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ABSTRACT 

Current studies based on the determination of physicochemical properties and mineral content of natural honey samples 

collected from 14 districts (Barkhan, Chagi, Dera Bugti, Duki, Kachhi, Kharan, Qilla Abdullah, Kohlu, Lasbella, Lorali, 

Mach, Masky, Sibi and Zhob) of Balochistan, Pakistan. Among physicochemical properties the observed moisture (12.5-

7.68%), Ash content (0.50-0.003%), pH (5.49-3.34), total acidity (65-17 meq/kg), Electrical conductivity (0.791-0.150 

mS/cm) and colour (ranges dark amber to white). These values indicated that all collected samples meet well with 

national and international standards. For mineral content Atomic Absorption spectrophotometer is used to detect level of 

certain metals (Cd, Pb, Cr, Mn, Fe, Cu, Zn, Na, K, Ca, Mg) to detect the pollutions in the districts where sampling was 

done. However, the honey samples collected from Barkhan districts display best results among all. Principle component 

analysis (PCA) was applied to differentiate honey samples on the basis of on elemental composition. The results revealed 

that four groups were formed in which honey samples show correlation with elements. 
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INTRODUCTION 

 Honey, a natural sweet substance produces by 

honeybees that collect the nectar of plants by the process 

of regurgitation and evaporation which is then stored in 

honeycomb (Osman et al., 2007; Tchoumboue et al., 

2007). This is one of the most valuable natural substance 

due to its carbohydrate absorption ability during the 

period of utilization. It is among the natural and cheaper 

essential mineral source required by metabolism of body. 

There are various types of honey depends on types of 

flora used by honey bee, climate conditions, processing 

and storage techniques however, the principle 

constituents in all type are same (Sakac at al., 2019; Sajid 

et al., 2020).  

 Honey has become traditionally the major 

commercial natural products in Pakistan (Anjum et al., 

2015) with four different honeybee species (Apis cerana, 

Apis dorsata, Apis florae and Apsi mellifera) (Qamer et 

al., 2009). A. mellifera is the most abundant among these 

species, which is found to be improve the qualities and 

quantities of crops by pollination and have an important 

role in the honey food chain (Sajid et al., 2020). 

Physicochemical parameters such as ash, moisture, pH, 

acidity, electrical conductivity, colour and mineral 

contents are known to describe the quality of natural 

honey. (Waseem et al., 2014; Adgada et al., 2017; 

Boussaid et al., 2018; Sakac et al., 2019) Therefore it is 

essential to assess the physicochemical and mineral 

content of various types of honey available in Balochistan 

and compare these parameters with National and 

international standards.  

 The current research is based on the comparative 

analysis of physicochemical properties and mineral 

content of honey samples collected from various districts 

of Balochistan, Pakistan. PCA was applied to 

differentiate the metal content in honey samples.  

MATERIALS AND METHODS 

Honey samples: Multifloral type of natural honey 

samples (n=3) were collected from 14 districts of 

Balochistan namely Barkhan (S1), Chagi (S2), Dera 

Bugti (S3), Duki (S4), Kachhi (S5), Kharan (S6), Qilla 

Abdullah (S7), Kohlu (S8), Lasbella (S9), Lorali (S10), 

Mach (S11), Masky (S12), Sibi (S13) and Zhob (S14) 

with the help of local people in the month of April-July 

2020. Honey samples were labelled and stored in airtight 

containers at room temperature and then were transferred 

to the laboratory at for further analysis. 

Colour analysis: The honey samples were dissolved in 

water (1:1 w/v) and the color was measured by means of 

UV/VIS spectrophotometer at absorbance of 635 nm. The 
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honey colour was measured by Pfund scale after 

conversion of the absorbance values: mm Pfund = -38.70 

+ 371.39 × Abs (Sreckovic et al., 2019) 

Physicochemical properties: Various physicochemical 

parameters such as pH, electrical conductivity, moisture, 

total acidity and ash contents of the natural honey 

samples were determined (AOAC, 2002).  

 The pH was determined by means of a 

potentiometric pH meter (pH 700 ph/mV/C/F meters, 

Eutech Instrument) by dissolving 10 g of honey samples 

in 75 ml of distilled water. Then, the solution was titrated 

with NaOH (0.1M) to pH 8.3. Free acidity was measured 

with following equation: Free acidity (meq/kg honey) = 

mL of 0.1 M NaOH × 10 

 The electrical conductivity was measured 

through the electrical resistance. For determination of 

electrical conductance, honey sample solution (20% w/v) 

in distilled water was used in conductometer (CON 700 

Conductivity/C/F meter, Eutech Instrument).  

 Moisture content of honey was done by heating 

the 10 g of honey sample at 100°C in oven until a 

constant weight was obtained. Ash content was measured 

by calcinations of 5g honey samples at 550°C in a 

furnace (VULCAN A-130) to constant weight. 

Biochemical analysis (Fiehe’s test): 5g honey samples 

were treated with diethyl ether for removal of fat 

components. Then these samples were treated with 

freshly prepared resorcinol solution. Production of 

permanent dark red colour conformed the positive 

reaction while disappearing of dark colour or conversion 

into yellow colour indicated the negative reaction (Sharif 

et al., 2018). 

Determination of minerals in honey samples: For 

determination of mineral content, 5 g of honey sample in 

ash form was heated with 5 mL of (0.1 M) nitric acid till 

dryness. Then 10 mL of (0.1 M) was added to the mixture 

and volume was made upto 25 mL with deionized water 

(Silva et al., 2009; El-Haskoury et al., 2018). The mineral 

content was determined by atomic absorption 

spectrometry (Thermo scientific ICE 3000 series AA 

Spectrometer).  

Statistical analysis: All the analyses were done in 

triplicate and results were expresses as mean ± standard 

deviation. Principal component analysis was performed 

for analysis of mineral contents on MVSP version 3.22. 

RESULTS AND DISCUSSION 

Physicochemical properties: All the samples were 

tested for color, pH, Electrical conductivity, moisture, 

total acidity and ash content. With the Pfund scale, honey 

can be classified as water white, extra white, white, extra 

light amber, light amber, amber and dark amber (Pontis et 

al., 2014; Sreckovic et al., 2019). Difference in their 

color intensity was observed according to the obtained 

results for analyzed honey samples. According to 

Vanhanen et al., (2011) and Osman et al., (2007), dark 

colour honey samples have higher mineral content such 

as sulfur, potassium, sodium, magnesium, calcium, 

copper and iron found in the plant source than the light 

colour samples. Another factor responsible for the 

honey’s colour is plant species from which the honey 

bees collect the pollen. Plant species with strong and 

spicy flavor are found to be responsible for dark 

colouration while plants with mild and sweet flavor gives 

light honey colour. The samples S1, S5, S7, S9, S10, and 

S13 had dark amber colour (245.08±2.76-118.73±5.44 

mm Pfund) As these samples sites (Barkhan, Kacchi, Qila 

Abdullah, Lasbella, Loralia and Sibi) of Balochistan are 

geographically located as high lands and multiflora plants 

with strong fragrance are found in these districts (Bibi et 

al., 2015). Sreckovic et al., (2019) reported the dark 

amber (116.07±8.76 mm Pfund) for forest honey samples 

from Central Serbia. The samples S3, S4, S8 and S11 had 

light amber colour (79.64±5.51-60.06±1.43 mm Pfund). 

Compared to honey samples from Spain, which showed 

higher Pfund value (60±1.00 mm) were classified as light 

amber colour (Juan‐Borras et al., 2017) The samples S6 

and S12 had extra light amber colour (42.96±2.07-

42.58±3.25 mm Pfund). The sample S14 white colour 

(31.33±0.96 mm Pfund) and S2 had extra white 

(15.62±2.76) (Table1). Samples sites as Dera Bugti, 

Duki, Kohlu and Mach are located lower lands while 

Dalbandin, Masky and Chagi are located in plain areas of 

Balochistan (Bibi et al., 2015) and is the reason of light 

colour honey. Honey samples from Spain 15 mm Pfund 

Hungarian had 12±5.00 Pfund and central Serbia 

10.04±1.44 Pfund were also categorized as extra white 

honey (Juan‐Borras et al., 2017; Sreckovic et al., 2019). 

Some studies have suggested that in honey samples 

transitional metals can be found react with organic 

compounds to form a highly colorful complex (Gonzalez-

Miret et al., 2007; Sreckovic et al., 2019). Positive 

correlation was found among all the analyzed 

characteristics of the investigated honey samples.  

 Honey contains different types of acids as 

aliphatic, aromatic and amino acids. The most common 

acid reported in honey is gluconic acid produced by the 

action of glucose oxidase enzyme (Nanda, et al 2003; 

Silva et al., 2009; Sreckovic et al., 2019; Ratiu et al., 

2020). Honey samples analyzed were acidic in nature. 

However, Sample S14 has higher pH value (5.49) 

followed by S9 (4.70), S10 (4.62), S13 (4.49), S5 (4.46), 

S3 (4.39), S12 (4.17), S11 (4.02), S1 (3.79), S2 (3.63), S4 

(3.58), S7 (3.50), S6 (3.48), S8 (3.34) (Table 2). 

According to international and national organizations the 

standard ranges for pH are from 3.0-5.0 for multiflora 

honey samples (Directive, 2001; Osman et al., 2007) and 

strong fragrance flora of Balochistan (Bibi et al., 2015). 
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Literature agreed with the reported pH values of honey 

samples (Azeredo et al., 2003; Terrab et al., 2002; 

Serrano et al., 2004; Sanz et al., 2005; El-Haskoury et al., 

2018). For possible microbial growth pH is a useful 

index. Neutral and alkaline medium is best for microbial 

growth, while moulds and yeasts are able to grow in 

acidic medium (4-4.5) and do not grow in alkaline media 

(Ratiu et al., 2020). In analyzed samples the acidity of the 

all the samples ranges from 65 to 17 meq/kg. The 

samples with dark amber colour shown higher acidity as 

compared with the samples with light amber, very light 

amber, white, extra white colour showed low acidity 

Relation of honey colour with acidity was also reported 

by various researchers (Majewska et al., 2019; Ratiu et 

al., 2020). 

Table 1. Colour and Pfund scale values of honey 

samples from Balochistan. 

 

Samples Colour Pfund scale (mm) 

S1 (Barkhan) Dark Amber 245.08±2.76 

S5 (Kachhi) Dark Amber 225.87±5.02 

S7 (Qilla Abdullah) Dark Amber 215.56±8.54 

S9 (Lasbella) Dark Amber 118.73±5.44 

S10 (Lorali) Dark Amber 122.21±0.85 

S13 (Sibi) Dark Amber 142.14±3.15 

S6 (Dalbandin) Extra light amber 42.58±3.25 

S12 (Masky) Extra light amber 42.96±2.07 

S2 (Chagi) Extra White 15.62±0.78 

S3 (Dera Bugti) Light amber 60.06±1.43 

S4 (Duki) Light amber 57.75±1.47 

S8 (Kohlu) Light amber 79.64±5.51 

S11(Mach) Light amber 79.59±4.56 

S14(Zhob) White 31.33±0.96 

 

Table 2. Physicochemical parameters of honey samples collected from Balochistan 

 

Samples Moisture (%) Ash (%) pH 
Acidity 

(meq/kg) 

Electrical 

Conductivity (mS/cm) 

S1(Barkhan) 12.5±0.071 0.35±0.028 3.79±0.01 65±0.816 0.258±0.002 

S2 (Chagi) 12.45±0.016 0.26±0.017 3.63±0.01 23±1.633 0.225±0.002 

S3 (Dera Bugti) 10.88±0.049 0.24±0.025 4.39±0.02 30±2.160 0.752±0.002 

S4 (Duki) 10.21±0.024 0.05±0.022 3.58±0.01 21±2.160 0.22±0.016 

S5 (Kachhi) 10.18±0.016 0.44±0.025 4.46±0.02 51±2.160 0.791±0.001 

S6 (Dalbandin) 10±0.113 0.008±0.001 3.48±0.01 26±2.160 0.22±0.022 

S7 (Qilla Abdullah) 9.26±0.037 0.011±0.001 3.50±0.02 42±0.816 0.267±0.005 

S8 (Kohlu) 9.01±0.127 0.003±0.001 3.34±0.01 41.4±0.163 0.244±0.002 

S9 (Lesbella) 8.96±0.025 0.02±0.012 4.70±0.01 30±2.357 0.781±0.001 

S10 (Lorali) 8.75±0.029 0.5±0.025 4.62±0.02 28±0.816 0.69±0.028 

S11 (Mach) 8.43±0.008 0.05±0.005 4.02±0.02 23±2.055 0.348±0.001 

S12 (Masky) 8.05±0.025 0.04±0.009 4.17±0.02 22±1.633 0.15±0.022 

S13 (Sibi) 7.7±0.170 0.04±0.016 4.49±0.01 32±2.449 0.65±0.033 

S14 (Zhob) 7.68±0.017 0.3±0.141 5.49±0.01 17±1.414 0.711±0.002 

 

 The electrical conductivity of honey samples is 

related with concentration of organic acids and mineral 

salts. Higher organic acid and mineral salts concentration 

show higher electrical conductivity (Sreckovic et al., 

2019). Same results were analyzed with higher electrical 

conductivity was found in sample S5 (0.791 mS/cm) 

followed by S9, S3, S14, S10, S13, S11, S7, S1, S8, S2, 

S4, S6 and S12 with electrical conductivity values as 

0.781, 0.752, 0.711, 0.690, 0.650, 0.348, 0.267, 0.258, 

0.244, 0.225, 0.220, 0.220, 0.150 mS/cm respectively. 

However, the maximum edible value of electrical 

conductivity for honey was reported to be 0.8mS/cm in 

literature (Sreckovic et al., 2019; Ratiu et al., 2020). 

 Moisture has important function on those factors 

which involve in ripening including condition and 

moisture of nector, condition of storage degree of 

maturity and harvest season (Terrab et al., 2002; Osman 

et al., 2007). Higher moisture content was found in S5 

(12.5%) followed by S7 (12.45%), S13 (10.88%), S1 

(10.21%), S2 (10.18%), S4 (10%), S9 (9.26%), S3 

(9.01%), S14 (8.96%), S6 (8.75%), S8 (8.43%), S12 

(8.05%), S10 (7.70%) and S11 (7.68%). The moisture 

content of all the samples were found to be less than 

20%, which was in the ranges as reported in literature. 

Terrab et al., 2002; Osman et al., 2007; Kavapurayil et 

al., 2014; Sreckovic et al.,2019). Less moisture content in 

honey is found to be effective for long time storage, as 

prevents the growth of microorganisms and resist the 

granulation and fermentation (Chirifie et al., 2006).  

 The ash content is a quality criterion for 

geographical origin of honey sampling. The ash contents 

in analyzed honey samples were below the acceptable 

limits 0.6% (Osman et al., 2007). The highest value of 

ash content was recorded for sample S10 (0.503%), 

followed by S5 (0.0.44%), S1 (0.35%), S14 (0.30%), S2 

(0.26%), S3 (0.24%), S4 (0.048%), S11 (0.046%), S12 

(0.039%), S13 (0.038%), S9 (0.020%), S7 (0.011%), S6 

(0.010%) and S8 (0.003%). These results suggested the 
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high pollen source collection by honeybee for production 

of honey. The physicochemical properties of honey 

samples found were due the semiarid climatic of 

Balochistan with annual precipitation varying from 200 

to 350 mm. Whereas, evaporation rates are much higher 

than the precipitation rate (Bibi et al., 2015).  

 All the samples of honey were tested negative 

for Fiehe’s test which confirmed the honey to be free 

from adulteration (Kavapurayil et al., 2014). 

Metal analysis: The results of the eleven minerals 

determined in honey samples collected from different 

districts of Balochistan are shown in Table 3. Three 

mineral groups can be differentiated: first group 

composed of elements that are very abundant as K (340-

152 mg/kg) followed by Na (85.2-55.2 mg/kg), Ca (62.3-

40.27 mg/kg), Mg (19-10.10 mg/kg). The second mineral 

group in a medium concentration composed of Mn (2.46-

1.18 mg/kg), Fe (4.9-2.52 mg/kg), Cu (0.66-4.62 mg/kg) 

and Zn (0.92-1.93 mg/kg). The third mineral group 

composed of trace elements as Cd (0.044-0.013 mg/kg) 

followed by Pb (0.024-0.008 mg/kg) and Cr (0.032-0.01 

mg/kg). Magnesium (Mg) was the most abundant element 

reported the honey samples of Saudi Arabia followed by 

Fe, Zn, Cu, Mn, Pb and Cd (Osman et al., 2007). 

Similarly, the most abundant elements in the Canary 

Island were K followed by Na, Ca, Mg Fe, Zn and Cu 

(Hernandez et al., 2005). Whereas, Fe was most abundant 

element while Cd was reported as lowest element in 

Turkish honey (Tuzen et al., 2007). The dark honeys 

consist of higher concentration of elements then light 

honey (Osman et al., 2007; Vanhanen et al., 2011). 

 According to the obtained results, K level was 

the main mineral present in sample from S10 (340 

mg/kg) and lowest value was found in S2 (152 mg/kg). 

The second highest Na level was found in the S5 (85.20 

mg/kg) and lowest value was found in S4 (57.2 mg/kg). 

The reported K and Na levels in all the samples weren’t 

in the health risk to human.  

 The highest level of Ca was found in the S8 

(62.30 mg/kg) and lowest value was found in S2 

(40.27mg/kg). The Mg was abundantly reported in S5 (19 

mg/kg) and low value was found in S2 (12.71 mg/kg). 

The presented levels of Ca and Mg in all the samples 

don’t cause health risk to consumers.  

 The Mn is of low toxicity and biological 

significant element. The highest level of Mn was reported 

in the S5 (2.46 mg/kg) and lowest value reported in S2 

(1.18 mg/kg). In term of Fe, which is the mostly 

measured in honey samples, the highest value was 

reported in the S9 (4.9 mg/kg) and lowest in S2 (2.52 

mg/kg). The level of Fe in all the samples was ideal as it 

was below the guideline value 15 mg/kg (Osman et al., 

2007) same range with those reported in samples from 

Turkey (Tuzen and Soylak, 2005), Romania (Oroian et 

al., 2016), and samples from Saudi Arabia (Al-Khalifa 

and Al-Arify, 1999).  

 The highest level of Cu content was found in 

S14 (4.62 mg/kg) and lowest level in S2 (0.66 mg/kg). 

The highest Zinc values was found in S10 (1.93 mg/kg) 

and lowest in S11 (0.92 mg/kg) The Cu and Zn 

concentrations in all the tested samples were found to be 

below the reported value 5 mg/kg (Osman et al., 2007). 

Both Cu and Zn are essential elements for health but their 

high intake result in adverse health issues such as 

gastrointestinal, kidney and liver damage (Al-Khalifa and 

Al-Arify,1999).  

 The highest level of Cd was found in S5 (0.044 

mg/kg) and lowest in S11 (0.013 mg/kg). All the values 

of Cd were found to be below the reported level 0.05 

mg/kg (Oroian et al., 2016). The highest Pb contents 

were found in S4 (0.002 mg/kg) and lowest in S11 

(0.0076 mg/kg). Lead concentration in all the samples 

was below the reported guideline level 0.1 mg/kg (Osman 

et al., 2007). Same results were reported those in China 

(Ru et al., 2013), and Romania (Oroian et al., 2016). 

 The highest level of Cr was found in S4 (0.032 

mg/kg) and lowest in S2 (0.01 mg/kg). The concentration 

of Cr in all the test samples was below the guideline level 

3.70 mg/kg (Waseem et al., 2014). 

 The difference in concentration of mineral 

contents were due the climatic and flora of different 

districts of Balochistan (Pirkani et al., 2019). All the 

values of the mineral content was found to be in below 

then the guideline values as Balochistan is non-industrial 

region.  

Principal component analysis (PCA) of elemental 

analysis: PCA was used for the set of elements to get a 

strong explainable overview of the main information 

(Anjum et al., 2019). In PCA, Eigen values greater than 1 

were separated which result in the formation of three 

Principal Components (PCs). Highest Eigen value 6.389 

was shown by PC1 while PC2 and PC3 resulted as 1.518 

and 1.106, respectively. All the three PCs accounted for 

81.94% total variance. The maximum variation in data set 

was shown by PC1 as 58.084%, PC2 as 13.797% and 

PC3 as 10.056%. Spatial compositional variability in 

elemental analysis of honey from different district of 

Balochistan was shown in PCA (Figure-1). PCA variable 

reported a positive correlation on PC1 with Cd, Pb, Cr, 

Mn, Fe, Zn, Na, K, Ca and Mg. While a negative 

correlation was shown with Cu. Similarly, PC2 shown a 

positive correlation with Cd, Cu, Na, K and Ca. PC3 

shown positive correlation with Fe, Cu, Zn, K and Mg. 

Euclidean bi-plot divided the honey samples into four 

groups. The first group composed of honey samples 

collected from district Sibi (S13), Kohlu (S8), Kacchi 

(S5), Dera Bugti (S3) and Lasbella (S9), being correlated 

with Na, Ca, K and Cd. The second group composed of 

Chagi (S2), Masky (S12), Mach (S11) and Kharan (S6) 
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correlated with no element. The third group composed of 

Duki (S4), Lorali (S10) and Barkhan (S1) correlated with 

Cr, Fe, Zn, Mg, Mn and Pb. The fourth group composed 

of Zhob (S14) and Killi Abdullah (S7) correlated with 

Cu.  

Table:3 Mineral Composition of Honey from different district of Balochistan. 
 

Samples 
Cd 

(ppm) 

Pb 

(ppm) 

Cr 

(ppm) 

Mn 

(ppm) 

Fe 

(ppm) 

Cu 

(ppm) 

Zn 

(ppm) 

Na 

(ppm) 

K 

(ppm) 

Ca 

(ppm) 

Mg 

(ppm) 

S1(Barkhan) 0.021 0.023 0.013 1.7 3.8 1.1 1.82 67 240 51.23 17.2 

S2 (Chagi) 0.020 0.016 0.010 1.18 2.52 0.66 1.13 55.2 152 40.27 10.1 

S3 (Dera Bugti) 0.033 0.016 0.025 2.2 4.22 1.17 1.39 81 228.2 60.3 17.13 

S4 (Duki) 0.037 0.024 0.032 2.34 4.2 1 1.37 69.37 248 52.72 16.2 

S5 (Kachhi) 0.044 0.018 0.029 2.46 4.26 1.37 1.38 85.2 325 59 19 

S6 (Dalbandin) 0.021 0.017 0.027 2.18 3.92 0.98 1.23 57.2 188 48.27 17.1 

S7 (Qilla Abdullah) 0.028 0.010 0.015 1.31 3.19 4.6 1.2 70.22 210 52 13.95 

S8 (Kohlu) 0.042 0.017 0.027 2.4 4.16 1.27 1.48 83.2 230.2 62.3 18.3 

S9 (Lesbella) 0.039 0.023 0.022 2.44 4.9 3.11 1.27 69.27 328 50 17.2 

S10 (Lorali) 0.027 0.012 0.020 2.3 4.7 1.3 1.93 71 340 52.7 18.82 

S11 (Mach) 0.013 0.0076 0.012 1.73 2.78 0.67 0.92 66.2 168.2 43.27 16.37 

S12 (Masky) 0.014 0.0086 0.012 1.66 3.01 0.87 1.12 63.12 172.2 44 15 

S13 (Sibi) 0.040 0.019 0.025 2.2 4.12 1.32 1.28 84.25 235.4 61 16.2 

S14 (Zhob) 0.027 0.010 0.012 1.28 2.99 4.62 1.23 69.33 207.32 51.32 12.71 
 

PCA case scores

P
C

2
 (

1
3

%
)

PC1 (58%)
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-0.4-0.9-1.3 0.4 0.9 1.3 1.7 2.1

Sample 

Cd

Pb

Cr

Mn

Fe

Cu

Zn

Na

K

Ca

Mg

 
Figure1: PCA showing Spatial compositional variability in elements in honey samples from different districts of 

Balochistan. 
 

Conclusion: This study aimed to evaluate and investigate 

the physiochemical and some metals of natural honey 

collected from 14 different districts of province 

Balochistan, Pakistan to confirm their nutritional quality. 

The results of physiochemical analysis indicates that, all 

the samples of natural honey meets the national and 

international standards. The acidic of nature of 

investigated honey indicates its freshness. The less 
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moisture contents indicate the resistance of fragmentation 

in honey. From ash it was concluded that natural source 

of nectar was flowers. The low concentration of metals in 

honey samples explains the less polluted - environment of 

the sampled districts. As these districts were less 

industrialized. Correlation of metals among the samples 

were found by PCA. On the basis of Eigen value three 

principal components were made. Finally the data in the 

present study concludes that, honey produced in 

Balochistan does not pose a risk for heavy metals.  
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