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ABSTRACT 

Heavy metal contamination of the food chain is a severe environmental problem that poses potential risks 

to human and animal health. In this regard, the safety of feed and feed materials is essential. In the present 

study, the levels of cadmium (Cd) and lead (Pb) in an innovative feed raw material – citrus waste (citrus pulp) 

by orange (Citrus sinensis), lemon (Citrus limon), red grapefruit (Citrus paradisi), mandarin (Citrus reticulata), 

lime (Citrus aurantifolia) and pomelo (Citrus maxima) were determined. The analysis was done by Atomic 

Absorption Spectrophotometer. The obtained results were compared with other literature data and with the 

requirements laid down in European and national legislation. Our results showed at the concentrations of 

cadmium and lead do not exceed the maximum permissible limits, which makes this citrus pulp safe for use as 

feed material in terms of Cd and Pb contamination. 
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Introduction 

Heavy metals 

Globally, environmental pollution with heavy metals represents a serious ecological problem 

that poses a risk to human and animal health (Rajaganapathy et al. 2011; Makridis at al. 2012). One 

of the main sources of heavy metals for humans and animals is primary and secondary biological 

production, due to their property to accumulate along the food chain and especially in plant species 

(Duah 2012; Raja et al. 2016). In this regard, determining the levels of non-essential elements in 

feed raw materials is important for animal health, but also for the safety of food of animal origin 

(Dai et al. 2016; Adamse et al. 2017; Elliott et al. 2017). Heavy metal contamination of feed also 

leads to the bioaccumulation of toxic substances in animal manure, and from there in the soil and in 

the plant (Shi et al. 2011; Zhang et al. 2012, Zhou et al. 2020). 

Cadmium and lead are highly toxic heavy metals and potentially hazardous to humans 

(Dehelean and Magdas 2013; Stancheva et al., 2014; Bataa et al. 2022). Moreover, they have a strong 

carcinogenic effect (Trichopoulos et al. 1997; Turkdogan et al. 2002) Cadmium accumulation leads 

to serious kidney and liver damage (Kara et al. 2004). Long-term exposures to cadmium can also 

lead to cardiovascular abnormality and osteotoxicity (Sharma et al.2015) 

Lead is a cumulative toxicant affecting various organs and systems, with adolescents being 

particularly sensitive (WHO 2022). Lead poisoning seriously affects the renal, reproductive, and 

nervous system (Wani et al. 2015). 

Waste feeding 

In recent years, the disposal of organic waste and its use as feedstock has shown increasing 

interest (Alnaimy 2017). Citrus cultivation represents a major share of world fruit production (Lu-

zardo et al. 2021). On the other hand, citrus juice production generates tons of waste products with 

excellent nutritional qualities that can be used as animal feed (Kasapidou et al. 2015; Andrianou et 

al. 2023). All this inevitably imposes the safety of this feed raw material in terms of animal and 
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human health. Regulation (EC) 183/2005 defines the requirements for feed hygiene and their safety. 

In addition, the European Commission determines the maximum permissible values for the content 

of cadmium and lead, regulated in Directive 2002/32/EC, amended by Regulation (EU) 1275/2013. 

The aim of this study is to determine the concentration of cadmium and lead in the citrus waste 

by orange (Citrus sinensis), lemon (Citrus limon), red grapefruit (Citrus paradisi), mandarin (Citrus 

reticulata), lime (Citrus aurantifolia) and pomelo (Citrus maxima). 

Materials and methods 

The research material was obtained after the cold-pressed juice production of citrus fruits (by 

Industrial Freshly Squeezed Citrus Juice Machine (Luzzysa Exzel) and consisted of fresh citrus 

mash, peels, and seeds. The fruits used belong to the genus Citrus L. in the family Rutaceae and are: 

Orange (Citrus sinensis), Lemon (Citrus limon), Red grapefruit (Citrus paradisi), Mandarin (Citrus 

reticulata), Lime (Citrus aurantifolia), Pomelo (Citrus maxima). The final laboratory samples of all 

6 species of citrus by-products were obtained after preliminary reduction of the aggregate sample 

composed of incremental samples which were taken from each batch according to the requirements 

of Regulation (EC) 152/2009 and are as follows: 

Orange – aggregate sample composed of 28 incremental samples taken from 38 ton batch of 

waste product 
Lemon – aggregate sample composed of 19 incremental samples taken from 18 ton batch of 

waste product 

Red grapefruit – aggregate sample composed of 7 incremental samples taken from 2 ton batch 

of waste product 

Mandarin – aggregate sample composed of 18 incremental samples taken from 16 ton batch 

of waste product 

Lime – aggregate sample composed of 16 incremental samples taken from 12 ton batch of 

waste product 

Pomelo – aggregate sample composed of 7 incremental samples taken from 1 ton batch of 

waste product 

The production factory of freshly squeezed fruit and vegetable juices is located in a village 

Musachevo, Western Bulgaria. All samples were collected using clean triers and were placed in 

poly-lined leak resistant plastic bags. The plastic bags were sealed identified and transported to the 

laboratory in a cooler bag. 

In the laboratory, the samples were weighed on a Sartorius analytical balance with an accuracy 

of 0.0001 g. Then it was placed in quartz crucibles and burned in an Ursamar RK 44 muffle furnace 

at 450oC. After burning, the samples were mineralized with 6M HCL obtained from Hydrochloric 

acid fuming K 43922117 242 by Merck KGaA, Darmstadt, Germany. All total samples were ana-

lyzed for cadmium (Cd) and lead (Pb) concentrations. The analyses were done by Atomic Absorp-

tion Spectrophotometer (Perkin Elmer 5000). The method of analysis followed standard validated 

and internally developed validated methods for each chemical element. The level of Cadmium and 

Lead was measured at 283.30 and 228.8 nm wavelength, respectively. 

Statistical Analysis 

The summarized results of this study were presented as mean values (X) (mg/kg) fresh weight 

± standard deviation (SD). The data were subjected to a statistical analysis with Student’s-test to 

estimate the significance of values (p < 0.05). 
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Results and discussion 

The use of citrus waste products as feed material is increasingly used in the nutrition of farm 

animals (Wadhwa et al. 2015; Luzardo et al. 2021). Many studies have been carried out regarding 

the chemical composition of this by-product and its valuable nutritional properties have been proven 

Fernandez-Lopez et al. 2004; Alnaimy 2017). But literature data on the content of heavy metals in 

citrus pulp and by – products are more limited. Most of the studies on heavy metal contents are in 

whole fruits or only in citrus peels. Citrus waste products and especially the peel have a high water 

content of about 80%, with the remaining dry matter containing pectin and polysaccharides, which 

increases their ability to accumulate toxic substances such as heavy metals (Husoon et al. 2013). 

According to some authors, the consumption of whole citrus fruits together with peels may have a 

beneficial effect on human health, although citrus peels have the potential to accumulate Cd and 

lead in larger amounts Czech et al. 2021. 

The risk assessment of heavy metal contamination needs to be controlled even before they 

enter the food chain, through the observance of strict measures regarding the quality and safety of 

feed materials and strict compliance with the legislation (Elliott et al. 2017). 

The obtained concentration of Cd and Pb citrus waste by orange (Citrus sinensis), lemon 

(Citrus limon), red grapefruit (Citrus paradisi), mandarin (Citrus reticulata), lime (Citrus 

aurantifolia) and pomelo (Citrus maxima) are presented in Table 1. 

Table 1: Concentration of Cadmium (Cd) and Lead (Pb) in citrus waste.  

Sample Orange Lemon 
Red grape-

fruit 
Mandarin Lime Pomelo 

Permissible 

limit 

(mg/kg) 

Cd (mg/kg) < 0.05* < 0.05* < 0.05* < 0.05* < 0.05* < 0.05* 1 

Pb (mg/kg) < 0.1* < 0.1* < 0.1* < 0.1* < 0.1* < 0.1* 10 

*Method detection limits 

The results of this study indicate that the mean concentrations of Cd and Pb in citrus pulp 

samples were below detection limits. In the European and national legislation on maximum permis-

sible levels of harmful substances (Regulation 1275/2013 and Ordinance 10/2009) norms for heavy 

metals in plant feed raw materials are set, as follows 1 mg/kg for cadmium and 10 mg/kg for lead. 

From the data in table 1 it is clear that the levels of cadmium and lead were below EU limits. 

Different studies have investigated the concentrations of heavy metals in citrus pulp and peels. 

The results from a recent study for Cd and Pb content in citrus pulp and peels are presented on the 

table 2 (Czech et al. 2021). The data showed similar to our results, namely low levels of cadmium 

and lead in all investigated pulp and peel samples from orange, lemon, red grapefruit, mandarin, 

lime, and pomelo. 

Table 2: Content of heavy metals (mg/kg) in citrus pulp and peel (Czech et al. 2021) 

Sample Part Orange Lemon Red grapefruit Mandarin Lime Pomelo 

Cd(X±SD) Pulp 0.00015 0.00022 0.00015 0.00017 0.0191 0.00039 

Cd(X±SD) Peel 0.00049 0.00047 0.00191 0.00062 0.0265 0.00136 

Pb(X±SD) Pulp 0.01 0.0167 0.0247 0.00354 0.00004 0.0167 

Pb(X±SD) Peel 0.0102 0.0188 0.0301 0.0202 0.00046 0.0296 

*The original data were in μg/100 g 
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Other authors studied the content of some heavy metals in citrus pulp (Ozcan et al. 2012). In 

their study, lead levels in grapefruit, mandarin, and lemon pulp were 0.26 mg/kg, 0.21 mg/kg, and 

0.21 mg/kg, respectively. Although the cited data are higher than those presented in table 1, they 

again do not exceed the legal lead limit of 10 mg/kg for plant feed materials. 

Other study showed analogous to our data for Cd and Pb concentration in orange pulp, as for 

both chemical elements the results are below the limits of quantification (Brima and Mohamed 

2021). 

Conclusion 

The heavy metal levels in the citrus by – products we studied were compared with other 

reported literature data. Despite the different origins of samples, our results showed values below 

EU limits for plant feed materials. Based on this, it is concluded that citrus pulp obtained after the 

production of cold-pressed juice could be used as feed material without posing a risk to animal health 

in terms of cadmium and lead content. 
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