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OBJECTIVE 
Palm date (Phoenix dactylifera. L.) is a subtropical fruit that has 

been historically very popular in the Middle Eastern and North Africa 

regions due to its high nutritional value. In some countries, dates also 

play a fundamental role in the culture and in the local economy. The 

global market associated of the production and distribution of this fruit is 

around seven million tons per year. In Europe, most of the palm trees are 

used just as ornamental but, in some location where winters are not too 

severe; palms are also cultivated for its fruits. The main palm trees 

plantation in Europe is located at Elche (declared in 2000 World Heritage 

Site by the UNESCO) in the south east of Spain. The so called, Palm Grove 

of Elche produces around 5000 tons per year of palm dates with specific 

characteristics that made it different to the rest of plantations around the 

world. Among them, it can be noted that the palms are reproduced 

through seeds instead of propagation by offshoots, leading to a 

population of hybrids with a high genetic variability.  

Accurate knowledge about the chemical composition of dates is 

required in order to appreciate the nutritional value of this fruit and to 

reveal the potential differences between its different varieties and 

origins. Taking into account these considerations, the main objectives of 

this work are: 

1. To apply, develop and validate accurate, sensitive and fast 

methodologies for the chemical analysis of dates (fruit and seed). 

These analyses includes: (i) elemental content; (ii) alditols (Myo-

Inositol, Sorbitol); (iii) reducing sugar (Glucose, fructose); and, 

(iv) fatty acids. To this end, different analytical techniques 

including Inductively Coupled Plasma-Atomic Emission 

Spectroscopy (ICP-AES), Inductively Coupled Plasma-Mass 

Spectroscopy (ICP-MS), Fourier Transform-Raman Spectroscopy 

(FT-Raman), High Performance Anion Exchange Chromatography 

(HPAEC), Fourier Transform Infrared Spectroscopy (FTIR) and 

Gas Chromatography-Mass Spectrometry (GC-MS), were used. 

2. Using the palm dates chemical composition trying to perform a 

classification of this fruit attending to their origin and variety. To 
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this end, different chemometric techniques, univariate and 

multivariate analysis were employed. 
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OBJETIVO 
El dátil (Phoenix dactylifera. L.) es un fruto subtropical muy 

popular en Oriente Medio y Norte de África debido a sus propiedades 

nutricionales. En algunos países, los dátiles también juegan un papel muy 

importante en la cultura y en la economía local. El mercado global 

asociado a la producción y distribución del dátil es de alrededor de siete 

millones de toneladas por año. En algunos lugares de Europa, aquellos 

donde los inviernos no son muy severos, las palmeras son cultivadas, 

además de con fines ornamentales, también por sus frutos. El principal 

palmeral de Europa (declarado en el año 2000 Patrimonio de la 

Humanidad por la UNESCO) está localizado en Elche, al sureste de 

España. El Palmeral de Elche produce alrededor de 5000 toneladas de 

dátiles por año con unas características que los hacen diferentes a los 

obtenidos en las plantaciones del resto del mundo. Ello se debe a que la 

mayor parte de las palmeras se reproducen por semillas, lo que da lugar a 

una población de híbridos con elevada variabilidad genética. 

Con objeto de conocer las características nutricionales de los 

dátiles y las diferencias entre frutas de diferente origen y variedad es 

necesario disponer de información exacta acerca de su composición 

química. Teniendo en cuenta estas consideraciones, los objetivos del 

presente trabajo son los siguientes: 

1. Aplicar, desarrollar y validar metodologías exactas, precisas y 

rápidas para el análisis químico de los dátiles (fruto y 

semilla). Estos análisis incluyen: (i) contenido elemental; (ii) 

alditoles (myo-inositol y sorbitol); (iii) azúcares reductores 

(glucosa y fructosa); y, (iv) ácidos grasos. Para ello se 

utilizarán diferentes técnicas analíticas incluyendo: 

Espectroscopia de Emisión Atómica por Plasma Acoplada por 

inducción (ICP-AES), Espectroscopia de Masas con fuente de 

ionización de Plasma Acoplado por inducción (ICP-MS), 

Espectroscopia de Raman por transformada de Fourier (FT-

Raman), Cromatografía de intercambio aniónico de alta 

resolución (HPAEC), Espectroscopia de Infrarrojo  por 
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transformada de Fourier (FT-IR) y Cromatografía de gases-

Espectrometría de masas (GC-MS). 

2. Utilizar los datos obtenido acerca de la composición química 

de los dátiles para llevar a cabo una clasificación de estos 

frutos atendiendo a su origen y variedad. Para ello se 

emplearán diferentes Técnicas quimiométricas tanto 

univariantes como multivariantes. 
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I.1 PALM DATES: ORIGIN, VARIETY AND 
PRODUCTION 
Palm Dates (Phoenix dactylifera L.) are one of the most important 

fruit crops in the arid regions of the Arabian Peninsula, North Africa, and 

the Middle East Figure 1. During the past three centuries, dates were also 

introduced to new production areas in Australia, India / Pakistan, Mexico, 

Southern Africa, South America, and the United States. Dates are an 

important income source and staple food for local populations in many 

countries in which they are cultivated and have played significant roles in 

the economy, society, and environment of those countries (1). 

 Date palm is probably the most ancient cultivated tree in the 

world. The spreading of the date palm and its cultivation occurred during 

the past centuries following two distinct directions: (i) one starting from 

Mesopotamia to Iran, to reach the Valley of the Indus and Pakistan and; 

(ii) the other one starting from Egypt towards Libya, the Maghreb and 

Sahel countries (2). 

Date cultivation has had a very important influence on the history 

of the Middle East. Without dates, no large human population could have 

been supported in the desert regions. The caravan routes existed for 

centuries mainly for the transportation of dates. Early on, date cultivation 

became a sacred symbol of fecundity and fertility. Dates had great 

spiritual and cultural significance to the people of the Middle East. Date 

palms and culture are depicted on ancient Assyrian and Babylonian 

tablets, including the famous Code of Hammurabi, which contained laws 

pertaining to date culture and sales. References relating to date palms are 

also found in ancient Egyptian, Syrian, Libyan, and Palestinian writings 

(3, 4).  

There are over 2000 different date varieties (5). Some of the most 

cultivated varieties of dates are: Barhi, Dayri, Deglet Noor, Halawy, 

Hayani, Khadrawy, Khastawi, Maktoom, Medjool, Saidy, Sayer, Thoory, 

Zahdi, Amir Hajj, Migraf, Manakbir (6). According to variety and growth 

conditions, date fruits vary in shape, size, weight and colors (dark-brown, 

reddish, or yellowish-brown). Usually they are oblong in shape although 
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certain varieties may be almost round. Length and width may vary from 

18–110 mm to 8–32 mm, respectively and the average weight per fruit is 

about 2 to 60 grams (2).  

Date palm is one of the tree greatest producers of food per 

hectare, in fact, world dates production has increased from about 1.8 

million tons in 1961 to 2.8 million in 1985 and 5.4 million tons in 2001. 

The world total number of date palms is about 100 million, distributed in 

30 countries, and an average production between 2.5 and 4 million tons 

of fruit per year. If we look at the word distribution we find that Asia is in 

the first position with 60 million date palms (Saudi Arabia, Bahrain, UAE, 

Iran, Iraq, Kuwait, Oman, Pakistan, Turkmenistan, Yemen, etc.); while 

Africa is in the second position with 32.5 million date palms (Algeria, 

Egypt, Libya, Mali, Morocco, Mauritania, Niger, Somalia, Sudan, Chad, 

Tunisia, etc.). The major date producers in the world are situated in the 

Middle East and North Africa. Figure 2 and 3 show the distribution of 

date palm harvested area and production rates of the main palm date 

producers respectively. 

Mexico and the USA have 600,000 palms followed by Australia 

with 30,000 (2). In Europe (Spain) the palm grove of Elche is made up of 

about 180,000 adult date palms, in a total planted area that does not 

exceed 400 ha. The total date fruit production in Elche is estimated to be 

5,000 tons per year, of which only about 100 tons are sold for human 

consumption (7).  

World palm date imports varied greatly over the period from 

1961 to 2000, the major importing countries during 1998-2000 were as 

shown in Figure 4. India, United Arab Emirates and some European 

countries (France, Germany, Spain, Italy and the UK). The total value of 

European imports does, however, not reach the producing countries. 

France and UK had the major markets. 
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Figure 1. Geographical distribution of date palm in the world.
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Figure 2. Distribution of date palm harvested area by country in 2010 

(8). 

 

Figure 3. Production rates of the main palm date producers (8). 
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Figure 4. Import market share for selected countries (1998-2000) in 

terms of value. 

I.1.1 DATE PRODUCTION IN ELCHE’S PALM GROVE 

In southern Europe, the date palm is also cultivated for its fruits 

and leaves. The palm grove of Elche, Spain is the largest and best known.  

The date palm (Phoenix Dactylifera L.) groove of Elche is unique. Its 

creation at northern latitude, and its maintenance to the present 

represents a living testament to the historical Arabic-Berber presence in 

Spain from the 8th to 17th Centuries. Because of the cultural and historical 

value of this legacy, the Elche palm grove was declared a World Heritage 

Site by UNESCO in December 2000 (9). 

During the critical period for ideal date cultivation, the months of 

fruit maturation, temperatures in Elche are below the optimal level. This 

lack of heat can be expressed by the heat fructification index. Heat units 

were calculated by the multiplication of the monthly mean temperatures 

minus 18°C by the number of days of each month from pollination time to 

harvest time. Elche has 792 heat units as compared with 1,854 for 

Touggourt, Algeria, a typical date growing location (10). 

The temperature deficiency in Elche has some general 

consequences with regard to date fruit maturation. A portion of the fruit 

produced never reaches maturity or matures imperfectly so that it is 

unsuitable for human consumption. There is a high degree of 
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heterogeneity of fruit maturation on the same tree and within the same 

fruit bunch. It is common to find in the same bunch, fruits at the Kimri 

(green, hard) stage as well as the Khalal (red or yellow, hard) and Rutab 

(soft) stages. As a consequence, date fruits are generally harvested one by 

one. Date harvesting in Elche requires that an individual tree be climbed 

twelve to fifteen times to gather all the ripe dates. This increased labor 

cost is an important negative factor as far as profitability is concerned. 

Traditionally, an artificial technique is used to ripen the immature fruits 

when entire bunches are harvested at the same time. The immature dates 

are moistened with vinegar and kept in a closed environment for two 

days. The majority of the date palms grown in Elche are of the soft type 

when the fruit is ripe. The dates have to be picked at the appropriate time 

because they deteriorate rapidly and must be sold and consumed quickly 

since their shelf life is only two to five days (9). 

In Elche, the rare and interesting date palms for commercial fruit 

production represent uniquely different genotypes. Therefore research 

on date fruit technology makes sense because it parallels research on the 

propagation of these unique genotypes, as well as on the agricultural and 

farming systems that will make profitable the establishment of new date 

palm plantations (9). 

I.2 NUTRITIONAL CHARACTERISTIC OF DATES 
The date was used as food during the past 6000 years due to its 

remarkable economic and nutritional value in addition to their aesthetic 

and environmental advantages. Dates are especially delicious as a fresh 

fruit. When used in baking they provide superb taste to the final product. 

Dates are also used as a component in food preparations like sweets, 

snacks, ice cream, confectionery, baking products, institutional feeding 

and health foods, etc (2). 

Dates are an ideal complement to diet tonic, because of extra 

contribution in sugars and calories. Dates consist of 70% carbohydrates, 

most of which are in the form of sugars. In most varieties, the sugar 

content is almost entirely as inverted sugar, which is rapidly absorbed by 

the human body (11, 12, 13). The average content of fructose, glucose, 

and sucrose in fresh dates are 19.4, 22.8, and 4.03 g / 100 g respectively, 
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with a total average of 43.4 g / 100 g (11, 12). Compared to other fruits 

and foods (apricot: 520 cal/Kg; banana: 970 cal/Kg; orange: 480 cal/Kg; 

cooked rice: 1800 cal/Kg; wheat bread: 2295 cal/Kg; meat (without fat): 

2245 cal/Kg), dates provide more than 3000 cal/Kg. 

Dates were found to be rich sources of copper, potassium, and 

magnesium in the diet, as the consumption of 100 g of dates provides 

over 15% of the daily RDA/AI of these minerals. Moderate concentrations 

of manganese, iron, phosphorus, and calcium, per 100 g of dates; provide 

over 7% of the daily RDA/AI. The high potassium and low sodium 

contents in dates are desirable for people suffering from hypertension 

(14). USDA National nutrient database reported, that 100 g of these fruits 

contain an average of (0.8 μg) Se, (0.3 mg) Cu, (864 mg) K, and (43 mg) 

Mg (15). 

Dates are generally a moderate source of vitamin B2, B3, B6 and 

B9 as 100 g of dates provide over 9% of the daily RDA/AI for adults. 

Vitamins A, B1, and C are found in relatively low concentrations in dates, 

as 100 g of dates provide less than 7% of the daily RDA/AI. Dried fruits of 

plums, apricot, figs, raisins, and peaches contain, on average, 52 μg B1, 

136 μg B2, 2046 μg B3 and 1980 μg vitamin C per 100 g respectively (15). 

Therefore, compared to these dried fruits, dates are regarded as a 

reasonable source of vitamins, particularly vitamin C (3900 μg/100 g). 

Carotenoid concentration in dates is around (0.97 mg/100 mg). 

For other dried fruits, carotenoid concentrations ranging from 0.032 

mg/100 g for figs to 2.2 mg/100 g in apricot. Therefore, dates can be 

considered a moderate source of carotenoids. Although not all 

carotenoids act as provitamin A, dates are likely to contribute to the 

human requirement for vitamin A (15, 16, 17). 

Amino acids are also present in dates, mainly glutamic acid, 

aspartic acid, lysine, leucine, and glycine are the predominant ones in 

fresh dates (18). 

Anthocyanin, found only in some varieties of dates, specially the 

red ones, with an average content of 0.87 mg/100 g, the average content 

of phenols is 194 mg/100 g (19). Therefore, dates may also contain useful 

amounts of antioxidants. The antioxidant content of dried fruits ranged 

between 340 μmol/100 g, for apricot to 3383 μmol/100 g for figs. Thus, 
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in comparison with these fruits, dates are a good source of antioxidants. 

This finding is supported by other studies published on date antioxidants 

(20, 21). Although these researchers used different assays methods, 

which make the quantitative comparison invalid, (20) stated that the 

antioxidant and the antimutagenic activity in dates is potent and 

implicates the presence of compounds with potent free radical 

scavenging activity. Reported data by Guo et al. (21) indicate that dates 

had the second highest antioxidant value of 28 fruits commonly 

consumed in China, and Hawthorn fruit had the highest amount of 

antioxidants. The variation between samples could be due to varietal, 

extraction techniques and instrumental analysis. Unless there is a 

standard method for antioxidants analysis, such variation could exist. 

Dates also contain large amounts of dietary fiber. The total dietary 

fiber content in dates was about 7.5 g/100 g, and the recommended daily 

intake of total dietary fiber is (25 g/day) (22). It means that, 100 g of 

dates provide 32% of the recommended daily intake of dietary fiber. The 

high content of the insoluble fiber induces satiety and has a laxative effect 

due to increased stool weight. It therefore may reduce the risk of serious 

conditions such as bowel cancer, and diverticular disease (22, 23). 

Date seed constitutes between 10% and 15% of date fruit weight. 

At present, date seeds are used mainly for animal feed, whereas most is 

regarded as waste (24, 25). Nevertheless, date seed chemical composition 

suggests that date seeds could be used as a functional food ingredient 

(26-29). Thus, for instance, Ishrud et al. (30) have isolated glucomannan 

(i.e., a polysaccharide which can be used for control of cholesterol, 

diabetes and even obesity) in the seeds of Libyan dates. Recently the 

same author has characterized and evaluated the anticancer activity of a 

compound called β-D-glucan in Libyan date fruit (31, 32), obtaining 

highly promising results. 

Date seeds also contain relatively high amounts of protein (5.1 

g/100 g) and fat (9.0 g/100 g) compared to date flesh. They are a very 

rich source of dietary fiber (73.1 g/100 g), phenolics (3942 mg/100 g) 

and antioxidants (80400 μmol/100 g). 
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I.3 INSTRUMENTAL TECHNIQUES USED IN DATE 
ANALYSIS  
The nature of food samples and the specific reason for the 

analysis commonly dictate the choice of analytical methods. Speed, 

precision, accuracy, cost of equipment; specificity and durability often are 

key factors in this choice. The success of any analytical method relies on: 

(1) select and prepare samples, (2) perform the assay, and (3) calculate 

and interpret the results (33). 

Assessment of food quality has all along been in terms of 

wholesomeness, acceptability and adulteration. Many approaches have 

been worked out and subjected to comparative investigations. Their 

reproducibility, sensitivity, simplicity and feasibility for routine 

application have been critically evaluated in collaborative studies and the 

methods approved have been selected as official (34). 

The characterization of the composition of the date is very 

important from different points of view: nutritional, organoleptic and 

economical. Several techniques and methodologies have been proposed 

in the literature for chemical analysis of dates. During the last 20 years a 

total of 90 articles about the composition of dates, including 60 about 

fruit and 30 about seeds were published. Figures 5 and 6 show the 

instrumental techniques applied to the analysis of date palm (fruit and 

seed) according to the specific literature. As it can be seen in both figures, 

Atomic Spectrometry techniques (AAS), Inductively Coupled Plasma-

Atomic Emission Spectroscopy (ICP-AES), Inductively Coupled Plasma-

Mass Spectroscopy (ICP-MS) and Chromatographic techniques are 

dominant over the past two decades. Below will be described briefly each 

of the techniques used through the work. 
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Figure 5. Instrumental techniques used for analysis of date fruit (60 

references). 

 

Figure 6. Instrumental techniques used for analysis of date seed (30 

references). 

 

GC 
7% 

HPLC 
30% 

LC 
5% GLC 

1% NMR 
1% 

UV 
17% 

AAS 
30% 

ICP-MS 
2% 

ICP-AES 
7% 

GC 
10% 

HPLC 
7% 

GLC 
10% 

LC 
3% 

UV 
13% 

NIR 
3% 

NMR 
3% 

AAS 
44% 

ICP-AES 
7% 



General Introduction 21 

 

 

I.3.1 ATOMIC SPECTROSCOPY TECHNIQUES 

Atomic spectroscopy is a powerful technique for the quantitative 

analysis of elements in food and has played a major role in development 

of our current database of the mineral nutrients and toxins in food. 

Basically, any food can be analyzed with any of atomic spectroscopic 

techniques. When the atomic absorption spectrometers were used 

extensively in the sixties and seventies, the development of an atomic 

absorption method to measure exactly trace amounts of mineral 

elements in biological samples paved the way for unprecedented 

advances in fields as diverse as food analysis, nutrition, biochemistry and 

toxicology. 

In contrast to atomic absorption spectroscopy, the radiation 

source in atomic emission spectrometer is excited atoms or ions in the 

sample rather than an external source. The most common forms of 

atomic emission spectroscopy used in the analysis of food stuffs, 

including dates, are the atomic emission spectroscopy with flame 

atomization, where they were published several papers on the elemental 

analysis of dates (12, 19, 27, 35-41). The application of plasma as sources 

of excitation for atomic emission spectroscopy has enhanced the ability 

to measure the mineral composition of food and other materials with 

speed, precision and accuracy (37-49).  

I.3.2 CHROMATOGRAPHY 

As shown in Figure 5 and 6, the chromatographic techniques are 

the most used in date’s analysis because of its importance in the 

separation and identification of organic and inorganic components in the 

fruit and seed. 

The most usual chromatographic techniques in this field are the 

gas chromatography (GC), thin layer chromatography (TLC) and high 

performance liquid chromatography (HPLC). For example the GC has 

been widely used to determine fatty acids (35, 50, 51), amino acids (52) 

and sugars (50) 
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HPLC has been used successfully for determining the content of 

sugars (12, 36, 53-57)  carotenoids (57), phenols (58), amino acids (53), 

organic acids (17, 57) and aflatoxins (59, 60) in dates. 

I.3.3 MASS SPECTROMETRY 

Mass spectrometry has become a common technique in food 

analysis, especially as a detector coupled to different separation 

techniques. Thus, GC-MS has been used in the analysis of dates to 

determine different parameters such as volatile compounds (61), 

aromatic polycyclic hydrocarbons (62), fatty acids and lipids (63, 64) 

 The mass spectrometry coupled to inductively coupled plasma 

has become widely available only in the last decade, because of its recent 

use; few studies were published about analysis of element in palm dates 

with ICP technique (65-69). 

I.4 CHEMOMETRIC TECHNIQUES USED IN THE 
EVALUATION OF CHEMICAL PROFILE IN DATES 
Chemometrics has been defined as "a chemical discipline that 

uses statistical and mathematical methods to design or select optimum 

procedures and experiments and to provide maximum chemical 

information by analyzing chemical data". Chemometrics can be 

considered as a part of the wider field chemoinformatics, and has close 

relationships to bioinformatics. The most important part of it is still the 

application of multivariate data analysis to chemistry-relevant data. 

Chemical-physical systems of practical interest are often complicated and 

relationships between available (measurement) data and desired data 

(properties, origin) cannot be described by theory. Therefore, a typical 

chemometric approach is not based on "first principles" but is "data 

driven" and has the goal to create empirical models. A thorough 

evaluation of the performance of such models is essential for new cases. 

Multivariate statistical data analysis has been proven as a powerful tool 

for analyzing and structuring such data sets from chemistry and 

biochemistry (70). 
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Multivariate analysis techniques are popular because they enable 

organization to create knowledge and thereby improve their decision 

making. Multivariate analysis refers to all statistical techniques that 

simultaneously analyze multiple measurements on individuals or objects 

under investigation. Thus, any simultaneous analysis of more than two 

variables can be considered multivariate analysis. 

Data analysis involves the identification and measurement of 

variation in a set of variables, either among themselves or between a 

dependent variable and one or more independent variables. The key 

word here is measurement because the researcher cannot identify 

variation unless it can be measured. Measurement is important in 

accurately representing the research concepts being studied and is 

instrumental in the selection of the appropriate multivariate method of 

analysis (71). 

The main aim of multivariate analysis is to simplify and reduce 

the complexity of a collection of data in order to provide a complete and 

reasonably summary of the information laid in the collection data. 

The steps must be followed for this analysis as follows: (i) 

Exploratory analysis of data: The understanding of each of the variables 

separately is the main objective at this stage of the analysis. This study is 

carried out by using univariante descriptive statistics; (ii) bivariate 

statistics: this stage is intended to find out the relation between pairs of 

variables. The Pearson correlation is the most widely used; (iii) 

Multivariate analysis: its aim to analyze many variables at the same time.  

I.4.1 EXPLORATORY DATA ANALYSIS 

A boxplot (box-and-whisker) is often used for exploratory data 

analysis. It’ s a clever diagram for presenting just enough information to 

see the center, spread, skew, and length of tails in a data set. This graphic 

allows comparing many distributions in one Figure. A boxplot graphically 

displays the five-number summary, which contains the minimum value, 

first quartile, median value, third quartile, and maximum value. First, the 

upper and lower quartiles of the data distribution form the upper and 

lower boundaries of the box, with the box length being the distance 
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between the 25th percentile and the 75th percentile. The box contain the 

middle 50% of the data values and the larger the box, the greater spread 

(e.g., standard deviation) of the observations. The median is depicted by a 

solid line within the box. If the median lies near one end of the box, 

skewness in the opposite direction is indicated. The lines extending from 

each box called (whiskers) represented the distance to the smallest and 

the largest observation that are less than one quartile range from the box. 

Then there are the outliers (observations that range between 1.0 and 1.5 

quartiles away from the box) and extreme values (observation greater 

than 1.5 quartiles away from the end of the box) (72). 

I.4.2  ANALYSIS OF VARIANCE (ANOVA) 

ANOVA is the workhorse method of using statistics to compare 

means and determine the effects of influence factors on measurement 

results. ANOVA can decide if there is a significant effect caused by a factor 

for which we have any number of sets of data. ANOVA relies on an 

understanding of two things. First, how the variances of different 

components can be combined to give the overall observed variance of 

data. Second, a difference in means can lead to a spread of results of the 

combined data that can be detected in terms of an increased variance. As 

an example, consider an attempt to determine if there is a significant 

difference between the means of replicate analyses conducted by two 

methods. If the two methods have different means then the factor of the 

combined data will be increased by any differences arising from the 

methods.  ANOVA is powerful because it can determine if there is 

significant difference among a number of instances of the same factor. 

ANOVA allows us to obtain a probability of finding the observed data 

given that there is no effect of a particular influence factor (the null 

hypothesis in ANOVA tests). Following a significance test it is then 

possible to apportion the variance among the significant effects. ANOVA 

does not require the effects to be independent, but the data do need to be 

normally distributed (73). 
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I.4.3 PRINCIPAL COMPONENT ANALYSIS (PCA) 

Principal Component Analysis is a technique which takes a 

different viewpoint of multivariate data. In fact, PCA defines new 

variables, consisting of linear combinations of the original ones, in such a 

way that the first axis is in the direction containing most variation. Every 

subsequent new variable is orthogonal to previous variables, but again in 

the direction containing most of the remaining variation. The new 

variables are examples of what often is called latent variables (LVs), and 

in the context of PCA they are also termed principal components (PCs).  

The central idea is that more often than not high-dimensional 

data are not of full rank, implying that many of the variables are 

superfluous.  

 PCA is an alternative. It provides a direct mapping of high-

dimensional data into a lower-dimensional space containing most of the 

information in the original data. The coordinates of the samples in the 

new space are called scores. The new dimensions are linear combinations 

of the original variables, and are called loadings. The term Principal 

Component (PC) can refer to both scores and loadings. 

 PCA has many advantages: it is simple, has a unique analytical 

solution optimizing a clear and unambiguous criterion, and often leads to 

a more easily interpretable data representation.  

Once PCA has defined the latent variables, one can plot all 

samples in the data set while ignoring all higher-order PCs. Usually, only 

a few PCs are needed to capture a large fraction of the variance in the 

data set (although this is highly dependent on the type of data). That 

means that a plot of (the scores of) PC1 versus PC2 can already be highly 

informative. Equally useful is a plot of the contributions of the (original) 

variables to the important PCs. These visualizations of high-dimensional 

data perhaps form the most important application of PCA (74).  

The main steps in the analysis of principal component are: (i) Selection of 

variables; (ii) Retention of the components; (iii) Getting the structure 

coefficients; (iv) Rotation of the structure coefficients (if it retains more 

than one component); (v) Interpretation of the final solution (retained 

the structure coefficients components). 
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I.4.4 CLUSTER ANALYSIS 

Cluster analysis (CA) is a method for dividing a group of objects 

into classes so that similar objects are in the same class. As in PCA, the 

groups are not known prior to the mathematical analysis and no 

assumptions are made about the distribution of the variables. Cluster 

analysis searches for objects which are close together in the variable 

space. The distance (d) between two points in n-dimensional space with 

co-ordinates X and Y is usually taken as the Euclidian distance. 

There are a number of methods for searching for clusters. One 

method starts by considering each object as a ‘cluster’ of size one, and 

compares the distances between these clusters. The pair of points which 

are closest together are joined to form a new cluster. The distances 

between the clusters are again compared and the two nearest clusters 

combined. This procedure is repeated and, if continued indefinitely, will 

group all the points together. There are a variety of ways of computing 

the distance between two clusters which contain more than one member. 

Conceptually the simplest approach is to take the distance between two 

clusters as the distance between nearest neighbors. This is called the 

single linkage method. The successive stages of grouping can be shown 

on a dendrogram. The vertical axis can show either the distance between 

two points when they are joined, or alternatively, the similarity, where 

the distance is the maximum separation between any two points. The 

resulting diagrams look the same but their vertical scales differ. The stage 

at which the grouping is stopped, which determines the number of 

clusters in the final classification, is a matter of judgment for the person 

carrying out the analysis. The CA method described here is hierarchical; 

meaning that once an object has been assigned to a group the process 

cannot be reversed. For non-hierarchical methods the opposite is the 

case. One such methods is the k-means method which is available; this 

starts by either dividing the points into k clusters or alternatively 

choosing k ‘seed points’. Then each individual point is assigned to the 

cluster (or seed point) whose centroid is nearest. When a cluster loses or 

gains a point the position of the centroid is recalculated. The process is 

continued until all the points are in the cluster whose centroid is nearest. 
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This method has the disadvantage that the final grouping reflects the 

initial choice of clusters or seed points. Another disadvantage is that the 

value of k has to be chosen in advance. Many methods have been 

suggested for deciding on the best value of k but none of them is really 

satisfactory (75). 

I.4.5 LINEAR DISCRIMINANT ANALYSIS (LDA) 

Discriminant Analysis is the generic name for a collection of 

statistical procedures used to distinguish between two or more groups of 

samples which are established a priori. For each case, a series of variables 

(discriminant) are measured assuming that each group could be different, 

with and objective of finding a set of lineal combinations of these 

discriminant variables that maximize the difference between groups. 

These lineal combinations are called discriminant functions. Through 

these discriminant functions, classification functions are calculated 

subsequently that allow assigning an unknown sample to one of the 

established groups.  

The major steps of the descriptive discriminant analysis will be 

mentioned below. 

I.4.5.1 Selection of variables 

When there are a large number of discriminant variables or a 

discriminant analysis is used from an exploratory point of view, variable 

selection methods can be employed. Through these methods, entering or 

leaving variables from the analysis depend on certain criteria. The 

process will be more or less elaborate depending on previous 

information that is available on the research problem. 

I.4.5.2 Significance of the discriminant functions 

The dimensionality of the differences between the groups is an 

important characteristic of the discriminant analysis. The differences can 

be explained by one or more dimensions. When there are two unique 

groups, only one dimension can exist. In the case that in a certain 
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discriminant analysis, n dimensions could be present; when solving the 

equations of the discriminant analysis, a first linear combination is found 

to explain the differences between the groups that produces the 

maximum values for the discriminant criterion λ1 (of any of 

possible linear combinations of the "p" discriminating variables). Then 

there is a second linear combination with criterion λ2 which explains the 

maximum possible difference that didn’t explain the first combination 

and it is not correlated with it. This procedure is repeated till forming the 

"n" possible linear combinations. Those linear combinations are called 

discriminant functions. Through the determination of a number of 

discriminant functions, the dimensionality of the differences between the 

groups can be obtained.  

The significance in the discriminant analysis is performed using a 

residual discrimination process, i.e. the ability of the function to 

discriminate without using the information that was already been 

extracted by the previous functions. Therefore, the process undergoes the 

following sequence: (i) global significance (with all functions); (ii) global 

significance without the first discriminant function; (iii) global 

significance without the first two functions; and (iv) continue until the 

total number of significant functions. 

I.4.5.3 Interpretation of the discriminant functions  

One way to interpret the discriminant functions is to know the 

relative contribution of each variable to the corresponding function. To 

eliminate the false effect produced by using different unit measurements 

to find the linear combinations, we must compare the typical coefficients. 

The typical coefficients indicate the relative contribution from 

each variable to the corresponding function. For example, if the typical 

coefficient of variable p is dp in function 1, it means that for each unit that 

varies the variable p, the function 1 changes by dp units. These 

coefficients can be interpreted directly or can be compared with those of 

the other variables. 

Another type of coefficient that evaluates the importance of the 

variables is the structure coefficient which measures the correlation 
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between each discriminant function and each discriminant variable. 

Observing which variables are most correlated with the functions, it is 

possible to give an interpretive explanation to discriminant functions. 

The coefficient structure is more stable than the typical coefficient and 

presents an advantage that varies between -1 and +1. 

Each type of coefficient provides different information that can be 

used in a complementary manner or can serve to indicate suppressor 

variables or redundant variables through the comparison of both 

coefficients. 

A suppressor variable in the discriminant analysis is a variable 

that has little or no correlation with the discriminant function, but it has a 

large typical coefficient because it is correlated with other discriminating 

variables in some ways. A redundant variable is related to the 

discriminant function but its discrimination is almost entirely explained 

by other discriminant variables. 

When the typical coefficient is substantially less than the 

structure coefficient and both have the same sign, the variable is 

redundant. On the other hand, when the typical coefficient is 

considerably higher than the structure coefficient and has the same or 

different sign, the variable is suppressed. 

I.4.5.4 Interpretation of the groups in the discriminant 

space 

The typical coefficients are used to determine the relative 

position of the samples and the centroids of the established groups 

(averages of groups in the discriminant space). The significant 

dimensions interpreted involve a space in which you can put the samples 

and the groups. 

To find the position of a sample in this space, a linear combination 

of the scores on the discriminant variables and non-typical coefficients 

are found. Once the scores of the samples are obtained, the averages of 

the groups are easily found (the centroids group). 

The process of adjusting the coefficients does not change the 

discrimination or the relative position of the groups but the axes are 
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moved to a better position to make an interpretation, changing the origin 

of the discriminant functions to match the global centroid. The global 

centroid is the point in space that represents the average of all variables 

for all the samples. This axes movement allows determining the location 

of each sample and each centroid with respect to the center of the system. 

If the centroids are represented of the groups, their location can be 

observed with respect to the functions. 

I.4.5.5 Collection and interpretation of the 

classification functions 

The classification table is a crossed frequencies and percentages 

where an entry represents the real group to which the samples belong to, 

and another entry, a group where it is predicted that these samples will 

belong to once the statistical analysis is performed. 

This Table measures the global goodness of the model, as it 

provides the percentage of good and bad samples classified in each group 

and the global percentage of samples correctly classified. The closer the 

percentage of the well classified samples becomes to 100%, the better 

will be the overall adjustment to the model and the best are the 

predictions to classify the samples of unknown group membership 

When using the discriminant analysis to classify samples to 

groups, the classification functions of Fisher are used. The classification 

features provide a function for each group. For each sample, the scores 

are calculated in that function, and is classified to the group of higher 

score. 

For each sample, scores on the function of a group is a weighted 

sum of the scores on the discriminant variables.  Also, it is possible to use 

the probability that a sample could belong to a given group and assign the 

sample to the group with higher probability (76) . 
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II.1.1 ABSTRACT 

A robust method based on high pressure microwave acid sample 

digestion and detection by Inductively Coupled Plasma based techniques 

(i.e. Atomic Emission Spectrometry (ICP-AES) and Mass Spectrometry 

(ICP-MS)), has been proposed for elemental trace and ultratrace date 

analysis (fruit and seed). The analytical figures of merit indicate that the 

method is accurate, shows a reasonable reproducibility and enough 

sensitivity. The multivariate analysis of the results obtained during the 

analysis of thirteen date samples of different origins and varieties allows 

the classification of the dates from the southern of Spain in a group 

different of the rest of origins and varieties when using Principal 

Component Analysis, whereas Discriminate Analysis is able to classify all 

samples from the same region in the correct group. 

 

Keywords: Dates (fruit and seed); Inductively Coupled Plasma; Atomic 

Emission Spectrometry; Mass spectrometry; Microwave; Multi-element 

analysis; Multivariate analysis; Origin classification. 

II.1.2 INTRODUCTION 

The date palm (Phoenix dactylifera L.) is a significant member of 

the Palmacea family producing a staple food for millions of people in the 

arid and semi-arid regions of the world (77). The total number of date 

palm trees is approximately 105 million covering an area of 800,000 ha 

distributed throughout the Middle East, Africa, Southwest USA, Central 

and South America and even Southern Europe (Spain and Italy) (31), 

being the main producing countries Egypt, Saudi Arabia, Iran, Iraq, United 

Arab Emirates (UAE) and Pakistan (2). More than 2000 date varieties are 

described (5), but only a reduced group of them has interest from a 

commercial point of view (Deglet Noor, Medjool, Barhi, Dayri, Halawy, 

Hayany, Khadrawy, Khastawi, Maktoom, Saidy, Sayer, Thoory, Zahdi, 

Amir Hajj, Migraf, Manakbir) (6). The total world production of dates in 

2004 was 6.9 million tonnes (78) 
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The main palm trees plantation in Europe, with more than 

200,000 plants, is placed at the southern of Spain in the town of Elche 

(declared in 2000 World Heritage Site by the UNESCO). The, so called, 

Palm Grove of Elche has some specific characteristics that made it 

different to the rest of plantations around the world. Among them, it can 

be remarked that: (i) except one place in Turkmenistan, is the northern 

locality (38° N) for date production purposes; (ii) the palms are 

reproduced through seeds instead of propagation by offshoots, leading to 

a no varieties but a population of hybrids with a high genetic variability 

(79) and (iii) is located 15 Km from the Mediterranean sea and 82 m 

height over the sea level.  

Date fruit is composed of a fleshy pericarp and a seed which 

constitutes between 10 and 15% of the total date weight (24) and is 

considered a waste product of many date processing plants producing 

pitted dates, date syrup and date confectionery. Nowadays seeds are used 

mainly for animal feeds in the cattle, sheep, camel, and poultry industries. 

Several studies about the composition of the date flesh (12, 37, 

80-82) and seeds (27, 28, 48, 50, 81, 83) have been reported, being most 

of them focused on sugars composition (2, 12, 13) It is also commonly 

accepted that dates are an excellent source of essential and non-essential 

elements for humans (84), being Na, K, Mg and Ca the major elements 

whereas Fe, Zn, Cu or Se the main traces (11, 12, 15, 37, 39, 85, 86). As 

regards to the elemental concentrations, the reported data (Table A1 and 

A2, Appendix) cover a wide concentration range (up to two orders of 

magnitude) irrespective to the element, the variety or the sample 

geographical origin: Na (1 - 261 mg/ 100 g), K (345 - 1287 mg/ 100 g), 

Mg (25 - 150 mg/ 100 g), Ca (5 - 206 mg/ 100 g), Zn (0.02 - 0.6 mg/ 100 

g) and Cu (0.01 - 0.8 mg/ 100 g). Selenium represents a special case, 

because it is considered an essential element but toxic when present at 

high concentrations in foods. Thus, for humans the recommended daily 

intake of Se is around 50 µg and doses larger than 200 µg are considered 

toxic. Exceeding the Tolerable Upper Intake Level of 400 µg per day can 

lead to Selenosis. Some authors indicate that Selenium is present in dates 

in significant amounts 240-530 µg/100g (85, 86) whereas others 

reported concentrations around 2 µg/100g of this element in dates of the 
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same region (67, 87). The United States Department of Agriculture 

reported in the Nutrient Database a Selenium concentration of 3 µg/100g 

for the Deglet Noor variety. In the United Arab Emirates the average daily 

consumption of dates per capita is 114,3 g (88) and, hence, the daily 

intake of Selenium is close to the Tolerable Upper Intake Level if the 

concentration is the reported by some authors, but far of this toxic level if 

the real concentration is the reported more recently by others. This lack 

of homogeneity in the reported data must be related to the sample 

characteristics (variety, origin, etc.) or the analytical methodology 

employed. It is accepted that fruits elemental composition mainly 

depends on: variety, ripeness stage and geographical origin but, in this 

case, the ripeness stage was virtually the same in all cases (Khalaal) and 

some varieties appear frequently in most works (Barhi, Khalas, Khuneizy 

and Deglet Noor). As regards to the geographical origin, (Table A1, 

appendix) in more than 60% of the studies dates were from a 

geographical region, with similar weather and geological origin: Saudi 

Arabia, United Arab Emirates and Oman. Hence, the source of the data 

discrepancy previously mentioned should be related, in most cases, to the 

analytical techniques and/or the methods employed, including the 

sample preparation step rather than sample characteristics. 

The most common pre-treatment employed for the elemental 

analysis of dates is the sample ashing at temperatures around 500 °C and 

the subsequent solution of the mineral residues using different acids, 

mainly hydrochloric. The proposed methods are reagents and time 

consuming and, in general, they do not asses the fully digestion of the 

sample. Hence, a filtration step is mandatory. In addition, there is an 

important lack of analytical information (robustness, recoveries, limits of 

detection, etc.) in the literature. Sample treatment by microwaves is 

characterized by high temperatures and pressure at which the digestion 

of the sample is efficiently carried out in a short period of time and using 

small amounts of reagents. Therefore, this methodology appears to be an 

ideal treatment procedure for the elemental palm date analysis (fruit 

and/or seed). Nevertheless, Ali-Mohamed and khamis (47) used this 

methodology for the determination of mineral ion content in Bahraini 

palm date seeds. Unfortunately, a detailed description of the 
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experimental conditions employed during the digestion process was 

absent. 

Atomic Absorption Spectrometry (AAS) has been mainly 

employed for elemental date analysis, in both modes, Flame (FAAS) or 

Electrothermal Atomization (ETAAS). AAS is a well established technique 

for major elements, but it is important to note that (except ETAAS) it is 

inadequate for the quantification of ultratrace elements found in dates. In 

addition, it is a time and sample consuming technique due to its mono-

elemental nature. Most of the drawbacks shown by AAS are solved by 

Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) 

because it is a multielemental technique, has lower limits of detection, a 

wide linear range and it is almost free of interferences. In spite of these 

advantages ICP-AES has been scarcely employed. Inductively Coupled 

Plasma Mass Spectrometry (ICP-MS) shows similar advantages that ICP-

AES, but improves significantly the limits of detection. Nowadays, ICP-MS 

is widely employed for routine analysis of elemental traces and 

ultratraces in all kind of samples. Nevertheless, it has been employed only 

one time for date analysis by (69). The Instrumental Neutron Activation 

(INNA) (41, 44) also solves part of the drawbacks of FAAS previously 

mentioned but still a very unusual technique in analytical laboratories. 

Taking into account the comments made above, it seems to be 

clear that robust, sensitive, accurate and reproducible methodologies for 

trace element analysis in dates are required. The aim of the present work 

is to propose and validate a robust method using microwave sample 

digestion and Inductively Coupled Plasma based techniques (ICP-AES or 

ICP-MS) for the elemental analysis of dates (fruit and seed) of different 

varieties and geographical origin. Attending to the obtained results, a 

comparison between samples will be performed using multivariate 

analysis. 
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II.1.3 EXPERIMENTAL  

II.1.3.1 Reagents 

High purity water (i.e. with conductivity lower than 18 MΩ·cm−1) 

obtained from a Milli-Q water system (Millipore Inc., Paris, France) and 

nitric acid (trace select TM, Fluka Chemie GmbH, Switzerland) were used 

throughout the work. 

Standards were prepared in nitric acid 10% (w/w) using a 

multielement stock solution (ICP Merck IV, Merck, Darmstadt, Germany) 

and also including Sc, In and Re (J.T. Baker, Deventer, Netherlands) as 

internal standards. 

II.1.3.2 Samples 

Thirteen date samples of different varieties and origins obtained 

from local markets were analysed: six from Spain (Elche); three from 

Israel (Medjool, Hayani and Barhi), one from Tunisia (Deglet Noor), Saudi 

Arabia (Perny), Algeria (Deglet Noor) and one unknown variety from Iran 

as shown in Figure 7. 

II.1.3.3 Sample pre-treatment 

Seeds of freshly received dates were directly isolated. Flesh 

samples were washed thoroughly in running tap water and seeds were 

soaked in water, washed to free them of any adhering dates flesh and, 

finally, both flesh and seed were rinsed with distilled water and air-dried. 

Samples were stored in closed polyethylene plastic bags at −21 °C. 

Date flesh samples were lyophilized (TELSTAR: CRYODOS-80, 

Telstar, Terrassa, Spain): temperature -69.8 °C, vacuum 1.2х10-3 bar, for 3 

days. Seeds were air dried since no differences were observed when 

compared to lyophilized seeds. Dried samples (dates and seeds) were 

grinded with carbide coated blades to avoid any contamination with 

metal (IKA-Werke GmbH & Co. KG, Staufen, Germany). The ground 

homogeneous samples were stored in properly tagged clean polyethylene 

bottles at −21 °C. 
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Elche  1 Elche  2 Elche  3 Elche 4 

    

Elche 5 Elche 6 Tunisia Deglet 

Noor 

Algeria Deglet 

Noor 

   

 

 

Israel Medjool Israel Hayani Israel Barhi Saudi Arabia 

Perny 

  

Iran 

Figure 7. Photographs of all dates samples (flesh and seeds) analyzed in 

the present work. 
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Previous to the elemental characterization by ICP-AES or ICP-MS, 

a microwave–assisted digestion step was carried out using a microwave 

system (Model MARS 5, CEM Corporation, Matthews, USA). To avoid 

cross-contamination, Teflon digestion vessels were carefully cleaned with 

nitric acid. Aliquots of 0.5 g of homogenised samples (dates and seeds) 

were treated with 10 mL of concentrated HNO3 in a Teflon vessel (model 

xp-1500 plus, CEM Corporation, Matthews, USA). Table 1 shows the 

experimental conditions employed. After cooling to room temperature, 

reactors were opened to eliminate nitrous vapours; the remaining 

solution was diluted to 25 mL. Five replicates were done for all samples. 

Table 1. Experimental conditions employed. 

Microwave digestion programme 

Power (W) 1200 

Ramp (min) 10 

pressure (psi) 300 

Temperature (°C) 200 

Hold (min) 10 

ICP-AES and ICP-MS operating conditions 

 ICP-AES ICP-MS 

Plasma forward power (W) 900 –1300 1350 

Argon flow rate 

(L/min) 

Plasma 15 14 

Auxiliary 0.2 0.92 

Nebulizer 0.8 - 0.6 0.82 

Sample uptake rate (mL/min) 1 0.8 

View Axial - 

Number of replicates 3 3 

Scanning mode - Peak Jump 

Points per Peak - 3 

Dwell time (µs) - 15000 

Number of sweeps - 40 
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II.1.3.4 Instrumentation 

Na, Mn, Mg, Ca, Fe, Cu, Sr, Zn, Na and K were determined by ICP-

AES, (model Optima 4300DV, Perkin–Elmer, Shelton, CT, USA). Li, Cr, Co, 

Ni, Cd, Ba, Pb, V, As and Se were determined by ICP-MS (model VG PQ-

Excell CCT, Thermo Elemental, Winsford, Cheshire, UK). Internal standard 

calibration was employed in both techniques. Sc was used in ICP-AES and 

Sc, In and Re in ICP-MS. Table 1 shows the operating conditions employed 

in both techniques ICP-AES and ICP-MS. 

C, H and N were determined by elemental analysis (Flash EA 

1112, Thermo Finnigan, Winsford, Cheshire, UK). Samples were precisely 

weighed into lightweight tin capsules and dropped at preset times into a 

combustion tube (at 1000 °C) through which a constant stream of helium 

is maintained. Just prior to sample introduction the helium stream was 

replaced by pure oxygen for a brief period. The sample was 

instantaneously burned followed by intense oxidation of the tin capsule 

at 1800 °C (flash combustion). The resulting combustion gases were 

passed over catalysts to ensure complete oxidation and absorption of 

halogens, sulphur and other interferences. Excess oxygen was removed 

as the gases are swept through a reduction tube containing copper at 650 

°C. Any nitrogen oxides were reduced to nitrogen gas. Finally the gases 

were separated on a chromatographic column into nitrogen (N), carbon 

dioxide (C) and water vapour (H) and quantitatively measured by a 

thermal conductivity detector (TCD). Acetanilide (certified values: H = 

6.71%, C = 71.09% and N = 10.36%) was used for calibration. 

II.1.3.5 Statistical analysis 

Box plot univariate analysis, principal component analysis (PCA), 

Hierarchical Cluster Analysis (HCA) and discriminate analysis (DA) were 

performed using SPSS® (v.17, IBM software). 
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II.1.4 RESULTS AND DISCUSSION 

II.1.4.1 Analytical figures of merit 

The proposed method has been evaluated in terms of selectivity, 

linearity, accuracy, precision and limits of detection. 

The method was found free of interferences (both spectral and 

non-spectral) and studies of the signal linearity in ICP-AES indicate that 

the instrument response is linear from 0.025 to 200 mg/L for all the 

elements tested whereas in ICP-MS linearity covers the 0.05 to 100 µg/L 

range. In both cases correlation coefficients for all elements tested were 

found in the 0.9991 - 0.9999 range. 

Precision of the method was estimated using the relative standard 

deviation (RSD) obtained during the determination of the elements 

present in the date samples (both seeds and fruits) results are shown in 

Table 2. RSD values for most of the tested elements do not exceed 6-7%. 

Only in the case of Cd in fruit the RSD values obtained were above 10%, 

probably due to its low concentration (i.e. <0.010 mg/L). 

The accuracy of the data reported was evaluated by means 

recovery tests. To this end, a certain amount of each element of interest 

was added prior to mineralization to four different samples (fruit and 

seed). The experiments were performed by quintuplicate and average 

results (confidence level of 95%) were always close to 100%, ranging 

between 93±7% for strontium in seeds to 109±5% for copper in fruit as 

show in Table 3. 

Limits of detection and quantification for all the elements 

measured in both ICP techniques were also estimated using the 3 and 10 

times signal blank standard deviation criteria respectively. The estimated 

values are included in Table 4.  
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Table 2. Relative standard deviation (RSD) of different elements present 

in date seeds and fruits. 

Element % RSD fruit % RSD Seed 

Ba 4 4 

C 1,3 2 

Ca 2 5 

Cd 11 5 

Co 4 4 

Cr 4 4 

Cu 5 6 

Fe 4 4 

H 2 5 

Li 3 2 

K 2 3 

Mg 2 2 

Mn 4 4 

N 6 5 

Na 3 3 

Ni 3 4 

Pb 5 4 

Sr 5 7 

V 4 6 

Zn 5 5 
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Table 3. Recovery test in ICP-AES. 

Elements fruits (%)* seeds (%)* 

Mn 108 ± 2 105 ± 7 

Mg 102 ± 3 97 ± 2 

Ca 96 ± 5 103 ± 2 

Fe 108 ± 2 104 ± 7 

Cu 109 ± 5 107 ± 6 

Sr 94 ± 5 93 ± 7 

Zn 106 ± 4 105 ± 2 

* Results expressed as x ±(tS)/√n, where x is the mean value, s is the standard 

deviation, t  is the t-student for confidence level of 95% (for n-1) n is the number 

of replicates (5). 

 

Table 4. Limits of detection and quantification in ICP-MS. 

Element LODх103 (mg/Kg) LOQх103 (mg/Kg) 

Li 1 7 

V 3 8 

Cr 5 20 

Co 13 40 

Ni 5 36 

As 12 38 

Se 24 106 

Cd 0.5 2 

Ba 1 9 

Pb 5 17 

 

 

 

 



48 Chapter 1 

 

II.1.4.2 Elemental content 

Tables 5-8 show the results obtained during the elemental 

characterization of the 13 samples of fruits (Tables 5 and 6) and seeds 

(Tables 7 and 8). In general terms, and according to their concentration 

levels, elements measured can be divided into four different groups: (i) 

major elements with concentrations higher than 1000 mg/Kg: C, N, H and 

K; (ii) minor elements, concentrations higher (or around) than 100 

mg/Kg: Ca, Mg and Na; (iii) trace elements with concentrations below 10 

mg/Kg: Fe, Mn, Cu, Sr and Zn and finally; (iv) ultratrace elements found in 

concentrations below 1 mg/Kg: As, Ba, Cd, Co, Li, Ni, Pb, Se, Sr, and V. 

As it can be observed in Table 4, the limits of detection and 

quantification of the method, except for As and Se in fruit samples and As, 

Cd and Li in seeds, are low enough to allow the accurate quantification of 

the measured elements. 

As it has been previously stated, selenium is an element that 

shows severe discrepancies in the literature. Thus, for instance Al-Farsi et 

al., (85) using ETAAS reported concentrations around 4 mg/Kg for three 

date samples. Also Al-Shahib and Marshall (81) reported selenium 

concentrations ranging 1 to 3 mg/Kg for different date varieties. Our 

results, obtained in ICP-MS, are in agreement with those reported using 

instrumental techniques with low matrix effects (ICP-AES (67) or INAA 

(41, 44)). These results confirm that the judicious selection of the 

technique and calibration methodology followed by the mandatory 

experimental methodology validation is the main key to guarantee 

accurate results. 

Although the high variability shown by the results reported in the 

literature does not allow an accurate comparison, results in Tables 5-8 

are, in general terms, in agreement with those previously reported on 

different date varieties (2, 35, 38, 48, 49, 51, 67, 85, 89). 
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Table 5. Element concentration in fruit flesh of samples from Elche (Spain) (mg/Kg). 

 Elche 1 Elche 2 Elche 3 Elche 4 Elche 5 Elche 6 

C 392000 ± 1000 381000 ± 10000 380000 ± 20000 390000 ± 20000 381000 ± 8000 377000 ± 8000 

H 68000 ± 5000 70000 ± 2000 67000 ± 1000 71000 ± 5000 68000± 4000 69000 ± 3000 

N 5100 ± 400 7000 ± 500 6130 ± 140 6100 ± 800 4300 ± 600 6800 ± 900 

K 6940 ± 160 5000 ± 160 5590 ± 190 5140 ± 150 7470 ± 170 4600 ± 100 

Ca 787 ± 8 1090 ± 30 931 ± 7 459 ± 10 527 ± 10 536 ± 17 

Mg 709 ± 10 763 ± 9 857 ± 11 508 ± 9 615 ± 9 394 ± 8 

Na 127 ± 3 139 ± 3 119 ± 2 106 ± 4 129 ± 2 265 ± 6 

Fe 5.7 ± 0.2 6.1 ± 0.4 4.1 ± 0,2 4.4 ± 0.2 2.25 ± 0.14 4.3 ± 0.3 

Cu 5.5 ± 0.5 6.1 ± 0.4 2.9 ± 0.2 2.7 ± 0.2 2.12 ± 0.08 2.6 ± 0.2 

Sr 2.79 ± 0.14 9.1 ± 0.6 13.0 ± 0.4 3.4 ± 0.3 1.64 ± 0.07 2.3 ± 0.2 

Mn 2.7 ± 0.2 2.4 ± 0.2 1.91 ± 0.09 1.34 ± 0.08 2.19 ± 0.09 1.94 ± 0.09 
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Table 5. Element concentration in fruit flesh of samples from Elche (Spain) (mg/Kg). (Cont.) 

 Elche1 Elche 2 Elche 3 Elche 4 Elche 5 Elche 6 

Zn 4.3 ± 0.2 5.8 ± 0.6 2.97 ± 0.14 4.1 ± 0.3 2.25 ± 0.13 3.4 ± 0.3 

As < LOQ < LOQ 0.051 ± 0.003 < LOD < LOQ < LOD 

Ba 0.198 ± 0.009 0.0333 ± 0.0012 0.0370 ± 0.0014 0.0322 ± 0.0013 0.126 ± 0.004 0.032 ± 0.002 

Cd 0.010 ± 0.0005 0.0048 ± 0.0004 0.0025 ± 0.0003 0.0037 ± 0.0003 0.0131 ± 0.0010 0.0022 ± 0.0006 

Co 0.087 ± 0.003 0.0478 ± 0.0014 5.1 ± 0.2 0.115 ± 0.008 0.396 ± 0.009 0.154 ± 0.007 

Cr 0.060 ± 0.004 0.123 ± 0.002 0.078 ± 0.003 0.061 ± 0.003 0.103 ± 0.004 0.073 ± 0.005 

Li 0.0441 ± 0.0011 0.056 ± 0.002 0.054 ± 0.002 0.032 ± 0.002 0.0184 ± 0.0010 0.0273 ± 0.0006 

Ni 0.230 ± 0.008 0.70 ± 0.02 0.379 ± 0.009 0.255 ± 0.008 0.197 ± 0.006 0.2496 ± 0.0114 

Pb < LOQ < LOQ 0.0240 ± 0.0008 < LOD 0.135 ± 0.004 < LOD 

Se < LOQ < LOQ < LOQ < LOD < LOD < LOQ 

V 0.0115 ± 0.0007 0.0122 ± 0.0009 0.0085 ± 0.0004 0.0070 ± 0.0004 0.0084 ± 0.0002 < LOQ 
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Table 6. Element concentration in fruit flesh of samples from imported varieties (mg/Kg). 

 
Tunisia Deglet 

Noor 

Algeria Deglet 

Noor 
Saudi Arabia Iran Israel Barhi Israel Medjool Israel Hayani 

C 371000 ± 8000 361000 ±13000 370000 ±10000 351000 ±11000 340000 ±13000 360000 ±11000 371000 ± 2000 

H 65800 ± 400 68000 ± 2000 69000 ± 5000 72400 ± 1600 71500 ± 1100 70600 ± 1100 73900 ± 1200 

N 5300 ± 600 4000 ± 900 4400 ± 700 4740 ± 120 5100 ± 500 4700 ± 300 5640 ± 180 

K 3800 ± 60 3900 ± 140 4900 ± 50 3800 ± 140 4370 ± 90 4900 ± 100 3500 ± 100 

Ca 261 ± 14 299 ± 12 284 ± 8 1000 ± 20 872 ± 30 367 ± 9 249 ± 9 

Mg 272 ± 8 358 ± 12 262 ± 13 960 ± 30 1150 ± 30 458 ± 17 266 ± 15 

Na 115 ± 7 196 ± 8 136 ± 5 109 ± 6 92 ± 4 208 ± 8 109 ± 3 

Fe 2.3 ± 0.2 2.83 ± 0.11 3.2 ± 0.2 16.1 ± 0.8 14.0 ± 0.4 1.98 ± 0.11 2.10 ± 0.10 

Cu 0.66 ± 0.02 0.98 ± 0.07 1.64 ± 0.12 5.4 ± 0.4 7.2 ± 0.2 1.6 ±0.2 1.97 ± 0.11 

Sr 1.07 ± 0.07 1.76 ± 0.10 1.36 ± 0.08 14.8 ± 0.8 3.6 ± 0.2 1.67 ± 0.10 2.6 ± 0.2 

Mn 1.21 ± 0.06 1.94 ± 0.09 1.60 ± 0.08 5.88 ± 0.13 7.04 ± 0.09 3.05 ± 0.10 1.04 ± 0.05 
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Table 6. Element concentration in fruit flesh of samples from importated varieties (mg/Kg). (Cont.) 

 
Tunisia Deglet 

Noor 

Algeria Deglet 

Noor 
Saudi Arabia Iran Israel Barhi Israel Medjool Israel Hayani 

Zn 1.39 ± 0.10 1.56 ± 0.12 2.1 ± 0.2 12.6 ± 0.4 10.9 ± 0.4 1.85 ± 0.10 2.1 ± 0.2 

As < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

Ba 0.023 ± 0.002 < LOQ < LOD 0.032 ± 0.002 < LOQ 0.025 ± 0.002 0.0333 ± 0.0013 

Cd 0.0035 ± 0.0010 < LOD < LOD < LOQ < LOQ < LOQ < LOQ 

Co 0.038 ± 0.002 0.0260 ± 0.0007 0.056 ± 0.006 0.102 ± 0.005 0.062 ± 0.003 0.0392 ± 0.0010 0.0257 ± 0.0008 

Cr 0.0153 ± 0.0010 0.0231 ± 0.0005 0.0213 ± 0.0011 0.0236 ± 0.0010 0.0181 ± 0.0008 0.033 ± 0.002 0.0306± 0.0009 

Li 0.042 ± 0.003 0.0443 ± 0.0012 < LOQ 0.174 ± 0.006 < LOQ 0.034 ± 0.002 0.0215 ± 0.0006 

Ni 0.155 ± 0.007 0.071 ± 0.003 0.107 ± 0.003 0.128 ± 0.005 0.187 ± 0.008 0.232 ± 0.008 0.184 ± 0.009 

Pb 0.0155 ± 0.0008 < LOD < LOQ 0.0119 ± 0.0010 0.100 ± 0.004 < LOD 0.0037 ± 0.0004 

Se < LOQ < LOQ < LOQ < LOD < LOQ 0.119 ± 0.002 0.120 ± 0.005 

V < LOQ 0.0156 ± 0.0010 0.0106 ± 0.0008 < LOQ < LOQ 0.0072 ± 0.0004 0.0065 ± 0.0003 
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Table 7. Element concentration in seeds of samples from Elche (Spain) (mg/Kg). 

 Elche 1 Elche 2 Elche 3 Elche 4 Elche 5 Elche 6 

C 289000 ± 11000 326000 ± 14000 330000 ± 30000 374000 ± 12000 364000 ± 13000 373000 ± 17000 

H 76000 ± 4000 68000 ± 6000 57700 ± 1400 63000 ± 2000 56000 ± 3000 56000 ± 8000 

N 6300 ± 200 7400 ± 400 6500 ± 200 8700 ± 400 6800 ± 500 7000 ± 300 

K 1124 ± 14 1030 ± 20 1390 ± 80 1090 ± 50 1070 ± 20 930 ± 30 

Ca 208 ± 9 156 ± 11 256 ± 13 186 ± 15 160 ± 10 220 ± 10 

Mg 482 ± 10 476 ± 8 509 ± 8 448 ± 13 542 ± 2 454 ± 11 

Na 91 ± 3 94 ± 5 85 ± 5 91 ± 5 95 ± 3 102 ± 4 

Fe 6.9 ± 0.2 6.9 ± 0.5 6.6 ± 0.3 5.3 ± 0.2 5.5 ± 0.3 9.0 ± 0.4 

Cu 3.2 ± 0.3 4.2 ± 0.4 3.9 ± 0.4 3.0 ± 0.2 4.1 ± 0.2 3.5 ± 0.2 

Sr 0.28 ± 0.02 0.84 ± 0.08 3.44 ± 0.25 0.58 ± 0.05 0.25 ± 0.02 0.52 ± 0.05 

Mn 4.8 ± 0.2 3.38 ± 0.14 4.0 ± 0.2 2.6 ± 0.2 4.29 ± 0.06 4.2 ± 0.2 
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Table 7. Element concentration in seeds of samples from Elche (Spain) (mg/Kg). (Cont.) 

 Elche 1 Elche 2 Elche 3 Elche 4 Elche 5 Elche 6 

Zn 5.2 ± 0.2 5.73 ± 0.15 5.4 ± 0.4 5.5 ± 0.5 5.6 ± 0.3 5.3 ± 0.5 

As 0.042 ± 0.003 0.089 ± 0.008 < LOQ < LOQ < LOQ < LOQ 

Ba 0.160 ± 0.004 0.052 ± 0.003 0.067 ± 0.002 0.0143 ± 0.0009 < LOQ 0.0194 ± 0.0014 

Cd 0.0113 ± 0.0006 0.0037 ± 0.0002 0.0120 ± 0.0009 < LOQ < LOQ < LOQ 

Co 3.20 ± 0.03 1.28 ± 0.07 1.35 ± 0.05 0.57 ± 0.09 0.87 ± 0.03 1.03 ± 0.06 

Cr 0.301 ± 0.010 0.153 ± 0.006 0.167 ± 0.007 0.105 ± 0.004 0.072 ± 0.003 0.084 ± 0.006 

Li < LOQ < LOQ < LOQ < LOQ < LOD < LOQ 

Ni 0.479 ± 0.014 0.471 ± 0.007 0.36 ± 0.02 0.341 ± 0.009 0.352 ± 0.008 0.69 ± 0.03 

Pb 0.0271 ± 0.0013 0.0195 ± 0.0012 0.113 ± 0.006 < LOD < LOD < LOQ 

Se < LOQ 0.110 ± 0.004 < LOQ < LOQ < LOD < LOQ 

V 0.0191 ± 0.0012 0.021 ± 0.002 < LOQ < LOQ < LOQ < LOD 
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Table 8. Element concentration in seeds of samples from importated varieties (mg/Kg). 

 
Tunisia Deglet 

Noor 

Algeria Deglet 

Noor 
Saudi Arabia Iran Israel barhi Israel Medjool Israel Hayani 

C 433000 ± 6000 460000 ± 8000 453000 ±19000 439000 ±12000 324000 ± 9000 413616 ±16068 322113 ±13011 

H 65000 ± 5000 62000 ± 2000 68000± 2000 68700 ± 1100 59000 ± 3000 68303 ± 3654 54903 ± 1896 

N 7800 ± 300 7300 ± 300 9000 ± 400 9600 ± 400 6700 ± 800 10866 ± 248 8571 ± 683 

K 1330 ± 50 1300 ± 50 1320 ± 60 1150 ± 60 960 ± 30 1688 ± 75 953 ± 27 

Ca 81 ± 5 113 ± 8 125 ± 9 500 ± 30 362 ± 19 116 ± 4 94 ± 4 

Mg 365 ± 11 400 ± 13 395 ± 12 1190 ± 30 1050 ± 50 460 ± 12 329 ± 13 

Na 80 ± 3 84 ± 4 79 ± 3 86 ± 3 86 ± 2 83 ± 6 98 ± 3 

Fe 4.9 ± 0.4 5.5 ± 0.3 5.0 ± 0.3 30.9 ± 1.5 19.8 ± 1.0 3.20 ± 0.10 4.3 ± 0.3 

Cu 1.32 ± 0.10 2.26 ± 0.17 3.4 ± 0.2 8.4 ± 0.4 7.5 ± 0.2 2.9 ± 0.2 3.00 ± 0.28 

Sr 0.21 ± 0.02 0.63 ± 0.05 0.25 ± 0.02 5.18 ± 0.39 1.00 ± 0.10 0.89 ± 0.07 0.65 ± 0.04 

Mn 3.13 ± 0.06 4.4 ± 0.3 3.5 ± 0.2 11.5 ± 0.8 9.4 ± 0.3 3.9 ± 0.2 2.38 ± 0.09 
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Table 8. Element concentration in seed of samples from importated varieties (mg/Kg). (Cont.) 

 
Tunisia Deglet 

Noor 

Algeria Deglet 

Noor 
Saudi Arabia Iran Israel barhi Israel Medjool Israel Hayani 

Zn 3.9 ± 0.3 4.6 ± 0.2 4.8 ± 0.3 28.4 ± 2.3 16.6 ± 1.5 6.3 ± 0.3 4.26 ± 0.37 

As < LOD < LOD < LOD < LOQ < LOD < LOQ < LOQ 

Ba 0.0112 ± 0.0006 < LOQ 0.0180 ± 0.0009 0.0108 ± 0.0008 < LOQ 0.015 ± 0.001 < LOQ 

Cd < LOD < LOQ < LOD < LOQ < LOQ < LOQ < LOQ 

Co 0.075 ± 0.004 0.091 ± 0.004 0.132 ± 0.006 0.59 ± 0.02 0.87 ± 0.02 0.075 ± 0.004 0.60 ± 0.02 

Cr 0.088 ± 0.007 0.097 ± 0.005 0.072 ± 0.003 0.141 ± 0.004 0.100 ± 0.005 0.087 ± 0.007 0.092 ± 0.003 

Li < LOD < LOQ < LOD 0.0167 ± 0.0004 < LOD < LOQ < LOD 

Ni 0.194 ± 0.010 0.155 ± 0.009 0.275 ± 0.010 0.33 ± 0.02 0.333 ± 0.027 0.348 ± 0.015 0.31 ± 0.02 

Pb < LOD < LOD < LOD 0.0298 ± 0.0009 0.0169 ± 0.0008 < LOD < LOD 

Se < LOQ < LOQ 0.135 ± 0.006 < LOQ < LOQ 0.30 ± 0.02 0.162 ± 0.009 

V 0.0085 ± 0.0008 0.0096 ± 0.0004 < LOQ < LOQ < LOQ < LOQ 0.0075 ±0.0004 
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When comparing the elemental composition of fruit and seed of 

the thirteen samples tested, obtained results show significant differences 

in their respective elemental concentration. The box plot univariate 

analysis of the data shown in Tables 5-8, (Figures A1 and A2, Appendix) 

allows a simple comparison between the dates from Spain with the rest 

of samples. According to this analysis, it can be concluded that 

concentrations of Mg, Ca, Sr, Na, K, Cr, Co, Ni, Cd, Ba, N and C are higher in 

both fruit and seed of those samples. The higher concentrations of 

alkaline and alkaline earth elements found in the Spanish dates is not an 

expected result but, the analysis of the Elche Palm Grove characteristics 

indicates that it could be related with two main factors: the 

Mediterranean sea proximity and the high concentration of salts present 

(mainly Na and K) in the water employed to irrigate the palm trees. It is 

also interesting to mention that the box plot analysis indicates that 

samples from Israel show the highest concentrations of Mn and Zn. 

II.1.4.3 Multivariate analysis 

Multivariate analysis comprises a set of techniques devoted to the 

analysis of data sets with more than one variable that are widespread 

employed for pattern recognition purposes. Among them, it can be 

remarked the: (i) Hierarchical Cluster Analysis (HCA), employed to 

discover natural groupings of samples; (ii) the Principal Component 

Analysis (PCA), used to establish the relationships and differences 

between variables and; (iii) the Discriminate Analysis (DA), applied to 

select the most important and significant variables. Multivariate analysis 

have been employed in date analysis to show correlations between metal 

content and maturation levels (38) for date classification according to 

their antioxidant composition (90) and, to asses phenotypic diversity 

(91). 

Samples classification by multivariate analysis has been based on 

the variations of the determined concentration of elements. In this sense, 

elemental content was used as chemical descriptors in the statistical 

methods. HCA, PCA and DA were employed. 
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Although 22 elements were analyzed in the fruits and seeds of 13 

samples, calculations were performed using only 18 of them (Mn, Mg, Ca, 

Fe, Cu, Cr, Sr, Zn, Na, K, Li, Co, Ni, Cd, Ba, N, C and H) since the 

concentration of the rest of the elements (Pb, V, As and Se) were, in most 

cases, lower than the limit of quantification.  

II.1.4.3.1 Principal Component Analysis (PCA) 

PCA reduces the data dimension to some principal components, 

providing a new set of variables obtained as the best linear combination 

of the original parameters, which account for more of the variance than 

any other combination. The number of significant principal components 

was selected on the basis of the Kaiser criterion with eigenvalue higher 

than 1. The PCA models obtained contain four components in the case of 

fruits and three for the seeds which explain the 82.86% and 82.97% of 

the total variance respectively (Tables A3-A6, Appendix). 

Figure 8 and Figure 9 show the score plots of PC1 versus PC2 for 

fruits and seeds respectively. It is to note that in both cases the score plot 

discriminates between the samples from Elche and the rest. Nevertheless, 

Figure 8 shows that the group formed by the Elche samples can be easily 

discriminated since all of them have PC2 values higher than zero. This is 

because most of the elements that have the highest weighting on PC2 

component (K, Mg, Ca, Sr, Na, Cr, Co, Ni, Cd, Ba) are those found in higher 

concentrations in the dates from Elche. 

It is also to note that data shown in Figures 8 and 9 indicates that 

the rest of samples could be divided in two groups; samples from Tunisia, 

Saudi Arabia, Algeria and Israel (Hayani and Medjool) and the samples 

from Iran and Israel (Barhi). The analysis of a higher number of samples 

with certified origin and/or variety is necessary for obtaining a more 

precise classification. Unfortunately the number of samples of each origin 

analyzed for PCA analysis is low (except for the Spanish samples) because 

the Spanish and European import regulations are very restrictive and it is 

difficult to find samples in the market with known origin and/or variety. 



Chapter 1 59 

 

 

 

Figure 8. Score plots of PC1 vs PC2 of fruit for different palm date. 

samples:  Tunisia,  Saudi Arabia,  Elche,  Algeria,  Israel,  Iran 

 

Figure 9. Score plots of PC1 vs PC2 of seed for different palm date. 

samples:  Tunisia,  Saudi Arabia,  Elche,  Algeria,  Israel,  Iran 
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II.1.4.3.2 Hierarchical Cluster analysis 

Cluster analysis was performed on the elemental data for local 

and foreign date varieties using a single linkage and block methods. 

Figure 10 and 11 show the dendograms obtained for fruits and seeds, 

respectively. In both cases, data show a strong clustering behavior with 

high level of similarities for local varieties (fruit and seed). In addition, 

samples were clearly classified into three groups that are equivalent to 

those described previously during the PCA. 

 

 

Figure 10. Hierarchical cluster analysis of data from the elemental 

analysis of the date’s flesh samples. 

 

Figure 11. Hierarchical cluster analysis of data from the elemental  

analysis of the seed’s samples. 
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II.1.4.3.3 Discriminant analysis 

Linear discriminant analysis (LDA) belongs among the supervised 

pattern recognition techniques and its aim is to assign objects to one of 

the pre-determined classes. 

The procedure is designed to develop a set of discrimination 

functions that enable prediction of the class for any unclassified object 

based on the respective values of the chosen quantitative variables. Since 

many variables are included in this study, it was considered essential to 

use the stepwise inclusion procedure for carrying out the selection of 

variables (92). With the step by step procedure and using the criterion of 

Wilks (76) the discriminant information associated with the function 

derived from the elemental content can be grouped in the two first 

discriminate functions, which are shown to account for 91% and 9% in 

fruit flesh samples as shown in Figure 12, and to account for 86% and 

13% of the total discriminating power in seed samples in Figure 13, 

(Tables A7-A12, Appendix).   

 

 

Figure 12. Canonical Discriminant functions in date’s flesh samples. 

Elche 

Israel 

Others 
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Figure 13. Canonical Discriminant functions in seed’s samples. 

Once the discriminant functions were obtained, the relevant 

discriminant scores were calculated from each sample under research. 

Visualisation of the classification and between-group differentiation 

results was achieved by projecting the set of discriminant scores on the 

two dimensional space defined by the first and second discriminant 

functions. The highest differentiation potential was shown to be linked to 

the direction of the first discriminant function. As it can be observed in 

the figures above, in only two cases in which the number of samples is 

equal or higher than three (Spain and Israel), all samples were classified 

in a separated group being the percentage of correct classification a 

100% for all the studied samples (fruit and seed) (see Tables A13-A18, 

Appendix). 
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II.1.5 CONCLUSIONS  

A robust analytical method based on microwave sample acid 

digestion and ICP based techniques has been proposed for elemental 

trace and ultratrace date analysis. The analytical figures of merit indicate 

that the method is interference-free and accurate, showing a reasonable 

reproducibility and low limits of detection. 

Results obtained analysing the fruit and seed of thirteen samples 

of different origins and varieties show significant differences in their 

respective elemental concentration. Spanish samples show higher 

concentrations of alkaline and alkaline earth elements than the rest of 

samples. The PCA analysis of those data allows the classification of the 

dates from the southern of Spain (Elche) in a group different of the rest of 

origins. Nevertheless, Discriminant Analysis is a more powerful tool since 

reaches a percentage of correct classification of the 100% for all the 

studied samples. 
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II.2.1 ABSTRACT 

A rapid and inexpensive Fourier Transform Raman (FT-Raman) 

Spectroscopy method combined with chemometrics has been proposed 

for classification of palm dates (Phoenix Dactylifera L.) of different origins 

and varieties. FT-Raman measurements were performed using gold 

coated sample holders in order to improve the signal to noise ratio of the 

spectra. A simple visual inspection indicate that, due to its higher fiber 

content, Spanish samples provide a more intense spectra than the 

remaining ones. In addition, just attending to the spectral profile, the 

Medjool samples can be easily distinguished from the remaining ones, 

irrespective of their variety and origin. The multivariate analysis of the 

data obtained during the analysis of twenty different samples allows, 

using Principal Component Analysis (PCA), the classification of dates 

from Spain and Israel in two different groups. Nonetheless, with the set of 

samples studied, PCA does not permit varietal classification. All these 

conclusions are also confirmed by Hierarchical Cluster Analysis. 

 

Keywords: Palm date, origin classification, FT-Raman Spectroscopy, 

chemometrics 

II.2.2 INTRODUCTION 

Palm date is a subtropical fruit that has been historically very 

popular (5) in the Middle Eastern and North Africa regions due to its 

high-energy contribution and high content in simple sugars, dietary fiber 

and other minor constituent such as vitamins, amino acids and minerals 

(11, 19, 37, 84, 85, 93). In some countries, dates also play a fundamental 

role in the culture and in the local economy (37). The global market 

associated of the production and distribution of this fruit is around 7 

million tons per year (8). In Europe, most of the palm trees are used just 

as ornamental but, in some location where winters are not too severe, 

palms are also cultivated for their fruits. The main palm trees plantation 

in Europe is located at Elche (declared in 2000 World Heritage Site by the 
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UNESCO) in the south east of Spain. The so called, Palm Grove of Elche 

produces around 5,000 tons per year of palm dates with specific 

characteristics that made it different to the rest of plantations around the 

world. Among them, it can be noted that the palms are reproduced 

through seeds instead of propagation by offshoots, leading to a 

population of hybrids with a high genetic variability (79). On the 

opposite, in the oases of Mauritania and all the North of Africa each 

cultivar derives from a unique descendant individual seed. 

Analytical Chemistry combined with chemometrics is a powerful 

tool to identify and avoid frauds related with the origin and varieties of 

different food stuff. Multivariate analysis comprises a set of techniques 

devoted to the analysis of data sets with more than one variable that are 

widespread employed for pattern recognition purposes. Among them, 

Cluster Analysis (CA) and the Principal Component Analysis (PCA) are 

the most common methods. The main advantage of CA over visualization 

technique such as principal component analysis (PCA) is that it provides 

numerical values of the similarity between objects. As a result, the 

information is more objective (94, 95). In addition, when a large number 

of principal components (PCs) are required to visualize the information, 

CA has the advantage of reducing dimensionality while keeping the 

information. In many cases, the joint use of both visualization and 

clustering techniques is recommended (94). 

In date palm analysis, clustering have been applied to varieties 

characterization using HPLC and Atomic Absorption Spectrometry data 

(38), antioxidant composition using colorimetric analysis (96) and also to 

assess the phenotypic diversity of different cultivars from Mauritania 

(91). More recently, it has been used to date classification attending to 

the elemental composition Sakin et al. (97) obtained by means 

Inductively Coupled Plasma-based techniques (ICP-AES and ICP-MS). 

Although these authors succeed in the classification, the proposed 

methodology shows several drawbacks: (i) requires a complex sample 

pretreatment step including sample drying with a lyophilizer and high-

pressure microwave acid sample digestion; (ii) is time and reagent 

consuming (acids, argon, etc…); and, (iii) requires a careful calibration 

strategy. 
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Green analytical chemistry is an emergent field concerned with 

the development of analytical procedures that minimize consumption of 

hazardous reagents and instruments and maximize safety for operators 

and the environment. In this context, Fourier Transform Raman 

Spectroscopy (FT-Raman) is as a very well-positioned technique. FT-

Raman provides the vibrational spectra of the sample, which can be 

considered as its fingerprint, allowing easy interpretation and 

identification. Over the last years, some noticeable technical 

developments have allowed to overcome typical problems like 

fluorescence, poor sensitivity or reproducibility. Compared with Fourier 

Transform Infrared Spectroscopy (FTIR), FT-Raman shows several 

advantages, mainly no or little sample preparation and the absence of 

interference from water. FT-Raman has been employed a wide range of 

applications, from ancient archeology to advanced nanotechnology. Also 

for food analysis, FT-Raman has been extensively used, among others, 

for: (i) direct analysis of starch and pectin in potato cell wall (98); (ii) 

identification of endogenous amygdalin in bitter almonds (99); (iii) 

estimation of amide in egg; (iv) carotenoid and proteins in the leaf of 

Japanese tea (100); (v) carotenoids in plant tissues (101); or, (vi) 

quantitative determination of fatty acids in lard (102). In combination 

with chemometrics, data evaluation of FT-Raman spectra is a powerful 

tool capable of extracting chemical information also from complex 

matrices. Thus, FT-Raman has been applied for food origin (103-105)  

and classification studies in rice (106), wood (107), corals (108), honey 

(109) and epithelial cancers (110). 

The goal of the present work is to evaluate the capabilities of FT-

Raman spectroscopy combined with chemometrics for palm dates 

(Phoenix Dactylifera L.) classification (origin and variety). To this end, 

samples of different origins and varieties have been studied. 
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II.2.3 EXPERIMENTAL 

II.2.3.1  Palm Date samples 

Twenty three palm date samples (fully ripe) of different origins 

and varieties: eleven from Spain (Elche 1- Elche 11, hybrids with no 

defined variety), four from Israel (Medjool, Hayani, Barhi, and Salomon), 

two from Tunisia (Deglet Noor, Alligh), one from Algeria (Deglet Noor), 

one from Saudi Arabia (Perny), one from South Africa (Medjool) and, one 

from Iran (unknown variety) were obtained from local market (Figure 

14).  

All samples were washed thoroughly with deionized water and 

then air dried. Then, fruits were immersed in liquid nitrogen followed by 

grinding using a blender (IKA-WERKE, Germany), to instantly become 

brittle solid and to facilitate crushing into powder. Samples were stored 

in properly tagged clean polyethylene bottles at −21 °C. 

II.2.3.2 FT-Raman measurements 

Spectra were obtained using a Bruker RFS100 FT-Raman 

spectrometer (Bruker Analytical, Madison, WI) including a Nd: YAG laser 

as excitation source operating at 1046 nm with the power of 300 mW. 

The system was equipped with a liquid nitrogen cooled Ge detector and a 

broad-range quartz beam splitter with a 180° scattering geometry. Data 

were collected at 4 cm-1 resolution with 100 scans using the Burker OPUS 

software (v. 5.0). Spectra were obtained in the Raman shift range from 

200 to 3500 cm-1. All spectra were replicated three times and averaged to 

generate a single spectra a data for each sample.  

Aluminum sample holders were coated with a gold microfilm by 

circulating an electrical current through a gold electrode, within a 

vaporization chamber SCD 004 Balzers Sputter coater (Balzers, Bal Tech 

Ag, Furstentum, Lichtenstein). 

II.2.3.3 Chemometric Analysis 

All data analysis was carried out using Unscrambler® X (v. 10.1 

Camo software, Olso, Norway). The Raman spectra were directly 
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employed without any pre-treatment (i.e., no baseline correction or 

smoothing was needed). 
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Figure 14. Photograph of all date samples  
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II.2.4 RESULTS AND DISCUSSION 

II.2.4.1 Raman spectra of palm dates 

II.2.4.1.1 SNR optimization 

Figure 15 shows the FT-Raman spectrum obtained from an 

Algeria Deglet Noor sample using an aluminum sample holder. As it can 

be observed, an intense fluorescence background, which could cause 

some signal overlapping, is obtained. Different strategies have been 

reported in the literature to reduce the fluorescence background, and 

increasing the signal-to-noise ratio (SNR). Among them, Ivleva et al. (111) 

indicated that the use of a silver foil reduces the fluorescence background 

and, hence, increases the SNR of the spectra obtained from the pollen 

samples. These authors attributed the SNR enhancement to the Surface 

Enhanced Raman Spectroscopy (SERS) effect. It has also been reported 

that gold is a particularly good substrate for SERS (112) and it is 

preferred over silver because its oxidation resistance and higher time 

stability (113). Taking into account these findings, a second sample 

spectrum using a gold coated sample holder was obtained. To this end, 

the conventional aluminum sample holders were coated with a gold 

microfilm by circulating an electrical current through a gold electrode 

within a vaporization chamber (SCD 004 Balzers Sputter Coater (Balcers, 

Bal Tech Ag, Fürstentum, Lichtenstein). As it can be seen in Figure 15, the 

use of a gold coated sample holder gives rise to an increase in the 

background signal, but also to more intense and well defined bands than 

those obtained when using the aluminum holder. In order to quantify the 

improvement factor, the SNR of the main spectral bands should be 

calculated. Mc Creery (114) proposed to calculate the SNR of a Raman 

spectrum as the ratio between the averaged peak height above the 

baseline and its standard deviation. Using this definition, an averaged 

SNRave was estimated for the main bands of the date palm FT-Raman 

spectrum. Thus, the SNRave in aluminum sample holder was 175.4 against 

267.6 obtained for the gold coated one (i.e, a SNR improvement of 1.5-
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fold). Taking into account these results, all the FT-Raman spectra were 

measured using gold coated holders. 

 

 

Figure 15. FT-Raman spectra obtained using aluminum and gold coated 

sample holders. Sample: Algeria Deglet Noor. 

II.2.4.1.2 Spectra band assignment 

Main bands observed in the spectra shown in Figure 15 are 

related to the presence of carbohydrates (Table 9). Thus, the band 

centered around 2900 cm-1 corresponds to a C-H stretching vibration 

(109, 115) whereas the major bands close to 1600 cm-1 can be assigned 

to the aromatic ring stretch of lignin (116, 117). In the vicinity of 1460 

cm-1 the scattering bands are attributed to CH2 group deformation. The 

deformation vibration of C-C-H, O-C-H and C-O-H appears around 1267 

cm-1. The major peak at 630 cm-1 was attributed to the ring deformation 

vibration (109), 520 cm-1 may be attributed to unknown carbohydrate 

(109) and, finally, the peak at 420 cm-1 may be due to unknown bond 
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vibration from carbohydrates and protein (amino acid) (115, 118). No 

further information regarding the additionally discovered Raman 

scattering bands below 200 cm-1 was found in the literature (119). 

Table 9. Functional group for the FT- Raman spectra of date’s flesh. 

Wave No. (cm-1) Band assignment   

420 Unknown carbohydrate and protein 

518 Unknown carbohydrate 

632 Ring deformation 

821 Unknown vibration 

1267 
Deformation of  C-C-H, O-C-H, and C-O-H; vibration Amide 
III (peptide bond) 

1460 Symmetric deformation in the plane  of CH2 

1600 Symmetric vibration stretching mode 

2930 Asymmetric stretching of CH 

II.2.4.2 Comparison of the FT-Raman spectra of palm 

date samples from different origins and 

varieties 

Figure 16 shows the FT-Raman spectra from all the samples 

tested in the region 200 - 3500 cm-1. From data in Figure 16, it can be 

observed that the spectra from the Spanish palm dates are more intense 

than those obtained from the remaining samples tested. In fact, Spanish 

samples show higher backgrounds, i.e., higher fluorescence signals. To 

explain this finding it can be considered that differences in fluorescence 

background could be related to the fiber content. To evaluate this 

hypothesis, fiber content of all palm date samples were measured (120). 

Results indicate that Spanish samples have a brute fiber index of 6.6±1.6 

(on average), considerably higher than that obtained by the remaining 

ones (3.0±0.1), thus confirming the hypothesis made previously. 
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Figure 16. FT-Raman spectra from all the samples tested in the region 

200- 3500 cm-1. 

By a simple inspection of data shown in Figure 16 it is not 

possible to observe any difference between the FT-Raman spectra 

obtained from different palm date varieties. To insight in this subject, 

some representative spectra obtained from palm dates with the same 

variety and, when possible, different origins have been selected and 

shown in Figure 17. From data in this Figure, some interesting 

conclusions can be derived. First, no noticeable differences between the 

spectra of palm dates of the same varieties are observed, irrespective of 
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the sample’s origin. It is interesting to note that this statement is also 

valid for the hybrid variety of Spanish palm dates (Figure 17.D). When 

comparing different varieties, a clear difference can be observed between 

the spectra obtained from Deglet Noor (Figure 17-A) and the remaining 

varieties (Figures 17-B and 17-C). Interestingly, the spectra obtained 

from palm dates from Spain (Figure 17-D) and the rest of origins and 

varieties are all of them similar to those from Medjool (Figure 17-B). 

These results indicate that it would be possible to perform a chemical 

identification of the Deglet Noor variety on the basis of the Raman 

spectrum in the 400-1800 cm-1 region. 

II.2.4.3 Multivariate analysis 

II.2.4.3.1 Principal component analysis 

PCA reduces the data dimension to few principal components, 

providing a new set of variables (PCs) obtained as the best linear 

combination of the original parameters, which account for more of the 

variance than any other combination. Figure 18 shows the scores plot in 

the two first components (PC1-PC2) of the 21 different palm date 

samples tested. The total variance explained by these two components is 

99.19%. From data shown in Figure 18, three different sample groups can 

be derived. First, it can be observed that all Spanish palm dates show PC1 

scores higher than zero, thus locating at the right side of Figure 18. The 

rest of the samples always show negative PC1 values. Among them, and 

attending to the PC2 values, two different groups of samples can be 

derived. The first one, with negative PC2 scores, is constituted by the 

samples from Israel. The only exception is the palm date from Iran. The 

second group, showing PC2 values higher than zero, is formed by palm 

date samples with different origins (Tunisia, South Africa, Arabia Saudi 

and Algeria). From Figure 18 it is also interesting to mention the high 

dispersion shown by the Spanish samples. Thus, for these samples scores 

in PC1 cover a range of 2.5 units, meanwhile the remaining ones do not 

exceed of 0.5 units. These results again seem to be related to the lack of a 

defined variety in the Spanish samples. 
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Figure 17. Representative spectra obtained from palm dates with different origins and varieties: (A) Deglet Noor; (B) Medjool : 

(C) Hayani, Barhi, Salomon, Alligh, Perny and unknown from Iran; (D) Spain. 
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Unfortunately, PCA of the FT-Raman spectra does not allow a 

clear variety classification. This result (unexpected taking into account 

the spectra differences shown in Figure 17 by Medjool and the rest of 

samples could be improved by increasing the number of samples of a 

given variety tested. Nevertheless, the restrictions imposed by the 

Spanish and European import normative, makes difficult to find enough 

number of samples to perform a more detailed study. 

 

Figure 18. Score plots of PC1 vs PC2 of fruit for different palm date. 

II.2.4.3.2 Hierarchical cluster analysis 

Figure 19 shows the dendogram obtained using the Euclidean 

distance and single–linkage method applied to the same input data of 

previous PCA study. As it can be observed in this Figure, samples show a 

strong clustering behavior with high level of similarities for Spanish 

samples. Once again samples were clearly classified in groups that are 

equivalent to those described previously during the PCA analysis. Hence, 

no additional information is derived from the hierarchical cluster 

analysis. 

 



Chapter 2 79 

 

 

 

Figure 19.Hierarchical cluster analysis of the date’s flesh samples 

II.2.5 CONCLUSIONS 

FT-Raman spectroscopy is a powerful tool for the direct analysis 

of palm dates. Compared with the conventional aluminum sample holder, 

the use of gold-coated ones improves the spectra signal to noise ratio. 

Results shown in the present work demonstrate, for the first time, that 

FT-Raman spectroscopy and chemometrics can be successfully used for 

origin classification of palm dates. Varieties classification is not possible 

using this technique. Just Deglet Noor samples seem to provide different 

spectra from the remaining ones. Unfortunately, the lack of a bigger set of 

Deglet Noor samples makes not possible to extract definitive conclusions. 

Further applications of FT-Raman Spectroscopy to the quantitative 

analysis of different parameters in palm date samples are being carried 

out in our laboratories. 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

II.3 CHAPTER 3: DETERMINATION OF REDUCING 
SUGARS AND ALDITOLS IN PALM DATES BY 
ION CHROMATOGRAPHY AND FOURIER 
TRANSFORM RAMAN SPECTROSCOPY 
 

Results shown in this chapter were partially presented (invited communication) at the II 

Congreso Internacional Agroalimentario CIAA 2012 (Pamplona, Colombia, 2012) 
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II.3.1 ABSTRACT 

Carbohydrates represent more than 50% of the total weight of 

dates, being glucose and fructose the most abundant ones. During the last 

years, sugars analysis in palm dates has been performed by 

Chromatographic methods and Refractive Index detector. In the present 

work, a High Performance Anion Exchange chromatographic method 

with Pulse Amperometric Detection for the determination of sugars and 

alditols in palm dates have been proposed. Two extraction procedures 

were employed. Results obtained indicate that palm dates can be 

considered a good source of sorbitol and myo-inositol. A method based 

on the direct analysis of solid samples by FT-Raman and partial Least 

Squares, has also been evaluated for the quantitative analysis. 

Multivariate analysis (Principal Components and Discriminat Analysis) 

has been employed for geographical classification of 21 samples. Results 

indicate that the Spanish samples constitute a group clearly different 

from the rest. 

 

Keywords: Palm date, sugars, Sorbitol, Myo-Inostiol, Fourier Transform 

Raman spectroscopy, Partial Least Squares. 

II.3.2 INTRODUCTION 

The palm date is the fruit of a significant member of the family 

Palmacea (Phoenix dactylifera L.), providing a staple food for millions of 

people in arid and semiarid regions of the world by direct consumption 

or by syrups and confectionery (77). Carbohydrates represent more than 

50% of the total weight of dates, being glucose and fructose the most 

abundant ones. On average, the content of fructose, glucose, and sucrose 

in fresh dates are 19.4, 22.8, and 4.03 g/100 g respectively, whereas the 

average of total carbohydrates in fresh dates is 43.4 g/100 g and 64.1 

g/100 g when dried (18). 

Several works dealing with determination of the major sugar 

constituents in palm dates have been reported (Table A19, Appendix). In 
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all cases, and irrespective the goal of those works, High Performance 

Liquid Chromatography (HPLC) using Refractive Index Detector (RI) with 

amino propyl based columns and acetonitrile/water mixtures as mobile 

phase are employed (12, 38, 85). Although RI shows a low sensitivity 

(limits of detections above 100 mg/L) and versatility (no gradient elution 

is possible), the high concentration of the major sugars presents in dates 

can be easily detected. Nevertheless, when the quantification of minor 

sugars is necessary, alternative detectors are required and limited 

information about minor sugars in dates is available. 

Alditols are a group of acyclic polyols formally derivable from an 

aldose by reduction of the carbonyl group having the general formula 

HOCH2[CH(OH)].nCH2OH. Inositol and sorbitol are two alditols commonly 

presents in fruits. Thus, inositol has been found, among others, in grape 

(121), peanuts (122), fresh fruit juices (123), coffee (124), etc. whereas 

Sorbitol occurs naturally in many stone fruits and berries from trees of 

the genus Sorbus. The term Inositol describes a group of nine different 

isomers of glucose widely distributed in plant and animal tissues, but 

only one of them, the so called myo-inositolis important in animal and 

plant metabolism (125). Nowadays, it is of great interest in several areas, 

such as nutrition, medical cell biology and biotechnology research, since 

this compound is often used as a food additive. Previous studies have 

demonstrated that myo-inositol has chemo preventive and 

chemotherapeutic properties in human cancer cells and animal models, 

including prostate, breast, colon, pancreas, liver and lung cancer (126-

129). 

Methods based on the use of semi-quantitative microbiological 

assays (130, 131) or gas chromatography (GC) (123, 132) Sanz et al. 

(123) have been described for the analysis of myo-inositol in foods. 

Nevertheless, microbiological methods are not robust enough for routine 

analyses and the use of GC is time consuming and a derivatisation step is 

mandatory. In order to overcome these drawbacks, liquid 

chromatography coupled to Fluorescence (133), Pulse Amperometric 

(134) or UV detection (135) have been employed. Occasionally, mass 

spectrometry is preferred because of its high selectivity and sensitivity, 

which allows the determination of inositol in complex matrices (136). 

http://www.chemicool.com/definition/reduction.html
http://www.chemicool.com/definition/formula.html
http://en.wikipedia.org/wiki/Drupe
http://en.wikipedia.org/wiki/Sorbus
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Sorbitol is a compound presents in some fruits that is employed in 

the food industry with different purposes: sweetener, humectant, 

texturizer and softener in chewing gum and candy (137). Other sorbitol 

applications include pharmaceutical, cosmetic, textile, and paper goods 

(138). Similar to inositol, although there are described methods based on 

different principles for sorbitol determination, the most useful are those 

based on GC (139) or Ionic Chromatography (IC) (140).  

High Performance Anion Exchange Chromatography (HPAEC) 

coupled to Pulse Amperometric Detection is a powerful tool for the 

separation and quantification of alditols, amino sugars, mono-, oligo- and 

polysaccharides that is being applied to routine monitoring and research 

in Food Sciences. Recently, Corradini et al. described the principles and 

advantages of this combination and summarized the recent 

developments in food analysis (141). 

To our knowledge, there is no reported data about alditols 

(inositol and sorbitol) in palm date fruit. The goal of the present work is 

to evaluate methods based on HPAEC for the simultaneous determination 

of alditols, glucose and fructose in palm dates of different origin and 

varieties. 

II.3.3 EXPERIMENTAL 

II.3.3.1 Reagents and chemicals 

Standards of glucose, fructose, sorbitol, and myo-Inositol, were 

purchased from Sigma-Aldrich (St. Louis, USA), Methanol and Sodium 

hydroxide were from Merck and, high purity water (i.e. with conductivity 

lower than 18 MΩ/cm) obtained from Mili-Q water system (Millipore Inc., 

Paris, France). Calibration standard solutions were prepared on a daily 

basis.  

II.3.3.2  Palm Date samples 

Twenty one date samples of different origins and varieties were 

obtained from local markets: eleven samples from Spain, four from Israel 
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(Medjool, Hayani, Barhi, and Salomon), two from Tunisia (Deglet Nour, 

Alligh) and one from Algeria (Deglet Nour), Saudi Arabia (Perny), Iran 

and South Africa (Medjool). All samples were washed thoroughly with 

deionized water and dried in vacuum oven (Fisher Bioblock Scientific, 

model No.45075-R) at 60 °C for 72 hours. Dried samples were grinded 

(AISI 304, IKA-WERKE, Germany) and stored in polyethylene bottles at     

-21 °C. 

II.3.3.3 Instrumentation 

II.3.3.3.1 High Performance Anion Exchange Chromatography 

Chromatograms were obtained using a Metrohm, 850 

ProfICAnCat- MCS instrument (Methrom AG, Herisau Switzerland) 

equipped with a pulsed amperometric detector and a gold working 

electrode. The column employed was a Metrosep CARB1, 150 x 4 mm 

(Metrohm) and the column temperature was 32 °C. Sodium hydroxide 

(100 mM) was used as a mobile phase; flow rate was 1 mL/min and the 

injection volume 20 μl. These experimental conditions allow the 

quantification of inositol, sorbitol, arabitol, fucose, arabinose, glucose, 

xylose, fructose, lactose and sucrose. All sample extracts were filtered 

through a 0.22 mm paper filter and analyzed by triplicate. 

II.3.3.3.2 FT-Raman measurements 

Spectra were obtained using a Bruker RFS100 FT-Raman 

spectrometer (Bruker Analytical, Madison, WI) including a Nd: YAG laser 

as excitation source operating at 1064 nm with a nominal power of 300 

mW. The system was equipped with a liquid nitrogen cooled Ge detector 

and a broad-range quartz beam splitter with a 180° scattering geometry. 

Data were collected at 4 cm-1 resolution with 100 scans using the Bruker 

OPUS software (ver. 5.0). Spectra were obtained in the Raman shift range 

from 50 to 4000 cm-1. For improving the signal to noise ratio of the 

spectra gold coated sample holders were employed. All spectra were 

replicated three times and averaged to generate a single spectra data for 

each sample. No additional spectra treatments were employed . 
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II.3.3.3.3 Soluble fiber determination 

The method used for fiber determination has been described 

elsewhere (120). 

II.3.3.4 Statistical analysis 

Principal Component and Discriminant Analysis were carried out 

using SPSS® (v.18, IBM software) and performed using 5 variables 

(glucose, fructose, sorbitol, myo-inositol and fiber) in 21 samples. Partial 

Least Squares analysis was done by the PLS package of the open source 

programming language R. 

II.3.4 RESULTS AND DISCUSSION 

II.3.4.1 Extraction methods 

The most common method employed for the extraction of low 

molecular weight carbohydrates from foods is to boil a defatted sample 

with a concentrated alcoholic solution (methanol or ethanol) because 

monosaccharides and oligosaccharides are soluble in them, whereas 

proteins, polysaccharides and dietary fiber are insoluble.  

Davis et al. (142) demonstrated that the use of a 62.5% aqueous 

methanol reduces significantly the extraction time, requires a lower 

temperature and extracts greater amounts of glucose, fructose and 

sucrose than ethanol based extraction methods when dealing with onion 

bulbs. For this reason, following the method described by O'Donoghue et 

al. (143) and modified by Davies et al., three grams of dried dates were 

weighed and mixed with 60 mL of 62.5% methanol solution in an 

Erlenmeyer flask and heated during 15 minutes. 

Figure 20-a shows the typical chromatogram obtained for a date 

sample (Elche 3) when using the above mentioned method. Although ten 

compounds are present in the standards and could be quantified, only 

glucose, fructose, sorbitol and a small peak of inositol appears. It is 

interesting to mention that during a preliminary study, the observed 

inositol elution time in aqueous standards is 1.5 minutes, very close to 
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the elution time of methanol under the same experimental conditions. 

Hence, a previous separation between both is necessary for an accurate 

inositol determination. Although O´Donoghue et al. (143) do not 

determined myo-inositol they remove the methanol by drying under 

vacuum the extracts and re-dissolving them in water prior to HPLC 

analysis.  

Considering that the myo-inositol is a minor constituent and also 

that its solubility in water is 5 g/L, an extraction with water could be 

employed for a quantitative extraction of this compound in date samples. 

The dissolved, proteins, polysaccharides or dietary fiber do not interfere 

with inositol during the chromatographic separation because the 

retention times of those compounds are higher. For this reason a water 

based extraction step was tested for inositol quantification. Three grams 

of dried dates were weighed and mixed with 60 mL of water in an 

Erlenmeyer flask. The mixture was introduced in a sand bath at 55 °C, 

after that was cooled down and centrifuged at 4000 rpm during 10 min. 

The extract solution was filtered using a 0.25 μm syringe filter, and 

stored at -21 °C. Extracts were diluted with water (HPLC grade) 

immediately before analysis. Extraction times covering the range 15 to 90 

min were tested with samples of different origins and varieties. Results 

obtained using the chromatographic conditions described above indicate 

that extraction times higher than 15 minutes do not afford a significant 

increase on the amount of the myo-inositol extracted. The use of two or 

more sequential extraction steps also do not improve the amount of 

inositol solved and, hence, a single extraction of 15 minutes was 

employed. 

Figure 20-b shows the chromatogram obtained for sample a 

(Elche 3) when using water for extraction. When comparing Figures 20-a 

and 20-b, it seems that inositol peak increases when using water as 

extracting solvent and is better defined; but, unfortunately, the peaks for 

the rest of compounds are not useful for quantification as a consequence 

of the presence of water soluble proteins, polysaccharides and dietary 

fiber. 
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Figure 20. HPAEC chromatograms obtainned using different extraction 

solvents: (a) 62% methanol, (b) water, sample Elche 3. 

The accuracy of both extraction methods (methanol and water) 

for the compounds tested was determined by a recovery test using two 

different samples. Experiments were performed by triplicate and the 

recoveries were within 91.6 to 100.4%. The standard deviation values 

(RSD) were always in the range 0.1% to 5.5%, being lower than 2% in 

most of the cases. 
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II.3.4.2 Sample analysis 

Table 10 shows the results obtained using the HPAEC method. As 

it can be seen in this table, glucose is the major predominant sugar 

present in palm dates. The amount of glucose depends on the origin and 

variety of the fruit analyzed. Thus, dates from Spain have similar content 

values of glucose than those from North African varieties (Tunisia Deglet 

Nour, Algeria Deglet Noor) and Iran, whereas the highest values of 

glucose were found in varieties from Israel (Salomon, Medjool and Barhi) 

and South Africa (Medjool). Those data were broadly similar to those 

reported by other authors (11, 12, 37, 85).  

The levels of Fructose determined in this study were also in 

agreement with those published previously (11, 12, 85).  In general, dates 

from Spain contain lower amounts of fructose (17.18 to 27.16 g/100g) 

compared with other origins (17.71 to 39.15 g/100g).  

The amount of sorbitol found in dates range between (0.08 to 

1.15 g/100g). When comparing these contents with those previously 

reported for other fruits (apple 0.24 g/100g), pear (1.66 g/100g) (144), 

apricot (0.24 g/100g) (145), cherry and cherry product (0.5 to 3.6 

g/100g) (146), corn seed (0.01 to 0.3g/100g) (147), it can be concluded 

that dates can be considered as a good source of this compound. As 

regards to the geographical origins, it is interesting to mention that the 

Spanish samples and Israel Salomon variety have a content of sorbitol 

(0.56 to 1.15 g/100g) higher than the rest of varieties between (0.08 to 

0.48 g/100g). 

As regards to the fiber composition, Spanish samples show higher 

contents than the remaining samples. 

II.3.4.2.1 Myo-inositol 

In general, the concentration of myo-inositol in palm date fruit 

found was similar to other fruits such as apple, strawberry or mango. As 

shown in Table 10, no major differences in myo-inositol content were 

detected except in two Israel varieties (Medjool and Salomon) were the 

concentration of Myo-inositol was considerably low. Myo-inositol is 

commonly found in low quantities in foods (148), being rice the richest 



Chapter 3 91 

 

 

food source of myo-inositol (0.78 to 0.85 g/100g), followed by citrus 

fruits (0.03 to 0.1 g/100g), strawberry (0.03 g/100g), guava (0.02 

g/100g), apple (0.04 g/100g), mango (0.02 g/100g), peach (0.05 g/100g), 

pear (0.02 g/100g) and pineapple (0.02 g/100g) (123). Such as the levels 

found in dates are close to those reported previously for fruits. 

II.3.4.3 Multivariate analysis 

In Chapter 2 it has been observed that the main bands that 

appears in the FT-Raman spectra of date samples are mainly related to 

the presence of carbohydrates. This is not an unexpected results because 

around the 70% of the total weight of dates are carbohydrates. Hence, the 

full FT-Raman spectra must reflect the carbohydrate composition in date 

samples. 

Partial Least Squares (PLS) regression is employed in sciences 

where predictive linear modeling, especially with a large number of 

predictors, is necessary. In chemometrics PLS regression has become a 

standard tool for modeling linear relations between multivariate 

measurements. For this reason, a preliminary evaluation of the relations 

between Raman spectra and sugars and alditols concentration by Partial 

Least Squares (PLS) have been performed. 

To this end, two matrices were defined. The first one contains the 

Raman spectral data (X) and the second one the concentration data 

obtained previously by HPAEC (Y). The most used method to study 

relations between these two matrices is the multiple lineal regression 

where the following model is considered: 
 

                    
 

Where B is the matrix with the coefficients that relates Y and X 

and ε the residuals matrix. 

The solution is given by: 
 

                          
 

When the number of variables in X exceeds the number of 

samples or due to the existence of collinearities, XtX is singular and B 

cannot be computed. To avoid this problem PLS looks for new orthogonal 
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variables (factors) that summarizes the information contained in X taking 

also into account their relations with Y. 

Different Root Mean Square Error (RMSE) parameters are 

employed for measuring the differences between predicted values by a 

model and the values actually observed. Using the FT-Raman spectra 

shown in Figure 16 and the concentrations of the compounds previously 

obtained in this work, the capability of PLS for the prediction of sugars 

concentrations without sample pre-treatment has been evaluated. To this 

end, four samples (Elche 1, Elche 2, Israel (Salomon) and Israel (Hayani)) 

were the validation set and the rest were employed for model 

development (training set). The evaluation of the models was carried out 

using different parameters: R2; the root-mean-square error of validation 

(RMSEV); the cross-validation’s root mean square error. (RMSECV) and; 

the root mean square of differences (RMSEP). 

RMSEP is a measure of the variability of the difference between 

the predicted and reference values for a set of validation samples. Hence, 

the lower the RMSEP the higher the predicted values accuracy. The 

optimum number of PLS model factors is obtained using the RMSECV. In 

this case PLS is applied several times into subsets of the training data and 

RMSE is computed to decide the optimum number of factors. 

The values of the above mentioned parameters obtained during 

the PLS analysis are shown in Table 11. As it can be observed in the table, 

the spectral range that affords the best prediction depends on the 

compound. Thus, sorbitol, glucose and fructose can be predicted with a R2 

factor higher than 70% using the 400-1800 cm-1 range, whereas fiber 

requires the full spectra for a similar value. The number of factors 

employed for every compound was selected using the set that gives the 

maximum R2 value or lower RMSECV. In general the number of factors is 

lower than 4, but in the case of myo-inositol two additional factors were 

required. On the other hand, the accuracy estimated by the parameters 

shown in the table shows the potential of this technique for rapid 

measurements for routine or quality control purposes. Further studies 

are being carried out in our laboratories. 
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Table 10. Concentration of sugars (g/100g) in different varieties of palm dates. 

 

Concentration (g/100g) 

Sorbitol myo-inositol Glucose Fructose Fiber 

Elche 1 0.89 ± 0.06 0.0248 ± 0.0009 32.54 ± 1.0 27.16 ± 1.7 7.10  ± 0.04 

Elche 2 0.89 ± 0.03 0.0444 ± 0.0008 31.54 ± 1.0 27.3 ± 0.6 6.39 ± 0.25 

Elche 3 1.10 ± 0.04 0.037 ± 0.002 24.47 ± 0.9 20.8 ± 0.6 7.87 ± 0.09 

Elche 4 0.98 ± 0.02 0.0364 ± 0.0014 19.87 ± 1.2 17.23 ± 0.07 4.14 ± 0.22 

Elche 5 0.56 ± 0.02 0.051 ± 0.0009 22.37 ± 2 17.57 ± 0.05 6.26 ± 0.38 

Elche 6 1.15 ± 0.04 0.0248 ± 0.0010 21.4 ± 1.3 18.4 ± 0.4 4.63 ± 0.30 

Elche 7 0.790 ± 0.014 0.060 ± 0.0002 24.4 ± 0.3 20.01 ± 0.08 5.15 ± 0.24 

Elche 8 0.72 ± 0.02 0.029 ± 0.004 27.8 ± 0.6 26.0 ± 1.0 9.48 ± 0.20 

Elche 9 0.683 ± 0.014 0.0258 ± 0.0010 21.3 ± 0.2 17.18 ± 0.08 8.00 ± 0.28 

Elche10 0.72 ± 0.02 0.0423 ± 0.0011 24.7 ± 0.2 20.7 ± 0.3 7.01 ± 0.28 

Elche 11 1.00 ± 0.02 0.0353 ± 0.0010 27.6 ± 0.3 22.4 ± 0.2 6.27 ± 0.08 
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Table 10. Concentration of sugars (g/100g) in different varieties of palm dates. (Cont.) 

 

Concentration (g/100g) 

Sorbitol myo-inositol Glucose Fructose Fiber 

Tunisia Deglet Noor 0.310 ± 0.005 0.0406 ± 0.0004 18.8 ± 0.8 17.7 ± 0.7 2.60 ± 0.03 

Tunisia Alligh 0.081 ± 0.003 0.0115 ± 0.0005 33.2 ± 0. 7 31.9 ± 0.5 2.8 ± 0.06 

Algeria Deglet Noor 0.344 ± 0.005 0.0098 ± 0.0004 22.2 ± 0.4 17.7 ± 0.7 2.8 ± 0.08 

Israel Salomon 0.76 ± 0.03 0.006 ± 0.002 49.2 ± 1.2 39.2 ± 0.5 2.9 ± 0.09 

Israel Hayani 0.37 ± 0.02 0.039 ± 0.002 26.5 ± 0.2 23.4 ± 0.4 3.8 ± 0.07 

Israel Medjool 0.48 ± 0.02 0.002 ± 0.00009 35.8 ± 0.3 29.56 ± 0.06 2.6 ± 0.05 

Israel Barhi 0.338 ± 0.008 0.0157 ± 0.0006 35.3 ± 0.4 27.0 ± 0.3 4.1 ± 0.12 

Saudi Arabia  Perny 0.410 ± 0.007 0.0366 ± 0.0009 31.9 ± 0. 9 29.2 ± 1.5 3.2 ± 0.06 

South Africa Medjool 0.410 ± 0.012 0.0143 ± 0.0003 36.54 ± 1.03 34.08 ± 0.06 2.2 ± 0.07 

Iran 0.399 ± 0.008 0.0247 ± 0.0007 26.9 ± 0.2 22.17 ± 0.12 3.0 ± 0.41 
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Table 11. Results of Raman calibration and validation performance of  

date fruits. 

y-variable 
Spectral 

range 
Factors R2 (%) RMSECV RMSEV RMSEP 

Fiber 40-2200 3 77 1.48 0.99 0.67 

Sorbitol 400-1800 3 71 0.22 0.15 0.1 

Fructose 400-1800 4 83 3.6 2.5 8.3 

Glucose 400-1800 4 87 4.2 2.6 11.6 

Myo-inositol 1200-4000 6 99 0.012 0.0015 0.0119 

 

II.3.4.3.1 Principal Components Analysis (PCA) 

PCA reduces the data dimension to few principal components, 

providing a new set of variables (PCs) obtained as the best linear 

combination of the original parameters, which account for more of the 

variance than any other combination (Tables A20 and A21, Appendix). 

Figure 21 shows the scores plot of the two first components (PC1-PC2) of 

the 21 different palm date samples. The total variance explained by these 

two components is 81.4%. From data shown in Figure 21, two different 

sample groups can be derived. The first one is formed by all the Spanish 

samples and the second by the rest. No additional information can be 

derived from this Figure. 
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Figure 21. Score plots of PC1 vs PC2 of fruit for different palm date. 

II.3.4.3.2 Discriminant analysis (DA) 

Linear discriminant analysis (LDA) belongs among the supervised 

pattern recognition techniques and its aim is to assign objects to one of 

the pre-determined classes. The procedure is designed to develop a set of 

discrimination functions that enable prediction of the class for any 

unclassified object based on the respective values of the chosen 

quantitative variables. In order to improve the classification achieved by 

Principal Components, Discriminant Analysis was applied to individual 

values of sugar compounds according to a stepwise method with the 

following three groups: group 1, consisting of 11 samples from Spain; 

group 2, 4 samples from Israel; and  group 3, 6 samples from other 

countries. Two discriminant functions were obtained using the variable 

selection (i.e. glucose, fructose, sorbitol, myo-inositol and fiber). The 

variance explained by the two discriminant functions was 93.0% and 

7.0%, respectively (Table A22, Appendix). The first discriminant function 

was predominantly influenced by the sorbitol and fiber concentration 

and the second one by glucose, fructose and myo-inositol (Table A23, 
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Appendix). Figure 22 shows the scores plot of the two discriminant 

functions. As it can be observed, except one sample from Israel 

(salomon), the rest were assigned to the correct group (see Table A24, 

Appendix). 

 

Figure 22. Canonical Discriminant functions in date’s flesh samples. 

 

II.3.5 CONCLUSIONS 

A High Performance Anion Exchange chromatographic method 

and Pulse Amperometric Detection for sugars and alditols determination 

in palm dates have been proposed. Two extraction procedures were 

employed. Glucose, fructose and sorbitol were extracted using a 62.5% 

methanol solution. Myo-inositol was extracted just using pure water. 

Results obtained indicate that palm dates can be considered a good 

source of sorbitol (0.08 to 1.15 g/100g) and myo-inositol (0.002 to 0.060 

g/100g) when comparing with other fruits. A method based on the direct 
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analysis of solid samples by FT-Raman and Partial Least Squares has also 

been evaluated. The parameters employed for the estimation of the PLS 

model indicates that the methodology could be successfully employed for 

fast (semi)quantitative analysis. 

Multivariate analysis (Principal Components and Discriminant 

Analysis) was employed for geographical classification. Using PC, results 

show that the Spanish samples form a different group form the rest. 

Discriminant Analysis improves the classification including a group 

formed by samples from Israel. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

II.4 CHAPTER 4: FATTY ACID COMPOSITION OF 
THE SEEDS FROM DIFFERENT VARIETIES AND 
ORIGINS OF PALM DATES (PHOENIX 
DACTYLIFERA L.) 
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II.4.1 ABSTRACT 

The fat content and fatty acid profiles of eighteen palm date seed 

samples from different origins, including for the first time the Spanish 

ones (hybrids with no defined variety), and other varieties (Israel, 

Hayani; Tunisia, Deglet Nour, Alligh; Algeria, Deglet Nour; Saudi Arabia, 

Perny; and Iran, unknown variety) were determined by Gas 

Chromatography – Mass Spectrometry (GC-MS). 

Total fat content ranged from around 3% to about 6% (w/w). 

Thirty seven fatty acids were investigated. Among them just nine fatty 

acids were found in palm date seeds. Oleic and Lauric were the major 

fatty acids in these samples with average contents of 42% and 27% 

(w/w), respectively. Caprylic and Capric (with content lower than 1% 

(w/w)) were the minor fatty acids found. Spanish palm date seeds show 

higher amounts of Linoleic acid that the remaining samples. Reasonable 

good accuracy and precision were obtained (0.09% to 6.51% RSD) for 

these determinations. 

Discriminant analysis of the data reveals that fatty acid content 

can be used for palm date classification purpose. Thus, Spanish palm 

dates form an independent group clearly separated from the Tunisian 

samples and the remaining ones. 

 

Keywords: palm date, seeds, fatty acids, Gas Chromatography-Mass 

Spectrometry, Discriminant Analysis. 

II.4.2  INTRODUCTION 

Fatty acids (i.e., carboxylic acids with long aliphatic tail) can be 

classified into saturated and unsaturated acids, depending on the 

presence of unsaturated double bond in the aliphatic chain. Essential 

fatty acids are polyunsaturated. Linoleic acid (C18:2) and α-linolenic acid 

(C18:3) are the parent compounds of the omega-6 (ω-6) and omega-3 (ω-

3) series, respectively (149). They are essential in the human diet since 

they cannot be synthesized by the body. The essential fatty acids are very 
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important to human immune system and to regulate blood pressure. The 

ω-3 and ω-6 fatty acid are found in some food; fish, shellfish flaxseed 

(linseed), soya oil, canola (rapeseed) oil, hemp oil, chia seed, pumpkin 

seed, sunflower seed, cotton seed oil, leafy vegetables and walnut. The 

significance of fatty acid analysis has gained much attention because of 

the nutritional and health implications. 

Date seeds are a waste product of many date fruit processing 

plants that produce pitted dates, date powders, date syrup, date juice, 

chocolate coated dates and date confectionery (64). At present, seeds are 

mainly used for animal feeds (150), and poultry industries. Furthermore, 

potential applications of seeds would include the extraction of oils for its 

use as a dietary-fiber provider in bakery formulations. Clearly, optimum 

utilization of the seed derivatives requires a better understanding of the 

physico-chemical and structural characteristics of the material. In fact, 

many studies have been conducted to asses this issue in the last decade 

and revealing interesting applications of these derivatives in the food 

industry (64). Ishrud et al. isolated glucomannan from date seeds and 

studied the structural characteristics of the polysaccharide (30). The 

chemical composition and characteristic profiles of the lipid fraction in 

date seeds were also reported (27). In addition to the nutritional 

constituents, recent research also showed that date seeds have potential 

positive health properties because of the presence of components with 

different biological actions, such as anti-inflammatory, antiviral and 

antioxidant activities (29, 151-153). Palm date seed powder is also used 

in some traditional medicines.  

The flesh of the fruits (dates) of the date palm (Phoenix 

Dactylifera L.) contains very low percentage of oil (0.2-0.5%), whereas 

seeds contain ranges between 7.7% - 9.7% (35) . The weight of the seed 

is 5.6% to 14.2% of the date and thus it would represents a potential 

source of edible oil. A range of saturated and unsaturated fatty acids are 

present in dates. The saturated fatty acids include capric, lauric, myristic, 

palmitic, stearic, margaric, arachidic, heneicosanoic, behenic and 

tricosanoic acids. Unsaturated fatty acids include palmitoleic, oleic, and 

linolenic acids (50, 154, 155). Several publications dealing with the 

analysis of fatty acids in palm date and other plant seeds have been 
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reported (156-163). The most common procedure (see Table A25, 

Appendix) consists of a first sample preparation step to transform fatty 

acids into its most volatile methyl esters, mainly followed by Gas 

Chromatography – Mass Spectrometry (GC-MS) or Gas Chromatography – 

Flame Ionization Detector (GC-FID). Nevertheless, some relevant 

information about analytical results (robustness, recoveries, etc.) is 

missed. 

The goal of the present work is to obtain the fatty acid profile of 

the Spanish palm date seeds and to compare it with those obtained from 

palm dates of different origin and variety. To this end, eighteen date 

samples of different varieties and origin were analyzed by means of GC-

MS. From the data obtained, palm date classification using chemometrics 

will be performed. To our best knowledge, this is the first time that such a 

kind of study is carried out. 

II.4.3 EXPERIMENTAL  

II.4.3.1 Palm date samples 

Eighteen palm date samples of different origins and varieties 

were obtained from local markets: twelve from Spain (Elche1 to Elche 12, 

hybrids with no defined variety), two from Tunisia (Deglet Noor, Alligh), 

one from Israel (Hayani), Saudi Arabia (Perny), Algeria (Deglet Noor) and 

one from Iran (unknown variety) (Figure 14).  

II.4.3.2 Chemicals and reagents 

Different chemicals were used: Isooctane and methanol gradient 

grade (Sigma Aldrich, MO, USA), Petroleum ether, potassium hydroxide, 

sodium hydrogen sulphate monohydrate were of analytical grade 

(Panreac, Barcelona, Spain). 

An analytical standard of thirty seven fatty acid methyl esters in 

methanol chloride were used (Supelco 37-Component FAME Mix- Sigma-

Aldrich). Tridecanoic acid (98% GC, Sigma, Steingeim, Germany) was 

used as internal standard.  
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II.4.3.3 Sample treatment 

Once separated from the palm date flesh, seeds were thoroughly 

washed with deionized water to get rid of any adhering date flesh and 

then air dried. Samples were milled using a blender (IKA-WERKE, 

Germany), sieved to a size lower than 1.5 mm and finally stored in a 

desiccator. 

Fat acid extraction was performed by means a Soxtec extractor 

(Selecta, Barcelona, Spain). To this end, 5 g of the ground date seeds were 

extracted using 40 mL of analytical grade petroleum ether (Panreac, 

Barcelona, Spain). The optimum temperature of the heating module was 

studied. The oil obtained was dried under nitrogen current and then kept 

sealed in an amber vial at -21 °C. The oil obtained from each sample was a 

mixture of six independent fat extractions. 

Once extracted from the seed samples, lipids were converted in to 

its corresponding fatty acid methyl esters (FAMEs) by trans-esterification 

with potassium hydroxide (164). Approximately 60 mg of sample was 

dissolved in 4 mL of isooctane in a test tube and 200 µl of methanolic 

potassium hydroxide solution (2 mol/L) was added. Solution was shaken 

vigorously for about 30 s. The solution was neutralized by addition of 1 g 

of sodium hydrogen sulphate monohydrate. After the salt has settled, 1 

mL of upper phase was transferred into 2 mL vial and then analyzed. 

II.4.3.4 GC analysis 

GC-MS analyses were performed by means a gas chromatograph 

(model 7890A, Agilent Technologies, Palo Alto, CA, USA) inert mass 

spectrometer (model 5975C, Agilent Technologies, Palo Alto, CA, USA) 

interfaced with electron impact ionization (70 eV). A BPX-70 capillary 

column (60 m ⨉ 0.25 mm, 0.25 μm film thickness) was used. The column 

temperature was programmed to increase from 120 °C to 245 °C at a rate 

of 3 °C/min, and the injector and interface temperature were set at 250 

°C and 260 °C, respectively. Helium was used as a carrier gas with a flow 

rate of 1 mL/min. A mass spectrum range of 30 to 450 m/z was 

measured. The injected volume was 1 μL and the total run time was 

approximately 56 min. The identification of the peaks was achieved by 
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the comparison with retention times and mass spectrum of known 

standards analyzed under the same conditions. Peak areas of triplicate 

injections were analyzed with Agilent Data Analysis Software. 

II.4.3.5 FTIR measurement 

The IR spectra were collected using a IFS 66/S FTIR spectrometer 

(Bruker Optic GmbH, Ettlingen, Germany) with OPUS software (version 

4.2). Aproximately 2 mg of the sample was placed on the ATR device, 

which was equipped with a diamond crystal. The spectra were obtained 

using 64 scans. The range from 600 to 4000 cm-1, and a resolution of 4 

cm-1 was used to obtain spectral information. After each measurement, 

the ATR plate was carefully cleaned by wiping it with analytical grade 

acetone (Panreac) and dried with a soft tissue before it was filled with the 

next sample. Three spectra replicates were obtained for each sample. 

II.4.3.6 Statistical analysis 

The analysis of data were carried out using SPSS (v.18, IBM 

software), discriminant analysis was performed using 9 variables 

(Caproic, Caprylic, Capric, Lauric, Myristic, Palmitic, Stearic, Oleic and 

Linoleic acids)  of the eighteen samples. 

II.4.4  RESULT AND DISCUSSION 

II.4.4.1 Optimization of the extraction conditions 

Figure 23 shows the influence of the extraction time on the total 

fat content obtained from a palm date seed sample (Algeria) at different 

extraction times. First, it can be observed that the highest amount of fat is 

obtained at times of about 15-20 minutes irrespective of the temperature 

used. Nevertheless, precision of the measurements is somewhat better 

when operating at 20 minutes extraction time. No noticeable influence of 

the extraction temperature is observed in the range evaluated. Therefore, 

the intermediate temperature (i.e., 140 °C) will be used in the next 

experiments. 
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Before implementing the above obtained optimum experimental 

conditions, the oxidative stability of fatty acids during the extraction 

process must be ensured. To this end, the FTIR spectra of the extracted 

sample can be used. FTIR spectroscopy has been increasingly used for 

studying the oxidative stability of oils and fats (165, 166). This technique 

has proved to have several advantages because of its low cost, simple 

sample preparation and reduced analysis time in comparison with other 

instrumental techniques such as GC or HPLC. A number of studies have 

been published which compare the oxidative stability of different nut oils 

using FTIR (167). Figure 24 shows the FTIR spectra of the extracted 

samples obtained at different extraction times. As it can be observed, no 

influence of this variable is observed on the FTIR spectra, thus meaning 

that the oxidative stability of the extracted edible oils is not affected in 

the range of extraction times tested. Similar conclusions can be derived 

when modifying the extraction temperature as shown in Figure 25, 

irrespective of the time used. 

 

Figure 23. Influence of the extraction time and temperature on the total 

amount of fatty acids obtained from date palm seeds. 
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Figure 24.  Fat FTIR spectra for seeds from Algeria date palm obtained at 

different extraction times. Extraction temperature: 140 °C. 

 

Figure 25.  Fat FTIR spectra for seeds from Algeria date palm obtained at 

different extraction temperatures. Extraction time: 20 min. 
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assignation can be performed as follows  (166, 168, 169): the band near 

3006 cm-1 due to the cis double-bond stretching vibration; bands at 2924 

and 2854 cm-1 due to the asymmetric and symmetric stretching vibration 

of the aliphatic CH2 functional group; the band at 1746 cm-1 due to the 

ester carbonyl functional group of the triglycerides; the weak band near 

1654 cm-1 associated with the stretching vibration of the carbon-carbon 

double bonds of cis-olefins; the band near 1464 cm-1 due to the bending 

vibrations of the CH2 and CH3 aliphatic groups; the band near 1417 cm-1 

tentatively assigned to rocking vibrations of CH bonds of cis-disubstituted 

olefins; the band near 1377 cm-1 due to bending vibrations of CH2 groups; 

bands near 1238 and 1163 cm-1 associated with the stretching vibration 

of the C-O ester groups and with the bending vibration of the CH2 group 

and both related to the proportion of saturated acyl groups; bands near 

1119 and 1099 cm-1 associated with the stretching vibration of the C-O 

ester groups, the first being related in an inverse way to the proportion of 

saturated acyl groups; the very weak band near 983 cm-1 associated with 

CH conjugated olefinic groups, with bending vibrations of either CH trans-

, trans-conjugated olefinic groups or cis-, trans-conjugated olefinic groups 

or of both (170, 171), the weak band near 967 cm-1 associated with 

bending vibrations of CH functional groups of isolated trans-olefins; and 

finally the band near 723 cm-1 due to the overlapping of the CH2 rocking 

vibration and to the out-of-plane vibration of cis-disubstituted olefins. If 

the sample was under the oxidative condition, it must be see changes in 

some region such as 3700–3150 cm-1, 3100-3600 cm-1, 3006 cm-1, 1000-

1800 cm-1, 600-1000 cm-1 (172, 173).  

II.4.4.2 Total fat content 

Figure 26 shows the total fat amount extracted from all the palm 

date seed samples tested under optimum experimental condition. As it 

can be observed in this figure, the total amount of fat obtained range in all 

cases between 3% to 6%. Little differences between samples of different 

origin and variety can be derived from data in Figure 26, although 

Spanish palm date seeds seem to show (in average) somewhat lower 

amount of fat. 
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Figure 26. Total fat content obtained for date palms from different origin 

and variety. Extraction time: 20 min; extraction temperature: 140 °C. 

II.4.4.3 Fatty acid content 

Table 12 gathers the fatty acid contents obtained for all the date 

palm seeds tested. Nine types of fatty acids were identified: Caproic, 

Caprylic, Capric, Lauric, Myristic, Palmitic, Stearic, Oleic and Linoleic. No 

significant differences in the fatty acids profile of the palm date seeds 

tested are observed. As it can be observed in Table 12, high 

concentrations of Oleic and Lauric acids were obtained in all date palm 

seed samples. The average content of each acid was 42.4% and 26.5%, 

respectively. These results are in agreement with those previously 

reported in the literature (51, 77, 174). Linoleic, Myristic and Palmitic 

acids occurred in (averaged) concentrations of 13.44%, 10.22% and 

7.72%, respectively (27, 35, 48, 50, 175, 176). It is interesting to mention 

that concentrations of Caproic acid obtained with these samples (2.51% 

in average) are higher than the typical values reported in the literature 

(26, 63) Similar concentration levels were found for Stearic acid (2.42% 

on average) (35). The minor acids were Caprylic and Capric with average 

concentrations of 0.78% and 0.56%, respectively (27, 50, 63). 
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From data in Table 12 it can be derived that the precision of the 

results were in the 0.09% to 6.5% range depending on the fatty acid and 

sample considered. As regards to the accuracy of the method, it was 

determined by means of a recovery test. To this end, three palm date seed 

samples were spiked with a known amount of four of the minor fatty 

acids found in the complete analysis (Table 12). Results are shown in 

Table 13 where it can be observed that recoveries ranging between 104% 

and 112% were obtained. 

 

II.4.4.4 Chemometric analysis 

From data in Table 12, no clear difference between fatty acid 

composition of palm date seed from different origin and variety can be 

observed. Just some differences in the content of linoleic acid between 

Spanish (around 15% as average) and the remaining samples (around 

10%) can be distinguished. Trying to establish more defined differences, 

different pattern recognition methods must be employed. 

First, a Principal Component Analysis (PCA) was performed 

(Tables A26 and A27, Appendix). Obtained models contain three 

components which explain the 86% of the variance respectively. Figure 

27 shows the score plots of PC1 versus PC2 for seed oil. From the data 

shown in this figure it can be derived that Spanish palm dates can be 

easily discriminated from the remaining samples since all of them have 

PC2 values higher than zero except for Elche 9. 
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Table 12. Fatty acid composition (% w/w) of seeds from all the varieties and origins of the studied palm dates. 

Concentration (%, w/w) 

 
Caproic acid Caprylic acid Capric acid Lauric acid Myristic acid 

Elche 1 2.80 ± 0.20 0.81 ± 0.03 0.56 ± 0.0037 23.69 ± 0.50 8.52 ± 0.33 

Elche 2 2.62 ± 0.11 0.92 ± 0.05 0.62 ± 0.05 34.30 ± 0.78 12.78 ± 0.23 

Elche 3 2.92 ± 0.15 0.86 ± 0.13 0.60 ± 0.07 32.33 ± 0.99 11.43 ± 0.32 

Elche 4 2.84 ± 0.10 0.92 ± 0.03 0.66 ± 0.03 33.25 ± 3.24 13.54± 1.12 

Elche 5 2.71 ± 0.16 0.68 ± 0.010 0.44 ± 0.02 21.22 ± 0.49 9.67 ± 0.38 

Elche 6 2.76 ± 0.15 0.82 ± 0.07 0.50 ± 0.02 26.81 ± 0.30 11.27 ± 0.18 

Elche 7 2.37 ± 0.06 0.74 ± 0.05 0.53 ± 0.02 28.87 ± 0.50 10.71 ± 0.21 

Elche 8 2.09 ± 0.09 0.61 ± 0.08 0.46 ± 0.03 21.83 ± 0.33 9.01 ± 0.07 

Elche 9 2.00 ± 0.07 0.57 ± 0.04 0.42 ± 0.02 17.13 ± 0.11 6.39 ± 0.08 

Elche 10 1.83 ± 0.29 0.62 ± 0.05 0.57 ± 0.06 30.18 ± 0.31 10.68 ± 0.18 

Elche 11 1.89 ± 0.14 0.57 ± 0.013 0.42 ± 0.03 19.63 ± 0.79 7.97 ± 0.12 

Elche 12 2.56 ± 0.25 0.83 ± 0.05 0.62 ± 0.05 32.10 ± 0.46 12.96 ± 0.42 

Tunisia Alligh 2.68 ± 0.18 0.93 ± 0.006 0.73 ± 0.08 29.10 ± 0.29 9.66 ± 0.23 

Tunisia Deglet Noor 2.80 ± 0.06 0.90 ± 0.10 0.64 ± 0.04 27.21 ± 0.15 9.47 ± 0.19 

Algeria 2.59 ± 0.07 0.86 ± 0.06 0.67 ± 0.05 28.67 ± 0.32 8.91 ± 0.15 

Saudi Arabia 2.75 ± 0.21 0.75 ± 0.07 0.56 ± 0.05 22.08 ± 0.44 9.99 ± 0.06 

Iran 2.24 ± 0.13 0.74 ± 0.03 0.53 ± 0.03 22.88 ± 0.09 10.84 ± 0.35 

Israel Hayani 2.76 ± 0.15 0.84 ± 0.08 0.60 ± 0.06 26.14 ± 0.27 10.22 ± 0.22 
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Table 12. Fatty acid composition of seeds from all the varieties and origins of the studied palm dates. (Cont.) 

 
Concentration (%, w/w) 

 

 
Palmitic acid Stearic acid Oleic acid Linoleic acid 

Elche 1 7.33 ± 0.47 2.20 ± 0.27 43.28 ± 2.90 15.00 ± 0.81 

Elche 2 7.57 ± 0.12 2.39 ± 0.03 45.36 ± 0.57 16.60 ± 0.96 

Elche 3 7.64 ± 0.28 2.38 ± 0.09 45.64 ± 1.60 16.89 ± 0.70 

Elche 4 8.29 ± 0.35 2.55 ± 0.16 44.36 ± 4.38 16.1 ± 1.7 

Elche 5 7.57 ± 0.18 2.12 ± 0.04 48.24 ± 0.38 14.40 ± 0.04 

Elche 6 8.06 ± 0.51 2.38 ± 0.08 43.47 ± 0.49 16.12 ± 0.85 

Elche 7 7.24 ± 0.08 2.31 ± 0.007 41.20 ± 0.60 13.68 ± 0.25 

Elche 8 7.52 ± 0.77 2.28 ± 0.13 39.8 ± 1.1 14.34 ± 0.53 

Elche 9 5.35 ± 0.18 1.89 ± 0.12 26.69 ± 0.27 8.98 ± 0.69 

Elche 10 7.48 ± 0.16 2.26 ± 0.09 40.54 ± 0.94 17.46 ± 0.29 

Elche 11 6.71 ± 0.42 2.03 ± 0.04 32.14 ± 0.42 12.05 ± 0.13 

Elche 12 8.07 ± 0.14 2.79 ± 0.14 50.35 ± 2.13 16.9 ± 1.1 

Tunisia Alligh 7.28 ± 0.03 2.46 ± 0.02 37.35 ± 0.84 8.12 ± 0.29 

Tunisia Deglet Noor 7.53 ± 0.32 2.85 ± 0.24 42.06 ± 0.79 13.01 ± 0.29 

Algeria 7.62 ± 0.08 2.68 ± 0.19 45.25 ± 0.10 11.21 ± 0.53 

Saudi Arabia 9.42 ± 0.76 2.41 ± 0.13 48.96 ± 0.97 12.0 ± 1.1 

Iran 9.69 ± 0.71 2.77 ± 0.15 47.88 ± 2.29 7.68 ± 0.48 

Israel Hayani 8.67 ± 0.19 2.86 ±  0.13 40.72 ±  0.36 11.35 ± 0.16 
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Table 13. Recovery values obtained for minor fatty acids in three 

different palm date samples. 

Fatty acid 
Elche1 Elche 2 Tunisia (Deglet Noor) 

Recovery* Recovery* Recovery* 

Caproic 105 ± 4 108 ± 7 106 ± 11 

Caprylic 108 ± 5 108± 1 104 ± 9 

Capric 112 ± 3 112 ± 2 106 ± 2 

Stearic 105 ± 4 110 ± 3 106 ± 3 

*Results expressed as x ±(tS)/√n, where x is the mean value, s is the standard 

deviation, t  is the t-student for confidence level of 95% (for n-1) n is the number 

of replicates (3). 

 

 

 

Figure 27. Score plots of PC1 vs PC2 of seed oil for different palm date.  
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 Then a discriminant analysis was also applied to the individual 

values of fatty acids according to a stepwise method. Palm date seed 

samples tested were divided into three different groups according to 

their geographical origin: (i) group 1: Spanish samples; (ii) group 2: 

Tunisian samples; and, (iii) group 3: remaining samples (Israel, Algeria, 

Saudi Arabia, and Iran). The main statistics indicate that Linoleic acid is 

the fatty acid with the highest F-ratio associated to a minor Wilk’s lambda 

value with a high grade of statistical significance (Table A28, Appendix). 

The calculation of the discriminant functions from the learning group is 

carried out using the step inclusion method, which minimizes the Wilk’s 

lambda value. This methodology permits the calculation of simpler 

discriminant functions, to reduce the variables group. Two discriminant 

functions were obtained (Table A29, Appendix). The variance explained 

by the two discriminant functions was 94.7% and 5.3%, respectively, and 

it can be observed that the groups were separated from the other origins 

as shown in Figure 28. The scores for the canonical discriminant 

functions (Table A30, Appendix) indicate that the first discriminant 

function was influenced predominantly by Linoleic and Stearic acids, and 

that the second one was determined by the remaining ones (Palmitic, 

Capric, Caprylic, Oleic, Lauric, Caproic, Myristic acids). 

Through Bayes rule, the affiliation probability is calculated for 

each sample to each group, assigning each sample to the group with 

higher probability. Classification is highly satisfactory, and the samples 

were classified 100% see (Table A31, Appendix). 
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Figure 28. Canonical Discriminant function in seed oil samples. 

 

II.4.5 CONCLUSIONS 

The fatty acid profiles and contents of eighteen samples of 

different origins and varieties have been determined by GC-MS. This is 

the first time that a study of these characteristics has been performed for 

Spanish palm dates. Date seeds are rich in Oleic, Lauric and Linoleic acids. 

Spanish palm dates provide higher amount of Linoleic acid than the 

remaining samples tested.  

From the data obtained and using discriminant analysis it is 

possible to perform the classification of palm dates attending to their 

origin. Thus, three groups of palm dates can be distinguished attending to 

their fatty acids composition. The first group included all Spanish palm 

dates and the second one with those from Tunisia. The third group is 

formed by the remaining samples tested (Israel, Algeria, Saudi Arabia and 

Iran). 

Elche 

Others 

 

Tunisia 

 



118 Chapter 4 

 
Large amounts of palm date seeds are discarded annually in palm 

date growing areas, mainly in the Elche’s Palm Grove where just a few 

amounts of palm dates are commercialized for human consume. Just a 

little fraction of these organic wastes are currently used as animal feed. 

However, attending to the fatty acid contents reported in this work, we 

suggest that seeds would also be very useful as a source of edible oils. 

Nevertheless, more research on these oils is required in the future to 

explore its potential useful effects. 
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GENERAL CONCLUSIONS 
1. In the present work, the chemical characterization of palm dates 

(Phoenix Dacylifera L.) from Elche’s Palm Groove (Spanish dates) has 

been performed for the first time. 

2. Several accurate, precise and sensitive methods have been developed 

and applied to the chemical analysis of palm dates from different 

origins and varieties. 

a. Elemental analysis in fruits and seeds by microwave acid 

digestion and Inductively Coupled Plasma-based (ICP-AES 

and ICP-MS) detection. Spanish samples show higher 

concentrations of alkaline and alkaline earth elements than 

the rest of samples. 

b. Reducing sugars (glucose, fructose) and alditols (sorbitol, 

myo-inositol) by means High Performance Anion Exchange 

Chromatography and Pulse Amperometric Detection. Results 

indicate that palm dates can be considered a good source of 

sorbitol (0.08 to 1.15 g/100g) and myo-inositol (0.002 to 

0.060 g/100g) when comparing with other common fruits. In 

addition, a novel method based on the direct analysis of solid 

samples by FT-Raman and Partial Least Squares has also been 

successfully evaluated for fast (semi)quantitative analysis of 

these compounds.  

c. Fatty acids by Gas Chromatography-Mass Spectrometry. 

Results indicate that palm date seeds are rich in Oleic, Lauric 

and Linoleic acids. Spanish palm dates provide higher amount 

of Linoleic acid than the remaining samples tested. 

3. Palm date classification: 

a. Several multivariate techniques have been applied to the 

origin classification of palm dates. Irrespective of the chemical 

information used (elemental, reducing sugars and alditols or 

fatty acid composition), palm dates from Elche’s Palm Grove 

constitute a group different to the rest of the samples tested, 

thus indicating its distinctive characteristics. 
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b. A novel, rapid and inexpensive FT-Raman method combined 

with Principal Component Analysis has been proposed for 

classification of palm dates of different origins. The method 

allows, once again, differentiate the Elche’s palm dates from 

the rest of the samples tested. 

c. None of the chemical information/chemometric techniques 

handled allowed the variety classification of palm date. 
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CONCLUSIONES GENERALES 
1. En el presente trabajo se lleva a cabo, por primera vez, la 

caracterización química de los dátiles (Phoenix Dactylifera L.) del 

Palmeral de Elche. 

2. Se han desarrollado y aplicado varios métodos exactos y precisos para 

el análisis químico de dátiles de diferentes orígenes y variedades: 

a. Análisis elemental de frutos y semillas mediante digestión por 

microondas y posterior detección mediante técnicas de 

Plasma por Acoplamiento Inductivo (ICP-AES and ICP-MS). 

Los dátiles españoles mostraron concentraciones de 

elementos alcalinos y alcalinotérreos superiores al resto de 

las muestras estudiadas. 

b. Azúcares reductores (glucosa, fructosa) y alditoles (sorbitol, 

mioinositol) mediante Cromatografía de Intercambio 

Aniónico (HPAEC) y detección amperométrica. Los resultados 

obtenidos mostraron que, comparando con otras frutas, los 

dátiles son una buena fuente de sorbitol (0.08 to 1.15 g/100g) 

y mioinositol (0.002 to 0.060 g/100g). Además, se ha 

propuesto un método rápido para el análisis 

(semi)cuantitativo de estos compuestos basado en el empleo 

de Espectroscopía Raman por transformada de Fourier (FR-

Raman) y ajuste por mínimos cuadrados parciales (PLS).  

c. Ácidos grasos mediante Cromatografía de Gases y detección 

con Espectrometría de Masas (CG-MS). Los resultados 

indicaron que los dátiles de Elche son ricos en ácidos Oleico, 

Láurico y Linoleico. Los dátiles españoles contienen una 

mayor cantidad de ácido Linoleico que el resto de los dátiles 

estudiados. 

3. Clasificación de dátiles: 

a. Se han aplicado diferentes técnicas de análisis multivariante 

para tratar de establecer una clasificación por origen de los 

dátiles estudiados. Independientemente de la información 

química empleada como base del estudio, se ha demostrado 

que los dátiles del Palmeral de Elche constituyen un grupo 
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diferente del resto de muestras estudiadas, lo que indica sus 

peculiares características. 

b. Se ha propuesto un nuevo método rápido y económico para la 

clasificación por origen de dátiles. El método está basado en la 

medida de los espectros FT-Raman de las muestras y el 

tratamiento de los mismos mediante Análisis por 

Componentes Principales (PCA). Los resultados obtenidos 

muestran de nuevo que los dátiles de Elche se constituyen en 

un grupo diferente al del resto de los dátiles evaluados. 

c. No ha sido posible la clasificación de los dátiles atendiendo a 

su variedad. 
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Table A1. Experimental information of studies about date flesh elemental composition. 

Technique Elements Sample treatment 
Number of 

varieties 
Origin accuracy 

Precision 

(SD, RSD%) 
References 

UV-Vis 

B 

Ashing  at 600 °C with Ca(OH)2 ; 

solution with H2SO4 and 

quinalizarin 

9 Saudi Arabia 102-99.6% 0.01-0.17 (177) 

Se 

Digestion (2h) using HNO3, HClO4, 

H2O2, HCO2H, then added O-

Phenylenediamine dihyrochloride 

10 Saudi Arabia - 0.3-3.72% (50) 

P 
Ashing (5 h) at 530 °C, and solution 

with HCl 
10 Tunisia - - (178) 

P 
Ashing (5 h) at 530 °C, and solution 

with HCl 
2 Tunisia - 0.001-0.2 (43) 

P Ashing in HNO3 : LaCl3 2 Tunisia - 0.1-13.1 (36) 
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Table A1. Experimental information of studies about date flesh elemental composition. (Cont.) 

Technique Elements Sample treatment 
Number of 

varieties 
Origin accuracy 

Precision 

(SD, RSD%) 
References 

FAAS 

Zn, Cu, Fe, Mn, 

Mg, Ca, Na, K 

Ashing at 550 °C and solution 

with HCl 
14 UAE - - (12) 

Zn, Mn, Fe, K, P Solution with HCl 1 UAE - - (46) 

Ca, Cd, Co, Cr, Cu, 

Fe, K, Mg, Mn, 

Na, Ni, Pb, Zn 

Digestion with HNO3:HClO4 

and addition of HF 
9 Saudi Arabia - - (39) 

Pb, Zn, Cu, Cr, Li, 

Ni 

Ashing (24 h) at 480 °C and 

solution  with HNO3 
5 Saudi Arabia - 0.01-0.5 (40)   

Na, K, Zn, Mg, 

Mn, Fe 
Ashing and solution with HCl 5 UAE - - (37, 42)  

K, Ca, Mg, Fe, Mn, 

Zn, Cu 

digestion using HNO3:HClO4: 

H2SO4 
1 Egypt - - (45)   

Mg, Ca, Mn,  Fe, 

Co, Zn, Cu, Na, k 
digestion using HNO3: H2SO4 6 Saudi Arabia - - (49) 

Ca, Na, K, Mg, Cu, 

Zn, Fe, Mn 

Ashing (5h) and solution with 

HCl 
2 Tunisia - 0.001-0.2 (43) 
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Table A1. Experimental information of studies about date flesh elemental composition. (Cont.) 

Technique Elements Sample treatment 
Number of 

varieties 
Origin accuracy 

Precision 

(SD, RSD%) 
References 

FAAS 

K, Ca, Mg, Na, P 
Ashed for (4 h) at 550 °C, 

dissolved in HCl 
11 Tunisia - - (55) 

Ca, Mg, Na, K 
Ashing (8 h) at 550 °C  and 

solution with HNO3 : LaCl3 
2 Tunisia - 0.1-13.1 (36) 

Ca, Na, K, Mg, Cu, 

Zn, Fe, Mn 

Ashing (5 h) at 530 °C and 

solution with HCl 
10 Tunisia - - (178) 

K, Ca, Na, Fe, Cu, 

Zn, Co, Ni, Pb 

Ashing (2 days) at 550 °C, and 

solution with  HNO3 
7 

Pakistan, 

Iran 
- - (38) 

ETAAS 

 

Cd, Pb - - Pakistan - 2.8-3.9 (44) 

Ca, Cr, Co, Cu, Fe, 

Mg, Mn, P, K, Se, 

Na, Zn 

Ashed (2 days) at 525 °C and 

solution with HNO3 
3 Oman - 0.01-14 (85) 

INNA 

 

As, Br, Hg, Sb, Se - - Pakistan - 0.1-8 (44) 

Ca, Cl, Co, Cr, Fe, 

K, Mg, Mn, Mo, 

Na, Se, Sn, Sr, Zn, 

Ce, Cs, Eu, Rb, Sc 

- - Pakistan - 0.002-225 (41) 
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Table A1. Experimental information of studies about date flesh elemental composition. (Cont.)  

Technique Elements Sample treatment 
Number of 

varieties 
Origin accuracy 

Precision 

(SD, RSD%) 
References 

ICP-AES 

Ca, Mg, P, K, Na, 

Cu, Zn, Fe 
Digestion using a HNO3: HClO4 5 UAE - - (11) 

Cd, Br 
Ashing (8 h) at 550 °C and 

solution with  HCl : HNO3 
- Oman 85-100% 13% (65, 66) 

Ag, Al, Ba, Be, Ga, 

La, Mo, Se, Si, Tl 

Ashing (8 h) at 550 °C and 

solution with HCl : HNO3 
- Oman - 0.84-7.4% (67) 

Na, Mg, K, Ca - 34 Iran - 0.1-15 (179) 

ICP-MS 
Cd, Co, Cu, Fe, 

Mn, Ni, Zn, Pb 

Ashing at 550 °C and solution 

with H2SO4 : HNO3 
6 Saudi Arabia - 0.47-4.87 (69) 
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Table A2. Experimental information of studies about date seed elemental composition. 

Technique Elements Sample treatment 
Number of 

varieties 
Origin accuracy 

Precision 

(SD, RSD%) 
References 

UV-Vis 

P Ash was dissolved in HCl 2 Saudia Arabia - - (26) 

B 

Ashing  at 600 °C with 

Ca(OH)2 ; solution with 

H2SO4 and quinalizarin 

9 Saudi Arabia 100-99.4% 0.01-0.13 (177) 

P - 11 Saudi Arabia - - (89) 

P 
Ashing (5 h) at 530 °C 

and solution with HCl 
2 Tunisia - - (43) 

FAAS 

Ca, Mg, Zn, Cu, Fe, 

Mn, Na, K 
ash was dissolved in HCl 2 Saudia Arabia - - (26) 

Al3+, Ca+2, Na+, Cd+2, 

Cu+2, Fe+3, K+, Mg+2, 

Zn+2 

- 5 Saudia Arabia - - (50) 
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Table A2. Experimental information of studies about date seed elemental composition. (Cont.) 

Technique Elements Sample treatment 
Number of 
varieties 

Origin accuracy 
Precision 

(SD, RSD%) 
References 

FAAS 

Ca,  Na,  Mg,  K,  Fe,  
Cu,  Mn 

Ash was dissolved   in aqua 
regia 

4 Israel - - (48) 

Fe, Mn,  Zn , Cu, Ca, 
Mg, Na, k 

- 11 
Saudi 

Arabia 
- - (89) 

Na, K, Ca, Mn, Fe, Cu, 
Mg 

Ash was dissolved in HCl - Pakistan - - (51) 

Ca, Na, K, Fe, Mg Ashing  (8 h) at 550 °C 2 Tunisia - 0.2-21.4 (27) 

Na+, K+, Mg2+, Fe2+, 
Cu2+, Mn2+, Co2+, 

Ni2+, Cd2+, Zn2+, Pb2+ 

Digestion in a Microwave, 
the digested solution was 
filtered using HNO3 

6 Bahrain - 0.01-60.3 (47) 

Ca, Na, K, Mg, Cu, Zn, 
Fe and Mn 

Ashing (5 h) at 530 °C and 
solution with HCl 

2 Tunisia - 0.001-0.08 (43) 

ETAAS 
Ca, Mg, P, K, Na, Cu, 

Zn , Fe 
Digestion in HNO3: HClO4 5 UAE - - (35) 

ICP 
 

Cr+3 
Digestion in a Microwave, 
the digested solution was 
filtered using HNO3 

6 Bahrain - 0.01-60.3 (47) 

Na, Ca, K, Fe, Cd, Pb, 
Cu, Mg, Zn,  Mn, P,   

Cr, 
Digestion in HNO3 : H2SO4 - Oman - - (64) 
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Figure A1. Box diagram of the average (mg/Kg) elemental concentration 

in fruit flesh for different palm date samples. 
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Figure A1. Box diagram of the average (mg/Kg) elemental concentration 

in fruit flesh for different palm date samples. (Cont.) 
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Figure A1. Box diagram of the average (mg/Kg) elemental concentration 

in fruit flesh for different palm date samples. (Cont.) 
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Figure A2. Box diagram of the average (mg/Kg) elemental concentration 

in seeds for different palm date samples. 
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Figure A2. Box diagram of the average (mg/Kg) elemental concentration 

in seeds for different palm date samples. (Cont.) 
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Figure A 2. Box diagram of the average (mg/Kg) elemental concentration 

in seeds for different palm date samples. (Cont.) 
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Table A3. Total variance explained by the PCs obtained from the analysis 

of data from the flesh elemental analysis. 

Component Eigenvalues % of Variance % Cumulative 

1 6.385 35.474 35.474 

2 4.691 26.061 61.353 

3 2.338 12.988 74.523 

4 1.501 8.337 82.860 

5 0.970 5.390 88.250 

6 0.939 5.214 93.464 

7 0.431 2.393 95.857 

8 0.380 2.114 97.971 

9 0.179 0.996 98.966 

10 0.119 0.659 99.625 

11 0.047 0.264 99.889 

12 0.020 0.111 100.000 

13 1.067 х 10-15 5.929 х 10-15 100.000 

14 4.058 х 10-16 2.254 х 10-15 100.000 

15 8.724 х 10-17 4.847 х 10-16 100.000 

16 1.751 х 10-17 9.728 х 10-17 100.000 

17 -8.967 х 10-17 -4.982 х 10-16 100.000 

18 -3.686 х 10-16 -2.048 х 10-15 100.000 
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Table A4. Total variance explained by the PCs obtained from the analysis 

of data from the seed elemental analysis. 

Component Eigenvalues % of Variance %Cumulative 

1 7.025 39.028 39.028 

2 4.973 27.627 66.655 

3 2.937 16.314 82.969 

4 0.997 5.541 88.510 

5 0.872 4.846 93.356 

6 0.517 2.872 96.229 

7 0.400 2.220 98.449 

8 0.139 0.770 99.219 

9 0.068 0.378 99.597 

10 0.039 0.218 99.815 

11 0.026 0.142 99.957 

12 0.008 0.043 100.000 

13 5.175 х 10-16 2.875 х 10-15 100.000 

14 2.475 х 10-17 1.375 х 10-16 100.000 

15 -1.777 х 10-16 -9.875 х 10-16 100.000 

16 -2.925 х 10-16 -1.625 х 10-15 100.000 

17 -4.442 х 10-16 -2.468 х 10-15 100.000 

18 -1.409 х 10-15 -7.830 х 10-15 100.000 
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Table A5. Weighting coefficient (loading) of each element studied by the 

4 principal components and values of commonality in flesh samples. 

 PC1 PC2 PC3 PC4 Commonality 

Mn 0.852 -0.293 -0.309 0.075 0.325 

Mg 0.907 0.259 -0.175 -0.073 0.918 

Ca 0.868 0.449 0.131 -0.046 1.402 

Fe 0.942 -0.238 -0.140 0.034 0.598 

Cu 0.875 0.212 -0.130 0.326 1.284 

Sr 0.746 0.179 0.406 -0.428 0.904 

Zn 0.956 -0.179 -0.111 0.116 0.782 

Na -0.405 -0.070 0.259 0.166 -0.049 

K -0.071 0.840 -0.440 -0.025 0.304 

Li 0.589 -0.090 0.128 -0.394 0.233 

Cr 0.051 0.889 0.237 0.184 1.36 

Co 0.116 0.374 0.382 -0.688 0.184 

Ni 0.262 0.658 0.552 0.271 1.742 

Cd -0.030 0.806 -0.535 0.060 0.301 

Ba -0.020 0.690 -0.590 -0.005 0.074 

N 0.154 0.420 0.729 0.357 1.661 

C -0.442 0.782 0.095 0.049 0.484 

H 0.374 -0.416 0.149 0.535 0.645 

 

 



144 Appendix: Supplementary Data 

 
 

Table A6. Weighting coefficient (loading) of each element studied by the 

first three principal components and values of commonality in seed 

samples. 

 PC 1 PC 2 PC 3 Commonality 

Mn 0.947 -0.090 -0.021 0.836 

Mg 0.958 -0.088 -0.097 0.773 

Ca 0.970 0.103 -0.097 0.976 

Fe 0.977 -0.100 -0.101 0.776 

Cu 0.934 -0.009 -0.225 0.700 

Sr 0.820 -0.050 0.215 0.985 

Zn 0.972 -0.191 -0.005 0.776 

Na -0.104 0.447 -0.771 -0.428 

K -0.191 -0.296 0.823 0.336 

Li 0.826 0.046 0.238 1.11 

Cr 0.221 0.870 0.382 1.473 

Co 0.083 0.945 0.138 1.166 

Ni 0.078 0.614 -0.424 0.268 

Cd 0.098 0.811 0.397 1.306 

Ba -0.021 0.912 0.382 1.273 

N 0.085 -0.600 0.361 -0.154 

C 0.013 -0.805 0.373 -0.419 

H 0.124 0.291 0.752 1.167 
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Table A7. Test of equality of group means in the samples of fruit flesh. 

Variable Wilks Lambda F-ratio Significance level 

Mn 0.864 0.788 0.481 

Mg 0.909 0.501 0.620 

Ca 0.827 1.048 0.386 

Fe 0.967 0.171 0.845 

Cu 0.890 0.617 0.559 

Sr 0.940 0.322 0.732 

Zn 0.982 0.093 0.912 

Na 0.990 0.050 0.951 

K 0.476 5.497 0.025 

Li 0.826 1.052 0.385 

Cr 0.224 17.299 0.001 

Co 0.879 0.691 0.524 

Ni 0.602 3.310 0.079 

Cd 0.554 4.026 0.052 

Ba 0.697 2.171 0.165 

N 0.616 3.112 0.089 

C 0.353 9.175 0.005 

H 0.657 2.610 0.122 
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Table A8. Tolerance, F to exit and Wilk's lambda for the variables 

included in the analysis of fruit flesh samples. 

Stage Variable Tolerance F to exit Wilks Lambda 

1 Cr 0.064 7.862 0.001 

2 C 0.008 17.052 0.001 

3 Mg 0.003 17.581 0.001 

4 Na 0.032 7.769 0.001 

5 Li 0.015 13.138 0.001 

6 H 0.034 11.742 0.001 

7 Fe 0.004 7.513 0.000 

8 Cu 0.004 9.036 0.001 

9 N 0.031 6.112 0.000 

10 Ba 0.035 3.492 0.000 

Table A9. Tolerance, F to enter and Wilk's lambda for the variables not 

included in the analysis of fruit flesh. 

Stage Variable Tolerance F to entrar Lambda de Wilks 

1 Mn 0.000 0.403 0.004 

2 Ca 0.000 - - 

3 Sr 0.000 - - 

4 Zn 0.000 - - 

5 K 0.000 0.201 0.005 

6 Co 0.000 - - 

7 Ni 0.000 1.647 0.000 

8 Cd 0.000 - - 
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Table A10. Test of equality of group means in the seeds samples. 

Variable Wilks Lambda F-ratio Significance level 

Mn 0.902 0.543 0.597 

Mg 0.948 0.274 0.766 

Ca 0.998 0.010 0.990 

Fe 0.922 0.421 0.668 

Cu 0.971 0.148 0.864 

Sr 0.957 0.227 0.801 

Zn 0.887 0.638 0.549 

Na 0.533 4.376 0.043 

K 0.875 0.716 0.512 

Li 0.891 0.611 0.562 

Cr 0.823 1.078 0.377 

Co 0.589 3.485 0.071 

Ni 0.496 5.080 0.030 

Cd 0.703 2.111 0.172 

Ba 0.741 1.748 0.223 

N 0.703 2.115 0.171 

C 0.295 11.927 0.002 

H 0.911 0.487 0.628 
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Table A11. Tolerance, F to exit and Wilks' lambda for the variables 

included in the analysis of seeds samples. 

Stage Variable Tolerance F to exit Wilks Lambda 

1 C 0.169 6.736 0.053 

2 N 0.233 3.595 0.034 

3 Cr 0.031 3.489 0.034 

4 Co 0.073 2.459 0.027 

5 Cd 0.091 2.447 0.027 

6 Na 0.239 2.772 0.029 

7 H 00.087 1.204 0.020 

 

Table A12. Tolerance, F to enter and Wilks' lambda for the variables not 

included in the analysis of seeds samples. 

Stage Variable Tolerance F to enter Wilks Lambda 

1 Mn 0.701 0.006 0.012 

2 Mg 0.738 0.055 0.012 

3 Ca 0.714 0.091 0.012 

4 Fe 0.737 0.043 0.012 

5 Cu 0.777 0.080 0.012 

6 Sr 0.405 0.138 0.011 

7 Zn 0.692 0.057 0.012 

8 K 0.116 0.368 0.010 

9 Li 0.456 0.154 0.011 

10 Ni 0.322 0.208 0.011 

11 Ba 0.039 0.403 0.010 
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Table A13. Eigenvalues, explained the percentages of variance and 

cumulative, as well as the  canonical correlations of the two discriminant 

functions in fruit flesh. 

Function Eigenvalue 
Variance 

(%) 

Cumulative 

(%) 

Canonical 

correlation 

1 568.393 91.0 91.0 0.999 

2 56.411 9.0 100.0 0.991 

 

Table A14. Pooled within groups correlation between discriminanting 

variables and standardized canonical disciminant  functions in fruit flesh 

samples. 

Variable Function 1 Function 2 

Cr 0.078* -0.015 

C 0.054 -0.059* 

Mg 0.011 0.025* 

Na 0.004 -0.004* 

Li -0.007 -0.057* 

H -0.012 0.089* 

Fe -0.008* 0.003 

Cu 0.010 0.034* 

N 0.032* 0.023 

Ba 0.028* -0.006 

* biggest absolute correlation with a determined function 
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Table A15. Assignment of the fruit flesh samples to their correspondent 

group. 

 
Predicted group membership 

Groups 1 2 3 Total 

Original 

Count 

1 6 0 0 6 

2 0 4 0 4 

3 0 0 3 3 

% 

1 100.0 0.0 0.0 100.0 

2 0.0 100.0 0.0 100.0 

3 0.0 0.0 0 100.0 

 

Table A16. Eigenvalues, explained the percentages of variance and 

cumulative, as well as the  canonical correlations of the two discriminant 

functions in seeds samples. 

Function Eigenvalues % Variance % Cumulative 
Canonical 

correlation 

1 19.414 86.6 86.6 0.975 

2 3.003 13.4 100.0 0.866 
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Table A17. Pooled within groups correlation between discriminanting 

variables and standardized canonical disciminant  functions in seeds 

samples. 

Variable Function 1 Function 2 

C 0.342* -0.199 

N 0.055 -0.349* 

Cr -0.044 0.244* 

Co -0.158 0.266* 

Cd -0.074 0.325* 

Na -0.189 0.248* 

H 0.067* 0.060 

* biggest absolute correlation with a determined function 

 

Table A18. Assignment of the seed samples affiliation to their 

correspondent group. 

 
Predicted affiliation group 

Groups 1 2 3 Total 

Original 

Count 

1 6 0 0 6 

2 0 4 0 4 

3 0 0 3 3 

% 

1 100.0 0.0 0.0 100.0 

2 0.0 100.0 0.0 100.0 

3 0.0 0.0 100.0 100.0 
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Table A19. Summary of the sugar analysis techniques used in date flesh analysis.  

Technique Sugar Sample treatment 
Number of 

varieties 
Origin 

Precision (SD, 

RSD%) 
References 

HPLC 

 

Glucose, Fructose, 

Sucrose 

Ethanol : water and heated to 

boiling point twice for (1 h) 
5 

Saudí Arabia, 

UAE, Qatar, 

Mali,  Algeria 

0.3-5.9 (53) 

Glucose, Fructose, 

Sucrose 

Ethanol 75%, then sonicated 

for (30 min) 
12 UAE - (12) 

Glucose, Fructose, 

Sucrose 
- 5 UAE - (11) 

Glucos,  Fructose 

Sucrose, Xylose 

Arabinose, 

Mannose  Galactose 

Ethanol 75% at 80 °C for (1h) 

with shaking, The extracts 

were combined by adding 1 

mL of 10% lead acetate 

solution 

2 Oman 0.03-0.7 (180) 
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Table A19. Summary of the sugar analysis techniques used in date flesh analysis. (Cont.) 

Technique Sugar Sample treatment 
Number of 

varieties 
Origin 

Precision (SD, 

RSD%) 
References 

HPLC 

Glucose, Fructose, 

Sucrose, maltos 

Acetonitrile:water (1:1) by using 

ultrasonic bath for (15 min) 
7 

Saudi 

Arabia 
- (56) 

Glucose, Fructose 

Acetonitrile:water (1:1) for (2 min). The 

extract was then kept in a water bath at 

55-60 °C for (15 min) 

3 Oman 0.2-1.4 (85) 

Glucose, Fructose, 

Sucrose 

Ethanol 75% at 80 °C for (1 h) with 

shaking. The extracts were combined by 

adding 1 mL of 10% lead acetate solution 

- Oman 0.01-0.1 (54) 

Glucose, Fructose 

80% ethanol. The samples were ground 

for 6 min and the date:ethanol:water 

mixture was stirred by a magnetic stirrer 

on a water bath (60 °C) for 30 min 

34 Iran - (179) 

Glucose, Fructose 
Extracted in a blender containing 70 mL 

of boiling water for (90 s). 
5 UAE - (37, 42) 

Glucose, Fructose, 

Sucrose, Xylose 

Rhamnose, Arabinose, 

Mannose, Galactose 

Aqueous ethanol (800 mL/L) by shaking 

at 50 °C for (30 min) 
2 Tunisia 0.001-0.48 (36) 
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Table A19. Summary of the sugar analysis techniques used in date flesh analysis. (Cont.) 

Technique Sugar Sample treatment 
Number of 

varieties 
Origin 

Precision (SD, 

RSD%) 
References 

HPLC 

 

Glucose, Fructose, 

Saccharose. 
Ethanol solution 11 Tunisia - (55) 

Glucose, Fructose 

Extracted in a blender 

containing 70 mL of boiling 

water for (90 s). 

7 
Pakistan, 

Iran 
1.2-1.6 (38) 

LC 
Glucose, Fructose, 

Sucrose 
- 2 Tunisia 0.03-0.5 (43) 
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Table A20. Total variance explained by the PCs obtained from the 

analysis of data from the flesh sugar analysis. 

Component Eigenvalues % of Variance % Cumulative 

1 2.841 56.820 56.820 

2 1.229 24.587 81.407 

3 0.506 10.111 91.518 

4 0.390 7.804 99.332 

5 0.034 0.678 100.000 

Table A21. Weighting coefficient (loading) of each sugar studied by the 

first 2 principal components and values of commonality in fruit flesh 

samples. 

 PC 1 PC 2 Commonality 

Fiber 0.656 0.591 1.247 

Sorbitol 0.553 0.700 1.253 

Glucose -0.858 0.467 -0.391 

Fructose -0.871 0.414 -0.457 

Myo-inositol 0.781 - - 

Table A22. Eigenvalues, explained the percentages of variance and 

cumulative, as well as the  canonical correlations of the two discriminant 

functions in fruit flesh. 

Function Eigenvalue 
Variance 

(%) 

Cumulative 

(%) 

Canonical 

correlation 

1 11.080 93.0 93.0 0.958 

2 0.838 7.0 100.0 0.675 
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Table A23. Pooled within groups correlation between discriminanting 

variables and standardized canonical disciminant  functions in fruit flesh 

samples. 

Variables Function 1 Function 2 

Fiber 0.477* 0.033 

Sorbitol 0.451* 0.213 

Glucose -0.154 0.608* 

Fructose 0.162 0.378* 

Myo-inositol 0.212 -0.296* 

* biggest absolute correlation with a determined function 

 

Table A24. Assignment of the fruit flesh samples to their correspondent 

group. 

 
Predicted group membership 

Groups 1 2 3 Total 

Original 

Count 

1 11 0 0 11 

2 0 3 1 4 

3 0 0 6 6 

% 

1 100.0 0.0 0.0 100.0 

2 0.0 75.0 25.0 100.0 

3 0.0 0.0 100.0 100.0 
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Table A25. Summary of the fatty acid analysis techniques used in date 

seeds analysis. 

Reference Origin Number of varieties 

(26) Saudi Arabia 2 

Sample treatment 

Seeds were extracted for 12 h with petroleum ether in a Soxhlet extractor. The 

solvent was removed by a rotary evaporator under reduced pressure and the oil 

flushed with nitrogen. 

Methyl ester preparation 

2 g of the oil was refluxed with 15 mL 14% BF3·MeOH and 5 mL benzene. After 

extraction with diethyl ether, the extract was dried with anhydrous sodium 

sulphate and evaporated to dryness under reduced pressure. 

Fatty acid 

Caproic, Caprylic, Capric, Lauric, Tridecanoic, Myristic, Pentadecanoic, Palmitic, 

Palmitoleic, Heptadecanoic, Stearic, Elaidic, Linoleic, Linolenic, Arachidic, Cis- 

11,14-Eicosadienoic, Arachidonic, Behenic, Tricosanoic, Lignoceric. 

Technique Accuracy Precision (RSD%, SD) 

GLC - - 

 
Reference Origin Number of varieties 

(50) Saudi Arabia 5 

Sample treatment 

Seeds were saponified by extracting 20-fold with chloroform : methanol (2:1) at 

40-60 °C, the extract washed three time with 2% aqueous CaCl2 and drying 

under vacuum, the fatty acid were hydrolyzed by mixing with 100 mL 

methanolic KOH and refluxing on a boiling water bath for 1 h, the unsaponifiable 

matter was removed out by extraction with light petroleum ether. The saponified 

solution of the hydrolysate, containing fatty acid was acidified with concentrated 

HCl, extracted with diethyl ether, and dried under vacuum after removing ether. 

Methyl ester preparation 

The sample was treated in the presence of BF3 

Fatty acid 

Stearic, Capric, Lauric, Myristic, Palmitic, margaric, Archidic, Heneicosanoic, 

Behenic, Tricosanoic,  Palmitoleic, Oleic, Linoleic, Linoleic and unknown 

Technique Accuracy Precision (RSD%, SD) 

GLC - - 
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Table A25. Summary of the fatty acid analysis techniques used in date 

seeds analysis. (Cont.) 

Reference Origin Number of varieties 

(48) Israel  4 

Sample treatment 

Seeds were extracted with petroleum ether (40-60°C) in a Soxhlet apparatus for 

9 h. 

Methyl ester preparation 

The oil treated with BF3-Methanol, hexane, NaCl, anhydrous sodium sulfate. 

Fatty acid 

Capric, Lauric, Myristic, Palmitic, Stearic, Oleic, Linoleic 

Technique Accuracy Precision (RSD%, SD) 

GLC - - 

 
Reference Origin Number of varieties 

(50) Saudi Arabia  5 

Sample treatment 

Seeds were saponified by extracting 20-fold with chloroform: methanol (2:1) at 

40 – 60 °C, the extract washed three time with 2% aqueous CaCl2 and drying 

under vacuum, the fatty acid were hydrolyzed by mixing with 100 mL 

methanolic–KOH and refluxing on a boiling water bath for 1 h, the unsaponifiable 

matter was removed out by extraction with light petroleum ether. The saponified 

solution of the hydrolysate, containing fatty acid was acidified with concentrated 

HCl, extracted with diethyl ether, and dried under vacuum after removing ether. 

Methyl ester preparation 

Samples were treated in the presence of BF3 

Fatty acid 

Stearic, Capric, Lauric, Myristic, Palmitic, margaric, Archidic, Heneicosanoic, 

Behenic, Tricosanoic,  Palmitoleic, Oleic, Linoleic, Linoleic and unknown 

Technique Accuracy Precision (RSD%, SD) 

GLC - - 
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Table A25. Summary of the fatty acid analysis techniques used in date 

seeds analysis. (Cont.) 

Reference Origin Number of varieties 

(35) UAE 5 

Sample treatment 

AOAC 1985 

Methyl ester preparation 

- 

Fatty acid 

Lauric, Myristic, Palmitic, Stearic, Oleic, Linoleic, Linolenic, Arachidic, Eicosenoic 

Technique Accuracy Precision (RSD%, SD) 

GLC - - 

 
Reference Origin Number of varieties 

(63) 
Egypt, Iraq, Iran, Saudi 

Arabia 
13 

Sample treatment 

Saponification with methanolic sodium hydroxide and methylation with a BF3-

methanol reagent 

Methyl ester preparation 

- 

Fatty acid 

Caproic, Caprylic, Lauric, Myristic, Palmitic, Stearic, Oleic, Linoleic, Arachidic, 

Eicosenoic, Behenic 

Technique Accuracy Precision (RSD%, SD) 

GC-MS - 0.1-3.4 
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Table A25. Summary of the fatty acid analysis techniques used in date 

seeds analysis. (Cont.) 

Reference Origin Number of varieties 

(51) Pakistan  

Sample treatment 

Seeds were treated with chloroform-methanol (2:1) stirred and filtered, this 

extraction was repeated 3 times. then added NaCl (9%) and two phases were 

separated by cooking and warming, the lower layer was filtered and then 

evaporated to dryness in a rotavap, till the volume is about 5 mL 

Methyl ester preparation 

Oil was treated with acetyl chloride in the presence of benzene and methanol 

under reflux condition for one hour, after cooling the contents extracted from it 

with petroleum ether and dried it with anhydrous Na2SO4 

Fatty acid 

Lauric , Myristic, Palmitic, Stearic, Oleic, Linoleic 

Technique Accuracy Precision (RSD%, SD) 

GLC - - 

 
Reference Origin Number of varieties 

(27) Tunisia  2 

Sample treatment 

Lipid extraction was carried out in a Soxhlet, seeds were treated with petroleum 

ether, 40 – 60 °C (The extraction was repeated at least 12 times for each variety. 

The operational conditions were: immersion time: 30 min with thimble 

immersed in boiling solvent; and, washing time: 60 min of reflux washing. After 

removing solvent, using a rotavap apparatus, the seed oil obtained was drained 

under a stream of nitrogen and then stored in a freezer (-20 °C). 

Methyl ester preparation 

Using a boron trifluoride methanol complex (14% w/v). The mixture was 

maintained at 100 °C during 1 h. The reaction was stopped with 0.5 mL of 

distilled water. Then, the extracted fatty acid methyl esters (FAMES) were 

dissolved in pure heptane. 

Fatty acid 

Capric, Lauric, Myristic, Myristoleic, Palmitic Palmitoleic, Stearic, Oleic, Linoleic, 

Linolenic 

Technique Accuracy Precision (RSD%, SD) 

GLC - 0.01-0.7 
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Table A25. Summary of the fatty acid analysis techniques used in date 

seeds analysis. (Cont.) 

Reference Origin Number of varieties 

(176) Tunisia  2 

Sample treatment 

Lipid extraction was carried out in a Soxhlet, seeds were treated with petroleum 

ether, 40–60 °C (The extraction was repeated at least 12 times for each variety. 

The operational conditions were: immersion time: 30 min with thimble 

immersed in boiling solvent; and, washing time: 60 min of reflux washing. After 

removing solvent, using a rotavap apparatus, the seed oil obtained was drained 

under a stream of nitrogen and then stored in a freezer (-20 °C). 

Methyl ester preparation 

Boron trifluoride methanol complex (14% w/v). The mixture was maintained at 

100 °C for 1 h. The reaction was stopped with 0.5 mL of distilled water. Then, the 

extracted fatty acid methyl esters (FAMEs) were dissolved in heptane. 

Fatty acid 

Capric, Lauric, Myristic, Myristoleic, Palmitic, Palmitoleic, Stearic, Oleic, Linoleic, 

Linolenic 

Technique Accuracy Precision (RSD%, SD) 

GLC 0.08-0.85 - 

 
Reference Origin Number of varieties 

(64) Oman - 

Sample treatment 

The total lipid extract was obtained by digesting a test portion with hydrochloric 

acid which was then saponified and methylated. 

Methyl ester Preparation 

- 

Fatty acid 

Capric, lauric, pentadecanoic, palmitic, oleic, linoleic 

Technique Accuracy Precision (RSD%, SD) 

GC-MS - - 
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Table A25. Summary of the fatty acid analysis techniques used in date 

seeds analysis. (Cont.) 

Reference Origin Number of varieties 

(77) Tunisia 1 

Sample treatment 

The lipids were extracted exhaustively with petroleum ether (40–60 °C) by a 

Soxhlet apparatus for 8 h. 

Methyl ester preparation 

- 

Fatty acid 

Lauric, Myristic, Palmitic, Palmitoleic, Stearic, Oleic, Linoleic, Linolenic 

Technique Accuracy Precision (RSD%, SD) 

GC-FID - 0.2-0.6 

 
Reference Origin Number of varieties 

(150) Algeria 3 

Sample treatment 

Seeds were extracted in a soxhlet apparatus using Hexane as a solvent for 6 

hours. After extraction the solvent was removed using a Rotary vacuum 

evaporator at a temperature not exceeding 40 °C. 

Methyl ester preparation 

The oils were converted to methyl esters using a methanolic potassium 

hydroxide (1 M). The mixture was refluxed during 30 min 

Fatty acid 

Capric, Lauric, Myristic, Myristoleic, Palmitic, Stearic, Oleic, Linoleic, Linolenic, 

Arachidic 

Technique Accuracy Precision (RSD%, SD) 

GC-FID - - 
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Table A25. Summary of the fatty acid analysis techniques used in date 

seeds analysis. (Cont.) 

Reference Origin Number of varieties 

(175) Iran 2 

Sample treatment 

- 

Methyl ester preparation 

- 

Fatty acid 

Oleic, Lauric, Myristic, Palmitic, Linoleic, stearic 

Technique Accuracy Precision (RSD%, SD) 

GLC -  

 
Reference Origin Number of varieties 

(174) Tunisia 9 

Sample treatment 

The lipids were extracted with petroleum ether (40–60 °C) by a Soxhlet 

apparatus for 8 h. 

Methyl ester preparation 

- 

Fatty acid 

Oleic, Lauric, Palmitic, Linoleic, Myristic 

Technique Accuracy Precision (RSD%, SD) 

GC-FID - 0.01-0.7 
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Table A26. Total variance explained by the PCs obtained from the 

analysis of data from the seed oil analysis. 

Component Eigenvalues % of Variance % Cumulative 

1 5.045 56.060 56.060 

2 1.469 16.318 27.378 

3 1.235 13.718 86.096 

4 0.690 7.671 93.767 

5 0.225 2.498 96.265 

6 0.185 2.053 98.318 

7 0.103 1.145 99.463 

8 0.027 0.303 99.766 

9 0.021 0.234 100.000 

 

Table A27. Weighting coefficient (loading) of each element studied by 

the  first 3 principal components and values of commonality in seed oil. 

Fatty acid PC 1 PC 2 PC 3 Commonality 

Caprylic 0.894 -0.109 -0.386 0.399 

Myristic 0.829 0.364 0.197 1.390 

Lauric 0.827 0.390 -0.302 0.915 

Capric 0.801 -0.193 -0.492 0.116 

Oleic 0.772 0.014 0.535 1.321 

Stearic 0.766 -0.457 0.040 0.349 

Caproic 0.716 -0.160 -0.103 0.453 

Palmatic 0.636 -0.376 0.624 0.884 

Linoleic 0.367 0.871 0.159 1.397 
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Table A28. Test of equality of group means in the seeds samples. 

Variable Wilks Lambda F-ratio Significance level 

Caproic acid 0.912 0.722 0.502 

Caplylic acid 0.799 1.882 0.187 

Capric acid 0.684 3.468 0.058 

Lauric acid 0.962 0.293 0.750 

Myristic acid 0.973 0.209 0.814 

Palmitic acid 0.584 5.353 0.018 

Stearic acid 0.588 5.245 0.019 

Oleic acid 0.894 0.889 0.432 

Linoleic acid 0.543 6.312 0.010 

 

Table A29. Eigenvalues, explained the percentages of variance and 

cumulative, as well as the  canonical correlations of the two discriminant 

functions in seed samples. 

Function Eigenvalue 
Variance 

(%) 

Cumulative 

(%) 

Canonical 

correlation 

1 18.004 94.7 94.7 0,973 

2 1.005 5.3 100,0 0,708 
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 Table A30. Pooled within-goups correlation between discriminanting 

variables and standardized canonical disciminant  functions in seed oil 

samples. 

variable Function 1 Function 2 

Linoleic acid -0,215* 0,103 

Stearic acid 0,197* -0,063 

Palmitic acid 0,165 0,475* 

Capric acid 0,126 -0,421* 

Caprylic acid 0,084 -0,353* 

Oleic acid 0,048 0,278* 

Lauric acid -0,023 -0,173* 

Caproic acid 0,063 -0,155* 

myristic acid -0,034 0,084* 

* biggest absolute correlation with a determined function 

Table A31. Assignment of the seed oil samples to their corresponent 

group. 

 

 

Predicted group membership 

Groups 1 2 3 Total 

Original 

Count 

1 12 0 0 12 

2 0 2 0 2 

3 0 1 3 4 

% 

1 100,0 0,0 0,0 100,0 

2 0,0 100,0 0,0 100,0 

3 0,0 25,0 75,0 100,0 
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Resumen 1 

 

INTRODUCCIÓN Y OBJETIVO GENERAL 
El dátil (Phoenix dactylifera. L.) es un fruto subtropical muy 

popular en Oriente Medio y Norte de África debido a sus propiedades 

nutricionales. En algunos países, los dátiles también juegan un papel muy 

importante en la cultura y en la economía local. El mercado global 

asociado a la producción y distribución del dátil está en torno a las siete 

millones de toneladas por año. En algunos lugares de Europa en los que 

los inviernos no son muy severos, las palmeras son cultivadas, además de 

con fines ornamentales, también por sus frutos. El principal palmeral de 

Europa (declarado en el año 2000 Patrimonio de la Humanidad por la 

UNESCO) está localizado en Elche, al sureste de España. El Palmeral de 

Elche produce alrededor de 5000 toneladas de dátiles por año con 

características que los hacen diferentes a los obtenidos en las 

plantaciones del resto del mundo. Ello se debe a que la mayor parte de las 

palmeras se reproducen por semillas, lo que da lugar a una población de 

híbridos con elevada variabilidad genética. 

Con objeto de conocer las características nutricionales de los 

dátiles y las diferencias entre frutas de diferente origen y variedad, es 

necesario disponer de información exacta acerca de la composición 

química de los dátiles. Teniendo en cuenta estas consideraciones, los 

objetivos del presente trabajo son los siguientes: 

Aplicar, desarrollar y validar metodologías exactas, precisas y 

rápidas para el análisis químico de los dátiles (fruto y semilla). Estos 

análisis incluyen: (i) contenido elemental; (ii) alditoles (myo-inositol y 

sorbitol); (iii) azúcares reductores (glucosa y fructosa); y, (iv) ácidos 

grasos. Para ello se utilizarán diferentes técnicas analíticas incluyendo: 

Espectroscopía de Emisión Atómica por Plasma Acoplado por inducción 

(ICP-AES), Espectroscopía de masas con fuente de ionización de plasma 

acoplado por inducción (ICP-MS), Espectroscopia de Raman por 

transformada de Fourier (FT-Raman), Cromatografía de intercambio 

aniónico de alta resolución (HPAEC), Espectroscopia de Infrarrojo por 

transformada de Fourier (FT-IR) y Cromatografía de gases-

Espectrometría de masas (GC-MS). 
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Utilizar los datos obtenidos sobre la composición química de los 

dátiles para llevar a cabo una clasificación de estos frutos atendiendo a su 

origen y variedad. Para ello se emplearán diferentes técnicas 

quimiométricos tanto univariantes como multivariantes. 

 

ANÁLISIS ELEMENTAL DE DÁTILES MEDIANTE 

TÉCNICAS DE PLASMA ACOPLADO POR 

INDUCCIÓN PARA LA CLASIFICACIÓN POR 

ORIGEN UTILIZANDO ANÁLISIS MULTIVARIANTE 

 

OBJETIVO 

El objetivo de este capítulo es proponer y validar un método 

robusto utilizando la digestión por microondas de las muestras y técnicas 

basadas en el plasma de acoplamiento inductivo (ICP-AES o ICP-MS) para 

el análisis elemental de dátiles (fruto y semillas) de diferentes variedades 

y orígenes geográficos. Atendiendo a los resultados obtenidos, se va a 

llevar a cabo una comparación entre las muestras mediante análisis 

multivariante. 

 

RESULTADOS Y DISCUSIÓN 

Contenido elemental 

Las Tablas 1-4 muestran los resultados obtenidos en el análisis 

elemental de 13 muestras, tanto en el fruto (Tablas 1 y 2) como en 

semilla (Tablas 3 y 4). 
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Análisis multivariante 

Los modelos de PCA obtenidos constan de cuatro componentes en 

el caso de los frutos y tres en el de las semillas, que explican el 82.86% y 

82.97% de la varianza total, respectivamente. Las Figuras 1 y 2 muestran 

los gráficos PC1 versus PC2 para fruto y semilla, respectivamente.  

Empleando análisis discriminante se obtienen conclusiones 

similares a las anteriores. 
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Tabla 1. Concentracion de elementos en el fruto de las muestras de Elche (España)(mg/Kg). 

 Elche1 Elche2 Elche3 Elche4 Elche5 Elche6 

C 392000 ± 1000 381000 ± 10000 380000 ± 20000 390000 ± 20000 381000 ± 8000 377000 ± 8000 

H 68000 ± 5000 70000 ± 2000 67000 ± 1000 71000 ± 5000 68000± 4000 69000 ± 3000 

N 5100 ± 400 7000 ± 500 6130 ± 140 6100 ± 800 4300 ± 600 6800 ± 900 

K 6940 ± 160 5000 ± 160 5590 ± 190 5140 ± 150 7470 ± 170 4600 ± 100 

Ca 787 ± 8 1090 ± 30 931 ± 7 459 ± 10 527 ± 10 536 ± 17 

Mg 709 ± 10 763 ± 9 857 ± 11 508 ± 9 615 ± 9 394 ± 8 

Na 127 ± 3 139 ± 3 119 ± 2 106 ± 4 129 ± 2 265 ± 6 

Fe 5.7 ± 0.2 6.1 ± 0.4 4.1 ± 0,2 4.4 ± 0.2 2.25 ± 0.14 4.3 ± 0.3 

Cu 5.5 ± 0.5 6.1 ± 0.4 2.9 ± 0.2 2.7 ± 0.2 2.12 ± 0.08 2.6 ± 0.2 

Sr 2.79 ± 0.14 9.1 ± 0.6 13.0 ± 0.4 3.4 ± 0.3 1.64 ± 0.07 2.3 ± 0.2 

Mn 2.7 ± 0.2 2.4 ± 0.2 1.91 ± 0.09 1.34 ± 0.08 2.19 ± 0.09 1.94 ± 0.09 
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Tabla 1. Concentracion de elementos en el fruto de las muestras de Elche (España)(mg/Kg) (cont.) 

 Elche1 Elche2 Elche3 Elche4 Elche5 Elche6 

Zn 4.3 ± 0.2 5.8 ± 0.6 2.97 ± 0.14 4.1 ± 0.3 2.25 ± 0.13 3.4 ± 0.3 

As < LOQ < LOQ 0.051 ± 0.003 < LOD < LOQ < LOD 

Ba 0.198 ± 0.009 0.0333 ± 0.0012 0.0370 ± 0.0014 0.0322 ± 0.0013 0.126 ± 0.004 0.032 ± 0.002 

Cd 0.010 ± 0.0005 0.0048 ± 0.0004 0.0025 ± 0.0003 0.0037 ± 0.0003 0.0131 ± 0.0010 0.0022 ± 0.0006 

Co 0.087 ± 0.003 0.0478 ± 0.0014 5.1 ± 0.2 0.115 ± 0.008 0.396 ± 0.009 0.154 ± 0.007 

Cr 0.060 ± 0.004 0.123 ± 0.002 0.078 ± 0.003 0.061 ± 0.003 0.103 ± 0.004 0.073 ± 0.005 

Li 0.0441 ± 0.0011 0.056 ± 0.002 0.054 ± 0.002 0.032 ± 0.002 0.0184 ± 0.0010 0.0273 ± 0.0006 

Ni 0.230 ± 0.008 0.70 ± 0.02 0.379 ± 0.009 0.255 ± 0.008 0.197 ± 0.006 0.2496 ± 0.0114 

Pb < LOQ < LOQ 0.0240 ± 0.0008 < LOD 0.135 ± 0.004 < LOD 

Se < LOQ < LOQ < LOQ < LOD < LOD < LOQ 

V 0.0115 ± 0.0007 0.0122 ± 0.0009 0.0085 ± 0.0004 0.0070 ± 0.0004 0.0084 ± 0.0002 < LOQ 
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Tabla 2. Concentracion de elementos en el fruto de las muestras de importacion (mg/Kg) 

 
Tunez Deglet 

Noor 

Argelia Deglet 

Noor 
Arabia Saudí Iran Israel Barhi Israel Medjool Israel Hayani 

C 371000 ± 8000 361000 ±13000 370000 ±10000 351000 ±11000 340000 ±13000 360000 ±11000 371000 ± 2000 

H 65800 ± 400 68000 ± 2000 69000 ± 5000 72400 ± 1600 71500 ± 1100 70600 ± 1100 73900 ± 1200 

N 5300 ± 600 4000 ± 900 4400 ± 700 4740 ± 120 5100 ± 500 4700 ± 300 5640 ± 180 

K 3800 ± 60 3900 ± 140 4900 ± 50 3800 ± 140 4370 ± 90 4900 ± 100 3500 ± 100 

Ca 261 ± 14 299 ± 12 284 ± 8 1000 ± 20 872 ± 30 367 ± 9 249 ± 9 

Mg 272 ± 8 358 ± 12 262 ± 13 960 ± 30 1150 ± 30 458 ± 17 266 ± 15 

Na 115 ± 7 196 ± 8 136 ± 5 109 ± 6 92 ± 4 208 ± 8 109 ± 3 

Fe 2.3 ± 0.2 2.83 ± 0.11 3.2 ± 0.2 16.1 ± 0.8 14.0 ± 0.4 1.98 ± 0.11 2.10 ± 0.10 

Cu 0.66 ± 0.02 0.98 ± 0.07 1.64 ± 0.12 5.4 ± 0.4 7.2 ± 0.2 1.6 ±0.2 1.97 ± 0.11 

Sr 1.07 ± 0.07 1.76 ± 0.10 1.36 ± 0.08 14.8 ± 0.8 3.6 ± 0.2 1.67 ± 0.10 2.6 ± 0.2 

Mn 1.21 ± 0.06 1.94 ± 0.09 1.60 ± 0.08 5.88 ± 0.13 7.04 ± 0.09 3.05 ± 0.10 1.04 ± 0.05 
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Tabla 2. Concentracion de elementos en el fruto de las muestras de importacion (mg/Kg) (cont.) 

 
Tunez Deglet 

Noor 

Argelia Deglet 

Noor 
Arabia Saudí Iran Israel Barhi Israel Medjool Israel Hayani 

Zn 1.39 ± 0.10 1.56 ± 0.12 2.1 ± 0.2 12.6 ± 0.4 10.9 ± 0.4 1.85 ± 0.10 2.1 ± 0.2 

As < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

Ba 0.023 ± 0.002 < LOQ < LOD 0.032 ± 0.002 < LOQ 0.025 ± 0.002 0.0333 ± 0.0013 

Cd 0.0035 ± 0.0010 < LOD < LOD < LOQ < LOQ < LOQ < LOQ 

Co 0.038 ± 0.002 0.0260 ± 0.0007 0.056 ± 0.006 0.102 ± 0.005 0.062 ± 0.003 0.0392 ± 0.0010 0.0257 ± 0.0008 

Cr 0.0153 ± 0.0010 0.0231 ± 0.0005 0.0213 ± 0.0011 0.0236 ± 0.0010 0.0181 ± 0.0008 0.033 ± 0.002 0.0306± 0.0009 

Li 0.042 ± 0.003 0.0443 ± 0.0012 < LOQ 0.174 ± 0.006 < LOQ 0.034 ± 0.002 0.0215 ± 0.0006 

Ni 0.155 ± 0.007 0.071 ± 0.003 0.107 ± 0.003 0.128 ± 0.005 0.187 ± 0.008 0.232 ± 0.008 0.184 ± 0.009 

Pb 0.0155 ± 0.0008 < LOD < LOQ 0.0119 ± 0.0010 0.100 ± 0.004 < LOD 0.0037 ± 0.0004 

Se < LOQ < LOQ < LOQ < LOD < LOQ 0.119 ± 0.002 0.120 ± 0.005 

V < LOQ 0.0156 ± 0.0010 0.0106 ± 0.0008 < LOQ < LOQ 0.0072 ± 0.0004 0.0065 ± 0.0003 
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Tabla 3. Concentracion de elementos en la semilla de las muestras de Elche (España) (mg/Kg)  

 Elche1 Elche2 Elche3 Elche4 Elche5 Elche6 

C 289000 ± 11000 326000 ± 14000 330000 ± 30000 374000 ± 12000 364000 ± 13000 373000 ± 17000 

H 76000 ± 4000 68000 ± 6000 57700 ± 1400 63000 ± 2000 56000 ± 3000 56000 ± 8000 

N 6300 ± 200 7400 ± 400 6500 ± 200 8700 ± 400 6800 ± 500 7000 ± 300 

K 1124 ± 14 1030 ± 20 1390 ± 80 1090 ± 50 1070 ± 20 930 ± 30 

Ca 208 ± 9 156 ± 11 256 ± 13 186 ± 15 160 ± 10 220 ± 10 

Mg 482 ± 10 476 ± 8 509 ± 8 448 ± 13 542 ± 2 454 ± 11 

Na 91 ± 3 94 ± 5 85 ± 5 91 ± 5 95 ± 3 102 ± 4 

Fe 6.9 ± 0.2 6.9 ± 0.5 6.6 ± 0.3 5.3 ± 0.2 5.5 ± 0.3 9.0 ± 0.4 

Cu 3.2 ± 0.3 4.2 ± 0.4 3.9 ± 0.4 3.0 ± 0.2 4.1 ± 0.2 3.5 ± 0.2 

Sr 0.28 ± 0.02 0.84 ± 0.08 3.44 ± 0.25 0.58 ± 0.05 0.25 ± 0.02 0.52 ± 0.05 

Mn 4.8 ± 0.2 3.38 ± 0.14 4.0 ± 0.2 2.6 ± 0.2 4.29 ± 0.06 4.2 ± 0.2 
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Tabla 3. Concentracion de elementos en la semilla de las muestras de Elche (España) (mg/Kg) (cont.) 

 Elche1 Elche2 Elche3 Elche4 Elche5 Elche6 

Zn 5.2 ± 0.2 5.73 ± 0.15 5.4 ± 0.4 5.5 ± 0.5 5.6 ± 0.3 5.3 ± 0.5 

As 0.042 ± 0.003 0.089 ± 0.008 < LOQ < LOQ < LOQ < LOQ 

Ba 0.160 ± 0.004 0.052 ± 0.003 0.067 ± 0.002 0.0143 ± 0.0009 < LOQ 0.0194 ± 0.0014 

Cd 0.0113 ± 0.0006 0.0037 ± 0.0002 0.0120 ± 0.0009 < LOQ < LOQ < LOQ 

Co 3.20 ± 0.03 1.28 ± 0.07 1.35 ± 0.05 0.57 ± 0.09 0.87 ± 0.03 1.03 ± 0.06 

Cr 0.301 ± 0.010 0.153 ± 0.006 0.167 ± 0.007 0.105 ± 0.004 0.072 ± 0.003 0.084 ± 0.006 

Li < LOQ < LOQ < LOQ < LOQ < LOD < LOQ 

Ni 0.479 ± 0.014 0.471 ± 0.007 0.36 ± 0.02 0.341 ± 0.009 0.352 ± 0.008 0.69 ± 0.03 

Pb 0.0271 ± 0.0013 0.0195 ± 0.0012 0.113 ± 0.006 < LOD < LOD < LOQ 

Se < LOQ 0.110 ± 0.004 < LOQ < LOQ < LOD < LOQ 

V 0.0191 ± 0.0012 0.021 ± 0.002 < LOQ < LOQ < LOQ < LOD 
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Tabla 4. Concentracion de elementos en la semilla de las muestras de importacion (mg/Kg) 

 
Tunez Deglet 

Noor 

Argelia Deglet 

Noor 
Arabia Saudí Iran Israel barhi Israel Medjool Israel Hayani 

C 433000 ± 6000 460000 ± 8000 453000 ±19000 439000 ±12000 324000 ± 9000 413616 ±16068 322113 ±13011 

H 65000 ± 5000 62000 ± 2000 68000± 2000 68700 ± 1100 59000 ± 3000 68303 ± 3654 54903 ± 1896 

N 7800 ± 300 7300 ± 300 9000 ± 400 9600 ± 400 6700 ± 800 10866 ± 248 8571 ± 683 

K 1330 ± 50 1300 ± 50 1320 ± 60 1150 ± 60 960 ± 30 1688 ± 75 953 ± 27 

Ca 81 ± 5 113 ± 8 125 ± 9 500 ± 30 362 ± 19 116 ± 4 94 ± 4 

Mg 365 ± 11 400 ± 13 395 ± 12 1190 ± 30 1050 ± 50 460 ± 12 329 ± 13 

Na 80 ± 3 84 ± 4 79 ± 3 86 ± 3 86 ± 2 83 ± 6 98 ± 3 

Fe 4.9 ± 0.4 5.5 ± 0.3 5.0 ± 0.3 30.9 ± 1.5 19.8 ± 1.0 3.20 ± 0.10 4.3 ± 0.3 

Cu 1.32 ± 0.10 2.26 ± 0.17 3.4 ± 0.2 8.4 ± 0.4 7.5 ± 0.2 2.9 ± 0.2 3.00 ± 0.28 

Sr 0.21 ± 0.02 0.63 ± 0.05 0.25 ± 0.02 5.18 ± 0.39 1.00 ± 0.10 0.89 ± 0.07 0.65 ± 0.04 

Mn 3.13 ± 0.06 4.4 ± 0.3 3.5 ± 0.2 11.5 ± 0.8 9.4 ± 0.3 3.9 ± 0.2 2.38 ± 0.09 
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Tabla 4. Concentracion de elementos en la semilla de las muestras de importacion (mg/Kg) (cont.) 

 
Tunez Deglet 

Noor 

Argelia Deglet 

Noor 
Arabia Saudí Iran Israel barhi Israel Medjool Israel Hayani 

Zn 3.9 ± 0.3 4.6 ± 0.2 4.8 ± 0.3 28.4 ± 2.3 16.6 ± 1.5 6.3 ± 0.3 4.26 ± 0.37 

As < LOD < LOD < LOD < LOQ < LOD < LOQ < LOQ 

Ba 0.0112 ± 0.0006 < LOQ 0.0180 ± 0.0009 0.0108 ± 0.0008 < LOQ 0.015 ± 0.001 < LOQ 

Cd < LOD < LOQ < LOD < LOQ < LOQ < LOQ < LOQ 

Co 0.075 ± 0.004 0.091 ± 0.004 0.132 ± 0.006 0.59 ± 0.02 0.87 ± 0.02 0.075 ± 0.004 0.60 ± 0.02 

Cr 0.088 ± 0.007 0.097 ± 0.005 0.072 ± 0.003 0.141 ± 0.004 0.100 ± 0.005 0.087 ± 0.007 0.092 ± 0.003 

Li < LOD < LOQ < LOD 0.0167 ± 0.0004 < LOD < LOQ < LOD 

Ni 0.194 ± 0.010 0.155 ± 0.009 0.275 ± 0.010 0.33 ± 0.02 0.333 ± 0.027 0.348 ± 0.015 0.31 ± 0.02 

Pb < LOD < LOD < LOD 0.0298 ± 0.0009 0.0169 ± 0.0008 < LOD < LOD 

Se < LOQ < LOQ 0.135 ± 0.006 < LOQ < LOQ 0.30 ± 0.02 0.162 ± 0.009 

V 0.0085 ± 0.0008 0.0096 ± 0.0004 < LOQ < LOQ < LOQ < LOQ 0.0075 ±0.0004 
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Figura 1. putuaciones de los objetos en el espacio definido por las dos 

primers componente en el fruto. 

 

 Tunez,  Arabia Saudí,  Elche,  Argelia,  Israel,  Iran 

 

 

Figura 2. putuaciones de los objetos en el espacio definido por las dos 

primers componente en la semilla. 
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CONCLUSIONES 

Se ha propuesto un método analítico robusto basado en la 

digestión ácida de muestras de dátil mediante microondas y el 

posterior análisis de elementos traza y ultratraza con técnicas basadas 

en ICP. Los estudios de validación indican que es un método exacto y 

sin interferencias, mostrando una reproductibilidad razonable y con 

bajos límites de detección. 

El análisis de los resultados de composición elemental del fruto 

y la semilla de trece muestras de diferentes orígenes, muestran 

diferencias significativas entre los diferentes tipos de dátiles. Las 

muestras españolas muestran concentraciones más altas de 

elementos alcalinotérreos y alcalinos que el resto de muestras. El 

análisis PCA de los datos permite la clasificación de los dátiles del sur 

de España (Elche) en un grupo diferente del resto de orígenes. Sin 

embargo, el análisis discriminante permite clasificar correctamente el 

100% de las muestras estudiadas en tres gupos, España, Israel, y el 

resto. 
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CLASIFICACIÓN DE DÁTILES (PHOENIX 
DACTYLIFERA L.) MEDIANTE ESPECTROSCOPIA 
RAMAN POR TRANSFORMADA DE FOURIER Y 
QUIMIOMETRIA 

 

OBJETIVO 

El objetivo de este trabajo es evaluar la capacidad de la 

Espectroscopía Raman por transformada de Fourier (FT-Raman) en 

combinación con métodos quimiométricos de análisis para la 

clasificación de dátiles (Phoenix Dactylifera L.). Para ello se analizó 

muestras de diferentes orígenes y variedades. 

 

RESULTADOS Y DISCUSIÓN 

Comparación de los espectros de FT-Raman de 

los dátiles de diferentes orígenes y variedades 

La Figura 3 muestra los espectros FT-Raman de todas las 

muestras analizadas en la región de 200 – 3500 cm-1. En ella se puede 

observar que los espectros de los dátiles españoles son más intensos que 

los espectros obtenidos del resto de muestras. De hecho, las muestras 

españolas muestran elevados fondos que puedes atribuirse a su mayor 

contenido en fibra. Para evaluar esta hipótesis, se midió el contenido de 

fibra de todas las muestras de dátiles. Los resultados indicaron que las 

muestras españolas tienen un índice bruto de fibra de 6.6±1.6 (como 

media) que es considerablemente más alto que el obtenido en el resto de 

muestras (3.0±0.1). 

La simple inspección de los datos mostrados en la Figura 3 no 

permite observar diferencia entre los espectros FT-Raman de las 

diferentes variedades de dátiles. Para profundizar en este tema, en la 
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Figura 4 se han seleccionado algunos espectros representativos de dátiles 

de la misma variedad y, en su caso, de orígenes diferentes. En esta Figura 

se observa, primer lugar, que no existen diferencias notables entre los 

espectros de los dátiles de la misma variedad, independientemente de su 

origen. Es interesante comprobar que esta afirmación es válida también 

para las variedades híbridas españolas (Figura 4.D). Al comparar 

diferentes variedades, se observa una clara diferencia entre los espectros 

de Deglet Noor Figura 4.A, y el resto de variedades estudiadas (Figuras 

4.B-4.C). Estos resultados indican que, a priori, sería posible una 

identificación química de la variedad Deglet Noor a base de su espectro 

Raman en la región de 400-1800 cm-1. 

Análisis multivariante 

Análisis de Componentes Principales 

La Figura 5 muestra las puntuaciones en los dos primeros 

componentes (PC1-PC2) de 21 muestras diferentes de dátil. La varianza 

total explicada por estos dos componentes es de 99.19%. En la Figura 5 

se pueden distinguir tres grupos de muestras. En primer lugar, se puede 

observar que todos los dátiles españoles presentan valores positivos de 

PC1, apareciendo, por tanto, en el lado derecho de la Figura. El resto de 

las muestras siempre muestran valores PC1 negativos. Entre ellos, y 

atendiendo a los valores PC2, se pueden derivar dos grupos de muestras 

diferentes. El primero, con puntuación PC2 negativa, está formado por las 

muestras de Israel. La única excepción es la de los dátiles de Irán. El 

segundo grupo, mostrando valores PC2 mayores que cero, es formado 

por muestras de dátiles de distintos orígenes (Túnez, Sudáfrica, Arabia 

Saudí e Argelia). De la Figura 5 es también interesante mencionar la alta 

dispersión mostrada por las muestras españolas, lo cual parece estar 

repacionado con la ausencia de una determinada variedad en las 

muestras españolas. Desafortunadamente, el análisis por PCA de los 

espectros Raman no permitió una clasificación clara de las variedades. 
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Figura 3. Espectros FT-Raman de todas las muestras estudiadas en la 

region 200- 3500 cm-1 
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Figura 4. Espectros Representativos obtenidos de diferentes muestras de datiles de diferentes origenes y variedades: (A) Deglet 

Noor; (B) Medjool : (C) Hayani, Barhi, Salomon, Alligh, Perny y una variedad (desconocida) de Iran; (D) Elche. 
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Figura 5. Clasificacion de los datiles a base del analisis del componente 

principal con dos factores PC1 y PC2. 

 

CONCLUSIONES 

La espectroscopía FT-Raman es una potente herramienta para el 

análisis directo de dátiles. Los resultados mostrados en el presente 

trabajo demuestran, por primera vez, que la espectroscopía FT-Raman y 

las herramientas quimiométricas se pueden usar con éxito para la 

clasificación de los dátiles según su origen. La clasificación según la 

variedad no fue posible usando esta técnica, ya que sólo las muestras de 

la variedad Deglet Noor parecen proporcionar espectros diferentes a los 

del resto de muestras. Desafortunadamente, la imposibilidad de 

conseguir un mayor número de muestras Deglet Noor hizo imposible la 

obtención de conclusiones definitivas. 
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DETERMINACIÓN DE AZUCARES REDUCTORES Y 
ALDITOLES EN DÁTILES MEDIANTE 

CROMATOGRAFÍA IÓNICA Y ESPECTROSCOPÍA 
RAMAN POR TRANSFORMADA DE FOURIER 
 

OBJETIVO 
El objetivo del presente trabajo es el desarrollo de un método 

analítico para la determinación simultánea de alditoles, glucosa y fructosa 

mediante Cromatografía de Intercambio Iónico de Alta Resolución 

(HPAEC). A partir de los resultados obtenidos: (1) se emplearán métodos 

de análisis multivariante para tratar de establecer una clasificación de 

dátiles en función de su origen; y, (2) se evaluará la posibilidad de 

desarrollar un método de análisis cuantitativo de azúcares reductores 

basado en el empleo de la Espectroscopía Raman por Transformada de 

Fourier y regresión por Mínimos Cuadrados Parciales (PLS). 

 

RESULTADOS Y DISCUSIÓN 

Análisis de muestras 

La Tabla 5 muestra los resultados obtenidos usando el método 

propuesto mediante HPAEC. Como se puede ver en la Tabla, la glucosa es 

el azúcar predominante en los dátiles. La cantidad de glucosa depende del 

origen y variedad de la fruta analizada. Los dátiles de España tienen un 

contenido similar de glucosa al de los dátiles procedentes del Norte de 

África (Túnez Deglet Noor y Argelia Deglet Noor) e Irán, mientras que los 

mayores valores de glucosa se encuentran en las variedades de Israel 

(Salomon, Medjool y Barhi) y Sudáfrica (Medjool). Estos datos son en 

general similares a los publicados previamente por otros autores 

empleando otros métodos de análisis. 
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Los niveles de fructosa determinados en este estudio también 

fueron similares a los publicados anteriormente. En general los dátiles de 

España contienen menores cantidades de fructosa (17 -27 g/100g) que 

los dátiles de otros orígenes (17 - 39 g/100g).  

La cantidad de sorbitol en dátiles se ha encontrado entre 0.08 y 

1.15 g/100g. Cuando se comparan estas cantidades con las presentes en 

otras frutas, se puede concluir que los dátiles pueden ser una buena 

fuente de este compuesto. Es interesante mencionar que las muestras 

españolas e Israel Salomon tienen un contenido de sorbitol (0.56 a 1.15 

g/100g) mayor que el resto de variedades (0.08 a 0.48g/100g). 

En general, la concentración del myo-inositol en los dátiles fue 

similar al de otras frutas como las manzanas, moras y mango. Como se 

puede apreciar en la Tabla 5, no se detectaron grandes diferencias en el 

contenido del myo-inositol en las diferentes muestras.  

 

Análisis Multivariante 

Análisis por Componentes Principales (PCA) 

La Figura 6 muestra los valores de los primeros dos componentes 

principales (PC1-PC2) obtenidas en 21 diferentes muestras de dátiles. La 

varianza total explicada por estos dos componentes es del 81.4%. De los 

datos mostrados en la Figura 6, se deriva la presencia de dos diferentes 

grupos de muestras. El primero formado por todas las muestras 

españolas y el segundo por el resto de muestras. 
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Tabla 5. Concentracion de azucares en diferentes variedades de datiles. 

 

Concentracion ( g/100g)  

Sorbitol myo-inositol  Glucosa  Fructosa  Fibra   

Elche 1 0.89 ± 0.06 0.0248 ± 0.0009 32.54 ± 1.0 27.16 ± 1.7 7.10  ± 0.04 

Elche 2 0.89 ± 0.03 0.0444 ± 0.0008 31.54 ± 1.0 27.3 ± 0.6 6.39 ± 0.25 

Elche 3 1.10 ± 0.04 0.037 ± 0.002 24.47 ± 0.9 20.8 ± 0.6 7.87 ± 0.09 

Elche 4 0.98 ± 0.02 0.0364 ± 0.0014 19.87 ± 1.2 17.23 ± 0.07 4.14 ± 0.22 

Elche 5 0.56 ± 0.02 0.051 ± 0.0009 22.37 ± 2 17.57 ± 0.05 6.26 ± 0.38 

Elche 6 1.15 ± 0.04 0.0248 ± 0.0010 21.4 ± 1.3 18.4 ± 0.4 4.63 ± 0.30 

Elche 7 0.790 ± 0.014 0.060 ± 0.0002 24.4 ± 0.3 20.01 ± 0.08 5.15 ± 0.24 

Elche 8 0.72 ± 0.02 0.029 ± 0.004 27.8 ± 0.6 26.0 ± 1.0 9.48 ± 0.20 

Elche 9 0.683 ± 0.014 0.0258 ± 0.0010 21.3 ± 0.2 17.18 ± 0.08 8.00 ± 0.28 

Elche10 0.72 ± 0.02 0.0423 ± 0.0011 24.7 ± 0.2 20.7 ± 0.3 7.01 ± 0.28 

Elche 11 1.00 ± 0.02 0.0353 ± 0.0010 27.6 ± 0.3 22.4 ± 0.2 6.27 ± 0.08 
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Tabla 5. Concentracion de azucares en diferentes variedades de datiles (Cont). 

 
 

Concentracion ( g/100g) 
  

 

Sorbitol myo-inositol  Glucosa Fructosa  Fibra   

Tunez Deglet Noor 0.310 ± 0.005 0.0406 ± 0.0004 18.8 ± 0.8 17.7 ± 0.7 2.60 ± 0.03 

Tunez Alligh 0.081 ± 0.003 0.0115 ± 0.0005 33.2 ± 0. 7 31.9 ± 0.5 2.8 ± 0.06 

Argelia Deglet Noor 0.344 ± 0.005 0.0098 ± 0.0004 22.2 ± 0.4 17.7 ± 0.7 2.8 ± 0.08 

Israel Salomon 0.76 ± 0.03 0.006 ± 0.002 49.2 ± 1.2 39.2 ± 0.5 2.9 ± 0.09 

Israel Hayani 0.37 ± 0.02 0.039 ± 0.002 26.5 ± 0.2 23.4 ± 0.4 3.8 ± 0.07 

Israel Medjool 0.48 ± 0.02 0.002 ± 0.00009 35.8 ± 0.3 29.56 ± 0.06 2.6 ± 0.05 

Israel Barhi 0.338 ± 0.008 0.0157 ± 0.0006 35.3 ± 0.4 27.0 ± 0.3 4.1 ± 0.12 

Arabia Saudí  Perny 0.410 ± 0.007 0.0366 ± 0.0009 31.9 ± 0. 9 29.2 ± 1.5 3.2 ± 0.06 

sudAfrica Medjool 0.410 ± 0.012 0.0143 ± 0.0003 36.54 ± 1.03 34.08 ± 0.06 2.2 ± 0.07 

Iran 0.399 ± 0.008 0.0247 ± 0.0007 26.9 ± 0.2 22.17 ± 0.12 3.0 ± 0.41 
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Figura 6. Classificacion de los datiles a base de el analisis del componete 

principal con dos factores PC1 y PC2. 

 

 

Análisis Discriminante (DA) 

Para tratar de mejorar la clasificación lograda mediante la técnica 

de PCA se aplicó el análisis discriminante a valores individuales de los 

compuestos del azúcar atendiendo a un método escalonado con los 

siguientes 3 grupos: Grupo 1 (11 muestras de España); Grupo 2 (4 

muestras de Israel); y, Grupo 3 (6 muestras de otros países). Se 

obtuvieron dos funciones discriminantes utilizando la selección de 

variables (i.e. glucosa, fructosa, sorbitol, myo-inositol, fibra). La varianza 

explicada por estas dos funciones discriminantes fue de 93.0 y 7.0 %, 

respectivamente. La primera función discriminante estuvo 

mayoritariamente influenciada por la concentración del sorbitol y la 

fibra, mientras que la segunda lo estuvo por la concentración de glucosa, 

fructosa y myo-inositol. La Figura 7 muestra la puntuación de dos 

funciones discriminantes. Como se puede observar, excepto una muestra 

de Israel (Salomon), el resto se asignaron al grupo correcto. 
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Figura 7. Puntuacion de las funciones discriminantes canonicales 

obtenidas de la composicion de azucares en los datiles de diferentes 

orignenes geograficos. (1) Elche; (2) Israel; (3) otros paises. 

 

La Espectroscopía Raman por Transformada de Fourier (FT-

Raman) es una técnica muy buen posicionada en el campo de la Química 

Analítica Verde por varias razones: (i) proporciona el espectro 

vibracional de la muestra, que se puede considerar como su huella 

dactilar; (ii) requiere poca o ninguna necesidad de preparación de 

muestras; y, (iii) está libre de interferencias. La Figura 3 muestra el 

espectro FT-Raman obtenido de las 21 muestras estudiadas. Como ya se 

ha explicado anteriormente, la diferencia entre los dos grupos de 

espectros (españoles y de otras procedencias) parece relacionarse con la 

mayor cantidad de fibra presente en las muestras españolas que dan 

lugar a mayores fondos. 

 

Others 
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Regresión por mínimos cuadrados parciales (PLS) 

El objetivo de este apartado fue evaluar la posibilidad de realizar 

análisis cuantitativos de azúcares en dátiles a partir de los espectros FT-

Raman de cada una de las muestras empleando el método de regresión 

por mínimos cuadrados parciales (PLS). Los resultados obtenidos para 

cuatro muestras (Elche1, Elche2, Israel Salomon e Israel Hayani) se 

utilizaron como conjunto de validación. La Tabla 6 muestra los 

principales parámetros utilizados para el análisis. 

 

Tabla 6. Resultados del rendimiento de la calibracion y validacion Raman 

del fruto del datil. 

variable 

y 
intervalo  Factores 

R2 

(%) 
RMSECV RMSEV RMSEP 

fibra 40-2200 3 77 1.48 0.99 0.67 

sorbitol 400-1800 3 71 0.22 0.15 0.1 

fructosa 400-1800 4 83 3.6 2.5 8.3 

glucosa 400-1800 4 87 4.2 2.6 11.6 

myo-

inositol 
1200-4000 6 99 0.012 0.0015 0.0119 

 

Como se puede ver, el rango espectral que permite la mejor 

predicción depende del compuesto. El modelo presenta un R2 mayor del 

70% para todos los compuestos. Sin embargo, conviene destacar que el 

intervalo espectral utilizado no es fijo. El sorbitol, la glucosa y la fructosa 

se pueden predecir con un factor R2 mayor que 70% usando un intervalo 

de 400-1800 cm-1, mientras que la fibra requiere un espectro completo de 

similar valor. El R2 del myo-inositol es el máximo conseguido, además, 

indica que el myo-inositol es prácticamente independiente del intervalo 

espectral utilizado. El número de factores utilizado por cada compuesto 

fue seleccionado usando el conjunto que da el máximo valor de R2. En 
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general, el numero de factores  es menor que 4, pero en el caso del myo-

inositol, dos factores adicionales fueron necesarios. 

 

 

CONCLUSIÓNES 
Se ha propuesto un método de análisis simultáneo de azúcares y 

alditoles en dátiles mediante HPAEC y detección amperométrica. 

Comparados con otras frutas, los resultados obtenidos indican que los 

dátiles se pueden considerar una buena fuente de sorbitol (0.08 - 1.15 

g/100g) y myo-inositol (0.002 - 0.060 g/100g). También se ha evaluado 

un método de análisis directo de muestras solidas por espectroscopía FT-

Raman y regresión por mínimos cuadrados parciales. Los parámetros 

utilizados para la estimación del modelo PLS indican que la metodología 

podría ser utilizada satisfactoriamente para el análisis rápido (semi) 

cuantitativo. 

Se utilizó análisis multivariante (Componente Principal y el 

Análisis Discrimínate) para la clasificación geográfica de las muestras. 

Usando el análisis de componentes principales, los resultados mostraron 

que las muestras españolas forman un grupo diferente al resto de 

muestras. El análisis discriminante mejoró la clasificación, incluyendo un 

grupo formado por las muestras de Israel. 
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COMPOSICIÓN DE ÁCIDOS GRASOS EN 

SEMILLAS DE DÁTILES (PHOENIX 
DACTYLIFERA  L.) DE DIFERENTES VARIEDADES 

Y ORÍGENES  
 

OBJETIVO 
El objetivo del presente trabajo es obtener el perfil de ácidos 

grasos presentes en las semillas de los dátiles españoles y compararlo 

con los obtenidos a partir de los dátiles procedentes de otros orígenes y 

variedades. Para ello, se analizaron mediante la técnica de GC-MS un total 

de dieciocho muestras diferentes. A partir de los resultados obtenidos se 

emplearon métodos de análisis multivariante para tratar de establecer 

una clasificación de estas muestras. 

 

RESULTADOS Y DISCUSIÓN 

Contenido total de grasas 

La Figura 8 muestra la cantidad de grasa total extraída de las 

semillas de todas las muestras de dátiles estudiadas bajo condiciones 

experimentales óptimas. Como se puede observar en esta Figura, la 

cantidad total de grasas obtenidas se encuentra entre un 3% y un 6%. En 

la Figura 8 se observan pequeñas diferencias entre las muestras de 

diferentes orígenes y variedades, aunque las muestras de semillas de los 

dátiles españoles parecen contener, en general, un menor contenido de 

grasas. 

 

Composición en ácidos grasos 

La Tabla 7 reúne el contenido de ácidos grasos obtenidos para 

todas las muestras de semillas de los dátiles analizados. Se identificaron 

nueve tipos de ácidos grasos: ácido Caproico, Caprílico, Cáprico, Láurico, 

Mirístico, Palmítico, Esteárico, Oleico and Linoleico. No se observaron 

diferencias significativas en los perfiles de ácidos grasos de las semillas 
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de dátiles investigados. Como se puede observar en la Tabla 7, se 

obtuvieron altas concentraciones de ácido oleico y ácido láurico en todas 

las muestras de semillas de dátiles. El contenido medio de cada ácido era 

de 42.4 % y 26.5 %, respectivamente. Estos resultados están de acuerdo 

con los reportados en la bibliografía. Los ácidos Linoleico, Mirístico y 

Palmítico se encontraban en concentraciones medias de 13.4 %, 10.2 % y 

7.7 %, respectivamente. Es interesante mencionar que las 

concentraciones del ácido caproico obtenidas en estas muestras (2.51 % 

como media) son más altos que los valores típicos encontrados en la 

bibliografía. Niveles de concentración similares se encontraron en el caso 

del ácido esteárico (2.42 % como media). Los ácidos minoritarios fueron 

el Caprílico y el cáprico con concentraciones medias de 0.78 % y 0.6 %, 

respectivamente. 

 

 

Figura 8. El contenido Total de grasas obtenido de las semillas de los 

datiles de diferentes origenes y variedades. Tiempo de extraccion: 20 

min; temperatura extraccion: 140 °C 

 

De los datos en la Tabla 7, se puede derivar que la precisión de los 

resultados osciló entre 0.09 y 6.51% dependiendo del ácido graso y la 

muestra considerada. La exactitud del método, se determinó empleando 
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ensayos de recuperación. Los resultados se muestran en la Tabla 8, 

donde se puede observar que en todos los casos, el porcentaje de 

recuperación osciló entre el 104 y el 112 %. 

 

Análisis quimiométrico  

A partir de los datos en la Tabla 7 no se observó una clara 

diferencia entre la composición de ácidos grasos de las semillas de dátiles 

de diferentes orígenes y variedades. Sólo se pudieron distinguir algunas 

diferencias en el contenido del ácido linoleico entre las muestras 

españolas (alrededor del 15% como media) y el resto de muestras 

(alrededor del 10%). Para poder establecer más diferencias, se deben 

utilizar diferentes técnicas reconocimiento de puntas. 

Primero, se llevó a cabo un análisis por componentes principales 

(PCA). Los modelos obtenidos contenían tres componentes que 

explicaban el 86% de la varianza. La Figura 9 muestra la representación 

de PC1 versus PC2 para el aceite de semillas. Los datos mostrados en esta 

Figura indican que los dátiles españoles se pueden diferenciar fácilmente 

del resto de muestras puesto que tienen valores de PC2 mayores que cero 

(excepto la muestra Elche 9). 

También se aplicó el análisis discriminante a los valores 

individuales de los ácidos grasos de acuerdo con un método escalonado. 

Las muestras de semillas de dátil estudiadas fueron divididas en tres 

diferentes grupos dependiendo de su origen geográfico: (i) muestras 

españolas; (ii) muestras de Túnez; y, (iii) resto de muestras (Israel, 

Argelia, Arabia Saudí e Irán) 

 La varianza explicada por las dos funciones discriminantes es del 

94.7 y 5.3 % respectivamente, y se puede observar que los grupos se 

separaron de otros orígenes como se ve en la Figura 10. La puntuación de 

las funciones discriminantes indica que la primera función discriminante 

está determinada principalmente por los ácidos linoleico y esteárico, y la 

segunda por el resto de ácidos grasos. 
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Tabla 7. La composicion de ácidos grasos (% w/w)  de las semillas de datiles de diferentes variedades y origenes  

Concentracion (%, w/w) 

 ácido Caproico  ácido Caprílico  ácido Cáprico  ácido Láuricoo  ácido Mirístico  

Elche 1 2.80 ± 0.20 0.81 ± 0.03 0.56 ± 0.0037 23.69 ± 0.50 8.52 ± 0.33 

Elche 2 2.62 ± 0.11 0.92 ± 0.05 0.62 ± 0.05 34.30 ± 0.78 12.78 ± 0.23 

Elche 3 2.92 ± 0.15 0.86 ± 0.13 0.60 ± 0.07 32.33 ± 0.99 11.43 ± 0.32 

Elche 4 2.84 ± 0.10 0.92 ± 0.03 0.66 ± 0.03 33.25 ± 3.24 13.54± 1.12 

Elche 5 2.71 ± 0.16 0.68 ± 0.010 0.44 ± 0.02 21.22 ± 0.49 9.67 ± 0.38 

Elche 6 2.76 ± 0.15 0.82 ± 0.07 0.50 ± 0.02 26.81 ± 0.30 11.27 ± 0.18 

Elche 7 2.37 ± 0.06 0.74 ± 0.05 0.53 ± 0.02 28.87 ± 0.50 10.71 ± 0.21 

Elche 8 2.09 ± 0.09 0.61 ± 0.08 0.46 ± 0.03 21.83 ± 0.33 9.01 ± 0.07 

Elche 9 2.00 ± 0.07 0.57 ± 0.04 0.42 ± 0.02 17.13 ± 0.11 6.39 ± 0.08 

Elche 10 1.83 ± 0.29 0.62 ± 0.05 0.57 ± 0.06 30.18 ± 0.31 10.68 ± 0.18 

Elche 11 1.89 ± 0.14 0.57 ± 0.013 0.42 ± 0.03 19.63 ± 0.79 7.97 ± 0.12 

Elche 12 2.56 ± 0.25 0.83 ± 0.05 0.62 ± 0.05 32.10 ± 0.46 12.96 ± 0.42 

Tunez Alligh 2.68 ± 0.18 0.93 ± 0.006 0.73 ± 0.08 29.10 ± 0.29 9.66 ± 0.23 

Tunez Deglet Noor 2.80 ± 0.06 0.90 ± 0.10 0.64 ± 0.04 27.21 ± 0.15 9.47 ± 0.19 

Argelia 2.59 ± 0.07 0.86 ± 0.06 0.67 ± 0.05 28.67 ± 0.32 8.91 ± 0.15 

Arabia Saudí 2.75 ± 0.21 0.75 ± 0.07 0.56 ± 0.05 22.08 ± 0.44 9.99 ± 0.06 

Iran 2.24 ± 0.13 0.74 ± 0.03 0.53 ± 0.03 22.88 ± 0.09 10.84 ± 0.35 

Israel Hayani 2.76 ± 0.15 0.84 ± 0.08 0.60 ± 0.06 26.14 ± 0.27 10.22 ± 0.22 
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Table 7. La composicion de ácidos grasos (% w/w)  de las semillas de datiles de diferentes variedades y origenes (Cont.) 

 Concentracion (%, w/w)  

              ácido Pilmitico ácido Esteárico ácido Oleico  ácido Linoleico  

Elche 1 7.33 ± 0.47 2.20 ± 0.27 43.28 ± 2.90 15.00 ± 0.81 

Elche 2 7.57 ± 0.12 2.39 ± 0.03 45.36 ± 0.57 16.60 ± 0.96 

Elche 3 7.64 ± 0.28 2.38 ± 0.09 45.64 ± 1.60 16.89 ± 0.70 

Elche 4 8.29 ± 0.35 2.55 ± 0.16 44.36 ± 4.38 16.1 ± 1.7 

Elche 5 7.57 ± 0.18 2.12 ± 0.04 48.24 ± 0.38 14.40 ± 0.04 

Elche 6 8.06 ± 0.51 2.38 ± 0.08 43.47 ± 0.49 16.12 ± 0.85 

Elche 7 7.24 ± 0.08 2.31 ± 0.007 41.20 ± 0.60 13.68 ± 0.25 

Elche 8 7.52 ± 0.77 2.28 ± 0.13 39.8 ± 1.1 14.34 ± 0.53 

Elche 9 5.35 ± 0.18 1.89 ± 0.12 26.69 ± 0.27 8.98 ± 0.69 

Elche 10 7.48 ± 0.16 2.26 ± 0.09 40.54 ± 0.94 17.46 ± 0.29 

Elche 11 6.71 ± 0.42 2.03 ± 0.04 32.14 ± 0.42 12.05 ± 0.13 

Elche 12 8.07 ± 0.14 2.79 ± 0.14 50.35 ± 2.13 16.9 ± 1.1 

Tunez Alligh 7.28 ± 0.03 2.46 ± 0.02 37.35 ± 0.84 8.12 ± 0.29 

Tunez Deglet Noor 7.53 ± 0.32 2.85 ± 0.24 42.06 ± 0.79 13.01 ± 0.29 

Argelia 7.62 ± 0.08 2.68 ± 0.19 45.25 ± 0.10 11.21 ± 0.53 

Arabia Saudí 9.42 ± 0.76 2.41 ± 0.13 48.96 ± 0.97 12.0 ± 1.1 

Iran 9.69 ± 0.71 2.77 ± 0.15 47.88 ± 2.29 7.68 ± 0.48 

Israel Hayani 8.67 ± 0.19 2.86 ±  0.13 40.72 ±  0.36 11.35 ± 0.16 
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Tabla 8. Valores de recuperacion obtenidos de los ácidos grasos 

minoritarios de tres diferentes muestras de semillas de datiles 

Ácido graso 
Elche1 Elche 2 Tunez (Deglet Noor) 

recuperacion* recuperacion* recuperacion* 

Caproic 105 ± 4 108 ± 7 106 ± 11 

Caprylic 108 ± 5 108± 1 104 ± 9 

Capric 112 ± 3 112 ± 2 106 ± 2 

Stearic 105 ± 4 110 ± 3 106 ± 3 

*resultados expresados como x ±(tS)/√n, donde x es el valor medio, s es la 

desviacion estandar, t es el t-where x is the mean value, s is the standard 

deviation, t es el t-student para un nivel de confianza del 95% (para n-1), n es el 

numero de replicados (3). 

 

 

 

 

Figura 9. Representacion de las puntuaciones objeto en el espacio 

definido por los dos primeros componentes del aceite de semillas. 
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Atreves de la regla de Bayes, la probabilidad de afiliación es 

calculada para cada muestra en cada grupo, asignando cada muestra al 

grupo de mayor probabilidad. La clasificación es altamente satisfactoria, 

y las muestras se clasificaron al 100% (Tabla A31, Apéndice). 

 

 

 

Figura10. El analisis discriminante de los ácidos grasos de las semillas de 

los datiles 

 

CONCLUSIONES 
Los perfiles y contenido de ácidos grasos de 18 muestras de 

diferentes orígenes y variedades fueron determinados por GC-MS. Esta es 

la primera vez que un estudio de estas características ha sido llevado a 

cabo con dátiles españoles. Las semillas de los dátiles son ricas en los 

ácidos, oleico, Láuricoo y linoleico. Las semillas de los dátiles españoles 

proporcionan cantidades de ácido linoleico mayores que el resto de 

muestras estudiadas. 

Elche 

Others 
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A partir de los datos obtenidos y usando el análisis discriminante 

es posible la clasificación por origen de los dátiles. De este modo se 

pueden distinguir tres grupos de dátiles dependiendo de su composición 

en ácidos grasos. El primer grupo incluye los dátiles españoles; el 

segundo está formado por los dátiles de Túnez y el tercero por el resto de 

muestras estudiadas (Israel, Argelia, Arabia Saudí e Irán).  

 

CONCLUSIONES GENERALES 
1. En el presente trabajo se lleva a cabo, por primera vez, la 

caracterización química de los dátiles (Phoenix Dactylifera L.) del 

Palmeral de Elche. 

2. Se han desarrollado y aplicado varios métodos exactos y precisos para 

el análisis químico de dátiles de diferentes orígenes y variedades: 

a. Análisis elemental de frutos y semillas mediante digestión por 

microondas y posterior detección mediante técnicas de Plasma por 

Acoplamiento Inductivo (ICP-AES and ICP-MS). Los dátiles 

españoles mostraron concentraciones de elementos alcalinos y 

alcalinotérreos superiores al resto de las muestras estudiadas. 

b. Azúcares reductores (glucosa, fructosa) y alditoles (sorbitol, 

mioinositol) mediante Cromatografía de Intercambio Aniónico 

(HPAEC) y detección amperométrica. Los resultados obtenidos 

mostraron que, comparando con otras frutas, los dátiles son una 

buena fuente de sorbitol (0.08 to 1.15 g/100g) y mioinositol (0.002 

to 0.060 g/100g). Además, se ha propuesto un método rápido para 

el análisis (semi)cuantitativo de estos compuestos basado en el 

empleo de Espectroscopía Raman por transformada de Fourier 

(FR-Raman) y ajuste por mínimos cuadrados parciales (PLS).  

c. Ácidos grasos mediante Cromatografía de Gases y detección con 

Espectrometría de Masas (CG-MS). Los resultados indicaron que los 

dátiles de Elche son ricos en ácidos Oleico, Láurico y Linoleico. Los 

dátiles españoles contienen una mayor cantidad de ácido Linoleico 

que el resto de los dátiles estudiados. 

3. Clasificación de dátiles: 

a. Se han aplicado diferentes técnicas de análisis multivariante para 

tratar de establecer una clasificación por origen de los dátiles 

estudiados. Independientemente de la información química 

empleada como base del estudio, se ha demostrado que los dátiles 
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del Palmeral de Elche constituyen un grupo diferente del resto de 

muestras estudiadas, lo que indica sus peculiares características. 

b. Se ha propuesto un nuevo método rápido y económico para la 

clasificación por origen de dátiles. El método está basado en la 

medida de los espectros FT-Raman de las muestras y el tratamiento 

de los mismos mediante Análisis por Componentes Principales 

(PCA). Los resultados obtenidos muestran de nuevo que los dátiles 

de Elche se constituyen en un grupo diferente al del resto de los 

dátiles evaluados. 

c. No ha sido posible la clasificación de los dátiles atendiendo a su 

variedad. 
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