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ABSTRACT 
 

The environmental study, carried out in the Serian and Tarat which located in the Kuching area, Sarawak. 

The objectives of the study were to determine the type of heavy metals that contain in fruits, banana (Musa 

paradisiacal), pineapple (Ananas comosus), starfruit (Averrhoa carambola), papaya (Carica papaya), and lime 

(Persian Lime) and to determine the concentration of heavy metals in different types of fruit. The fruits also were 

divided into part such as flesh, skin and seed. Heavy metals studied were Zn, Cu, Ni, Fe, Co, Cd, Mg and Pb. The 

concentrations of heavy metals were determined using Atomic Absorption Spectroscopy (AAS) (Model Perkin – 

Elmer 3110).  The results of the study showed that the level of Mg content in all parts were higher concentration 

compare to others elements. Cd and Pb were not detected in all parts of fruits. However the concentrations of heavy 

metals studied in these fruits were still below the maximum level allowed by the Food Act (1983) except the Zn that 

most of the samples were exceed the permissible limit of Food Act (1983).  

Keywords: Heavy metal, fruits, AAS. 

 

ABSTRAK 

 
 Dalam kajian persekitaran, yang telah dijalankan di sekitar Serian dan Tarat yang terletak di kawasan 

Kuching, Sarawak. Objektif bagi kajian ini adalah untuk menentukan jenis kandungan logam berat yang terdapat di 

dalam buah-buahan seperti pisang (Musa paradisiacal), nanas (Ananas comosus), belimbing (Averrhoa 

carambola), betik (Carica papaya), dan limau nipis (Persian Lime) dan ia turut bertujuan untuk menentukan 

kepekatan kandungan logam berat di dalam setiap buah-buahan yang berbeza. Buah-buahan tersebut dibahagikan 

kepada bahagian seperti isi, kulit dan biji. Kajian logam berat adalah Zn, Cu, Ni, Fe, Co, Cd, Mg dan Pb. 

Kepekatan logam berat di dalam buah-buahan ditentukan dengan menggunakan  Atomic Absorption Spectroscopy 

(AAS) (Model Perkin – Elmer 3110). Keputusan menunjukkan bahawa kandungan Mg di dalam semua bahagian 

buah-buahan adalah tinggi berbanding dengan logam berat yang lain. Cd dan Pb tidak dapat dikesan di dalam 

semua sampel. Walaubagaimanapun, kandungan logam berat di dalam buah-buahan masih di bawah tahap 

maksimum yang dibenarkan oleh Akta Makanan (1983) kecuali Zn yang kandungan kepekatannya adalah melebihi 

had yang dibenarkan di dalam semua sampel.  

 

Kata Kunci: Logam berat, buah-buahan, AAS. 
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Chapter 1  

Introduction 

1.1 Background 

 

The past few decades have generated consciousness of more diverse environmental 

pollution issues. One of the issues is the presence of heavy metals in the soil from pesticides, 

insecticides and herbicides deposited onto soils and vegetation. The heavy metals that 

contaminate the soils are taken up and transported to other parts of plants like fruits. Humans 

are exposes to these heavy metals through the food chain because food is essential for 

humans. Humans must take food as their daily diet for the nutrition which included fruits.   

 

The rapid growth of fruit processing now makes it possible for humans to consume a 

wider variety of fruits. Fruit a good source of vitamin, minerals and antioxidants. Fruits also 

consist of the largest part of water that is around 75-95%. Other constituents of fruits include 

celluloses, fibers, pectin, and tannins. However, heavy metal contents in fruits and the soil in 

which these fruits were grown have been reported (Mazurek et al., 1995). The high 

concentration of heavy metals in food can effect human health such as, lead (Pb) causes 

chronic damage to the nervous system in humans; mercury causes damage to the brain and the 

central nervous system while the copper (Cu) causes anemia, liver and kidney damage. 

1.2 Objectives   

1. To determine the types of heavy metals present in selected fruits.  

2. To determine the concentration of heavy metals in different types of fruit.  
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1.3 Statement of Problem 

 This study was carried out on different types of fruits to evaluate their quality based on 

the content of heavy metals. Samples of five fruits, namely, papaya, banana, star fruit, 

pineapple and lime were taken from different farmlands and purchased from local markets. 

The criteria for the selecting of the local fruits analyzed were that they were not seasonal 

fruits.   
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Chapter 2 

 Literature Review 

2.1 Fruits 

2.1.1 Definition of Fruits 

 Fruits can be defined in many ways depending on the context. In botany, a fruit is a 

reproductive structure of an angiosperm which develops from the ovary and accessory tissue, 

which surrounds and protects the seed. The seed-bearing part of a plant, often edible, colorful 

and fragrant, is produced from a floral ovary after fertilization.  

2.1.2 Different Type of Fruits 

Table 1 lists some common fruits that are non seasonal fruits and are described below. 

  Table 1: Some common non-seasonal fruits 

 

 Binomial Name Specific Name Family 

Banana Musa paradisiaca Musaceae 

Papaya Carica papaya Caricaceae 

Pineapple Ananas comosus Bromeliaceae 

Lime Persian Lime Citrus 

Carambola (Star fruit) Averrhoa carambola Averrhoa 
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 a) Banana (Musa paradisiacal) 

Bananas come prepackaged in their own yellow jackets and are available for harvest 

throughout the year (George, 2001) as shown in Figure 1. Bananas are a very good source of 

vitamins B6, potassium, dietary fiber, and manganese. Table 2 shows the nutrients present in 

bananas. 

 

Figure 1: Banana (Musa paradisiacal) 

 

Table 2: The chart about the nutrients contain in banana (Mateljan, 2001). 
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 b) Papaya (Carica papaya) 

 Papayas are spherical or pear-shaped in orange color with either yellow or pink hues 

as shown in figure 2. The inner cavity of the papaya is black, round seed encased in 

gelatinous-like substance. The papaya is an excellent source of vitamin C and very good 

source of folate and potassium. It also contains of dietary fiber, vitamin E, vitamin A and 

vitamin K (Ashram, 2000). Table 3 shows the nutrients present in papayas. 

 

Figure 2: Papaya (Carica papaya) 

Table 3: The chart of nutrients in papaya (Mateljan, 2001). 
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 c) Pineapple (Ananas comosus) 

Pineapples have a wide cylindrical shape, a scaly green, brown or yellow skin and a 

regal crown of spiny, blue-green leaves and fibrous yellow flesh as shown in Figure 3. The 

area closer to the base of the fruit has more sugar content and therefore a sweeter taste and 

more tender texture. Pineapples have exceptional juiciness and a vibrant tropical flavor that 

balances the tastes of sweet and tart (Khassandra, 2007). 

 

Figure 3: Pineapple (Ananas comosus) 

Pineapple is an excellent source of vitamin C and manganese. It is also a good source 

of carbohydrates, sugar, soluble and insoluble fiber, sodium, vitamins, minerals, fatty acids 

and amino acids. Table 4 show the nutrients present in pineapples. 
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Figure 4: The chart of nutrients in pineapple (Mateljan, 2001). 

 

 

 d) Lime (Persian Lime) 

Limes, as shown in Figure 4, are green in color and heavy for their size are the most 

desirable commercially due to their extremely acidity. When it full ripe, yellow lime does not 

have a high acid content. Limes are very high in vitamin C, are a good source of vitamin B1, 

and are rich in potassium. A drink of lime juice and whey is a perfect cooler for the brain and 

nervous system. Limes can be used to treat brain fever, or human retarded (Anonymous, 

1998). Table 5 shows the nutrients in one pound of lime. 

 

Figure 4: Lime (Persian Lime) 
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Table 5: The nutrients in one pound of lime. (Anonymous, 1998) 

 

Calories 107 Iron 2.3 mg 

Protein 2.8 g Vitamin A 50 I.U. 

Fat 0.8 g Thiamine 0.10 mg 

Carbohydrates 42.4 g Riboflavin  0.08 mg 

Calcium 126 mg Niacin  0.7 mg 

Phosphorus 69 mg Ascorbic acid 94 mg 

 

e) Carambola (Averrhoa carambola) 

The carambola or Malayans may refer to it as belimbing batu, belimbing besi, 

belimbing pessegi, belimbing sayur, or as “star fruit” is orange-yellow skin and juicy, crisp 

and yellow flesh when fully ripe. It is shown in Figure 5. When we cut in cross-section, we 

can see the form of a star. It contains vitamin, water and some energy.  

 

Figure 5: Carambola (Averrhoa carambola) 

In the Table 3 below, it show the nutrition facts when take the “star fruit’ per 100 

gram of edible portion (Morton, 1987). 

http://www.health-care-clinic.org/vitamins/vitamin-a.html
http://www.health-care-clinic.org/vitamins/thiamin.html
http://www.health-care-clinic.org/vitamins/riboflavin.html
http://www.health-care-clinic.org/vitamins/niacin.html
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Table 6: The nutrition fact present in “star fruit” (Morton, 1987). 

 

Food Value per 100 g of Edible Portion 
 

Calories 35.7 

Moisture 89.0-91.0 g 

Protein 0.38 g 

Fat 0.08 g 

Carbohydrates 9.38 g 

Fiber 0.80-0.90 g 

Ash 0.26-0.40 g 

Calcium 4.4-6.O mg 

Phosphorus 15.5-21.0 mg 

Iron 0.32-1.65 mg 

Carotene 0.003-0.552 mg 

Thiamine 0.03-0.038 mg 

Riboflavin 0.019-0.03 mg 

Niacin 0.294-0.38 mg 

Ascorbic Acid 26.0-53.1 mg 

 

 

2.2 Heavy Metals 

 According to Alloway (1990) the term ‘heavy metals’, although not easily defined, is 

widely recognized and used. It is a member of a group of elements that exhibit metallic 

properties, which include the transition metals, some metalloids, lanthanides, and actinides. 

Heavy metals or trace metals are those with atomic weights from 63.546 to 200.590 and have 

a density greater than five.  

According to the U.S. Agency for Toxic Substances and Disease Registry, the heavy 

metals were present in toxic waste sites. They are highly toxic and can cause damaging effects 

even at very low concentrations. They tend to accumulate in the food chain and in the body 
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and can be stored in soft (e.g., kidney) and hard tissues (e.g., bone). Being metals, they often 

exist in a positively-charged form and can bind on to negatively-charged organic molecules to 

form complexes. 

 2.2.1 Pollution by Heavy Metals 

 The definition given by Alloway (1990), state that pollution is the introduction by man 

into environment of substances or energy liable to cause hazards to human health, harm to 

living resources and ecological system, damage the structures or amenity, or interference with 

legitimate uses of the environment. Pollution is applied only to the situation where toxicity 

has occurred.  

 Heavy metals are mobile and can easily be taken up by plants in the environment. 

Plants have shown to have great ability to accumulate metals from the environment (Khairiah 

et al., 2004). The toxic heavy metals entering the ecosystem may lead to geoaccumulation, 

bioaccumulation and biomagnification (Chandrappa and Lokeshwari, 2006). These metals 

may reach and contaminate plants, vegetables, fruits and canned foods through air, water, and 

soil during cultivation (Husain et al., 1995; Ozores et al., 1997; Geert et al., 1989) also during 

industrial processing and packaging (Tsoumbaris et al., 1994). 

2.3 The Soil  

 The soil is a key component of terrestrial ecosystems, both natural and agricultural, 

being essential for the growth of plants and the degradation and recycling of dead biomass. It 

is a complex heterogeneous medium comprising mineral and organic solids, aqueous and 

gaseous components (Alloway, 1990). This heterogeneous mixture of mineral and organic 


