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 At present, there is a need to develop and implement effective waste manage-
ment strategies for fruit and vegetables and to find opportunities for their
future utilization. Vegetables from the Brassicaceae family have important 
economic significance and are consumed in many countries worldwide. The 
purpose of this article is to investigate the mineral composition of the waste 
portions of broccoli and Brussels sprouts. The establishment of the mineral 
composition of these wastes would provide guidelines for their further utiliza-
tion. It was found that in the non-edible parts of broccoli and Brussels sprouts 
the highest content is that of potassium – respectively 3880 mg/kg in Brussels 
sprouts and 3254 mg/kg in broccoli, sulfur (1695 mg/kg in wastes from broc-
coli, and 1187 mg/kg in wastes from Brussels sprouts) and phosphorus – 1216 
mg/kg in broccoli wastes and 686 mg/kg in Brussels sprouts wastes. The 
following elements in the reduction of their contents are: calcium, magnesium, 
sodium, iron, copper, zinc, boron, manganese, aluminum. 
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Introduction 

The wastes emitted in the production and processing of fruit and vegetables are 
increasingly being considered as a potential danger to human health and one of the 
reasons for the deterioration of the environment. This determines the need to develop 
and implement effective strategies for environmentally sound management of wastes 
from fruit and vegetables in order to identify opportunities for future utilization. 
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Typically, the term "fruit and vegetable wastes" means the non-edible parts of 
fruit and vegetables that are discarded when collected, processed, transported and 
rehashed; i.e. this waste is generated throughout the food supply chain (agricultural 
production, storage, post-storage processing, consumer phase) (Plazzotta et al., 2017). 
It has been found that in Europe fruit and vegetable wastes accounts for 8% of total 
food wastes (Banerjee et al., 2017). Corrado & Sala review the existing studies on the 
generation of food wastes on a global and European scale. They point out that the 
available data provide an overview of the generation of food wastes, but they are not 
sufficient to identify specific interventions and monitor their accumulation (Corrado 
and Sala, 2018). According to surveys conducted in EU countries, non-edible parts of 
fruit and vegetables account for 44% – 47% of food wastes generated by households. 
Recently, there have been an increasing number of publications on the quantification 
of food wastes across the supply chain on a global and regional scale. In order to in-
vestigate how the consumption of fresh fruit and vegetables contributes to the genera-
tion of domestic waste in the European Union, De Laurentiis and co-authors create a 
model for the evaluation of household wastes from fresh fruit and vegetables (De 
Laurentiis et al., 2018). Proper treatment of such waste biomass is essential to reduce 
environmental pollution (Di Donato et al., 2014). Of particular interest is the search 
for innovative, cost-effective and efficient techniques for the recycling of fruit and 
vegetable wastes (Wu et al., 2017). 

Lam et al. state that fruit wastes are a renewable and sustainable resource that 
should not be treated as other solid wastes. Methods of composting, landfilling or 
incineration are not suitable for their destruction, as they can lead to environmental 
problems. Release of unpleasant odor during composting would result in deterioration 
of air quality; greenhouse gases (e.g. methane) emitted during landfilling  contribute 
to global warming; the possible formation of toxic compounds (such as dioxin) upon 
incineration can lead to headaches, fatigue, insomnia (Lam et al., 2016). 

Different management strategies can be successfully implemented to handle fruit 
and vegetable wastes. In recent years, the use of functional compounds has found 
great application which suggests that fruit and vegetable wastes can be regarded as a 
source of valuable ingredients (Plazzotta et al., 2017). Various studies on the compo-
sition of the fruit processing wastes indicate the presence of different bioactive com-
pounds, which are the primary and secondary metabolites of plants (phenols, alka-
loids, glycosides, essential oils, resins). Biologically active extracts can be used for 
their proven health effects (Banerjee et al., 2017). The use of food wastes as a raw 
material for bio-refineries is still at an early stage of development. Cristóbal and co-
authors examine the techno-economic potential and profitability of four bio-refineries 
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that use tomato, potato, oranges and olive oil as raw material. The results show that 
waste materials have different potential. It is necessary to optimize the sustained 
availability and transport of wastes in order to prevent negative impact on the envi-
ronment (Cristóbal et al., 2018). 

A Gowe review article focuses on the extraction of bioactive compounds from 
fruit and vegetable wastes and the possibility of using them as natural additives for 
the food industry (Gowe, 2015). Kandari & Gupta offer bioconversion of turnip, ap-
ple, papaya and banana wastes in order to obtain valuable ingredients (Kandari and 
Gupta, 2012). Wu and co-authors have developed an electrofluidic pre-treatment sys-
tem for citrus wastes in order to improve the extraction of essential oil (Wu et al., 
2017). A number of authors study fruit and vegetable wastes as a source for extracting 
polyphenol antioxidants (Peschel et al., 2006, Wijngaard et al., 2009, Savatović et al., 
2010, Wijngaard et al., 2012, Kabir et al., 2015). 

Singh & Immanuel offer antioxidants extraction from pomegranate and citrus peel 
and its addition to traditional Indian food products to prevent auto oxidation changes 
(Singh and Immanuel, 2014). Panda and co-authors discuss the microbiological treat-
ment of fruit and vegetable wastes to produce enzymes and organic acids (Panda et al., 
2016). Qureshi and co-authors examine peel of oranges, lemons, bananas, papaya and 
apple petioles as a source for the production of enzymes - pectinase and lipase (Qureshi 
et al., 2017). Nawirska & Uklańska investigate the fiber content in the wastes of pro-
cessed apples, strawberries, aronia, black currant, red cabbage, carrots (Nawirska and 
Uklańska, 2008). Szymańska-Chargot and co-authors retrieve cellulose from waste 
pieces of apples, carrots, tomatoes and cucumbers (Szymańska-Chargot et al., 2017). 
Soquetta and co-authors investigate the physicochemical and microbiological properties 
as well as the biologically active components contained in the flour from non-edible 
parts of kiwi (Soquetta et al., 2016). 

The search for opportunities to extract the valuable components contained in 
fruit and vegetable waste can be cited as a major challenge. Sagar and co-authors 
have reviewed the methods of extraction and possible use of biologically active 
substances (such as fiber, phenolic compounds, flavoring substances, enzymes, 
organic acids etc.) from fruit and vegetable waste (Sagar, et. al., 2018). 

From the above it is clear that the use of waste products from the processing of 
fruit and vegetables as a source of various valuable compounds is a promising area of 
theoretical and practical significance. However, it is noteworthy that most studies 
have focused on the possibility of extracting substances with antioxidant activity, 
fiber and enzymes. There are few articles aimed at exploring the mineral composition 
of fruit and vegetable wastes. Asquer et al. investigate the content of mineral sub-
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stances in broccoli wastes (Asquer et al., 2013). Vegetables of the Brassicaceae family 
have important economic significance. Various varieties of cabbage, cauliflower, 
Brussels sprouts, etc. are used for human food. Interest in the cultivation of Brussels 
sprouts and broccoli has increased in recent years. It is expected that in the coming 
years their production will continue to increase (Prohens and Nuez, 2008). 

The aim of this paper is to study the mineral composition of the waste portions of 
broccoli and Brussels sprouts. The determination of the mineral composition of these 
wastes would provide guidelines for future research with a view to their utilization. 

Matherials and methods 

Sample collection 

As test materials were used non-edible parts (the authors considered waste) 
from: 

� broccoli – "Calabrese" variety; 
� Brussels sprouts – "Erfurt" variety. 
Broccoli and Brussels sprouts are purchased from retail outlets (local market). 

Sample vegetables are ripe, symmetrically developed, without mechanical damage and 
signs of microbiological deterioration. The test is performed on the inedible parts of the 
sample (stem heads of broccoli, faded and discoloured outer roofing sheets of Brussels 
sprouts, etc.). Triplicates of each sample run for the determination of mineral content. 

Digestion of samples and determination of mineral content 

The mineral content was studied in an accredited laboratory of SGS – Bulgaria 
EOOD, Varna laboratory. The measurement performed by mass spectrometer with a 
source of excitation inductively coupled plasma ICP-MS Perkin Elmer Nex ION 
300X. Minerals were determined by ICP after digestion in a closed microwave oven 
decomposition system. 

The following methodology is applied: on an analytical balance, in a quartz tube 
weigh to the nearest 1 mg test portion of about 0.5 g (in two replicates). Each of the 
test portions was wetted with 1 ml of deionized water and 4 ml of HNO3 were added. 
Homogenized well by vortexing. The decomposition is performed by a Ultra Wave-
Milestone Microwave Decomposition System. 

A control sample containing all of the reagents used in the decomposition and 
preparation of the test samples and developing the same pathway was developed and 
analyzed with the samples. 

The processing of the primary data obtained is performed by external 
calibration. The calibration graph is drawn at the beginning of each series of analysis. 
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The measurements are made only in the linear part of the calibration graph. The 
working calibration solutions were prepared on the day of use. 

Statistical analysis 

All variables were reported as mean value of three replicates. The differences 
between the mineral contents of the samples were tested by one-way analysis of 
variance (ANOVA) followed by the t-test to evaluate the relationship between the 
variables. The analysis was performed using the software Statistica 7.0 (Statsoft Inc., 
Tulsa, OK, USA) and differences among means at the 5% level (p < 0.05) were 
considered statistically significant. 

Results and discussion 

Table 1 presents the experimentally obtained results for the content (in mg/kg) of 
certain macro- and micro elements in the non-edible parts of broccoli and Brussels 
sprouts. 

Table 1 

Content (in mg/kg) of certain macro- and microelements 

in the non-edible parts of broccoli and Brussels sprouts 

Content of macro- 
and microelements, 

mg/kg, 
a
 

Samples 

non-edible parts 
of broccoli, 

b 
non-edible parts of 
Brussels sprouts, 

b 

Fe 25.5 22.2 
Ca 547 964 
Cu 7.22 6.53 
K 3254 3880 
Mg 403 271 
Mn 3.23 1.97 
Mo <0.05 <0,05 
Na 244 338 
Zn 9.89 4.92 
P 1216 686 
Se <0.05 <0.05 
Cr <0.05 <0.05 
S 1695 1187 
Al 0.85 0.54 
B 3.97 3.38 

a – data are reported on a fresh matter basis 
b – mean value, n=3 
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As can be seen from the results presented, in the non-edible parts of broccoli and 
Brussels sprouts, the highest content is potassium – respectively 3880 mg/kg for 
Brussels sprouts and 3254 mg/kg for broccoli. Ong investigates the content of mineral 
substances in edible parts of Brussels sprouts and broccoli (Ong, 2008). It is notewor-
thy that the results we obtained are almost identical with regard to Brussels sprouts (it 
establishes 3890 mg/kg). For broccoli, the result established for the edible parts is 
3160 mg/kg, which is lower than our established value, but this may be due to differ-
ences in varietal composition or soil and climatic conditions of growing vegetables. 

It is well known that potassium helps remove excess water from the body and 
actively participates in the detoxification process. On the other hand, Sattar and col-
leagues point out that potassium is an essential nutrient in the soil, with a decisive 
role in the physiological and metabolic processes of plants and provides resistance to 
biotic and abiotic stress (Sattar et al., 2019). The results thus obtained reveal the pos-
sibility that the wastes generated by the processing and the consumption of broccoli 
and Brussels sprouts can be used as a potassium fertilizer after suitable treatment. 

Sulphur content is also high and the quantity measured in broccoli wastes (1695 
mg/kg) is more than 1.4 times higher than that found in Brussels sprouts. According 
to Doleman and co-authors, cruciferous vegetables are among the most important 
sources of sulfur-containing amino acids and sulfur for the human body, as their con-
sumption provides nearly 42% of the total amount of sulfur in the feed intake and is 
associated with a number of health benefits – reducing the risk of certain oncological 
diseases, cardio vascular disease, reduced risk of type-2 diabetes, protection from 
neurodegenerative disease (Doleman et al., 2017). 

We have found that the phosphorus content in the wastes of Brussels sprouts is 
686 mg/kg, the result is comparable with the data published by other authors for 
phosphorus content in the edible parts of the plant (Ong, 2008). The amount found in 
wastes from broccoli, is almost twice higher – 1216 mg/kg. A human should daily 
procure about 700 mg phosphorus intake. The values thus established indicate that the 
inedible parts of Brussels sprouts and particularly broccoli may be used as a valuable 
source of phosphorus and sulfur for enriching foods deficient in the above minerals. 

The data on the sodium content are comparable to those obtained by Ong in the 
study of the edible parts of the respective vegetables – according to him, in the edible 
parts of broccoli there are 330 mg/kg of sodium and in Brussels sprouts – 250 mg/kg 
(Ong, 2008). Our study found out sodium content of 244 mg/kg of broccoli edible 
parts, and of Brussels sprout edible parts – 338 mg/kg, respectively. 

Brussels sprouts wastes have higher calcium content (964 mg/kg), while for the 
broccoli the measured value is 547 mg/kg. However, it is noticeable that these results 
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are higher than the published data on calcium content in the edible parts of both vege-
tables (Ong, 2008). There may be unequal distribution of calcium in the different 
parts of plants, or differences due to the agricultural methods applied for growing 
vegetables. 

The magnesium content was 271 mg/kg in the waste parts of Brussels sprouts 
and 48.7% more in the inedible parts of broccoli – 403 mg/kg. According to other 
authors the quantity of magnesium in the used edible parts of Brussels sprouts is 230 
mg/kg, and in broccoli – 210 mg/kg (Ong, 2008), these amounts are lower than the 
ones established by us. 

Iron is an essential element for all living organisms. In relation to its main role in 
the transmission of oxygen and as a cofactor in many enzymes, iron plays an im-
portant role in maintaining the immune system in the human body. Approximately 
equal iron content was found in the inedible parts of broccoli (25.5 mg/kg), and Brus-
sels sprouts (22.2 mg/kg). 

The important role that zinc has for the health and the wide range of biological 
functions it performs is well known. In this regard, the European Food Safety 
Authority (EFSA) presents an official position on health claims and the importance of 
zinc for human health. Its main role is associated with the fact that it is a component 
of over 200 enzymes that are related to the synthesis of proteins and DNA (Prasad, 
2014). In the study conducted by us it was found that broccoli wastes contain twice as 
much zinc as those of Brussels sprouts – 9.89 mg/kg and 4.92 mg/kg respectively. In 
other studies, an amount of 40 mg/kg was reported in the edible parts of both 
vegetables (Ong, 2008). There is evidence that there is zinc deficiency among the 
population worldwide, as about 40% is affected (Prasad, 2014). Zinc deficiency is 
responsible for 4.4% of the mortality in Africa, Asia and Latin America (Liberato et 
al., 2015). The seriousness of the problem is the basis in many countries for 
developing and implementing programs to increase the intake of this essential 
element by enriching food products (Brown et al., 2010). The values we have 
established show that non-edible parts of Brussels sprouts, and especially broccoli 
non-edible parts, may be used as a valuable source for leaching of calcium, magnesi-
um, iron and zinc, to enrich foodstuffs with established deficiency. 

Copper, like zinc, is involved in the form of complex compounds in many 
metalloenzymes. About 30 – 60% of the copper in food is absorbed in the 
gastrointestinal tract. We detected 7.22 mg/kg of copper in the broccoli waste parts 
and a slightly lower amount (6.53 mg/kg) in the Brussels sprouts waste parts. 

The content of boron (3.97 mg/kg), manganese (3.23 mg/kg) and aluminum 
(0.85 mg/kg) in the non-edible parts of broccoli is higher than that in  Brussels 
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sprouts wastes. The study found that for some of the elements (molybdenum, 
selenium and chromium), the quantities available in Brussels sprouts and broccoli 
wastes are below the detectable minimum of the applied method <0.05 mg/kg, alt-
hough according to the literature data, Brussels sprouts are among the best sources of 
molybdenum. According to Asquer et al., in broccoli wastes, the molybdenum content 
is 0.008 mg/kg, selenium <0.1 mg/kg and chromium 0.002 mg/kg (Asquer et al., 
2013). Ong published data on the content of selenium in broccoli 2.5µg%, while in 
Brussels sprouts – 1.6µg% (Ong, 2008). 

Compared to Brussels sprouts wastes the broccoli wastes are richer in sulfur, 
phosphorus, magnesium, iron, zinc, copper, boron, manganese, aluminum, while 
Brussels sprouts wastes are characterized by a higher content of potassium, calcium, 
sodium.  

From the results obtained it is clear that nonedible parts of broccoli and Brussels 
sprouts contain valuable mineral substances in significant quantities. This could de-
termine their further use to extract these components and incorporate them into food, 
soil enrichment, feed or cosmetic products. 

The extraction of biologically active compounds from fruits and vegetables 
involves complex mechanisms and can be achieved by various methods as shown in 
the review paper by Soquetta et al. (Soquetta, et. al., 2018). Conventional techniques 
usually require large amounts of organic solvents, high energy consumption, and are 
time consuming, which has generated interest in new technologies that are referred to 
as green technologies. These can reduce or eliminate the use of toxic solvents, and 
thus preserve the natural environment and its resources. The replacement of 
conventional techniques with green technology methods is promising and expedient 
(Soquetta, et. al., 2018) and reveals a possibility for further research work in this area. 

Conclusions 

The increasing amount of wastes generated by household and industrial activities 
(including processing of fruit and vegetables) imposes the necessity of seeking ways to 
utilize them in order to reduce environmental pollution. From the study we can con-
clude that the broccoli and Brussels sprouts wastes are rich in valuable mineral sub-
stances. In the non-edible parts of broccoli and Brussels sprouts, the highest is the po-
tassium content – respectively 3880 mg/kg for Brussels sprouts and 3254 mg/kg for 
broccoli; sulfur (1695 in broccoli wastes and 1187 mg/kg in Brussels sprouts wastes), 
and phosphorus – 1216 mg/kg in broccoli wastes and 686 mg/kg in Brussels sprouts 
wastes. This could determine their possible further use to extract these components and 
incorporate them into food, soil enrichment, feed or cosmetic products. 
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The content of calcium, magnesium, sodium, iron, copper, zinc, boron, manga-
nese, aluminium was also found. For some of the elements (molybdenum, selenium 
and chromium), the available quantities in Brussels sprouts and broccoli wastes are 
below the detection limit of the applied method <0.05 mg/kg. 
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