 
pomegranate (Punica granatum) peels, and tomato (Lycopersicon 
esculentum L.) stems. Wasabi was imported from Japan. The other 
vegetable matrices were purchased or recovered on a local market.
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Abstract

Due to their health effects, the consumption of vegetables, fruits, and spices has been 
encouraged for a long time. The compounds responsible for the health benefits of these 
foods are products of the secondary metabolism in plants known for their ability to prevent 
or remove free radicals and repair oxidative damage. These active biomolecules are 
distributed in both edible and inedible parts of foods and in spices. The aim of this research 
was to evaluate phenolic concentrations and antioxidant activity of 3 spices native of the 
Far East (wasabi, ginger, and turmeric), one spice native of the East Europe (horseradish), 
two vegetables used in animal feeds (carobs and horse beans), and three agro-industrial 
wastes (pistachio hulls, pomegranate peels, and tomato stems). The phenolic fractions 
were extracted using water as solvent. The highest phenolic concentrations and antioxidant 
activity were detected in pomegranate peels. Traditional spices, horse beans and tomato 
stems had the lowest antioxidant contents.
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Extraction of phenolic fractions from wastes

Before extraction, the solid wastes were finely chopped (5–8mm-
size) by a 30 s-treatment in a domestic cutter (Philips HR1396/55, 
Milano, Italy). The extractions were performed using water as a 
solvent and the extraction conditions are reported in Table 1. Carob 
pods and seeds were analysed separately since, in addition to the use 
of the whole fruit in animal nutrition, seeds are widely used in food 
industry as thickeners due to their polysaccharide content.

Analysis of the total phenolic content

The total phenolic compounds were determined according to the 
Folin–Ciocalteau method.20 Quantification was based on a standard 
curve built with aqueous solutions of gallic acid (ExtraSynthese, 
Genay, France) having known concentrations. The total phenolic 
content was expressed as milligrams of gallic acid equivalents per 
gram of material.

Table 1 Extraction conditions applied to the various vegetable matrices

Vegetable matrices
Extraction conditions

Solid-to-water ratio Temp- (°C) Time(min) References

Traditional Spices

Wasabi 5 g/10ml Room temp. 2 Tsao et al.15

Ginger 5 g/10ml Room temp. 2 Tsao et al.15

Turmeric 5 g/10ml Room temp. 2 Tsao et al.15

Horseradish 5 g/10ml Room temp. 2 Tsao et al.15

Vegetables used in animal feed

Carob pods 3 g/50 mL 95 12 Roseiro et al. 16

Carob seeds 3 g/150 mL 95 12 Roseiro et al.16

Horse beans 5 g/50 mL Room temp. 15 Orak et al.17

Vegetable wastes

Pistachio hulls
10 g/50 mL 25 180 Garavand et al.18

10 g/50 mL 80 60 ----------

Pomegranate peels 1 g/50 mL 100 1 Çam & Ïçyer19

Tomato stems 2 g/20 mL 70 15 Orak et al.17

Evaluation of the antioxidant activity 

The antioxidant activity of the phenolic extracts was evaluated 
on the basis of the scavenging activity of the ABTS (2,2′-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt) and DPPH 
(1,1-diphenyl 2-picrylhydrazyl free radical) stable radical, as 
described in Re et al.,21 and Brand Williams et al.,22 respectively. 
Data were expressed as mg trolox eq/g (ABTS) and mmol trolox eq/g 
(DPPH).

Moisture analysis

Moisture content was determined by placed the finely chopped 
vegetable material at 105°C until a constant weight was reached.

Statistical analysis

Each analysis was replicated at least three times. The averages and 
the standard deviations were calculated using Excel software V. 11.5.1 
(Microsoft, Redmond, WA). The least significant difference (LSD) 
test (p<0.05) and the one-way analysis of variance (ANOVA) were 
performed using the package Statistica for Windows V. 8.0 (Statsoft, 
Tulsa, OK).

Results and discussion
The total phenolic contents and antioxidant activity of spices, 

vegetables used in animal feed, and vegetable wastes referred to the 
dry matter are reported in Table 2. Obviously, the use of water as 
solvent reduced the extraction yield with respect to other solvents such 
as ethanol, methanol, acetone, but increased the process sustainability. 
Antioxidant activity detected by ABTS assay was significantly higher 
if compared to that by DPPH assay and, in agreement with the findings 
of other authors,23 these results suggest a greater effectiveness of 
ABTS assay in evaluating antioxidant capacity in a variety of foods.

The data highlighted the high correlation (R>0.99) obtained 
between phenolic content and antioxidant activity independently on 
the type of assay (ABTS or DPPH). This is an important result since 
the molecules responsible for the antioxidant power are quite different 
among the analysed vegetable matrices and the extraction method was 
not specific for phenolic compounds.

The matrices can be ideally grouped in three clusters due to their 
phenolic concentrations: high phenolic concentrations (pomegranate 
peels); medium phenolic concentrations (carob pods and seeds); 
low phenolic concentrations (horse beans, tomato stems, and all 
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the spices). To further knowledge, the values of dry matter percent 
(%) are, in a decreasing order: horse beans (94.9±0.3), tomato stems 
(92.9±0.2), pistachio hulls (92.8±0.1), carob seeds (90.3±0.1), 

carob pods (89.4±0.2), pomegranate peels (86.9±0.1), horseradish 
(26.8±0.3), turmeric (22.3±0.4), wasabi (13.5±0.1), ginger (7.1±0.1).

Table 2 Total phenolic content (TPC) and antioxidant activity of the various vegetable matrices referred to dry matter

Vegetable matrices TPC (mg gallic acid/g)
Antioxidant activity

Dry Matter (%)
ABTS(mg trolox eq/g) DPPH(mmol trolox eq/g) 

Traditional Spices

Wasabi 0.02 b A 8.07±1.85 b C 0.89±0.05 b D 13.5±0.1

Ginger 0.04 a A 24.93±4.50 a E 1.69±0.14 a E 7.1±0.1

Turmeric 0.01 c A 4.17±0.09 d B 0.36±0.02 d B 22.3±0.4

Horseradish 0.01 c A 7.17±1.84 c C 0.54±0.04 c C 26.8±0.3

Vegetables used in animal feed

Carob pods 16.13±0.50 b C 56.55±1.71 a G 9.96±0.52 a G 89.4±0.2

Carob seeds 18.64±0.28 a D 47.17±2.24 b F 5.51±1.18 b F 90.3±0.1

Horse beans 0.01 c A 11.33±0.56 c D 0.35±0.17 c A,C 94.9±0.3

Vegetable wastes

Pistachio hulls 1.12±0.02 b B 2.02±0.03 c A 0.19± 0.08 c A 92.8±0.1

Pomegranate peels 230.36±2.23 a E 933.36±25.52 a H 318.7±110.48 a H 86.9

Tomato stems 0.01 c A 3.97±0.76 b B 0.28±0.04 b A 92.9±0.2

Within each category of vegetables, different letters indicate significant differences at p<0.05 by LSD multiple range test.

The low phenolic concentrations of spices were quite surprising 
since the antioxidant contents of herbal/traditional plant medicine, 
spices and herbs were found higher than those of fruits and vegetables 
in the antioxidant food table made of 3139 products and elaborated 
by Carlsen et al.24 In my opinion, it is difficult to compare results 
obtained in specific conditions (origin, variety, extraction conditions) 
with reference values that are necessarily more generic. Spices are 
being used for several hundred years in India and other Countries of 
the Far East to treat a variety of diseases25 and, due to their low calories 
and relatively low prices, they have been considered suitable sources 
of antioxidants and other potential bioactive compounds in diet.26 To 
further reconsider the role of herbs and spices in antioxidant defense 
and redox signalling, the small amounts used for food aromatization 
must be taken into account. Nevertheless, to counterbalance this 
statement, phytochemical bioavailability and biological effects should 
be evaluate, since the most antioxidant foods are not necessarily those 
supplying the highest concentrations of active metabolites in target 
tissues. Differences in bioavailability are consequences of different 
absorption, transport, and metabolism, and eventually their effects 
on oxidative stress in various cellular compartments. Biochemically 
active phytochemicals could have biological properties that are not 
correlated with their antioxidant capacity.27

Low phenolic concentrations were found in tomato stems, 
according to a previous research of Silva-Beltrán et al.,28 who 
highlighted higher phenolic concentrations in tomato leaves and higher 
chlorophyll concentrations in tomato stems. Nevertheless, tomato 
stems can be considered as a not negligible source of phenolics due to 
the large amount of industrial tomato produced in the worlds (about 
38milliontons in 2016)29 and the consequent high amount of leaves 
and stems available during the harvest period (95-98% discarded 
while the remaining 2-5% used as animal food).30 Also, although 

tomato leaves and stems have been considered potentially toxic 
because of the tomatine, this alkaloid is generally present in small 
concentrations and seems to be able to bind cholesterol molecules in 
the digestive system, thus lowering the levels of LDL cholesterol in 
humans and animals.30

Low phenolic concentrations were also detected in horse beans. 
These results are opposite to the finding of Boudjou et al.,31 and 
Boukhanouf et al.,32 who respectively extracted high phenolic amounts 
from horse bean hulls using aqueous (70%) acetone and (80%) ethanol 
and from immature fava bean fractions using 75% acetone. It is well 
known that the composition of the solvents significantly affects the 
measured phenolic content since solvent polarity increases phenolic 
solubility. Low phenolic contents were also detected in pistachio 
hulls in disagreement with the results obtained by Goly et al.,33 who 
extracted phenolics from pistachio hulls using water as solvent. These 
different behaviours could be due to origin, variety, pedoclimatic 
conditions. Erşan et al.,34 extracted 66 phenolic constituents from the 
non-lignified red and green pistachio hulls while Abbasi et al.,35 stated 
the use of fermented dried pistachio hulls as possible functional food 
due to the increase of phenolic content during the first days of the Solid-
State Fermentation by the fungus Phanerochaete chrysosporium.

Carob pods and seeds had similar phenolic concentrations and 
should be considered as interesting and, in the case of pods, cheap 
sources of value-added phenolic phytochemicals in agreement with 
literature.36,37 In particular, the carob pod extracts could be appropriate 
for use in nutraceutical/pharmaceutical fields when obtained at unripe 
stage.38 The use of carob pod extracts in functional foods, together with 
the use of the flour in gluten free products could help to counteract the 
dramatic decline registered over the last century, from 650000tons in 
1945 to about 300000ton in the nineties.39
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As highlighted by the experimental results, pomegranate peels have 
a great potential as nutraceutical ingredients due to their antioxidant 
contents that are higher than those of the edible part of fruit.13,40 Since 
the world production of pomegranates is about 3milliontons and is 
generally devoted to the juice extraction, pomegranate peels could 
represent an ideal candidate to the waste valorisation through their 
conversion into value-added ingredients.

Conclusion
Phenolics are widespread in vegetable matrices and, sometimes, 

the most important natural sources are represented by the waste of 
agro-food industry as in the case of pomegranate peels while the 
vegetables traditionally considered rich in these phytochemicals are 
a negligible source also in consideration of the low amount used in 
food preparation (spices). Although the yields were lower than those 
of other solvents, water can be considered as extraction solvent due 
to its low environmental impact. This study suggested that phenolic 
extracts from pomegranate peels and carobs pods could be considered 
as alternative antioxidants to those generally used in food processing 
for two reasons: the considerable phenolic concentrations and the 
dry matter generally higher than 90% that allows the storage of 
the materials before extraction without further dehydration steps. 
Traditional spice, horse bean, and tomato stem extracts showed low 
antioxidant contents and low antioxidant activity values. Nevertheless, 
further studies concerning their bioavailability and metabolism must 
be performed to explore their suitability as nutraceutical ingredients.
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