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ملخص البحث:
تم تحليل خمسة عشر عنصرا معدنيا تمثل العناصرالمعدنية  الكبري و الصغري  بواسطة جهاز الأمتصاص الذري لخمسة أنواع من الأعسال وحيدة المصدر و هي عسل السدر و السنط و الطلح و زهرة الشمس و النيم حيث وجد أن  عسل الطلح يحتوى على أعلى تركيز من عنصر البوتاسيوم 74.6ملجم/كلجم بينما عسل زهرة الشمس يحتوى على أقل تركيز من نفس العنصر 17.6 ملجم/كلجم. عسل السنط غنى بعنصر الصوديوم 28.2 ملجم/كلجم بينما عسل السدر و عسل زهرة الشمس يحتويان على أقل تركيز من هذا العنصر 16.7و 14.1 ملجم/كلجم على التوالى. أما أعلى تركيز للماغنيسيوم (177.15 ملجم /كلجم ) وجد فى عسل السنط بينما أقل تركيز (23.67 ملجم/كلجم) وجد فى عسل النيم. يحتوى العسل على كميات مناسبة من الفسفور و الكبريت. حيث احتوى عسل السنط على 204.6 ملجم/كلجم فسفور و 131.5 ملجم/كلم كبريت على التوالى. عسل النيم يحتوى علي أقل تركيز فسفور (28.1 ملجم/كلجم) بينما يحتوي عسل زهرة الشمس على أقل تركيز كبريت (46.1 ملجم/كلجم). أما عنصر الكالسيوم يوجد بوفرة فى جميع الأعسال ألا أنه يوجد بتراكيز عالية (82.92 ملجم/كلجم) فى عسل زهرة الشمس و تركيز أقل فى عسل الطلح. و عنصر الحديد يوجد بكميات قليلة جدا فى عسل النيم (2.05 ملجم /كلجم) بينما لم يتم كشف النيكل و لا الكادميوم فى هذا النوع من العسل. بينما يوجد الحديد بوفرة فى الأنواع الأخرى من العسل. أيضا المنجنيز يوجد بكميات ضئيلة فى جميع الأنواع, 1.019 و 0.761 ملجم/كلجم فى عسل السنط و الطلح على التوالى.  و عسل الطلح غني بالنحاس أيضا. عنصري الخارصين و النيكل وجدا بتراكيز 9.61-4.06  ملجم/كلجم فى عسل السنط و الطلح على التوالى.. كذلك تم كشف بعض العناصر المعدنية  الثقيلة و السامة (الرصاص  و الكادميوم) في بعض العينات  بتراكيز تتراوح بين أقل من 0.1 ملجم/كلجم  الي أقل من  0.05ملجم/كلجم. و تعتبر هذه التراكيز أقل من الحد الأدني المسموح به عالميا من قبل منظمة الصحة العالمية. 
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Abstract

Fifteen mineral elements were determined by Atomic Absorption Spectrophotometer. Acacia. seyal honey was rich in K (74.6 mg/kg). However, Helianthus annuus honey exhibited poor K concentration (17.6 mg/kg). Acacia. nilotica was rich in Na (28.2 mg/kg). Ziziphus spina-christi and Helianthus annuus were the least for this element (16.7mg/kg and 14.1 mg/kg, respectively). The highest Mg value (177.15 mg/kg) was found in Acacia nilotica honey and the lowest (23.67 mg/ kg) value was found in Azadirachta indica honey. Abundant phosphorus and sulphur 204.6 mg/kg and 131.5 mg/kg were, respectively observed in Acacia nilotica honey. Azadirachta indica honey was lowest in phosphorus (28.1 mg/kg) while Helianthus annuus was least in sulphur content (46.1 mg/kg). Highest Ca concentration (82.92 mg/kg) was found in Helianthus annuus and the lowest concentration (35.63 mg/kg) was in Acacia seyal. Trace amount of Fe (2.05 mg/kg) was found in Azadirachta indica honey compared to other species which showed a satisfactory level of such element. A higher Mn level (1.019 mg/kg) was observed in Acacia nilotica and a lower value 0.761mg/kg was found in Acacia seyal, which was rich in Cu. The highest values of Zn and Ni were observed in Acacia nilotica (9.61 mg/kg) and Acacia seyal (4.06 mg/kg) for both elements, respectively. Ni was not detected in Azadirachta indica honey. Co was ranging between 0.005 mg/kg and 1.26 mg/kg. And Cr <0.1mg/kg. Some of the honey types contained toxic metals in concentrations 0.05-0.1mg/kg for Cd which are below risk levels set by the World Health Organization and <0.45mg/kg for Pb which exceeds the maximum allowed amount.
Introduction

Honey is a good source of major and trace elements needed for humans body. Their presence in human food is very important, but if they exceed safety levels, they will have adverse effect (Codex Alimintarius, 1993).

The bees gather nectar from flowers, take it to the hive, and, by concentrating it, make honey. It is stored within the hive combs. (Airola, 2001). Historically, minerals have been classified as either major or trace, depending on their concentrations, major minerals includes calcium, phosphorus, magnesium,   sodium, potassium, and chloride. Trace elements include iron, zinc, selenium, iodine, chromium, copper, fluorine, lead, and tin. (Fennema, 1996). Honey contains minerals such as calcium, iron, zinc, potassium, phosphorus, magnesium, selenium, chromium and manganese (Alkathiri & Khanbash, 1996; Murray et al., 2001). Mineral/ash content contributes 0.17% by weight; darker honeys have been shown to be substantially richer in minerals than lighter honeys, particularly potassium, chlorine, sulfur, sodium, iron, manganese and magnesium (Hermosin et al., 2003; Airola, 2001). Emma and Susana (2006) reported that heavy metals in honey are of interest not only for quality control, but can be used as an environmental indicator. Honey can characterize the level of soil, plant, and air pollution. Post Chernobyl radiocaesium distribution in honeys enhances the use of honey as an indicator of environmental radioactivity monitoring (Boselli et al., 2003; Atrouse et al., 2004). The purpose of the current study is to determine major and trace mineral constituents of some unifloral honeys and to monitor contamination of honey with cadmium and lead and to compare them with maximum allowed amounts in foods.
Materials and Methods
The present study used 15 samples representing 5 different unifloral honeys. Samples were pure, certified and labeled; produced during the season 2006/2007 in Sudan. approximately 5.0 g honey were weighed in a pre- weighed silica dish and gently heated in a muffle furnace at 105 ºC until the samples were black and dry; then they were calcinated at 550 ºC for 3 hours. Then about 20 ml of 50% HCl were added, warmed, filtered and transferred to 100 ml volumetric flask and made to volume with distilled water. About 20 ml of the prepared sample were transferred to a 100 ml volumetric flask, 10 ml HCl were added and made to volume with distilled water, shacked well and centrifuged. 0.5% lanthanum was added for calcium determination. Standards were made following the same procedure. Elements were determined using Atomic Absorption Spectrophotometer, (model 280, Perkin Elmer, Norwalk, and Connecticut- U.S.A). The procedure was followed as described by Mc Hard et al. (1976). For phosphorus and sulphur determination diacid digestion was carried out using a 9:4 mixture of HNO3:HClO4. One g of honey is placed in 100 ml volumetric flask. To this, about10 ml of acid mixture is added and the content of the volumetric flak is mixed by swirling. The flask is placed on low heat plate in a digestion chamber and heated until the production of red NO2 fumes ceased. The contents are evaporated until the volume is reduced to about 3 to 5 ml. After cooling the flask, volume is made up with deionized water and the solution is filtered through Watman NO.1 filter paper. Aliquots of this solution are used for the determination of P and S by spectrophotometer as described by Tadon (1993).  

Results and Discussion
       Table 1 shows the major elements (Ca, P, K, Na, Mg and S) of the samples under investigation. A significant variation between the samples was observed. Acacia seyal honey contained higher concentration of K (74.66 mg/kg) and lower level of Mn (0.761 mg/kg). P (204.6 mg/kg) and S (131.5 mg/kg) are found to be abundant in Acacia nilotica honey. Azadirachta indica honey contained lower Phosphorus level (28.1 mg/kg) on the other hand Helianthus annuus contained higher concentration of Ca (82.92 mg/kg) and lower S content (46.1 mg/kg).  Ca content of the studied samples was lower than those reported by the other researchers Terrab and Heredia, 2004; and Adebiyi et al., 2004; However, the results of major elements obtained are comparable to those obtained by Merin et al. (1998); Paramas et al. (2000); and Terrab et al. (2004). 

      Acacia nilotica contained higher level of Mg 177.15 mg/kg and Na 28.2 mg/kg. Azadirachta indica honey contained the lowest amount of Mg (23.76 mg/kg) and lowest amount of Mn (0.12 mg/kg). Helianthus annuus honey was the least in K (17.6 mg/kg) and Na (14.1 mg/kg).   

        The mean elements level for Ziziphus spina-chiristi honey were; K (41.66 mg/kg), Na (16.7 mg/kg), Mg (48.28mg/kg), and Mn (0.818 mg/kg). It has been reported by many researchers that K is the abundant and predominant element in honey (Rodrigues-Otero et.al, 1994). According to our study, K was predominant only in Acacia Seyal and Azadirachta indica honeys; while Mg was abundant in Acacia nilotica; Ziziphus spina-chiristi; and Helianthus annuus honey.

       Honey from different source and locations has been analyzed by several workers; in which Thyme honey from Spain analyzed by Terrab et al. (2004) was contained elements as K ( 679 mg/kg), Na (389 mg/kg) and Mg (77 mg/kg). The results of K and Na obtained by   Terrab et al. (2004) were higher than those of our study. While Mg is lower. They used more sensitive inductivity plasma optical spectrophotometer technique for the determination of the elements. Parmas et al. (2000) determined K, Na and Mg for honey from Western Spain by flame photometric method. They found it to contain K (183.3 mg/kg), Na (55.8 mg/kg) and Mg (23.9 mg/kg). The levels obtained for K and Na are higher than our results while values for Mg is lower than ours. Terrab and Heredia (2004) studied the mineral elements concentrations of Avocado honey using optical emission spectrometer technique; they obtained higher concentrations of K, Na and Mg than our samples. Adebiyi et al. (2004) applied Total Reflection X-Ray Fluorescence (TRXF) spectrometer for Nigerian honeys. The mean Mn level was 3ųg/g which is lower than the amount recorded in his study.      

       The results of the trace and toxic elements are given in Table 2. Trace element analysis (Fe, Cu, Co, Zn, and Ni) showed significant differences between the honey types. Helianthus annuus honey pertained lower elements concentration of Cu, Zn, and Ni (2.94, 4.86, 1.96 mg/kg; respectively). There were no significant differences in Fe level between Ziziphus spina-chiristi and Helianthus annuus honeys; but Azadirachta 
Table 1.  Major elements concentrations (mg/kg) of unifloral honey of different origins

	parameter
	Floral origin

	
	Ziziphus
	Acacia
	Acacia
	Helianthus
	Azadirachta

	
	(Sidir)
	(Sunt)
	(Taleh)
	(Sun flower)
	(Neem)

	Ca
	42.37  (( 0.5) b
	56.83 (( 0.04) c
	35.63 (( 0.02) a
	82.92( ( 0.02) e
	58.02 (( 0.07) d

	P
	49.6   ((0.75) 
	204.6 ( (1.5) a
	
109.0
((1.1)c
	110.9 ((0.61) b
	28.1( (0.56) e

	K
	41.66  ((1.5)
	63.33 (( 1.2) d
	74.66( ( 0.57) e
	17.60  (( 0.57)a
	29.66 ((1.5) b

	Na
	16.78  (( 0.08)
	28.24  ( ( 0.03) 
	22.18 (( 0.02)ab
	14.11 ((.10.3) 
	22.9 (( 0.04) ab

	Mg
	48.28  (( 0.02) d\
	177.15 (( 0.05) e
	64.06 (( 0.05) c
	73.31( ( 0.01) 
	23.67 (( 0.01) a

	S
	59.4  ((0.7) d
	131.5 ((0.52) a
	66.4 ((0.41) c
	46.1 (() e
	123.3 ((0.21) b


         indica honey contained the lowest Fe concentration. No significant differences were observed in Cu level between Acacia nilotica, Helianthus annuus and Azadirachta indica honey; Cu level in Ziziphus spina-chiristi and Acacia seyal honeys was 26.96 mg/kg and 58.12 mg/kg, respectively. Azadirachta indica honey contained low Co (0.005 mg/kg) compared to Acacia seyal (1.26 mg/kg), Ziziphus spina-chiristi (1.7 mg/kg), Acacia nilotica (1.004 mg/kg), and Helianthus annuus (0.528 mg/kg). The contents of Zn and Ni were 9.61 and 3.33 mg/kg in Acacia nilotica honey; 7.96 and 3.99 mg/kg in Ziziphus spina-chiristi honey; 5.18 and 4.06 mg/kg in Acacia seyal honey; and 4.86 and 1.96 mg/kg in Helianthus annuus honey. Ni was not detected in Azadirachta indica honey and Zn level was 6.98 mg/kg. Cr was present in amount less than 0.1mg/kg for all honey types. Pb was less than 0.45 mg/kg in honey types. Cd was not detected in Azadirachta indica honey; it was present in Helianthus annuus honey in a value of less than 0.45 mg/kg and less than 0.1 mg/kg in Ziziphus spina-chiristi, Acacia nilotica, and Acacia seyal honeys.

Several workers have studied the trace and toxic elements in honey. Fe concentration was higher than the values reported by Merin et al., (1998) and Paramas et al., (2004); except in Azadirachta honey; Rashed and Soltan (2004) and Adebiyi et al., (2004) reported rather high values of Fe concentrations than those reported in this study. However, the result of Fe in our study is inconsistent with those reported by Rodriguez- Otero et al., (1994). The level of Cu was similar to that found by Adebiyi et al. (2004) in Nigerian honey. The results of Zn confine with the results of Merin et al. (1998), Rashed, and Soltan (2004). The concentrations of Co and Cr are similar to those found by other workers (Merin et al., 1998 and Paramas et al. 2004).
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Fig 1. Cadmium concentrations (mg/kg) of unifloral honeys compared maximum allowed amounts (broken line). Honey types: 1. Sidir; 2. Sunut; 3. Taleh; 4. Sun flower; and 5. Neem.

Table 2.  Trace and toxic elements concentrations (mg/kg) of unifloral honey of different origins

	parameter
	Floral origin

	
	 Ziziphus
	 Acacia
	 Acacia
	 Helianthus
	 Azadirachta

	
	 (Sidir)
	 (Sunt)
	 (Taleh)
	 (Sun flower)
	 (Neem)

	Fe
	31.74 (( 0.4) c
	18.97 (( 0.1) b
	33.65  (( 0.01) c
	32.33  (( 0.005) c
	2.05  (( 0.03) a


0.121  (( 0.005) d
	

	Cu
	26.96  (( 0.03) b
	11.45 (( 0.01) a
	58.12  (( 0.01) c
	2.94 (( 0.02) a
	5.06  (( 0.05) a

	Co
	1.172  (( 0.001) d
	1.004 (( 0.001) c
	1.265   (( 0.001) e
	0.528  (( 0.001) b
	0.005 (( 0.001) a

	Zn
	7.96 (( 0.15) d
	9.61 (( 0.02) e
	5.18  (( 0.005) b
	4.86  (( 0.01) a
	6.98  (( 0.002) c

	Ni
	3.99  (( 0.003) c
	3.33 (( 0.02) d
	4.06  (( 0.003) b
	1.96  (( 0.01) a
	ND

	Cr
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Cd
	0.1
	0.1
	0.1
	0.05
	ND

	Pb
	<0.45
	<0.45
	<0.45
	<0.45
	<0.45


The analysis of the contamination of honey by heavy metals (Cd and Pb) as shown in Table 2 revealed the presence of such metals in minute concentrations; similar to the concentrations reported by Munoz and Pamero (2006) and Dragun et al (2003).   For toxic metals Pb and Cd, no toxicological problems can be expected from the consumption of honey, since the concentration of such metal are below risk levels set by WHO (1982). Dragun et al (2003) stated that the potential carcinogenic effects in the human body for cadmium and possibly for lead are of high importance in chronic exposure to these substances. However, the results obtained for the Cadmium showed that its occurrence in all honey samples studied except Neem honey is (<0.1) below the maximum allowed amount (Fig 1). The result of Lead obtained was (<0.45) in all honey types However, this value exceeded the maximum allowed amount (Fig 2).  It has been declared by Dragun et al (2003) that the maximum allowed amount Cd and Pb are, respectively 0.10 mg/kg and 0.4 mg/kg in honey based products. 
Fig 2. Lead concentrations (mg/kg) of unifloral honeys compared to maximum allowed amount (broken line). Honey types: 1. Sidir; 2. Sunut; 3. Taleh; 4. Sun flower; and 5. Neem.[image: image2.png]avz e
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