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ملخص البحث:

أجريت هذه الدراسة على خمسة عشر عينة من أنواع العسل السودانية و التي تمثل أهم مصادر عسل النحل الرئيسة و هي عسل السدر و السنط و الطلح و زهرة الشمس و النيم. و تهدف الدراسة الي ايجاد معيار كيميائي لتمييز الأعسال وحيدة المصدر عن بعضها. تم تحليل هذه العينات لدراسة الخواص الطبيعية و الكيمائية  بالتركيز على البنية  التركيبية للبروتينات. حيث تم استخدام جهاز الفصل الكهربى (الألكتروفوريسيس) لمعرفة البنية التركيبية للبروتينات لكل نوع من أنواع العسل الخمسة و بيان علاقة الأنواع ببعضها. تم فصل أثنى عشر مركبا من كل أصناف العسل محل الدراسة. تتشابه الأنواع الخمسة من الأعسال فى أربعة مركبات بروتينية, كانت أوزانها الجزيئية , 104.6, 60.3, 45.6, و 14.0 كيلو دالتون. عسل السدر و عسل النيم تميزا عن بقية الأنواع الأخرى بالمركب البروتينى ذو الوزن الجزيئى 92 كيلو دالتون للسدر و بالمركب البروتينى ذو الوزن الجزيئى  64.1 كيلو دالتون للنيم . أيضا أوضحت دراسة مدى تقارب الأنواع من بعضها بناءا على البنية  التركيبية للبروتين و ذلك باستخدام معامل جاكرد. حيث  وجد أن عسل الطلح يتشابه بصورة كبيرة (J =0.3) مع عسل زهرة الشمس.         

 تمت دراسة بعض الخواص  الفيزيوكيميائية  لأنواع العسل المختلفة. تتراوح ألوان الأنواع المختلفة من العسل بين اللون الفاتح و اللون الغامق  حسب مقياس اللون  (lovibon) كما أبانت الدراسة أن أعلى محتوى رطوبة (20.6%) كان فى عسل السنط بينما عسل الطلح يحتوى على أعلى نسبة سكر (ºBrix  81.3 ). و وجد أن عسل النيم يختلف معنويا (p ≥ 0.05)  في التوصيل الكهربى (51.4 ميكروسيمن/سم) عن بقية الأعسال الأخرى الي الدرجة التي يمكن بها تمييز عسل النيم عن بقية الأعسال الأخري بناءا علي هذه الخاصية.
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Abstract

Fifteen honey samples, produced in the Sudan, from five major bee plants were investigated for protein patterns and physicochemical characterization. SDS-PAGE of honey proteins showed 12 distinctive bands for each honey. All honeys shared four bands with molecular weights of 104.6, 60.3, 45.6, and 14 kDa. Ziziphus spina-chiristi and Azadirachta. indica honey was characterized by the presence of a band with molecular weight of 92 kDa for the former and 64.1 kDa for the later. Some of the substances in honey types were Tentatively identified by comparing the gels with earlier findings. Also this study proved that blue–stained PAGE has provided rather clearer and distinctive protein bands than those produced by silver stained–PAGE. Higher degree of similarity (Jaccard index = 0.3) was found between Acacia seyal and Helianthus annuus bands.  Physicochemical characterization indicated that Acacia nilotica honey contained higher moisture content (20.6%) compared to other types while Acacia seyal was rich in sugar (81.3 ºBrix). And Azadirachta. indica honey was significantly (p ≥ 0.05) different in electrical conductivity from the rest of the honey types. Therefore, the electrical conductivity could be a reliable and distinctive parameter to differentiate Azadirachta indica honey from other honey types used in the study.
Introduction

Honey has a wide range of applications in the food industry. It can be processed for direct consumption or be used as ingredient of various processed food products. Honey is nectar collected from many plants and processed by honey bees (Apis mellifera). It has been reported to contain about 200 substances and is considered as an important part of traditional medicine (White, 1979). 

The various components of honey include: carbohydrates as a major portion of honey (Hak-Gil et al., 1988) proteins that include a number of enzymes and eighteen free amino acids (White et al., 1962). Proteins and other solids make up 0.26% of honey and total nitrogen average is 0.043%. The number and nature of the protein content is very complex with at least 19 proteins present in addition to albumin (Bergner and Diemer, 1975). 

Hermosin et al. (2003) stated that proteins and amino acids in honey attribute both to animal and vegetal sources, the major of these being pollen. Although Baroni et al. (2002) suggest that the proteins that come from the bees are much higher than that of plant origin. Simuth et al. (2004) reported that identification of authenticity of honey based on honey proteins is a new tool for evaluation of honey as physiologically active food that may promote honey consumption. 
 Gel electrophoresis is a widely used technique in biochemistry (Berlocher 1984). Hunkapiller et al., (1983) stated that polyacryamide gel electrophoresis is used extensively for the analytical separation of peptides and proteins. 

  Honey as a food is rich in sugars, making it a natural source of energy. Sugars account for 95 to 99% of honey dry matter. The majority of these are the simple sugars fructose and glucose which represent 85-95% of total sugars (FAO, 1995). The moisture, or conversely the soluble solids in honey, is determined by measuring the refractive index of honey, a special moisture chart must be used AOAC (1990). The control of moisture content is an important requirement for the established Codex Alimintarius (1993) standards for honey.
  Honey is color graded into categories The difference in colors is because of the botanical origin and also the amount of suspended particles such as pollen (Atrouse et al., 2004). The measurement of electrical conductivity is the most useful quality parameter for the classification of unifloral honeys. The parameter was introduced recently as a new international standard for honey (Bogdanov et al. 2004). 
  It has been reported that characterization of uniforal commercial honeys is a hard task (Terrab et al. 2004). Attempts have been made to use the information provided by honey proteins to detect their floral origin (Babacan and Rand, 2005; Pontoh and Low, 2002; and Weirich et al., 2002). Baroni et al., (2002) used SDS-page immunoblot techniques as a novel alternative method for assessment of floral origin in honey. The aim of this study is to investigate the structure of honey proteins and to seek for specific honey component that is a chemical marker of specific unifloral honey. 
Materials and Methods
Fifteen pure, certified and labeled honey samples were purchased from Mamlakat Alnahl Company (a pioneer company in Beekeeping investment in Sudan-Khartoum) during the season 2005/2006. The samples were packed in plastic containers of 500g capacity. One kilogram from each honey sample was purchased.

The botanical origins of the honey samples were verified according to the standard acetolysis method of Erdtman (1969).

 SDS- PAGE with blue staining

SDS–polyacrylamide gel electrophoresis (SDS–PAGE) was carried out using the method of Laemmli (1970) with a 15% acrylamide separating gel and a 3% acrylamide staking gel containing 0.1% SDS. Samples (15 ml, 0.2%) were prepared in a Tris–glycine buffer at pH 8.8 containing 1% SDS. Electrophoresis was done at a current of 10 mA for 5 h in electrophoretic Tris–glycine buffer containing 0.1% SDS. After electrophoresis, the gel sheets were stained for proteins with 0.2% Coomassie brilliant blue-R250 solution (Zacharius et.al, 1969). Stained gels were destained with 10% acetic acid containing 20% methanol.

SDS- PAGE with silver staining
The silver staining method used here is derived from a modified technique developed by Oakley et al. (1980). 

Physicochemical parameters
 Refractive indices of honey were measured using an Abbe refractometer {Hilger, M 64.315/56304, made in England}.  Electrical conductivity of a honey solution, 20 % (20g honey dissolved in 100 ml) Carbon dioxide-free deionized distilled water, was measured at 20 ºC using CM18 conductivity meter {type 032/ SN 3622/AE/11 manufactured by Elico ltd} and the results were expressed in μ S/cm. pH was determined with pH209 pH meter {SN. 478524, Hanna instruments, made in Portugal} in a solution containing 75 ml carbon dioxide-free distilled water. The color of the honey was determined using the Lovibond comparator {PFX880 manufactured by the Tintometer ltd, the color laboratory, Waterloo Road, Salisbury, SP12JY, UK}. Moisture contents of honey samples were determined with an Abbe refractometer {Hilger, M 64.315/56304, made in England} at 20 ºC, the corresponding moisture content (%) was calculated using the Wedmore Table (AOAC, 1990). Sugar content was determined using a special refractometer with reading display, kruss {A. Kross optronic D-22976 Hamburg. Alsterdorferstr-220-Germany} and the results were expressed in ºBrix. Nitrogen and crude protein (%) were determined using micro-Jeldahl method as described by White et al. (1962).

Results and Discussion
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) has been applied to analyze the proteins of five honey samples from different floral origins. The SDS-PAGE pattern showed that about 12 distinctive bands were detected following gel electrophoresis (Fig.1). Tentative identification of the substances in honey types was carried out by comparing the gels with earlier findings. The molecular weights of proteins were comprised between 14 -110.6 kDa. Table 1 shows the major constituents, in order of their relative molecular weights (Mr). The weights obtained are consisted of 110.6; 106.5; 104.6; 97; 92; 71.7; 71.2; 64.1; 60.3; 45.6; 20; and 14 kDa. All honey samples shared four bands with molecular weights of 104.6, 60.3, 45.6, and 14 kDa. Only Ziziphus spina-chiristi honey and Azadirachta indica were characterized by the presence of a band with molecular weight of 92 kDa for the former and 64.1 for the latter.   

For ziziphus spina-christi honey, seven bands with molecular weights ranging from 14 to 110.6 kDa were obtained. Four bands from detected substances were not reported in the surveyed literature.  These substances have higher molecular weights ranged from 110.6 to 71.2 kDa. Sano et al. (2004) attributed the occurrence of substances with higher molecular weights in major royal jelly proteins to the attachment of sugar chain to the protein.   The band with molecular weight of 60.3 kDa could be catalase.  Band with molecular weight of 45.6 kDa is a characteristic of ovalbumin or phosphatase enzyme as suggested by Abd Al aal et al. (2002) Ziziphus spina-chriti might also contain lysophospholipase and lysozyme, since bands with molecular weights of 20 and 14 kDa are present. These bands denote for the two proteins, respectively. Catalase, ovalbumin, phosphatase and lysozyme were found in all honey species. Six bands with molecular weight ranging from 106.4 to 14 kDa were found in Acacia nilotica honey. Three bands with Mr of 106.5, 104.6 and 71.7 kDa were not identified in our study. Other identified bands were catalase (60.3 kDa), ovalbumin or phosphatase (45.6 kDa) and lysozyme (14 kDa). 

Protein bands of Acacia seyal honey were comprised of seven bands (14-110.6 kDa). A protein of molecular weight of 97 kDa was found to be a characteristic of this honey type and of Helianthus annuus honey. This protein was further identified as phosphorylase.

For helianthus annuus, also seven bands were found ranging from 104.6-14 kDa. The protein pattern of this honey was similar to that of Ziziphus spina-christi.

SDS-PAGE pattern of Azadirachta indica honey had provided seven bands. The molecular weight was ranging from 14 to 106.5 kDa. A characteristic band which can distinguishes this honey from other types was detected. This band could be regarded as protein marker for Azadirachta indica honey.  The molecular weight of this protein was 64.1 kDa. It could be identified as phosphomonoesterase. Abd Al aal et al. (2002) reported molecular weight of phosphomonoesterase ranging from 81 to 67.4 kDa. Marshal and Williams (1987) detected at least 19 bands in a variety of Australian honeys following SDS-PAGE. The range of the molecular weights for the bands was 10.5-500 kDa. Study carried out by Iglesias et.al (2006) applied fast protein liquid chromatography to differentiate floral and honeydew honeys. Seven peaks have been separated; four of them were shared in all honeys. The molecular weights were comprised between 13.1 and 94 kDa 
       Jaccard similarity index shown in Table 7 was used to compare between the different protein bands of the honey species. It was found that the highest similarity (0.3) occurs between Acacia seyal and Helianthus annuus honeys.

       Generally result obtained for the separated protein and the bands detected confines with those detected by other workers such as, Iglesias et al. (2006), Abd Al aal et al. (2002), and Marshal and Williams (1987).

       Also this study proved that blue–stained PAGE has provided rather clearer and distinctive protein bands than those produced by silver stained–PAGE. 

       The results of the physicochemical characterization of honey samples are shown in Table 3. There were significant (p ≥ 0.05) differences between honey of different floral origins in moisture contents. Acacia nilotica honey contained high amount of moisture (20.6%) compared to Acacia seyal honey which contained about 16.5%. On the other hand, there was no significant (p ≥ 0.05) difference in moisture between Helianthus annuus and Azadirachta
Table 1 Molecular weight of protein bands (kDa) separated in unifloral honeys of different origins

	Honey type
	Ziziphus
	Acacia
	Acacia
	Helianthus
	Azadarichta
	Tentative identification

	
	(Sidir)
	(Sunut)
	(Taleh)
	(Sun flower)
	(Neem)
	

	No
	Mol

Wt(Kda)
	
	
	
	
	
	

	1
	110.6
	+
	
	+


	
	
	Not known

	2
	106.5
	
	+
	
	
	+
	Not known

	3
	104.6
	+
	+
	+


	+
	+
	Not known

	4
	97
	
	
	+
	+
	
	Phsphorylase

	5
	92
	+
	
	
	
	
	Not known

	6
	71.7
	
	+
	+
	+
	
	Not known

	7
	71.2
	+
	
	
	
	+


	Not known

	8
	64.1
	
	
	
	
	+
	Albumin or Phosphomono-esterase

	9
	60.3
	+
	+
	+
	+
	+
	Catalase or Hyaluronidase

	10
	45.6
	+
	+
	+
	+
	+
	Ovalbumin or Phosphatase or Hyaluronidase 

	11
	20
	+
	
	
	+
	
	Phospholipase A or Lysophospholip-ase or Inhibitor or Antigen 5 

	12
	14
	+
	+
	+
	+
	+
	Lysozyme or Lactalbumine


Table 2 Jacard index of similarity

	Azadirachta

(Neem)
	Helianthus

(Sunflower)
	Acacia

(Taleh)
	Acacia

(Sunut)
	Ziziphus

(Sidir)
	Honey type



	0.25
	0.21
	0.25
	0.22
	-
	Ziziphus

(Sidir)

	0.27
	0.27
	0.27
	-
	0.22
	Acacia

(Sunut)

	0.2
	0.3
	-
	0.27
	0.25
	Acacia

(Taleh)

	0.2
	-
	0.3
	0.27
	0.21
	Helianthus

(Sunflower)

	-
	0.2
	0.2
	0.27
	0.25
	Azadirachta

(Neem)


Jaccard index (J) as calculated according to Ludarig and Reynolds (1988). J = a/a+b+c; where a = bands shared between two types; b = total number of bands in type 1; c = total number of bands in honey type 2   

indica honeys. Results obtained indicated that the floral source generally affected moisture content of honey type, and they are comparable with those of other authors; Bath and Singh (1999), Adebiyi et al. (2004) for Nigerian honeys, and Mohammed (2005) for Sudanese honeys. Bogdanov et al. (2004) stated that moisture content has a minor importance for characterization of uniforal honeys. 

As shown in Table 3, the mean values for nitrogen and proteins were 0.107 -0.68%; for Ziziphus spina-christi honey were 0.13 -0.86% for Acacia nilotica honey were 0.14 and 0.89% for Acacia seyal honey, respectively were 0.11 and 0.714% for Helianthus annuus; and were 0.12 and 0.774% for Azadirachta indica honey. Neither protein nor nitrogen content in this study showed a significant (p ≥ 0.05) difference between honey of different floral origins. Bath and Singh (1999) reported that the protein of Ziziphus was varied between 0.048% and 0.42%. The results of the present study agree with the data reported by Azeredo et al. (2003). The sugar contents presented normal values between 78% and 80.3% as shown in Table 3. These values are similar to values reported by Terrab and Heredia (2004) and values of Helianthus honey reported by Bath and Singh (1999).  There were significant (p ≥ 0.05) differences in ºBrix between Acacia nilotica, Acacia seyal, Azadarichta indica, and Ziziphus spina-christi honeys.  These results accord with the results obtained by Terrab et al. (2004) and Azeredo et al. (2003). There was a significant difference in refractive index between honey samples of different floral types. However, refractive indices obtained in this study confine with values reported by Adebiyi et al. (2004) for Nigerian honey. The measurement of electrical conductivity is the most useful quality parameter for the classification of unifloral honeys. (Bogdanov et al. 2004). The results obtained showed significant (p ≥ 0.05) variation between samples. Azardirachta indica honey had lowest mean of electrical conductivity (51.6 μ S/cm). Therefore, the electrical conductivity could be a reliable and distinctive parameter to differentiate Azadirachta indica honey from other honey types used in the study. The results obtained for electrical conductivity are complying with results of other researchers (Paramas et al. 2000; Terrab and Heredia, 2004; and Adebiyi et al. 2004). Analysis of honey samples showed that the color was significantly different ranged from light amber to dark brown. A significant variation in pH value was recorded for different type of honey. Acacia nilotica and Helianthus annuus honey had similar pH value. However, the present values obtained are in consistence with the pH values recorded by other researchers (Terrab and Heredia 2004; Atrouse et al. 2004; Adebiyi et al. 2004; Bath and Singh 1999; Paramas et al. 2000; and Terrab et al. 2004). 
Table3.  Physicochemical characterization of unifloral honey of different origins
	parameter
	
	Floral origin

	
	  Ziziphus
	  Acacia
	  Acacia
	  Helianthus
	  Azadirachta

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

	
	  Mean ( SD
	  Mean ( SD
	  Mean ( SD
	  Mean ( SD
	Mean ( SD


  17.9  ( ( 0.80) c
	

	Nitrogen (%)
	   0.107  (( 0.5) a

	  0.135 (( 0.49) a

	  0.140  (( 0.42) a

	  0.112  (( 0.48) a

	  0.121  (( 0.32) a


	Protein (%)


	  0.685  (( 0.35) a

	  0.862  (( 0.31) a

	  0.893  (( 0.26) a

	  0.714  (( 0.31) a

	  0.774  (( 0.21) a

	Sugar (ºBrix)
	   80.0 (( 0) b
	  78.0  (( 0.57) a

	  81.3 (( 0.57) c

	  80.6  (( 0.57) a c

	  80.3  (( 0.28) b

	Refractive index
	1.495  (( .002) b

	1.493 (( 0) a

	1.501 ((0.005) a

	1.499  (( 0) c

	1.499  (( 0) c


	EC

(μ S/cm)
	167.7  (( 1.15) b
	185.7  (( 30.4) b

	151.0  (( 51.97) b

	  164.7    (( 47.1) b

	51.6  (( 0.5) a

	pH
	5.4  (( 0.05)d

	4.6  ((0.04) b

	5.1 (( 0.06) c

	4.6  (( 0.05) b

	4.1  (( 0.2) a


	Color (degree)
	23.3     (( 0) b
	23.4   (( 0) c

	21.3   (( 0) a

	25.5  (( 0) d

	27.2  (( 0) c


Values are means of triplicate samples (( SD). Means in the same row having the same letter are not significantly different (p ≥ 0.05).
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Figure 1 SDS-PAGE (A- blue stained) and (B- silver stained) patterns of honey proteins of Zizyphus spina-christi (lane2), Helianthus annuus (lane 3), Acacia nilotica (lane 4), Acacia seyal (lane 5), Azadirachta indica (lane 6) and Molecular weight marker (lane 1).
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