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Abstract       This paper presents an experimental research carried out on 
apples and grapes, using flame atomic absorption spectroscopy as a method 
for the analysis of mineral content and the thermo gravimetric analysis as a 
method for determining free water content. Speciation and Chemical 
Fingerprinting was realized taking into account the content in Ca, K, Na, Mn, 
Mg, Cu, Zn and Pb using FAAS method and statistical analysis program 
MVSP 3.1. Combined use of trace metals fingerprints and humidity may 
recommend this method as identification method for content composition and 
/ or  declared origin of fruits.   
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The surface of the apple crop is on all 

continents and also in temperate areas, both in the 

Northern and Southern hemisphere [4]. In Europe, 

apple juice is a highly-consumed product, in second 

place after orange juice [5, 9].  Apples are by far the 

most cultivated and consumed fruits in Romania. 

Almost every Romanian orchard grows at least an 

apple tree and apple fruits are eaten all year long. Two 

major problems in modern societies are cardiovascular 

diseases (CVD) and cancer. An increased consumption 

of fruits and vegetables may help to reduce the risk of 

CVD [2, 3] and some types of cancers [7, 8, 1, 9]. 

However, the data on cancer hazards and fruit and 

vegetable consumption are still ambiguous [10, 9]. 

Golden Apples of the variety known as 

"Golden Delicious" are large and almost round in 

shape. Golden apple peel is yellow rust points, rare. 

They are sweet, juicy, and slightly crunchy and have a 

pleasant aroma. Fuji variety apples were delicious 

flavor, texture them to store more than the other apples, 

that are perfect for meals, salads or snacks. Fuji apples 

present red color with green and yellow stripes, having 

sweet flavor, ideal for different preparation [12]. 

Grapes contain 73% water and 23% 

monosaccharide sugars, cellulose, pectin, free tartaric 

acid, mineral matter. In addition, the remaining 4%, 

contain B vitamins, C, A, PP and K, and minerals: 

potassium, phosphorus, magnesium, iron, calcium, 

silicon. They all have a diuretic effect and are 

beneficial for the treatment of diseases such as 

rheumatism, gout, skin diseases [11]. 

 

 

 

Material and Method 

 
For the studies have been used two varieties 

of apples (Golden, Fuji) and two of grapes  (Pinot Noir  

and Cabernet – Sauvignon), both available on the local 

market. 

Samples collection and preparation 

All the collected samples of various fruits 

were washed with double distilled water to remove 

airborne and pollutants. After washing, fruits samples 

were oven dried at 90°C to constant weight. The dried 

samples were ground, passed through a 2 mm sieve and 

stored at room temperature before analysis. 

The trace metals contents in edible parts of 

fruits were carried out in HNO3 solution resulted by ash 

digestion [6]. Each sample solution was made up with 

dilute HNO3 (0.5N) to a final volume of 50 mL and 

analyzed by flame atomic absorption spectrometry 

(FAAS) in University Environmental Research Test 

Laboratory. The concentrations of the metals in the 

filtrate were determined by using flame atomic 

absorption spectrophotometer with high resolution 

continuum source (Model ContrAA 300, Analytik 

Jena, Germany), using appropriate drift blanks. 

Solutions of varying concentrations were prepared for 

all the metals by diluting the standards. Double 

distilled water (spectroscopic pure) was used for the 

preparation of reagents and standards. All chemicals 

were trace metal grade (Suprapur). Concentrate nitric 

acid (HNO3 65%), and concentrate HCl (30%), were 

obtained from Merck Germany.   

Determination of free water was made by 

Sartorius MA50 moisture analyzer, aiming mass 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBsQFjAA&url=http%3A%2F%2Fwww.moisture-balances.com%2Fsartorius%2Fmoisture-analysis.html&ei=3TvJTt2DLYuZhQfnj9zGDw&usg=AFQjCNFIK32r2qaa_noNCiVINgDfQx7qtA&sig2=6QrAl4ALDhVn18c7_n2JPA
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variation while increasing and maintaining the samples 

temperature to 105 degrees C.  

Statistical analysis  

The data were statistically analyzed using a 

statistical package MVSP 3.1.  

We are grateful to WEBOMATIK RO SRL 

for permission to use statistical package MVSP 3.1. 

and technical assistance.  

 

Results and Discussions  

 
Speciation and chemical Fingerprinting was 

realized taking into account the content of calcium, 

potassium, sodium, manganese, magnesium, copper, 

zinc, lead using FAAS method and statistical analysis 

program MVSP 3.1. The mineral composition of the 

studied samples is presented in table 1. 

 

 

Table 1 

FAAS Mineral composition (ppm Metal/ mg dry matter) 

Samples Ca K Na Mn Mg Cu Zn Pb 

Pinot Noir Grapes 
19.07 81.21 2.99 0.67 12.95 0.01 0.01 0.00 

Cabernet – Sauvignon 

Grapes 
6.02 41.81 2.95 0.00 3.52 0.01 0.01 0.00 

Apple Golden 3.53 63.99 1.00 0.01 7.07 0.01 0.01 0.02 

Apple Fuji 
7.03 68.78 1.00 0.00 3.29 0.01 0.01 0.00 

 
Principal Components Analysis (PCA) allows 

an assessment of mineralogical content data 

corresponding to the samples of grapes and apples, 

using the square root of their transposed matrix (figure 

1).

  

 

 
Fig. 1. PCA joint-plot graphical reprezentation 

 

The join-plot representation of the calculated 

case scores permits the identification of the types of 

fruits that are used in different fruit products like jam, 

liquers, alcoholic drinks etc. In quarter I , we can 

observe the vectors for apples varieties and in quarter 

IV, the vectors for the grapes varieties, the vectors are 

represented taking in consideration the trace metal 

composition of the studied samples ( figure 1). In 

figure 2 we can identify the graphical fingerprints of 

the trace metals. 
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Fig. 2. Trace metals Fingerprints of studied Fruits 

 

The determination of free water was made by 

Sartorius MA50 moisture analyzer, aiming mass 

variation while increasing and maintaining the samples 

temperature to 105 degrees C.  Analysis of changes in 

humidity studied clusters, permits to identify specific 

fingerprints using as parameter free water content of 

various types of fruit (figure.3). It is noted that for 

apples dissimilitude distance is 43.188 while for the 

grapes is 315,270. The difference between Euclidean 

distances show that this parameter allows 

fingerprinting and can be used as a marker to proof the 

processing said content (figure 3) Shannon diversity 

index can be used for the same purpose. (figure 4).

 

 

 

 
Fig. 3. Cluster representation of the nearest Euclidian neighbor 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBsQFjAA&url=http%3A%2F%2Fwww.moisture-balances.com%2Fsartorius%2Fmoisture-analysis.html&ei=3TvJTt2DLYuZhQfnj9zGDw&usg=AFQjCNFIK32r2qaa_noNCiVINgDfQx7qtA&sig2=6QrAl4ALDhVn18c7_n2JPA
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Fig. 4. Determination of diversity indices 

 

Figure 5 is presenting the graphical 

representation for fingerprint factor, a marker that 

permits the identification of the declared composition 

or origin of a fruit product. 

 

 

 
Fig. 5. PCA graphical representation for fingerprint factor identification 

 

Conclusions 

 
Mineral composition as well as moisture 

determination can be used as fruit quality markers for 

the cultivators as well as for the processing food 

industries.  

CA correlation analysis (figure 5) allows 

highlighting mineralogical components specific to each 

variety separately. The potassium content is a 

characteristic of all the samples studied and may be 

considered major fingerprint identification form. 

Specific fingerprint of overlapping bands is given for 

the following minerals: manganese, magnesium, 

copper and zinc.  

Determination of free water can be a specific 

parameter, used as marker, because water is a key 

component that supports and activates biochemical 

processes that occur in all plant material from its 

formation until the total depreciation. 

Analysis of changes in humidity clusters 

permit the identification of specific fingerprints while 

using the parameter, free water content of various kinds 
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of fruit. The big difference between Euclidean 

distances allows the use of this parameter as a factor 

that is able to indicate the authenticity of the content 

and to identify the company said processor. 
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