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ABSTRACT 

ISO 14000 has opened the field for enhancing the awareness towards healthy 

environment and gives the ideology of regular assessment of threshold values 

not only of nutrients but contaminants as well. Under this statement 

microbiological studies in terms of mycobiota and bacterial count followed by 

intrinsic factors (physico-chemical characteristics) and level of essential heavy 

metals Cr, Mn, Fe, Co, Ni, Cu and Zn, and deleterious metals Cd and Pb were 

analyzed in fresh bovine milk samples, UHT processed milk in tetra packs, 

HTST treated milk in polyethene pouch (PM) and UHT processed milk 

analogues used as a tea whitener (TW) samples available in Districts of 

Karachi for the residents. Statistical techniques including principal component 

analysis (PCA), correlation matrix and Cluster analysis were performed to 

organize the data in such a way as to expose the internal structure of 

multivariate data matrix. Besides this, another analytical technique SEM-EDX 

was employed for assessment of elements in milk followed by various 

protocols.   

Fresh milk samples were collected in the morning time during winter season 

from areas within city limits (five districts) including outskirts of the city. 

Physico-chemical parameters such as pH, conductivity, salinity, TDS, DO and 

specific gravity were examined. Nearly 100% samples showed the values of 

pH and specific gravity within the reference limit however, majority of 

samples revealed the magnitude of conductivity below the range of reference. 

The mycobiota of milk was assessed using different media were employed for 

the fungal growth. The concentrations of metals considered were estimated 

after wet digestion of samples using atomic absorption spectroscopy. The 

ranges of average concentration of Cr, Mn, Fe, Co, Ni, Cu and Zn were found 

to be 0.001-0.314 mg/l, 0.001-0.574 mg/l, 0.001- 3.260 mg/l, 0.001- 0.108 



xviii 
 

mg/l, 0.001-0.136 mg/l, 0.001-2.740 mg/l, and 1.682- 7.036 mg/l respectively.  

The level of Cd and Pb were estimated in the samples between 0.001- 0.053 

mg/l and 0.001- 1.568 mg/l correspondingly. The order of levels of metals were 

found as Zn > Fe > Pb > Mn > Cr ≈ Cu > Co ≈ Ni > Cd. Approximately 44% 

samples found highly contaminated with Cd and the highest level observed in 

the sample gathered from District East. Most of the samples were found Pb 

contaminated as they exceeded the tolerable limits and the maximum 

concentration was recorded in the sample collected from District Central. 

There were nine genera of fungi Alterneria, Aspergillus, Cladosporium, 

Fussarium, Mucor, Neurospora, Penicillium, Pythium and Rhizopus were 

isolated from fresh milk of overall five Districts of Karachi. The results also 

revealed that mycotoxogenic fungus Aspergillus sp. (A. candidus, A. flavus, A. 

fumigatus, A. niger and A. terreus), Mucor recemosus, Penicillium notatum 

and Rhizopus stolonifer were recorded in samples of all concern Districts 

while samples from District Malir were exposed as highly bacterial 

contaminated. 

Samples of homogenized, UHT and HTST processed milk (PMs) and tea 

whitener (TWs) packed in aluminum-laminated card board cartons or tetra 

pack and polyethene bags of various brands were purchased from local 

market. This assessment highlighted that TWs showed low values of 

conductivity, salinity and TDS in contrast to PMs. The ranges of average 

concentrations of Cr, Mn, Fe, Co, Ni, Cu and Zn in brands of PMs were found 

as 0.001 - 0.196 mg/l, 0.001 - 0.274 mg/l, 0.269 – 7.116 mg/l, 0.003 - 0.096 

mg/l, .1320 – 7.264 mg/l, 0.010 - 0.066 mg/l and 0.644 – 4.078 mg/l and in 

TWs as 0.001-0.228 mg/l, 0.002-0.122 mg/l, 1.314-2.352 mg/l, 0.010-0.024 

mg/l, 0.650 – 6.398 mg/l, 0.046 - 0.054 mg/l and 0.266 – 0.616 mg/l in that 

order. The estimated levels of Cd in about 64 % PMs was found in the range 

of 0.025-0.042 mg/l, whereas only one brand of TWs showed concentration in 

detection limit. The concentration of Pb in PMs and TWs were found in the 

ranges 0.242-1.224 mg/l and 0.078-0.190 mg/l respectively. Both non-

essential metals, Cd and Pb were estimated exceeding the tolerable ranges. 

The levels of these metals in PMs were compared with the available reference 

level while there was no permissible level available for TWs to make a 

comparable analysis with. The order of concentration of metals in PMs and 
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TWs found as Ni > Fe > Zn > Pb > Mn > Cr > Cu > Co > Cd and Ni > Fe > Zn 

> Cr > Mn > Pb > Cu > Co > Cd respectively. The colony forming units (cfu 

ml
-1

) of fungi Aspergillus flavus, A. niger, Fusarium sp., Penicillium notatum 

and Neurospora sp. were recorded while, Aspergillus flavus and A. niger were 

recovered as the most frequent fungal species in samples. The cfu ml
-1

 of 

bacteria was found in the range of 3x10
4
 - 6x10

4
. 

All results of fresh milk, Co was found higher than the lower limit of dietary 

Co intake, while PMs and TWs showed more than the upper dietary Co intake. 

Although, it is well recognized that Co and Co compounds can be 

carcinogenic if it available in ionic form. Increased levels of other trace metals 

also may cause a number of diseases and harmful effects. Application of Pb 

free fuel and paint, and evading industrial sludge contaminated feed may 

potentially result in better quality milk. Biologically important correlations 

were exhibited by Zn with various metals such as Fe and Pb in PMs and TWs 

while with Ni in fresh milk samples.   

The results also revealed that mycotoxogenic fungi cannot be easily avoidable 

from fresh or processed milk and Aspergillus sp. (A. flavus and A. niger) were 

recorded in most of the milk samples. Moreover, it is worth mentioning that 

by healthy constituents like iron fortification of bovine milk minimizes the 

injurious effects of many toxicants especially in children. This study 

highlighted towards the need for improvement in extrinsic factors and in the 

area of packaging material that permits the deleterious metals and fungal spores and 

their hazards impact on human health.  

In the light of results obtained from SEM-EDX, it is concluded that this 

technique is applicable on dehydrated sample and adequate for qualitative 

measurement of elements in the milk sample. In contrast, quantitative 

measurement through EDX was satisfactory for measurement in comparison 

to other quantitative techniques. 
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Chapter 1 
General Introduction 

1.1 Overview  

It is an uncontestable fact that milk is an excellent nourishing food due to its 

remarkable constituents, such as proteins, carbohydrates, lipids, vitamins, 

enzymes and minerals in balanced profile and provides the highest caloric 

values. The composition of milk is greatly influenced by several factors such 

as breed of animal, individuality of animal, age of animal, stage of lactation, a 

season of the year, an animal’s feed, time of milking, intervals between 

milking, the physiological condition of animal like whether it is calm or 

excited, whether it is on medications, etc. (Potter, 1978). Extraordinary 

characteristics of milk, worldwide demand make it an important commodity 

that requires a great deal of research. 

A 250ml ~1 glass of milk is adequate for the daily need of proteins and 

vitamin D (Zimmermann, 2007). Globally, the milk of Cow, Buffalo, Goat and 

Camel has been conventionally consumed. Though, milk of Reindeer and 

water buffalo is too used by some nations (Mc Graw-Hill, 2005). Before 

urbanization, each family depended on its own animals for milk. Later, dairy 

farms were developed near the cities. After the advent of technology for the 

preservation of fresh milk, the dairy industry became a commercial enterprise. 

Several factors contribute to the development of the milk industry from small 

to a large extent i.e distance between the herds and the dairy plant, on the 

cleanliness of product and utensils, cooking services, mutually cattle and 

employees health standards, transport systems, assembly equipment used in 

processing technology, sterilization procedures, containers for supply, and 

temperature of preservation of products in homes and provisions (Hui, 1992). 

Following wheat, milk is the subsequently imperative pillar of food 

commodity in Pakistan. In Asian countries, India and Pakistan share more than 

90% of the total volume of milk of water buffalo and Pakistan is considered as 

a rich country with reference to production of buffalo’s milk and ranks second 
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in global buffalo milk production (FAOSTAT 2012; Younas, 2013). Pakistan 

has two dominant breeds of buffaloes, namely Nili Ravi in Punjab and Kundi 

in Sindh. 
 

In Pakistan 27% of all food items milk, (either fresh, processed or powder 

milk) and fermented milk are used domestically. Besides the dairy milk, every 

year Pakistan imports thousands of tones powdered milk also to fulfill the 

public needs. Although Pakistan is the 4
th

 largest country of milk production in 

the world with a gross production of 45 billion liters per year (Malik, 2011). 

While UK stands at the 9
th

 position in the milk production and subject to 

processing to provide 51% as liquid milk, 26% for powder milk and remaining 

as fermented milk (Defra, 2011). 

Milk is a highly nutritious growth medium, it is imperative therefore that the 

product be rapidly chilled to a temperature of 1-4 
o 

C after milking to 

minimize microbial growth (Oyarzabal and Backert, 2012). Because of 

multidimensional nature of various associated  problems in dairy sector in 

Pakistan, ironically thickly populated herds, poor nutrition, awful 

environmental conditions, unawareness of regarding modern technology by 

workers  for dairy farms, mixing of many adulterants in milk during milking 

and storage, absence of veterinary service create high risk of prevalence of 

diseases etc (Sarwar et al. 2002). 

Karachi is the metropolitan city of Pakistan and ranked at 3
rd

 mega city in the 

world. It is premier centre of banking and variety of industries including 

shipping, automobile industry, software development and medical research 

(APAA, 2012). 

Most of the dairy colonies are occurred nearby the industrial area such as 

Landhi cattle colony approaches the Landhi industrial area, Bilal cattle colony 

Korangi industrial Area (KIA). Industrial waste consists of huge amounts of 

deleterious chemicals including heavy metals (Naga and Allam, 1999). These 

effluents contaminate the water and animal feed. That may increases the heavy 

metal level of animal’s origin food. Whereas other main fresh milk supplied in 

the city through Al-Momin cattle farm situated in Gadap Town, Nagori dairy 

farm located in Super Highway,  Surjani cattle colony in New Karachi and 
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Bilal dairy colony in Korangi Industrial Area, accept these cattle farms many 

small colonies also exist of which most of them are located in residential 

areas. All of these commercial dairy farms located in suburb of Karachi 

provide evergreen environment for the persistence and transmission of 

numerous aerial, aquatic and terrestrial pathogens including fungi, bacteria 

and other microorganisms (Ali et al., 2006). Waste of industries, domestic 

sewage and garbage as well as heavy traffic are the mega polluting agents in 

the city those create long term toxicological effects as well on public health 

issues particularly in infants and young children because of their less tolerant 

immune system. Mughal (2002) reported that the polluted atmosphere and 

water are believed to be responsible for gradual increase in the incident of 

dermal and respiratory diseases in Karachi city. 

Mostly fresh milk is consumed after boiling while in the last two decades 

consumer’s interest towards ultra heat pasteurized (UHT) and homogenized 

(low fat and whole)  milk has also increased the world over. In addition, UHT 

processed milk analogues or tea whitener are rapidly emerging products 

consumed by the people of all social circles which is added in black tea to 

enhance the taste, color and aroma. Ever growing consumer demand opens the 

field for innovation in natural food for convenience; ensure the healthy 

nutrients and richness of flavor. Several brands of UHT processed milk in 

aluminum-lined card board packaging available having shelf life around two 

to three months without refrigeration. High Temperature Short Time (HTST) 

processed milk is also sometimes available in polyethylene bags and plastic 

bottles with shorter shelf life. Heat treatment destroy the pathogens at some 

extent but not 100% because heat resistant microbes can survive over a wide 

range of temperature, however toxic metals are not avoidable that already 

present due to above mentioned reason and hence there is health risks are 

associated with processed milk. 

In this scenario regular monitoring of food stuff specifically milk in all aspects 

chemical (organic and inorganic) and biological (pathogens) necessary in 

support to establish the threshold value that match the world health standards 

and provide better quality milk to consumers and forming sound health 

society. 
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1.2 Theme of study 

The entire focus of this study is on the measurement of 

 physical parameters 

 various essential and non-essential metals 

 Pathogens: main focus on fungal contaminants in commercially 

available milk samples including fresh, UHT homogenized processed 

milk of different brands in Karachi city for local public consumption. 

 Based on the correlations amongst these measurements which provide 

a guideline for the control of the prevalence of fungi and thereby 

enhance the shelf life of commercial bovine milk and augment public 

health security.  

 To find whether the elemental composition can be accurately 

determined by SEM-EDX compared to other conventional analytical 

techniques.  

1.3 Purpose of study 

The purpose of this project is to acquire knowledge on hygienic status of milk 

for inhabitants of Karachi. The data generated reflects the awareness to the 

public and dairy industry of Karachi as well as the public health issues linked 

with the quality of the milk. 
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1.4 Milk 

Milk is a multinutritive substantial diet in food commodities because of its 

valuable ingredients ideally quantized makes it precious alone or a part of food 

globally. An average composition of bovine milk is 87.2% water, 3.7% fat, 

3.5% protein, 4.9% lactose and 0.7% mineral oxides (Mc Graw-Hill, 2005).  

Table 1.1 Physical Properties of Milk at 20 
o 
C 

Property Unit Value 

Density g/cm
3 

1.032 

Specific gravity -- 1.023-1.040
a 

Boiling point 
o 
C 100.17 

Freezing point 
o 
C

 
-0.540

a
 

Conductivity mS/cm 4 -5
b
 at 37

 o 
C 

Viscosity mPa 2.0 

Surface tension Dyn/cm 50 

Acidity, pH -- 6.3-6.9 

Refractive index -- 1.3440-1.3485 

Source: Hui, 1992;  

a
: Macrae et al., 1993; 

b
: Hussain et al., 2012  

1.4.1Chemical Properties of Milk 

1.4.1.1Fat 

Milk fat is a carrier of numerous lipids (cerebrosides, sterols and 

phospholipids) and the fat-soluble vitamins A, D, E and K. Milk fat or butter 

fat is a mixture of triglycerides of various fatty acids. Milk fat is mainly 

saturated, but also contains monounsaturated and polyunsaturated fatty acids. 

Whole milk and skim milk contains a small concentration of cholesterol. Milk 

fat is distinguished from all other fats in that it is only one containing butyric 

acid (C4) as a component of triglycerides (C6 – C10). Milk is an emulsion of fat 

and water (serum). The emulsion is stabilized by phospholipids that are 

absorbed on the fat globules. 
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Table 1.2 Lipid Profile of Milk Fat 

Constituent Unit Value 

Triglycerides g/100g 96 

saturated fatty acids g/100g 65 

monounsaturated fatty acids g/100g 32 

Polyunsaturated fatty acids g/100g 3 

Cholesterol (whole milk, 3.3% fat) mg/100g 14 

Cholesterol (skim milk, 0.18% fat) mg/100g 2 

Source: Hui, 1992 

1.4.1.2 Protein 

Milk proteins are important for human nutrition as rich in all the essential 

amino acids. The proteins of milk fall into two groups: casein, precipitable by 

both acid and proteolytic enzymes such as rennin; and whey proteins, which 

are acid soluble but heat-denaturable. Casein comprises 80% of the bovine 

milk proteins and exists in milk as a calcium caseinate-calcium phosphate 

complex in spherical in shape called casein micelles (Hui, 1992; Fennema, 

1996; Nostrand, 2005). 

1.4.1.3 Lactose 

The sugar that gives the sweet flavor to milk, lactose (C12 H22 O11) occurs in 

the milk of all mammals. It is mildly sweet with solubility in water of 17.8% 

at 25
o 

C (Nostrand, 2005). Lactose in milk exists in the two anomeric forms, 

α-D-lactose and β-D-lactose, in equilibrium of about 37.3% α to 62.7% β at 

20
o
 C (Macrae et at., 1993). 

1.4.1.4 Mineral components 

Minerals contribute to the buffering capacity of milk, the maintenance of milk 

pH, the ionic strength of milk and milk’s osmotic pressure (Perween et al., 

2011). Milk contributes substantially to the intake of Ca, P and Mg. 

Electrolytes in milk such as Na, K and Cl
- 

are in the free soluble ions and 

highly bioavailable. Although other major minerals like Ca, P and Mg are 

present in chemical form. Most of the Ca combines with the colloidal 
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suspension of casein micelles. The rest is present as calcium phosphate 

ionically bound to casein carboxyl groups, calcium phosphocaseinate and 

calcium citrate. The chemical form of P is present in milk as ester linkages 

with the hydroxyl groups of different milk proteins on the other hand 

inorganic phosphate in casein micelles and rest in lipids and water soluble 

esters. 30% Mg is found in colloidal form with the combination of casein 

micelles whereas most of the Mg exists in solution (Renner et al., 1989). 

Tables 1.3 and 1.4 shows mean values and ranges of essential minerals and 

trace elements in milk. Values referring to non-contaminated raw and market 

milk were selected when these were available. Nevertheless, the upper limit of 

the ranges should be viewed with reservations particularly in the case of trace 

elements. However, the mean values are definitely sufficiently reliable for use 

in nutritional evaluation. Owing, all results of incoming chapters will be 

discussed with this reference.     

       

Table 1.3 Level of some major minerals in milk 

Mineral 
Concentration mg l

-1 

Mean value Range 

Na 470 300-700 

K 1500 1000-2000 

Cl 1030 800-1400 

Ca 1210 900-1400 

Mg 120 50-240 

P 950 700-1200 

Source: Renner et al., 1989 

 

Minor inorganic constituents are also present in milk in trace amounts such as 

Fe, Cu, Zn, Mn, I and Co etc. But some deleterious metals such as Cd, Pb, Hg 

and As are also passed into milk (Klaassen, 2001). Several studies have been 

shown a wide variation of mineral concentrations in bovine milk due to 

numerous factors like nature of the soil, season, cattle race and fodder 

particularly. Chemically, Mg, Fe, Cu, Zn, Mn and Mo are needed by enzymes 

as cofactors. Moreover, Fe and Mn are fractionally associated with lactoferrin 
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(a bacteriostatic protein), whereas Fe is also linked with transferring, xanthine 

oxidase and slightly to casein, Cu is associated with caseins, β-lactoglobulin, 

lactoferrin and some with milk milk fat membrane, Zn is associated with 

lactoferrin, Mn is bound to the milk fat membrane and Co is a key mineral in 

the large vitamin B12 molecule, Mo is bound to xanthine oxidase etc. 

(Fennema, 1996; Whitney, 2005). Table 1.4 shows that milk is a poor source 

of Mn, Fe, Cu and Zn, and that the contribution of milk to the intake of these 

nutrients is less than 7% (Renner et al., 1989). 

Milk contains inorganic Cr and organic Cr in the form complex of Cr
3+

 which 

includes nicotinic acid, glutamic acid, glycin and cysteine (Hazell, 1985). 

Natural iodine in milk exists entirely in the form of iodide (Underwood, 1977). 

Milk is a moderate source of Se. Minor percentage of Se incorporated in Se-

dependent enzyme glutathione-peroxidase (Hojo, 1981), while a bulk portion 

found in the protein fraction (Deelstra et al., 1986). In milk F associated with 

casein or to exist within floridated fatty acids (Hodge & Smith, 1965).    

Table 1.4 Level of some trace elements in milk 

Element 
Concentration mg l

-1 

Mean value Range 

Cr 0.017 0.005-5.000 

Mn 0.026 0.010-0.040 

Fe 0.210 0.13-0.300 

Co 0.0005 0.0003-0.0011 

Ni 0.025 0.000-0.050 

Cu 0.052 0.029-0.080 

Zn 4.200 3.900-4.500 

F 0.125 0.001-0.350 

Si 2.60 0.750-7.000 

I 0.075 0.005-0.400 

Mo 0.055 0.013-0.150 

 Se 0.013 0.009-0.016 

Sn 0.170 0.040-0.500 

As 0.050 0.030-0.060 

Source: Renner et al., 1989 
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1.4.1.5 Vitamins 

All known vitamins either fat soluble or water soluble are contained in milk. 

But their concentration varies to species, feed and seasonal variations etc. The 

fat soluble vitamins A, D, E and K are linked with the fat fraction of milk, 

while the water soluble vitamins of the B complex and vitamin C are linked 

with the non-fat, aqueous fraction or whey. The level of the vitamin A and E is 

based on the cattle feed, whereas the content of the vitamin D largely 

dependent on cattle body exposure to ultraviolet light or sun light. The vitamin 

K synthesized by rumen bacteria, while the possible synthesis of vitamin C is 

in the liver, intestine and kidney (Renner et al., 1989). 

1.4.1.6 Enzymes 

Generally milk has various varieties of enzymes, which are come from organs, 

blood, and especially mammary gland. The activity of these enzymes is 

greatly influenced by many factors particularly species, season, phase of 

lactation and mastitis. Every enzymes correlate with their substrate and 

activity such as α-amylase, β-glucuronidase, lactate dehydrogenase etc. linked 

with carbohydrate, proteases etc. related to protein, lipoprotein lipase etc. 

associated with lipid, ribonuclease, xanthine oxidase related to nucleotide, 

catalase, lysozyme peroxidase connected to antibacterial activity, accept these 

some others include acid phosphatase, alkaline phosphatase allied with 

miscellaneous substrates and activities (Renner et al., 1989). 

1.4.1.7 Organic acids 

Milk contains some organic acids like nucleic acids (ribonucleic acid: RNA, 

deoxyribonucleic acid: DNA and nucleotide), citric acid, pyruvic acid, 

neuraminic acid etc. Cow’s milk has majority of nucleotides in the form of 

orotic acid (an intermediate compound in pyrimidine biosynthesis), which 

reduces blood serum cholesterol by minimizing hepatic cholesterol 

biosynthesis (Ward et al., 1987). Citric acid accounts for approximately 90% 

of the organic acids. 
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1.4.1.8 Hormone and hormone-like substances 

Milk contains steroid hormones and prostaglandins as well as protein and 

peptide hormones. Recombinant bovine growth hormone (rBGH) or oxytocin 

is genetically engineered growth hormone injected into dairy cows and 

buffaloes to increase milk production output about 3% (Ballou et al., 1993) 

and the milk from these animals has elevated level of IGF-1(Insulin-like 

Growth Factor-1) in contrast to the milk from untreated animal. This protein 

can pass into the blood stream of consumers and some studies have shown that 

an elevated level of IGF-1 in humans may increase the risk of breast and 

prostate cancers (Hankinson et al., 1998; Chan et al., 1998). However, there 

are no studies directly linking increased risk of this disease with eating 

products from animals injected with rBGH. But as just noted, cow’s subjected 

to this chemical have an increased tendency to develop mastitis (inflamed 

udder), which is treated via administration of antibiotics. Many studies have 

reported the presence of the residues of these antibiotics enter the cow’s milk 

(Thompson and Manore, 2009). Hameed et al., (2010) reported that oxytocin 

stimulated milk showed alteration in minerals level such as Na and Ca levels 

increase 19.74% and 9.39% respectively and Cu level remarkably increases 

(146.89%) whilst K level showed decline (10.06%). 

1.4.2 Processing of fresh milk 

Milk is a highly perishable commodity and has a relatively short shelf life. 

Milk in the udder of healthy animals is sterile. However, during its collection, 

storage and transport, milk can be contaminated with different pathogens. 

Most of these pathogens come from the hide of animals, bedding material, 

manure, feed, milking equipment, and /or milk handlers (Oyarzabal and 

Backert, 2012). Processing operations for fluid milk include centrifugal 

sediments removal, cream separation, pasteurization, sterilization, 

homogenization, membrane separation and packaging, handling and storing 

(Hui, 1992). 

 

 



11 
 

1.4.2.1 Standardization 

Cold incoming raw milk is generally continuously clarified to remove 

sediment from milk. In modern’s large automated fluid milk plants, 

continuous separator splits the milk stream into skimmed milk and cream, the 

latter of which is added back to the milk stream to yield the desired fat content 

(Hui, 1992). 

1.4.2.2 Homogenization 

Homogenization is the process through which a mixture of components is 

treated mechanically to produce a homogeneous product that does not 

separate. In milk fat globules 1-15 µm in diameter are mechanically broken 

down into small particles 1-2 µm that give a uniform stable emulsion in the 

milk (Hui, 1992). 

1.4.2.3 Heat treatment 

In order to make a safe with good quality milk is normally pass through the 

heat process. The heat treatment makes the milk safe to drink and extends the 

potential shelf life. In recent years, milk is heat-treated applying conventional 

pasteurization and UHT processing. 

1.4.2.3.1 Pasteurization 

This form of heat treatment evolved from Pasteur’s discovery. The two 

principal forms of pasteurization have been used by dairy processing 

industries throughout the world 

(a) Batch pasteurization: This older type of pasteurization treatment involved 

heating the milk to between 62.8 and 65.6 
o 
C for a minimum of 30 min. 

(b) HTST pasteurization: This continuous high temperature short time 

(HTST) method is mostly used and suppressed the first one. Typically 

temperature time combination is 72 
o 
C for at least 15 s. 

In general, when processing is carried out below 100 
o 

C, storage 

temperatures have a large effect and pasteurization conditions a lesser 

effect on self life. 
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1.4.2.3.2 Ultra heat treatment or ultra high temperature (UHT) 

This treatment was developed to minimize damage to milk components caused 

by sterilization. Typical temperature-time conditions for UHT treatment of 

milk are 133-150 
o 

C for between 1 and 4 s. Recommended shelf life is around 

six weeks but varies between 10 and 90 days, filled aseptically into sterile 

containers and milk can be stored to transported without refrigeration. 

1.4.2.3.3 Sterilization 

Sterilization may be carried out by either preheating the milk up to about 80 
o 

C and filling into bottles, the bottles are then capped and sterilized through 

autoclaving at 110-120
 o 

C for 20-40 min; or a pre-sterilization at 130-140
 o 

C 

for 2-20 s followed by cooling to 80
 o 

C, filling into bottles and sterilizing at 

110-120
 o 

C for 10-20 min. The consumption of sterilized milk has declined 

with the introduction of UHT processing and improved storage and 

distribution system for pasteurized milk (Scott, 1989). 

1.4.2.3.4 Packaging 

Following pasteurization, milk is packed for consumer use in a variety of 

packaging sizes and materials. The main functions of a package are to contain 

the product and prevent it against of hazards which might adversely affect its 

quality during handling, distribution and storage. In this context, UHT-treated 

milk is aseptically packed in sterile cartons prepared from a laminate of 

paper/aluminum foil/polyethylene. This type of packaging is not permeable to 

O2 and milk packed in such away is not subjected to light induced effects 

(Brennan and Day, 2012; Scott, 1989). 

1.4.2.4 Toned milk 

Toned milk is obtained by mixing skim milk powder with buffalo milk 

containing 7.0% fat. The fat content of the toned milk should not be less than 

3% (Ghosh, 2006). In fact, whole milk is rich in fat and accounts for half the 

calories in milk, almost all of which is saturated fat. Low fat milk is as 

nutritious as whole milk except that most of the vitamins A and D are lost 

when the fat is removed (Zimmermann, 2007). 
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1.4.2.5 Skimmed milk 

Skimmed milk contains nearly all of the protein and minerals contained in 

whole milk. Adults who wish to reduce their saturated fat intake should drink 

low fat milk instead of whole milk (Zimmermann, 2007).       

1.4.2.6 Milk analogue  

Ever growing consumer demand open the field for innovation in natural food 

for convenience, ensure the healthy nutrients and rich in flavor. The 

acceptance of such milk analogue by the consumer not only its easy handling 

in fact its adequate ingredients especially for cholesterol conscious persons 

and cardiac patients since animal fat or milk fat (saturated fat) is substituted by 

vegetable oil (unsaturated fats). The product differs considerably from dairy 

milk and there is growing concern about its nutritional quality. It is not 

recommended for infant feeding (Hui, 1992).   

1.4.2.7 Some consequences of processed milk  

UHT processing generally causes little loss of nutritional quality. UHT milk 

stored under normal conditions of storage in temperature climates shows little 

or no measurable changes in protein nutritional quality. The dynamic 

equilibrium of mineral components between the aqueous and colloidal phases 

of milk is affected by various treatments. In general, pasteurization and UHT 

sterilization of milk under proper conditions cause much less vitamin loss than 

those that occur during normal household food preparation. The type of 

packaging and storage conditions are very important. In addition to exclusion 

of oxygen and light protect against development of off flavor, but also prevent 

loss of riboflavin (Scott, 1989; Swaisgood, 1996).  But the controversy linked 

with processed milk is still found. Pasteurization reduces the levels of several 

the B vitamins in milk by about 10-15%. However, milk sterilized by 

extremely high heat (UHT) loses up to 35% of its thiamin, vitamin B6 and 

biotin content and 75-95% of its folate and vitamin B12 content 

(Zimmermann, 2007).  

1.4.3 Milk allergy and milk borne illness 

Many people have “lactose intolerance” do not produce enough lactase and 

poorly digested the lactose in milk. This may be a causal factor of cramps, gas 

and diarrhea. Mostly lactose intolerance was noticed in Asians, Africans and 
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Americans. Though, majority of the infants and children can digest lactose but 

their lactase activity decrease with age. Another health problem associated 

with milk is milk allergy may be trigger of asthma, eczema, arthritis and other 

symptoms. A milk allergy is almost constantly a reaction to the proteins in 

cow’s milk, while lactose intolerance is a reaction to the lactose 

(Zimmermann, 2007).   

1.5 Physico-chemical parameters examination 

1.5.1 Intrinsic factors  

Intrinsic factors of food include pH, moisture, redox potential either in the 

presence or absence of oxygen, nutrient content, occurrence of antimicrobial 

constituents and biologic structures (Hui, 1992). Furthermore, these factors are 

the formulation criteria that control the ability of microorganism to survive 

and grow especially related to the salinity and dissolved oxygen as well and to 

estimate the purity (Brennan and Grandison, 2012).  

1.5.2 pH 

The pH of a food product influences both microbial growth and survival. The 

pH is the measure of the acidity or alkalinity in an environment. The pH of a 

food system will often determine the type of microorganism that grows in 

food. In fact, all microorganisms have minimum, maximum and optimal pH 

tolerance such as neutral-pH foods will allow bacteria to reproduce faster, 

whereas acidic foods will allow for the faster proliferation of yeast and molds 

(Oyarzabal and Backert, 2012). 

1.5.3 Electrical Conductivity (EC) 

The conductivity determines the concentration of electrolytes principally Na
+
, 

K
+
 and Cl

-
 and dissolved other cations and anions in the sample. The EC value 

of milk is an important parameter in the diagnosis of some outbreaks like 

mastitis which influences the worth of milk and is a possible health threat for 

cattle (Pyörälä, 2003). 
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1.5.4 Salinity 

Salinity indicates the total amount of dissolved salts of an aqueous body 

typically expressed in ppth (o/oo) (Hanrahan, 2012). 

1.5.5 Total Dissolved Solids (TDS) 

TDS measurements include the concentration of inorganic salts (e.g., calcium, 

magnesium, potassium, sodium, bicarbonates, sulfates, and chlorides) and 

minor amount of organic matter that are dissolved in water (Hanrahan, 2012). 

1.5.6 Dissolved Oxygen (DO) 

DO represent the quantity (mg) of oxygen present in aqueous solution (L) via 

atmospheric dissolution and biological process that produce and consume 

oxygen. DO is essential for the metabolism of aerobic organisms and also 

directly influences inorganic chemical reactions (Hanrahan, 2012). In general 

milk is saturated with O2 and it is fact that O2 play an important role in the 

deterioration in organoleptic quality and in the destruction of certain vitamins. 

Without atmospheric O2 milk content falls and the adverse reaction slow or 

stops. Conversely, additional O2 increases the rate of oxidative reactions. 

Ironically vitamin C and to a degree riboflavin and vitamin A are vulnerable. 

Concentration of DO is providing a parameter that helpful to estimate the loss 

of ascorbic acid indirectly (Renner, 1989). The role of O2 in and around food 

also has a great impact on the type of organisms growing there (Hui, 1992). 

1.5.7 Specific Gravity 

Specific gravity related to the water contents of the sample (Hanrahan, 2012). 

1.6 Assessment of Essential and Non-Essential Metals 

Metals differ from other toxic substances in that they are neither created nor 

destroyed by humans. Metals are redistributed in the air, water, soil and food 

through geological, biological and anthropogenic pathways (Beigjer et al., 

1986). Mineral nutrients are involved in the most fundamental process of life 

(Hui, 1992). They are inorganic elements that maintain their structure 

throughout the processes of digestion, absorption and metabolism, and play 

critical roles in virtually all aspects of human health and function. On the basis 
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of body requirements the two categories of minerals in our diets are the major 

minerals (>100mg/day) and the trace minerals (<100mg/day). Amount of 

major minerals present in the human body is greater than 5g; in contrast, trace 

minerals exist in the human body is less than 5g. Major minerals include Ca, 

P, Na, K, Cl
- 
, Mg while trace minerals include Fe, Zn, Cu, Mn, F

- 
, Cr, Mo, Se 

and I (Thompson, 2009). These trace metals are responsible for many 

pernicious effect on human health as immunodepression and skin diseases 

(zinc and copper contamination), neurological disorders (manganese), or blood 

disorders (iron) have been experienced (Konuspayeva et al., 2009). 

Milk is an excellent source of Ca, P and Mg and exhibit correlation with 

caseins (Sikiric et al., 2003; Hui, 1992). It is well known that casein has 

tendency to absorb the nonessential metal ion (Mishra et al., 1998). Amongst 

the 92 elements Pb, Hg and Cd are familiar as contaminants and inevitable in 

food since their wide spread industrial relevance or their presence in earth 

crust have resulted in their becoming a persistent and ubiquitous contaminant 

in the environment involving in food chain and pose injurious effect on 

consumer health (Birghila et al., 2008; Patra et al., 2008). Hence Pb and Cd 

assessment is imperative in favor of producing better quality meal (Florea et 

al., 2006; Pavlovic et al., 2004). Low level of these elements is toxic as well 

and creates hazardous risk (Mahaffey, 1977, Santhi et al., 2008). 

1.6.1 Chromium (Cr) 

The toxicity of chromium and its compound related chiefly to chromium in 

oxidation state. There are several oxidation states of chromium from Cr
2- 

to 

Cr
6+

 but most stable state is Cr
3+

 .the Cr content in human body is estimated to 

be about 4 to 6 mg. No tolerable upper intake level has been established by the 

Food and Nutrition Board (Gropper et al., 2005). The key functions of Cr are 

glucose transport, metabolism of DNA and RNA and immune function and 

growth. The characteristics of Cr deficiency are elevated blood glucose and 

blood lipids, damage to brain and nervous system (Thompson, 2009).   

1.6.2 Manganese (Mn) 

Trace amount of Mn is essential for the principal functions of many enzyme 

system activities and synthesis of protein found in bone and cartilage. 
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Symptom of its toxicity particularly inhalation of excess Mn in the industrial 

areas is characterized by impairment of neuromuscular system leading to 

cramps, tremor in limbs and Parkinson’s disease. While the symptoms of its 

deficiency are impaired growth and reproductive function, reduce bone 

density, impaired glucose and lipid metabolism and skin rashes (Thompson, 

2009). Acute or intermediate exposure to excess Mn dust (manganese dioxide 

and manganese tetra oxide) affects the respiratory system and causes chemical 

pneumonitis (Fowler et al., 2007). 

1.6.3 Iron (Fe) 

The human body contains approximate 2 to 4 g iron (~38 mg iron per kg body 

weight for women and ~50 mg per kg body weight for men). Above 65% of 

body iron found in hemoglobin, up to approximate 10% is found as 

myoglobin, ~1% to 5% is found as part of enzymes and the residual body iron 

is found in the blood (Gropper et al., 2005). Recommended daily allowance 

(RDA) proposed by The National Academy of Science 2001 i.e. 7mg/day for 

the toddlers age group 1–3years. Bovine milk contains a very low amount of 

Fe (Jigam et al., 2011) and far too much protein for infant consumption, to and 

high casein content makes it much harder for the infant to digest and absorb 

(Thompson, 2008). Excess feeding of breast milk or formula may limits the 

infant intake of iron-rich food, causing milk anemia that can affect a child’s 

energy level, attention span and mood (Perween et al., 2011; Thompson, 

2009). 

1.6.4 Cobalt (Co) 

The human dietary cobalt intake is approximately 20-40 µg/d in the form of 

metallo-vitamin i.e. vitamin B12. But it is not an essential nutrient and no 

recommendation has been established (Whitney and Rolfes, 2005). Ingestion 

of high doses of cobalt either in drink or through intravenous injection causes 

fatal congestive heart failure. Chronic toxicity of cobalt dust can lead to 

diffuse inflammatory reactions of the bronchial mucosa and development of 

chronic respiratory disease. Furthermore, it is well established that cobalt and 

cobalt compounds can be carcinogenic if the Co ion is available (Greim and 

Snyder, 2008).    
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1.6.5 Nickel (Ni) 

Nickel is released into the environment with combustion of nickel-containing 

products. It is widely distributed among human tissues in ng/g levels although 

the other body parts such as thyroid gland, adrenal glands, hair, bone, and soft 

tissues (lungs, heart, kidney and liver) accumulate higher amount (Gropper et 

al., 2005). In vitro studies have shown nickel to be an activator of several 

enzymes. Its average dietary requirement for humans is < 100 µg/d. A 

tolerable upper intake level for adults is 1.0mg/d. Signs and symptoms of 

toxicity include nausea, vomiting, and shortness of breath (Nielsen, 1998). 

Nickel plays antagonist role of 13 essential metals ions through replacement of 

their bioactive sites (Tallkvist et al., 1994). 

1.6.6 Copper (Cu) 

Copper is widely distributed in nature and is nutritionally essential element. 

Daily intake of copper in adults varies between 0.9 to 2.2mg while in children 

has been estimated to be 0.6 to 0.8 mg/day, the copper content in human body 

ranges from 50 to 150mg. It exists in the body in two oxidation states Cu
1+ 

and 

Cu
2+ 

(Gropper et al, 2005). The main form of copper used in mineral-fortified 

food products is copper sulfate; other bioavailable and water soluble forms of 

copper include cupric chloride, cupric acetate and copper carbonate (Baker, 

1999). In human and rats, large amount of iron intake decreases the absorption 

of copper (Yu et al., 1994; Snedeker et al., 1982; Finely and Cerklewski 

1983). It has been shown that milk supplies a little quantity of Cu (Jigam et al., 

2011). A significantly lower absorption was found in infants fed on formulated 

fortified products with iron (10.8 ppm iron) as compared to that infants fed 

without fortified formula providing only 1.8 ppm iron (Haschke et al., 1986). 

1.6.7 Zinc (Zn) 

Zinc is found in all body organs, most notably the liver, kidney, muscle, skin 

and bones. Zinc appears to be a part of greater number of enzyme systems 

than the rest of the trace minerals combined. It may affect the activity of 

several enzymes attached to plasma membranes, including alkaline 

phosphatase, carbonic anhydrase and superoxide dismutase, among others 
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(Better and O’Dell, 1993).  Zinc deficiency results in wide spectrum of clinical 

effects depending on age, stage of development, and deficiencies of related 

metals. Zinc deficiency was first characterized by Prasad (1983) in adolescents 

with growth failure and delayed sexual maturation (Jigam et al., 2011), 

pellagra, and iron and folate deficiency. Zinc deficiency in the newborn may 

be manifested by dermatitis, loss of hair, impaired healing, susceptibility to 

infections, and neuropsychological abnormalities. Other chronic clinical 

disorders such as ulcerative colitis and the malabsorption syndrome, chronic 

renal disease and hemolytic anemia are also associated with zinc deficiency 

(Ryan-Harshman and Aldoori, 2005; Klassen, 2001).  

1.6.8 Cadmium (Cd) 

Cadmium is toxic when increased into the environment in high concentration. 

Its toxic effects may originate when the industrial sludge meets the rivers and 

also the wide usage of phosphate fertilizers in the fields (Venugopal and 

Luckey, 1978). Tolerable range for Cd was estimated less than 0.010 ppm 

established by the Croatian legislation (Novine, 1994). Cd is a similar metal to 

Zn, located just below the Zn in periodic table and makes compounds in the 

oxidation state II. Being similar, it replaces to Zn (II) from the active site of 

zinc- dependent enzymes and proteins which in turn lose their biological 

activities. A widely occurring pollution caused by Cd was manifested in a 

malady called “itai-itai” disease and it causes a symptom of severe 

osteoporosis (Ochiai, 2011). In addition, it is concerned in high blood 

pressure, cancer of the breast, lung, large intestine and urinary bladder, 

mutations and fetal death (Newberne, 1987; Perry et al., 1979; Pitot and 

Dragan, 1996). The foremost path of access of cadmium to the organs of an 

individual is the digestive system and intestinal assimilation. Vegetation 

acquires cadmium from irrigation water only in the form of activated Cd ion 

past discharge since the sorption compound or commencing soil solution 

(Smirjdkova et al., 2005). 

1.6.9 Lead (Pb) 

Lead, which is chemically similar to calcium, is excreted into milk to a 

considerable extent. Recommended tolerable intake of lead from all sources 
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adjusted by WHO and FDA not more than 100µg/day for infants up to 6 

months of age and not more than 150µg/day   for children’s from 6 months to 

2 years of age (Klaassen, 2001) and Pb were estimated exceeding the tolerable 

ranges Pb < 0.100 mg/l established by the Croatian legislation (Novine, 1994). 

Chemically identical divalent essential metals such as iron, calcium and zinc 

are replaced from some of their metabolic sites by lead and disabled to 

perform their functions. For example, lead competes with iron in heme, but 

then cannot act as an oxygen carrier; similarly, lead competes with calcium in 

neurons, but cannot signal messages from nerve cells (Whitney and Rolfes, 

2005). Whereas milk, fasting, low levels of calcium, vitamin D and iron have 

been shown to increase lead absorption in laboratory animals (Mudgal et al., 

2010). Effluence of the environment with lead is a global dilemma. 

Combustion of gasoline with tetraethyle lead (TEL) as an anti-knocking 

additive and exhaust into the atmosphere and creates lead toxicity in the 

vicinity of roads, earth, atmosphere, water and vegetation (Burguera and 

Rondon, 1987). 

Lead does not break down in the environment and this potent neurotoxin can 

harm the nervous system, reproductive complications and kidney failure 

especially in young children. Children under the age of 6 and unborn fetuses 

even with low blood level of lead are particularly vulnerable to nervous 

system impairment, low IQ, shortened attention span, hyperactivity, hearing 

damage and various behavioral disorders (Miller et al., 2009; Whitney and 

Rolfes, 2005). 
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Table 1.5 Comparative levels (mg/l) of the essential/nonessential elements in bovine milk of different cities in the World. 

City Cr Mn  Fe Co Ni Cu Zn Cd Pb References 

Arak, Iran -- -- -- -- -- -- -- 0.003 0.012 Rezaei et al., 2014  

Jhang, Pakistan  3.750-

8.400 
-- -- -- -- 0.500-

1.354 

-- 0.092-

0.250 

0.455-

2.000 

Younus, et al., 2013 

Khartoom, Sodan 0.0006 -- -- 0.0122 -- 0.124 0.971 0.0006 0.502 Abdalla et al., 2013 

Mumbai, India -- 0.016-

0.181 

0.540-

4.275 

-- 0.010-

0.131 

-- -- 0.012-

0.013 

-- Zodape et al., 2013 

Ogbomoso, 

Nigeria 

-- -- -- -- -- -- -- 0.0021 0.003  Tona et al., 2013 

Mumbai, India 0.013-

0.175 

-- -- -- --  0.039-

37.290   

0.786-

0.496  

-- 0.139-

5.904  

Zodape et al., 2012 

Addis Ababa,  

 Ethiopia 

-- --  1.213 -- -- --  4.923 0.100  0.998 Dawd et al., 2012 

Sarab, Iran -- -- -- -- -- -- -- 0.004 0.065 Dizaji et al., 2012 

Malekan, Iran -- -- -- -- -- -- -- 0.005 0.142 Dizaji et al., 2012 

Meyaneh, Iran  -- -- -- -- -- -- -- 0.001 0.182 Dizaji et al., 2012 

Ahar, Iran  -- -- -- -- -- -- -- 0.002 0.012 Dizaji et al., 2012 

Ramallah, 

Palestine 

-- -- 3.2-

12.91 

-- -- 0.62-

0.85 

-- 0.022-

0.057 

0.93 Abdulkhaliq et al., 2012 
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Kano, Nigeria 17.566 1.788 50.873 -- 30.132 2.520 32.387
 

1.631 5.501 Ogabiela et al., 2011 

Zaria, Nigeria 1.568 0.219 3.238 -- 2.097 0.214 5.521 0.099 0.710 Ogabiela et al., 2011 

Faisalabad, 

Pakistan 

1.134-

1.265 

-- -- -- 21.266-

3.522 

-- 
-- 

0.171- 

0.122 

23.240-

16.704 

Aslam et al., 2011
 

Karachi, Pakistan -- -- 3.30
 

-- -- -- -- -- -- Perween et al., 2011 

 

Lahore, Pakistan -- -- 0.56-

0.62 

-- -- 0.13-

0.21 

-- 0.07-

0.08 

-- Hussain et al., 2010 

Hyderabad, 

Pakistan 

-- -- -- -- 0.211-

0.223 

-- -- 0.044-

0.056 

0.047-

0.055 

Kazi et al., 2009  

Erbil, Iraq 

 

0.018 0.032 0.271 0.004 0.008 0.190 1.080 0.004 -- Hassan, 2009 

Chennai, India -- -- -- -- -- -- -- -- 0.013- 

0.06 

Sahayaraj and  

Ayyadurai et al., 2009 

Constanta, 

Romania 

0.04 0.08 0.72 -- 0.04 0.17 0.98 0.004 0.12 Birghila et al., 2008 

Alexandria, 

Egypt 

-- -- -- -- -- -- -- 0.001 0.1431 Hafez and Kishk, 2008 

Jeddah, Saudi 

Arabia 

0.031 0.017 0.41 -- -- 0.04 0.94 0.004 0.003 Kinsara & Farid, 2007  

Karachi, Pakistan 0.028 0.081-

0.085 

-- -- -- 0.227-

0.260 

-- -- -- Perveen et al., 2005 

Silesia, Poland 0.075-

0.088 

0.051-

0.101 

-- 0.005-

0.008 

0.053-

0.068 

0.065-

0.089 

3.085-

3.163 

-- -- Dobrzanski et al., 2005 

Calabria, Italy 0.002 -- -- -- -- 0.001 2.016 0.000 0.001 Licata et al., 2004 

Mumbai, India -- -- -- -- -- 0.043-

0.195 

1.77-

4.23 

0.000 0.001-

0.003 

Tripathi et al., 1999 

 

  

http://www.sciencedirect.com/science/article/pii/S0160412003001399
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1.7 Microbial contamination investigation 

The field of food microbiology is very important for food, science and 

technology. It is one of central disciplines in food science. Early studies in 

food microbiology centered on dairy bacteriology. The microbial profiles of 

food depend greatly on food products and the conditions under which they are 

stored or processed (Hui, 1992). There are four main groups of microbes that 

are of concern in foods: bacteria, fungi, protozoa and viruses. Bacteria and 

fungi can reproduce in a given food if circumstances are encouraging for 

growth (Setlow, 1995). 

1.7.1 Bacteria 

Bacteria are unicellular organisms ranging in size from 0.1 to 2.0 µm and 

occurring in rod, spherical, or curved shapes. They divide asexually by binary 

fission. Although no sexual stage occurs, bacteria can exchange genetic 

information from one to another. A few gram-positive bacteria are capable of 

producing spores that surrounded by two layers inner made up of 

peptidoglycan whereas outer coat is composed of proteins. The spore has low 

water content that support in survival during heat treatments (Setlow, 1995). 

The infectious dose of food borne bacterial pathogens may vary from 10 to 

1000 bacterial cells. Among the bacterial pathogens, 10 species are most 

commonly associated with food borne outbreaks: Listeria monocytogenes, 

Escherichia coli O157:H7, Salmonella spp., Campylobacter jejuni, Bacillus, 

Staphylococcus, Yersinia, Shigella, Clostridium and Vibrio (Foley et al., 2009; 

Gerner-Smidt et al., 2006).    

1.7.2 Fungi  

There are two categories of fungi. Unicellular fungi occurring singularly with 

round or oval shape is called yeasts. Asexual reproduction is by budding and 

sexual reproduction is by sexual spores. Whereas, multicellular filamentous 

fungi highly structured and organized in morphology are known as molds. 

Reproduction is by sexual and asexual stages. They usually grow so profusely 

that humans can see them on foods (fizzy masses) without the need of 

magnification (Hui, 1992).  
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In general, fungi are considered spoilage organisms in food microbiology. 

When conditions are not favorable for the growth of bacteria, yeasts and 

molds will take over and spoil the food items. Fungi secrete digestive enzymes 

in order to break down complex food sources they can absorb (Srivastava, 

2008). The real food-poisoning concern of mold is the possible production of 

mycotoxins and aflatoxin by some molds which cause hepatic cancer in 

humans (Hui, 1992; Johny et al., 2012). There are more than hundred fungal 

spp. which be capable of cause infection in plants and contaminate through 

production of mycotoxins. In this perspective, usually a large portion of 

ruminants diet is plant or fodder and contaminated cattle feed ingested by 

cows and buffaloes. An incident of death of 493 animals expired and 1200 

suffered by eating the feed contaminated through aflatoxin and T-2toxin in 

Landhi cattle colony, Karachi was reported by Ilyas (2007). These mycotoxins 

especially aflatoxin M1 and M2, which are metabolite of aflatoxin B1 and 

B2 respectively in milk of cattle fed on contaminated foods pass through 

animal’s origin milk and meat as well and lastly become part of human food. 

Similarly mycotoxins harmful for cattle and responsible for the cause of many 

outbreaks like diminish the milk production and reproduction, hepatotoxicity, 

carcinogenicity, nephrotoxicity, gastrointestinal diseases etc. (Sultana and 

Hanif, 2009).           

1.7.2.1 Alterneria 

Genus Alternaria has 299 species, all these are omnipresent and cause allergy 

in human like hay fever and chronic effect as asthma. Alternaria solani is 

recognized as causal factor of alternariosis in plants by producing trypsin-like 

and subtilisin-like proteinases or enzymes (Kirk et al,. 2008; Valueva et al., 

2013).  

1.7.2.2 Aspergillus 

Genus Aspergillus is a mold has many hundred species existed different global 

climates. Aspergillus spp. grow aerobically. A few spp. have tendency to 

cause pathogenic effects in human such as infection to the external ear, dermal 

mycosis, and ulcers (Brownwell et al., 2005). The main pathogenic species 

are A. fumigatus and A. flavus, which produce toxins called aflatoxin B1 and B2 

http://en.wikipedia.org/wiki/Genus
http://en.wikipedia.org/wiki/Genus
http://en.wikipedia.org/wiki/Aerobic_organism
http://en.wikipedia.org/wiki/Aflatoxin
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or cancer causing. The most common species act as allergens are A. 

fumigatus and A. clavatus. Aspergillus candidus represents a significant 

pulmonary vulnerability to grain personnel in Brazil through its cytotoxic 

substances (Ribeiro et al., 2005). A. niger strains can produce ochratoxin A, 

which is highly cancerous to humans due to its mutagenic ability which is 

comparatively weak (Samson et al., 2001; Schuster et al., 2002; Palma et al., 

2007). 

1.7.2.3 Drechslera 

Various species of Drechslera source of allergies especially hay fever, asthma 

and sinusitis. Sometimes in immunocompromised persons become a reason of 

phaeohyphomycosis, together with keratitis, sinusitis, and osteomyelitis  

(Rolston et al., 1985). 

1.7.2.4 Fussarium 

Genus Fussarium is a filamentous fungus commonly dispersed in earth and 

united with vegetation. Few species are pathogenic by releasing mycotoxins in 

cereal crops and become a part of human food chain mainly 

fumonisins and trichothecenes. Fussarium verticillioides releases fumonisins 

B1 which is extensively spread in maize and its maize based foods. It gives 

traumatic impact on dairy animals by causing hepatic cancer, thus reduces the 

milk production and animal’s lifespan (Gelderblom et al., 1988; Scott et al., 

1994). Several species of Fusarium releases Trichothecenes  that is a family of 

number of chemical compounds recognized as mycotoxins including  T-2 

toxin, HT-2 toxin, diacetoxyscirpenol, deoxynivalenol, nivalenol, 3- and 15-

acetyldeoxynivalenol etc. (Miller, 2003). Often concerned to eye, skin and nail 

infections. This mold can cause keratitis, endophthalmitis, onychomycosis, 

mycetoma, and disseminated infection in immunocompromised patients; 

infections in burn victims, and systemic opportunistic infections in severely 

disabled hosts (SG, 2014).  

 

 

http://en.wikipedia.org/wiki/Aspergillus_clavatus
http://en.wikipedia.org/wiki/Ochratoxin_A
http://cid.oxfordjournals.org/search?author1=Kenneth+V.+I.+Rolston&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Kenneth+V.+I.+Rolston&sortspec=date&submit=Submit
http://en.wikipedia.org/wiki/Hypha
http://en.wikipedia.org/wiki/Fungi
http://en.wikipedia.org/wiki/Mycotoxins
http://en.wikipedia.org/wiki/Fumonisins
http://en.wikipedia.org/wiki/Trichothecenes
http://en.wikipedia.org/wiki/Fusarium_verticillioides
http://en.wikipedia.org/wiki/Fumonisins
http://en.wikipedia.org/wiki/Fusarium
http://en.wikipedia.org/wiki/Mycotoxin
http://en.wikipedia.org/wiki/T-2_toxin
http://en.wikipedia.org/wiki/T-2_toxin
http://en.wikipedia.org/w/index.php?title=HT-2_toxin&action=edit&redlink=1
http://en.wikipedia.org/wiki/Diacetoxyscirpenol
http://en.wikipedia.org/wiki/Deoxynivalenol
http://en.wikipedia.org/w/index.php?title=Nivalenol&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Acetyldeoxynivalenol&action=edit&redlink=1
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Table 1.6 Structure and name of some mycotoxins 

Toxin  Molecular structure IUPAC name  

Aflatoxin B1 

a
  

b
2, 3, 6aα, 9aα-Tetrahydro-4-

methoxycyclopenta [c] furo [3´, 2´:4, 5] 

furo [2, 3-h] [l] benzopyran-1, 11-dione 

Aflatoxin B2 

a
 

b
2, 3, 6aα, 8, 9, 9aα-Hexahydro-4-

methoxycyclopenta[c] furo [3´, 2´:4, 

5]furo [2, 3-h] [l] benzopyran-1, 11-dione  

Aflatoxin G1 

a
 

b
3, 4, 7aα,10aα-Tetrahydro-5-methoxy-

1H,12Hfuro[3´,2´:4,5]furo[2,3-

h]pyrano[3,4-c][l]-enzopyran-1,12-

dione1 

Aflatoxin G2 

a  

a
3,4,7aα,9,10,10aαHexahydro-5-

methoxy-1H,12H furo [3´, 2´:4,5] furo[2, 

3-h] pyrano [3, 4-c] [l]-benzopyran-1,12-

dione  

Aflatoxin M1 

a  

a
(6aR-cis)-2,3,6a,9a-tetrahydro-9a-

hydroxy-4-methoxy 

cyclopenta[c]furo[3',2':4,5]furo[2,3-h] 

[1]benzopyran-1,11-dione 

Aflatoxin M2 

 

a  

a
(6aR,9aR)-9a-Hydroxy-4-methoxy-

2,3,6a,8,9,9a-hexahydrocyclopenta 

[c]furo[3',2':4,5]furo[2,3-h]chromene-

1,11-dione 

Citrinin 

 

  

c
         

c(3R,4S)-8-hydroxy-3,4,5-trimethyl-6-oxo-4,6-

dihydro-3H-isochromene-7-carboxylic acid 
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Fumonosin 

B1 

d   

 

d
(2S,2'S)-2,2'-{[(5S,6R,7R,9R,11S,16R, 

18S,19S)-19-amino-11,16,18-trihydroxy-

5,9-dimethylicosane-6,7-diyl]bis[oxy(2-

oxoethane-2,1-diyl)]}disuccinic acid 

Ochratoxin A 
a

 

N-{[(3R)-5-chloro-8-hydroxy-3-methyl-

1-oxo-3,4-dihydro-1H-isochromen-7-yl]

carbonyl}-L-phenylalanine 

 

Zearalenone  
e  

 

e
(3S,11E)-14,16-dihydroxy-3-methyl-

3,4,5,6,9,10-hexahydro-1H-2-

benzoxacyclotetradecine-1,7(8H)-dione 

a. MSDS, 2012.  

b. Buttinger et al., 2010 

c. CW, 2014. 

d. WOC, 2013. 

e. Chemspider, 2014.  

 

1.7.2.5 Mucor, Pythium, Penicillium & Rhizopus  

The most familiar specie Mucor racemosus is a pathogen that induces 

sensitization and symptoms of asthma and allergic rhinitis in sensitized 

individuals, with patients showing hypersensitivity in both skin-prick and 

provocation tests (Foucard and Dreborg 1984; Soeria-Atmadja et al., 2007; 

Dezfoulian and De la Brassinne, 2006).  

Pythium insidiosum is the only specie recognized as human pythiosis that is 

strongly linked with thalassemia. Patients generally come with infectivity of 

the arteries, eyes, or cutaneous/subcutaneous tissues (Krajaejun et al., 2008; 

Kamoun, 2003; Sathapatayavongs et al., 1989; Thianprasit et al., 1996). 

http://en.wikipedia.org/wiki/File:Ochratoxin_A.svg
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Penicillium species can able to cause allergic and asthmatic reaction in 

susceptible individuals. Common allergenic effects are: Type I allergies (hay 

fever, asthma), Type III hypersensitivity pneumonitis. Toxins created by this 

mold comprise: penicillic acid, peptide nephrotoxin, viomellein, xanthomegin, 

xanthocillin X, mycophenolic acid, roquefortine C & D, citrinin, penicillin, 

cyclopiazonic acid, isofumigaclavine A, penitrem A, decumbin, patulin 

citreoviridin, griseofulvin, verruculogen, ochratoxin, chrysogine, and 

meleagrin (SG, 2014).  

 Rhizopus species are recognized to generate a variety of proteases and R. 

stolonifer was exposed to be superior producer of protease at pH 7.5 and 40 
o
 

C (Kranthi et al., 2012). Rhizopus spp. can cause facial pain, lung infection 

characterized by fever, eye pain and bulging eyes etc. allergic reactions (RD, 

2014).   

Table 1.7 Worldwide fungal diversity in bovine milk 

Area name Mycobiota Reference 

Abia State, 

Nigeria 

Candida spp, Mucor Edward and Inya, 

2013 

Makurdi, Benue 

State, Nigeria 

Aspergillus, Alternaria, Candida, Fusarium, 

Mucor, Penicillium, Rhizopus, 

Saccharomyces 

Obande and Azua, 

2013 

Quebec, Canada Acremonium, Alternaria, Apiospora, 

Aspergillus, Aureobasidium, Cladosporium, 

Emericella, Epicoccum, Eurotium, 

Fusarium, Geosmithia, Gibberella, 

Lecytophora, Lichtheimia, Microdochium,  

Mucor, Nectria, Ophiostoma, Penicillium, 

Peyronellaea, Phaeosphaeria, Phoma, 

Plectosphaerella, Scopulariopsis, 

Verticillium. 

Lavoie et al., 2012 

France Aspergillus, Candida,Chrysosporium, Clad

osporium, Cryptococcus, Debaryomyces,En

gyodontium, Fusarium, Geotrichum,Kluyver

omyces, Malassezia, 

Penicillium, Pichia, Rhodotorula, 

Torrubiella, Trichosporon 

 

Delavenne et al., 

2011 

Slovenia Aspergillus, Fussarium, Geotrichum 

Mucor, Penicillium 

Torkar et al., 2008 

Spain Aspergillus, Fussarium, Geotrichum Jordal et al., 1993 

 

 

http://www.rightdiagnosis.com/sym/facial_pain.htm
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Chapter 2 
Facts Profile of Study Area 

2.1 Introduction  

Karachi is the Gateway of Pakistan with highest literacy rate as it has a 

number of significant academic and explores institutions, and world’s second 

most occupied city. The city is a centre point of advanced education in South 

Asia and the Muslim world. It is the capital of Sindh province and monetary, 

business and technology core of Pakistan. Karachi has Pakistan’s alone sea 

port, the head offices of the most of the Pakistani banks including state bank 

and the world’s renowned Karachi Stock Exchange. It has six large (comprises 

above 10,000 small and large manufacturing units) industrialized zones such 

as Karachi Export Processing Zone, LITE (Landhi Industrial Trading State), 

SITE (Sindh Industrial Trading State), KIA (Korangi Industrial Area), Federal 

Industrial Area and Bin Qasim Industrial Area, located on the outer edge of 

the city. Its principal areas of production are textiles, leather, steel, glass, 

marble, oil, Food and beverages, pharmaceuticals and automobiles. Except 

these, Karachi accounts for the leading contribute to GDP of Pakistan and 

generate approximately 65% of the state revenue (KMC, 2012). Karachi is one 

of the top 10 cities of the world which has the peak level of pollutants 

crowded into the atmosphere due to releasing of injurious chemicals through 

waste of industries and smoke of the motor vehicles and become a challenging 

problem. 

2.2 Topography and physical features  

Karachi is situated in a semiarid zone and covers the area of 3600 km
2
. It is 

located at 24 º 45” to 25 º 15” north and 66 º 37” to 67 º 37” east. This mega 

city is situated in southern region of the country along the coastal area join the 

Arabian Sea, in the northern-east Dadu District, in the southern-east Thatta 

District and in the western side Lasbela District of Baluchistan province 

(Hasan and Mohib 2003).  

 

http://en.wikipedia.org/wiki/South_Asia
http://en.wikipedia.org/wiki/South_Asia
http://en.wikipedia.org/wiki/Muslim_world
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2.3 Climate  

Karachi has mild and humid type of weather in summer whereas mild and dry 

in winter. The hottest period of lengthy summer season (April to August) is 

the months of May and June where the mean highest temperature reaches 35ºC 

whilst the coldest period of short winter season (November to March) is the 

month of January. The monsoon period is started from July and end on 

September (Wikipedia, 2014). 

 

Source: BBC, 2013. 

Figure 2.1 Monthly temperature fluctuations of the city.  

2.4. Division of the city  

According to Pakistan’s latest census, the population of this city was recorded 

over 24 million people as of April 2013 and a density of nearly 6,000 people 

per square kilometer (15,500 per square mile). At local government level 

Karachi has overall 18 Towns and 178 Union councils and administratively 

has five districts. The division in district has been carried out according to its 

geological site (KMC, 2012). 
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2.4.1. Karachi Central District 

It is in the central part of Karachi with the population of 2,277,931 and totally 

consists of urban areas and  has four towns namely Liaquatabad Town, North 

Nazimabad Town, Gulberg Town and New Karachi Town. It has the highest 

numbers (119) of slums or katchi abadies of the city which creates distressing 

situation for the environment of this city for the reason that of lack of infra 

structure of housing facilities like sanitary operations, clean water supply, and 

sewage and rubbish disposal. Except these public health problems are also in 

alarming conditions because of unavailability of prime medical services 

(CDGK, 2013). 

2.4.2. Karachi East District 

This district includes eastern areas of Karachi and consists of 100 percentage 

urban areas, four towns namely Gulshan Town, Korangi Town, Landhi Town 

and Shah Faisal Town with the population of 2746014 and good literacy rate 

(73.1 %) (PWD, 2013). This is the most populated district as shown by the fig. 

2.2. Korangi Town has industrial as well as residential zones. Korangi 

Industrial Area (KIA), Korangi Town has a variety of industries around 3000 

such as fabric, steel, pharmaceutical, automobile, chemical, engineering and 

flour mills (CDGK, 2013). The airborne mycobiota of selected area that is 

nearby the localities of Gulshan Town included Aspergillus niger, Aspergillus 

wentii, Alternaria solani, Drechslera dematioidea and Penicillium notatum. 

Eventually, atmosphere of residential and industrial areas of Korangi Town 

were found polluted through the fungal species by Aspergillus candidus, A. 

flavus, A. fumigatus, A. niger, Alternaria solani and Penicillium notatum 

reported by Rao (2009). The disease sinusitis was recorded as leading 

dominating epidemics in the people of Korangi Town (Rao et al., 2011).   

2.4.3. Karachi West District 

This is the western part of the city with populace 2,105,923, consists of mostly 

urban areas (90.07 %) (PWD, 2013). This district divided into four towns 

namely Kemari Town, SITE Town, Baldia Town and Orangi Town. SITE has 

http://en.wikipedia.org/wiki/Karachi
http://en.wikipedia.org/wiki/Liaquatabad_Town
http://en.wikipedia.org/wiki/North_Nazimabad_Town
http://en.wikipedia.org/wiki/North_Nazimabad_Town
http://en.wikipedia.org/wiki/Gulberg_Town,_Karachi
http://en.wikipedia.org/wiki/New_Karachi_Town
http://en.wikipedia.org/wiki/Gulshan_Town
http://en.wikipedia.org/wiki/Korangi_Town
http://en.wikipedia.org/wiki/Landhi_Town
http://en.wikipedia.org/wiki/Shah_Faisal_Town
http://en.wikipedia.org/wiki/Gulshan_Town
http://en.wikipedia.org/wiki/Kemari_Town
http://en.wikipedia.org/wiki/SITE_Town
http://en.wikipedia.org/wiki/Baldia_Town
http://en.wikipedia.org/wiki/Orangi_Town
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numerous kinds of industries, like pharmaceutical, textile, dyeing, chemical, 

paint and rubber industries. Orange Town is the biggest slum of Asia and 

thickly populated (CDGK, 2013). The airborne fungal species Aspergillus 

flavus, Aspergillus niger, Alternaria solani, Drechslera dematioidea and 

Penicillium notatum were recorded in the atmosphere of Metroville, SITE. 

However, Aspergillus flavus and Aspergillus niger were found as most 

frequent occurred species. The most prevailed diseases in the localities of 

Metroville, SITE was recorded as asthma, bronchitis and flu (Rao et al., 2009; 

2011).   

2.4.4. Karachi South District 

It is the administrative district and located in southern part of the city 

economic backbone of the country and also known as old city area. The 

inhabitants of this district was declared by Population Welfare Department 

Government of Sindh for 2011 is 22,47,000 and literacy rate 69.51 % (PWD, 

2013). This district has three towns Lyari Town, Saddar Town and Jamshed 

Town. All these towns are densely inhabited, full of tainted smoked air due to 

profound traffic. The noise pollution in Saddar is high due to the high ratio of 

traffic to road capacity. Sanitary conditions are poor particularly in Lyari 

Town and Saddar Town. The aerial mycobiota of the localities of Lines Area, 

Jamshed Town were isolated by Rao (2009). According to this investigation 

Aspergillus candidus, A. flavus, A. fumigatus, A. niger, A. terreus, A. wentii, 

Alternaria solani and Curvularia clavata were recorded. The cough, allergy, 

fever, skin rashes, typhoid, malaria and diarrhea have been recorded as 

prominent diseases in the localities of Lines Area, Jamshed Town (Rao et al., 

2011).  

2.4.5. Malir District 

It is located northern and eastern part of the city consists of 67.3 percent urban 

areas. It has three towns namely Malir Town, Bin Qasim Town and Gadap 

Town with the population of 981412 and literacy rate 53.6 percent (PWD, 

2013). Malir Town is densely colonized near to Malir farms of fruits, 

vegetables and forage crops. The majority of inhabitants of the Town are 

http://en.wikipedia.org/wiki/Lyari_Town
http://en.wikipedia.org/wiki/Saddar_Town
http://en.wikipedia.org/wiki/Jamshed_Town
http://en.wikipedia.org/wiki/Jamshed_Town
http://en.wikipedia.org/wiki/Lyari_Town
http://en.wikipedia.org/wiki/Lyari_Town
http://en.wikipedia.org/wiki/Saddar_Town
http://en.wikipedia.org/wiki/Malir_Town
http://en.wikipedia.org/wiki/Bin_Qasim_Town
http://en.wikipedia.org/wiki/Gadap_Town
http://en.wikipedia.org/wiki/Gadap_Town
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lower earnings and pitiable ecology. Their biggest problems are hygiene, 

sanitation, and the hazards of eviction as well water and sewerage. Rhinitis a 

disease was recorded in the local people of Malir Extension Colony, Malir 

Town as the most prevailed epidemic (Rao et al., 2011). However, Gulshan-e-

Maymar, Gadap Town is an open area has relatively better human health and 

environmental situations. While the aerial mycobiota of this location consists 

of Aspergillus niger, Aspergillus wentii, Alternaria solani, Drechslera 

dematioidea and Penicillium notatum (Rao et al., 2009). 

 

Source: (PWD, 2013). 

Figure 2.2 Comparative populations in five districts of Karachi.  

2.5. Main dairy farms and cattle colonies of Karachi city 

In this mega city, livestock including buffaloes and cattle are raised in large 

cattle colonies located in the outer edge of the city and scattered dairy farms in 

different towns with an aggregate cattle population of over 0.8 million. The 

cattle are reserved with high yield of milk and fed the concentrated feed and 

exogenous oxytocin injecting in lactating buffaloes and cows 2 to 3 minutes 

before milking are in common daily practice in twice a day. Although some 

health consequences may associated with the use of oxytocin. The milk 

obtained by these colonies is sale to retail shops, contracts with intermediaries 
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and direct sale to consumers. The average farm size of dairy colonies in 

Karachi is 50 animals per dairy farm with a range of 25 to 200 animals (Khan 

et al., 2008). Certainly, congested farms pose significant impact on every 

segment of the environment. Not only has the huge animal wasted but animals 

itself play a meaningful role in damaging the green environment. In this 

scenario, the greenhouse gases (carbon dioxide (CO2), nitrous oxide and 

methane) may contribute to alter the climate of the location. However other 

organic materials, pathogens and traces of antibiotics via seepage contaminate 

natural reservoirs (Zia et al., 2011). The daily requirement of milk for Karachi 

is approximately 8 mio or million liters is not sufficient to an average milk 

yields per buffalo is 8 kg and day leading to a deficit in deliver of 4 mio litres 

daily (DFA, 2010).  

2.5.1 Landhi dairy colony (LDC) & surrounding 

This is the largest cattle colony of the world established in 1958 over 3.04 km
2
 

whilst today it is extended over 6.5 km
2 

and has 1500 farms with the cattle 

population ~400,000 (approximately 95% buffaloes and 5% cows and  

unidentified number of goats and sheep) in Bin Qasim Town, Malir District. 

The yield of milk is ~ 4 million liters per day (Bhutto et al., 2012). This is the 

business centre of animals, meat, milk and milk product of super city. Every 

month, approximately 10 to 12 percent cattle of each cattle farm calved cattle 

replace the old dry cattle or after lactation period. These freshly calved cattle 

are brought from the Punjab and interior Sindh provinces (Ali et al., 2006). 

Cattle waste from this dairy colony mix with the KIA industrial waste spoil 

drinking water as well as marine water and promote the threats for local and 

marine atmosphere. However a project initiates by the City District 

Government Karachi with the collaboration of a foreign company Empower 

Consultants Limited, New Zealand, to convert the animal dung into bio-fuel 

and prevent the deleterious effect on environment by means of animal dung 

from cattle colony (CDGK, 2013).  

2.5.2 Bilal Dairy Colony (BDC) & surrounding  

These cattle colonies are brought into being in East District of Karachi 

positioned close to Korangi Industrial Area has livestock populace about 
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44,427 (LDF, 2011). There are various kinds of industries present in this 

industrial area like tanneries, oil, food, garments, textiles and pharmaceuticals 

etc. Due to this, level of water pollution is higher and effectiveness of water 

treatment plants is deficient (Rao et al., 2011). The germ-infested surroundings 

of this locality may possibly enhance the some perilous air born fungal species 

(Rao et al., 2009).   

2.5.3 Surjani Dairy Colony (SDC)  

The site of cattle colony is in the Central District of Karachi Division at New 

Karachi Town with animal strength is 17,903 (LDF, 2011). The environmental 

circumstances of this area are not good enough due to overcrowd (Rao et al., 

2011).    

2.5.4 Al-Momin Dairy Colony (ADC) 

 Placed in north western part and largest district of Karachi i.e. Malir at Gadap 

Town has livestock strength around are 15,575 (LDF, 2011). Most of the areas 

of Gadap Town are rural having 400 villages (PWD, 2013). The surrounding 

areas and the Town is Goth, dense populated with poor hygienic 

environmental situation such as open waste dumps, spread domestic waste, 

leakage and over flow of drain sewage etc. and without electricity encourage 

the microbial growth, contamination of animal feed, deleterious effects on 

inhabitant as well cattle animals. Ultimately these reasons produce low quality 

raw milk.   

2.5.5 Nagori Dairy Colony (NDC) 

Situated in suburb area along the Super Highway has dairy animals population 

of about 12,789 (LDF, 2011). Heavy vehicles transport such as buses, trucks 

etc. are very common in all 24 hours creates profoundly heavy metal exposure 

particularly Pb giving out. Disinfected ecological conditions in relevance to 

domestic waste and sewage structure are comparatively better for cattle as 

well as for public.     

2.5.6 Baldia, Lyari Diary Colony (BLDC) & Surrounding  

Several small cattle colonies are present in Baldia, Lyari and surroundings 

mostly along the Lyari sewage canals. Total animal population in these 

colonies is around 300,000 (LDF, 2011).  The dairy colonies in premises of 

Baldia Town mostly close to the industrial areas where usually, contamination 
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of drinking water and swimming of buffaloes in sewage water may provide the 

substandard milk.      

2.5.7 Scattered Dairy Farms (SDF) 

There are small herd in different towns of Karachi generally exist within the 

residential areas with approximately 212,107 number of animal (LDF, 2011). 

These dairy farms usually supply fresh milk in direct to near residential 

localities as home deliver or milk seller at smaller level. But their existence 

cause poor sanitized conditions of cattle wastes and pollute the environment of 

this area which favors the diseases and raise the public health consequences 

day by day.  

 

  

Source:  LDF, 2011.  

  

Figure 2.3 Comparative strengths of cattle in various dairy colonies in 

Karachi.   

 

2.6 Main brands of processed milk  

In the recent two decades consumer’s interest towards ultra heat pasteurized 

(UHT), standardized (low fat and whole) and homogenized milk has 

increased. Several brands of UHT processed milk in cartons (Tetra Pak) 

prepared from a laminate of paper/aluminum foil/polyethylene packaging 

available having shelf life around two to three months without refrigeration. 

Tetra Pak being the one and only contributor of the casing objects to the dairy 

production companies has an attention in growing sell for UHT milk. In this 
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perspective some brands namely Nestle Pakistan Ltd., Engro foods Ltd., 

Shakarganj food products Ltd., Noon Pakistan Ltd. and Haleeb foods Ltd. are 

providing their UHT processed milk in all areas of Karachi. Among these, 

Nestle Pakistan Ltd. and Engro foods Ltd. are not only the leading brands 

(Perween et al., 2013) but provide a standard in dairy industry and these 

companies have introduced two important varieties such as processed milk 

toned at minimum 3.0% to 3.5% fat or full cream milk and skimmed milk or 

low fat milk with less than 1% fat in 250ml and 1000ml volumes. However 

other brands have provided full cream processed milk only but now other 

dairy companies give variation in their products due the increasing consumer 

trend in acceptance of processed milk.  

Furthermore, to enhance the nutritional value of milk some additives and 

fortification has been mentioned on the processed milk packet like additional 

iron, vitamins etc. which provide healthier ingredients to consumer as 

compared to fresh milk. 

High Temperature Short Time (HTST) processed milk with approximately 

4.5% fat is also sometimes available in polyethylene bags and plastic bottles 

of 500 ml and 1000 ml volumes with shorter shelf life on relatively smaller 

scale.  

 

2.7 Main brands of processed milk analogues  

Now a days, UHT processed milk analogues or tea whiteners are rapidly 

emerging products used by the people of the city of all social status that are 

added in black tea to enhance the taste, color and aroma. Tea whiteners are 

milk based commercial product available in different packaging sizes that 

enhance the affinity towards consumer (Perween et al., 2013). There are few 

brands of tea whitener are available with minimum 6.5% to 7.0% fat i.e. 

Nestle Pakistan Ltd., Engro foods Ltd. and Shakarganj food products Ltd. The 

acceptance of such milk analogue by the consumer not only its easy handling 

in fact its adequate ingredients like vegetable fat, milk solids, sugar, 

emulsifiers & stabilizer.  
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Figure 2.4 Showing sampling sites in various Towns in Districts of Karachi.  
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Chapter 3  
Valuation of Fresh Milk  

3.1 Summary   

This work design to investigate microbiological studies in terms of isolation of 

mycobiota and total bacterial count followed by physico-chemical properties 

(pH, conductivity, salinity, TDS, DO and specific gravity) and level of 

essential heavy metals Cr, Mn, Fe, Co, Ni, Cu and Zn, and deleterious metals 

Cd and Pb were analyzed in fresh bovine milk samples available in Districts of 

Karachi for residents. Majority of samples revealed the magnitude of 

conductivity below the range of reference. The concentrations of metals 

considered were estimated after wet digestion of samples using atomic 

absorption spectroscopy. The order of levels of metals were found as Zn > Fe > 

Pb > Mn > Cr ≈ Cu > Co ≈ Ni > Cd. The ranges of average concentration of 

Cr, Mn, Fe, Co, Ni, Cu and Zn were found to be 0.001-0.314 mg/l, 0.001-

0.574 mg/l, 0.001- 3.260 mg/l, 0.001- 0.108 mg/l, 0.001-0.136 mg/l, 0.001-

2.740 mg/l, and 1.682- 7.036 mg/l in identical order. The level of Cd and Pb 

were estimated in the samples between 0.001- 0.053 mg/l and 0.001- 1.568 

mg/l correspondingly. Approximately 44% samples were noticed as highly 

contaminated with Cd and the highest level observed in samples gathered from 

District East. Most of the samples were found Pb contaminated as they 

exceeded the tolerable limits and the maximum concentration was recorded in 

the sample collected from District Central. There were nine genera of fungi 

Alterneria, Aspergillus, Cladosporium, Fussarium, Mucor, Neurospora, 

Penicillium, Pythium and Rhizopus were isolated from five Districts of 

Karachi. Among these fungi, Aspergillus sp. (A. candidus, A. flavus, A. 

fumigatus, A. niger and A. terreus), Mucor recemosus Penicillium sp. (P. 

notatum) and Rhizopus stolonifer were recorded in samples of every Districts 

while samples from District Malir were exposed as highly bacterial 

contaminated.  
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3.2 Introduction  

Environmental pollution is a causative factor of high toxic metal content in 

milk via soil, water and animal feed (Qin et al., 2009). Higher levels of heavy 

metals in cattle milk in Neyveli, India were reported by Ramamurthy and  

Thillaivelavan, (2005). The major cause of this was the polluted air through 

flying ash in the region due to coal fired power plant. Soil and water pollution 

are the chief factors of increased levels of Pb and Cu in bovine milk available 

for the consumption of natives in Northern Nigeria due to dense traffic and 

occurrence of industries (Jigam et al., 2011). Egyetem and Kar (2004) reported 

the deleterious effects of fungi on Hungarians that are firmly connected to the 

consumption of mycotoxins polluted provisions including Hungarian cattle 

milk. In addition to the tolerable limit of aflatoxins M1 in milk as the Federal 

Law of food safety in USA by the FD&C Act is <0.5ppb (Klaassen, 2001). 

Polovinski-Horvatovic et al., (2009) reported that 30% of raw bovine milk 

samples available in Serbia was contaminated by aflatoxins that exceed this 

limit and also mentioned the same for Slovenia, 10% bovine milk samples 

exhibited the aflatoxin concentration above the tolerable limit. 

Industrial areas particularly close to cattle colonies cause disorder in the 

concentration of minerals in milk due to broad exposure of the heavy metals 

that is clearly provide evidence in recent study done in Challawa, industrial 

areas of Nigeria where higher metal levels recorded in cow’s milk than 

previous study and also the WHO permissible limits (Ogabiela et al., 2011). In 

contrast, the milk produced in the areas of Croatia which have lower industrial 

load exhibited the balanced levels of essential elements and less contaminated 

by non essential elements (Sikiric et al., 2003).       

Sewerage drains leads to higher accumulation of heavy metals in milk as well 

wherever cattle farms raised close proximity. The related factor recorded in 

the milk of cattle and goat in Faisalabad city, where Cd, Cr, Ni, Pb, As and Hg 

concentrations were estimated greater than the most reported literature 

concentrations (Aslam et al., 2011). Significant differences in the level of 

heavy metals (Cd, Cr, Ni and Pb) in milk samples of polluted and unpolluted 

areas of Faisalabad city was reported by Farid and Baloch, (2012). Another 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ramamurthy%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16669336
http://www.ncbi.nlm.nih.gov/pubmed?term=Thillaivelavan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16669336
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study provides clear evidence that lead free cattle feed (water and fodder) 

limits the Pb concentration in milk at a safer level (Sahayaraj and Ayyadurai et 

al., 2009).  

Geographical factors also pose impact on the levels of some elements of 

bovine milk such as aluminum, titanium, manganese, gallium, selenium, 

germanium, and cobalt show higher concentration in Lower Silesian as 

compared to Upper Silesian, Poland region, nevertheless some elements (Zn, 

Ba, Cu, Cr, V, Ni, As, Mo, Pt, Sb, Au, Hf, Ce, U, Re, Tl, Ru, Rh, Ir, Ta, Be) 

maintain their concentrations and do not show wide variation in different 

geographical circumstances (Dobrzanski et al., 2005). Beside this, occurrence 

of fungal spp. in bovine milk greatly depends on the geographical locations as 

well as on the climate conditions. Such factors involvement clearly evident 

according to the study done by Mikulec et al., (2005), genus Fussarium was 

isolated from raw milk collected from the locality of lowland and hilly-

mountainous. On the other hand, genus Penicillium was recorded as most 

frequent fungus in spring and summer in the raw milk from the alluvial plains 

by the river and sub-mountainous and part of basin by the river in Belgrade, 

Serbia.    

Milk available in Karachi through various sources such as milk vendor shops 

and direct sellers on smaller level comparatively. Milk is supplied to these 

shops mostly from cattle colonies found in suburbs of Karachi city and small 

dairy farms existed in surrounding areas of different towns. Wide exposures of 

heavy metals in the environment unbalance the mineral level and increases the 

heavy metal level diminish the milk quality. These contaminants also alter the 

physico-chemical characteristics of milk (Javaid et al., 2009). In these 

circumstances, investigation of physico-chemical properties of milk is 

necessary to provide a clue of toxicities. It is unsuspected fact that the 

environment of Karachi is ideally suited for the growth of different types of 

allergens particularly those responsible for superficial mycoses and 

intermediate mycoses (Mughal, 2002 and Nester et al., 2004). In current 

studies physico-chemical analysis and identification of fungal species 

followed by bacterial count have been carried out subsequently, focused 

nutritive and toxic factors of milk available in various Towns of the five 
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districts of Karachi city and evaluate to what extent these contaminants 

present and compared samples.  

3.3 Methodology 

3.3.1 Sampling 

3.3.1.1 Sampling criteria 

The criteria for sampling sites was considered with respect to different living 

standards of consumers, rural as well as urban including degree of pollution 

(congested and highly polluted areas and relatively low polluted areas), germ-

infested or hygienic conditions, traffic density, poverty level and relatively 

better life style and also according to the areas chosen by Rao et al. (2011; 

2009) in the studies on common epidemics and aerial mycobiota of Karachi. 

The choice of collection points or shops of different blocks, sectors and 

colonies were based on their different supplier including home delivery. 

3.3.1.2 Sampling procedure 

Manual sampling methods were applied for collection of milk samples in 

accordance with the AOAC procedure. In this regard two separate sets of 250 

ml of 82 samples of fresh milk in polyethene pouch were taken from milk 

shops chiefly, homes and direct dairy farms (LDC) of different localities of 

five Districts (Central, East, West, South and Malir) of Karachi city during 

winter season from November 2011 to February 2012 in morning hours (9:00 

– 11:00 am). Samples were marked with the identity tags immediately after 

samples were collected, preserved in an ice box at ~ 4 
o
C, and the information 

of individual sample like its origin, date and time, name of shop wherever 

available were recorded. However, polyethene bags as sample containers were 

chosen and used as the fresh milk administrated to consumers. Samples were 

transported to the Laboratory of Dandrochronology and Plant Ecology (LDPE) 

for the examination of physico-chemical properties within an hour in proper 

good condition and then stored by freezing at -20
o
C after the examination of 

physical properties until required for metal analysis. 
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3.3.2 Physico-chemical Characteristics or intrinsic factors Observations 

Certain physico-chemical characteristics of milk like pH, conductivity, TDS, 

salinity, DO  and temperature were recorded through calibrated HACH 

multiparameter (model Sension TM 
105

) by direct immersion of the electrode 

in the samples, whereas specific gravity of each sample was calculated by the 

standard method (AOAC, 2000). 

3.3.3 Estimation of metals 

All chemicals used were analytical AR grade (Merck) throughout the work; 

concentrated HNO3 was used in highest purity range. Deionized water was 

used in the whole process. For filtration purpose Whattman no. 40 filter paper 

were used. Stock solutions of Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb of 

1000ppm from Merck were used for the preparation of standards by 

appropriate dilution of known volumes of these stocks suitable for initial and 

continuing calibration verification. For the analysis of nutritional elements and 

toxic elements, the samples were digested according to low cost digestion 

method (Mehmood et al., 2004). Aliquots of 50 ml of all milk samples were 

treated with concentrated HNO3 in 2:1 sample to acid ratio, heated on the 

preheated hot plate at 105 
o 

C for 45minutes or until the solution became 

transparent. The cold clear samples solution filtered in 100ml volumetric flask 

and made the volume up to the mark with deionized water. These digested 

samples were labeled as stock solution and diluted whenever required with 

deionized water. A blank was also prepared similarly under identical 

conditions. Heavy metals including toxic metals and essential metals were 

estimated through Atomic Absorption Spectrophotometer (AAS). For this 

purpose a Perkin Elmer A Analyst 700 Atomic Absorption Spectrophotometer, 

USA equipped with standard burner and air-acetylene supply with AA Win 

Lab 32 software. For radiation source of respective metal, standard hollow 

cathode lamps were employed. 

3.3.4 Assessment of microbial contamination 

For this task Potato dextrose agar (PDA) and Sabouraud dextrose agar were 

synthesized for the purpose of the recovery of fungi from the samples. To 

attain precision, three replicates of 1ml samples were inoculated in each media 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2443350/#B1
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plates and incubated at room temperature (30-40
o 

C) for 5-12 days. Colonies 

were counted using a colony counter. Fungal slides were prepared and 

observed under an electronic microscope (model-ys-100) with magnifying 

range of 40-X and 100-X while eyepiece power is 15-X. The colonies growing 

on plates were identified on the basis of micro and macro morphological 

features following the standard manuals (Ellis 1971; 1976; Barnett and Hunter 

1972; Nelson et al., 1983; Domsch et al., 1980; Singh et al., 1991; Sutton 

1980). For growing the bacterial colonies, Nutrient Agar (NA) was used and 

serial dilution up to 10
-6 

of each sample was prepared with sterile distilled 

water. An aliquot of 1ml of diluted sample was inoculated on triplicates Petri 

plates containing NA and incubated at 35º C for 24 h. Colonies were counted 

by colony counter. 

3.3.5 Statistical Analysis  

Cluster analyses, Ward’s linkage strategy applied with Euclidean distance 

organize data into groups based on their similarity. The correlation among 

variables was set through Pearson correlation and principal component 

analysis (PCA). Both cluster analysis and principal component analysis, 

multivariate statistical technique performed employing the Minitab Version 

11. 
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3.4 Results and Discussion 

Figure 3.1 Dendrogram derived from Ward’s cluster analysis of mean values 

of physico-chemical parameters of fresh milk samples from Central District, 

Karachi. 

Table 3.1 Ranges of physico-chemical characteristics in groups derived from 

Dendrogram fresh milk samples from Central District, Karachi (Temperature 

20.0±2.0 
o 
C). 

 

Group  pH Conductivity 

mS/cm 

Salinity 

o/oo 

TDS 

g/l 

DO 

mg/l 

Specific  

gravity 

A 6.78-6.93 3.38-4.11 2.0-2.6 1.99-2.31 0.91-0.98 1.026-1.038 

B 6.70-6.84 3.22-3.71 1.9-2.3 1.89-2.30 0.22-0.40 1.027-1.034 

C 6.65-6.82 2.85-3.15 1.9-2.1 1.87-2.01 0.20-0.27 1.021-1.033 
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The observed data of physico-chemical properties pH, conductivity, salinity, 

TDS, DO and specific gravity of fresh milk samples collected from various 

localities of Central District, Karachi were grouped as shown in Figure.3.1, 

while the ranges of parameters of individual group are depicted in Table 3.1. 

Three distinct clusters (A, B and C) with corresponding linkage distances were 

identified in dendrogram derived from the mean values of observations of 

physical properties. Cluster A comprised of 7 samples (3, 4, 5, 6, 8, 9 and 10) 

and indicated comparatively higher level of properties. Cluster B included 8 

samples (1, 7, 14, 15, 17, 18, 19 and 20) acknowledged through intermediate 

ranges while, cluster C composed of profiles of 5 samples (2, 11, 12, 13 and 

16) and recognized by lower ranges of all parameters comparatively.  

Overall, pH, conductivity and salinity were ranged as 6.65 - 6.93, 2.85 – 4.11 

mS/cm and 1.9 – 2.31 o/oo respectively. The lowest value of pH was shown 

by two samples, 7 and 17 gathered from Juma & Sons milk shop, Liaquatabad 

Town and HD, Nagan Chowrangi, North Karachi Town correspondingly 

while, the highest assessment was recorded in sample no.6 obtained from NM, 

Gulshan-e-Amin, Federal B Area, Gulberg Town. Moreover, 100% findings of 

pH showed within the reference range as mentioned in the Table 1.1. The least 

value of conductivity measured in sample no. 13, gathered from Basheer milk 

shop, Nazimabad, Liaquatabad Town which was approximately two times less 

than the reference (Table 1.1) while, the highest value was observed in sample 

no. 8 gathered from HD, Sharifabad, Liaquatabad Town but  found within the 

reference range. The slightest value of salinity was measured in two samples, 

2 and 19 collected from HD, Karimabad, Federal B Area1, Gulberg Town and 

Qureshi milk shop, Alnoor, Federal B Area, Gulberg Town respectively 

whereas, the uppermost value was observed in sample no. 8. The smallest data 

of TDS was recorded in sample no. 2 whilst, the peak value exhibited by 

sample no. 10 gathered from Kastoor milk shop, Sharifabad, Liaquatabad 

Town. The lowest assessment of DO was shown by the sample no. 16 

collected from HD, Buffer Zone, North Nazimabad Town though, the topmost 

level was noted in sample no. 3 collected from Hamid milk shop, Yusuf Plaza, 

Federal B Area, Gulberg Town. The minimum value of specific gravity was 

shown by sample no. 13 but not deviated from the reference range (Table no. 
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1.1) whereas the topmost value was calculated of sample no. 8 but found 

within the reference range.  

 

Figure 3.2 Dendrogram derived from Ward’s cluster analysis of mean 

concentrations of heavy metals in fresh milk samples from Central District, 

Karachi. 

 

Table 3.2 Ranges of concentrations (mg/l) of heavy metals in groups derived 

from Dendrogram fresh milk samples from Central District, Karachi. 

Group Cr Mn Fe  Co  Ni  Cu  Zn  Cd Pb  

A 0.001-

0.208 

0.001-

0.494 

0.404-

1.652 

0.001-

0.104 

0.001-

0.004 

0.001-

0.642 

3.246-

3.982 

0.001-

0.024 

0.001-

0.350 

B  0.000-

0.176 

0.000-

0.310 

0.001-

0.646 

0.001-

0.098 

0.001-

0.082 

0.001-

0.832 

3.772-

4.446 

0.001-

0.038 

0.001-

1.772 
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The average concentrations of nine elements including essential and non-

essential metals (Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb) were measured in 

fresh milk samples collected from of Central District, Karachi grouped as 

exhibited in Figure.3.2, whereas the ranges of concentration of these elements 

of individual group are depicted in Table 3.2. Two well defined groups (A and 

B) were identified. Group A relatively bigger and consisted of the data of 

twelve samples (1, 2, 4, 6, 7, 9, 10, 11, 12, 13, 14 and 15) characterized by 

higher levels of Cr, Mn, Fe and Co and lower levels of Ni, Cu, Zn, Cd and Pb. 

In contrast, group B composed of the data of eight samples (3, 5, 8, 16, 17, 18, 

19 and 20) characterized by lower levels of Cr, Mn, Fe and Co and higher 

levels of Ni, Cu, Zn, Cd and Pb. 

The ranges of mean concentrations of Cr, Mn, Fe and Co of all samples of this 

District were found as 0.000 - 0.208 mg/l, 0.000 - 0.494 mg/l, 0.001 - 1.652 

mg/l and 0.001 - 0.104 mg/l respectively. In 10 % samples, Cr was noted less 

than the detection limit whereas; 0.001 mg/l was estimated in 15 % samples. 

The highest level was shown by sample no. 1 gathered from Nagori milk shop, 

Azizabad, Federal B Area, Gulberg Town which was showed twelve to 

thirteen times higher than the reference mean value as describe in Table 1.4. 

Further, results of exact 65 % samples showed higher than the reference. The 

sample no. 19 showed the level of Mn less than the detection limit though, 25 

% samples showed lower level and sample no.7 showed the highest level of 

Mn that was nineteen folds more than the reference level. However, exact 60 

% samples showed higher level in contrast to reference. The least 

concentration of Fe was measured in sample no.16 but sample 14 showed the 

highest level that was seven to eight times above than the reference value and 

collected from Sami milk shop, Nazimabad, Liaquatabad Town. Exact 90 % 

findings exhibited the higher level than the reference. The lowest level of Co 

was estimated in 20 % samples whereas, sample no. 4 showed the highest 

concentration even more than two hundred times greater as compared to 

reference value and gathered from NM, Sagheer Centre, Federal B Area 16, 

Gulberg Town. Cent percent samples showed greater concentration in 

comparison to reference. The variation in the mean concentrations of Ni, Cu, 

Zn, Cd and Pb were assessed in the ranges of 0.001 - 0.082 mg/l, 0.001 - 0.832 
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mg/l, 3.246 – 4.446 mg/l, 0.001 - 0.038 mg/l and 0.001 – 1.772 mg/l 

respectively. The lowest concentration of Ni was assessed in 40 % samples 

while the highest in sample no. 20 obtained from HD, New Karachi, North 

Karachi Town and found three to four folds above than the reference level as 

depicted in Table 1.4. Only 10 % results deviated above than the reference. 

The lowest level of Cu was shown by 20 % samples while, sample no. 16 

showed the highest level and found sixteen times higher than the reference 

level. Exact 40 % assessments showed greater concentration in contrast to 

reference. Next for Zn, sample no. 6 showed the least measurement though 

sample no.20 exhibited the highest level but found negligible above than the 

reference. Nonetheless, 90% results showed lesser values as compared to 

reference.  For Cd, about 40% sample exhibited the lowest concentration but 

sample no. 20 showed identical trends as in the case of Ni and 30% results 

were found higher than the tolerable limit as described in the earlier section 

1.6.8. Pb was assessed in the lowest level in 40 % samples although the 

highest level was measured in sample no. 19 that was seventeen to eighteen 

folds more than the tolerable limit as illustrate in previous section 1.6.9. Exact 

60% samples assessments showed above the tolerable level.   
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Figure 3.3 Dendrogram derived from Ward’s cluster analysis of cfu ml
-1

 of 

microbes in fresh milk samples from Central District, Karachi. 

 

Table 3.3 Ranges of cfu ml
-1

 of microbes in groups derived from Dendrogram 

of fresh milk samples from Central District, Karachi. 

  

 

Group 

 

Fungal species 
Total fungal 

counts  

Total bacterial 

counts X10
6 

A 

A.  candidus  0.5 – 1.0 1.3 – 1.9 

 

 

 

 

A. fumigatus 0.5 – 1.0 

A.  niger 0.5 – 2.0 

A. nodulians 0.5 – 1.0 

A.  terreus 0.5 

M. recemosus 0.5 

Penicillium notatum 0.5 

Pythium insidosium 0.5 

Rhizopus stolonifer 1.0 

B 

A.  candidus 0.5 3.2 - 4.2  

A.  flavus 1.0 – 3.6 

A. fumigatus 1.0 

A.  niger 0.5 – 1.0 
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Fussarium verticillioides  1.5 

Mucor recemosus 0.5 – 1.0 

Penicillium notatum 1.5 

Pythium insidosium 0.5 

C 

A.  niger 0.5 – 2.5 2.4 – 2.8 

A.  terreus 1.5 

Penicillium notatum 2.0 – 3.0  

D 

A.  candidus 0.5 – 3.5 0.2 – 0.3 

A.  clavatus 0.5 

A.  flavus 0.5 – 1.0 

A. fumigatus 1.0 – 4.0 

A. niger 0.5 

A. nodulians 1.0 

A. terreus 0.5 – 1.0 

Fussarium verticillioides  0.5 

Mucor recemosus 0.5 

Penicillium notatum 3.5 

Pythium insidosium 0.5 

 

The mean values of colony forming units (cfu ml
-1

) of fungal spp. and 

bacterial counts in the fresh milk samples gathered from Central District, 

Karachi were clustered as shown in Figure 3.3, and the ranges of cfu’s ml
-1

 of 

these microbes of individual group are depicted in Table 3.3. Four groups (A, 

B, C and D) were identified; sample12 existed individually exhibited 

remarkable the greatest occurrence of A. flavus. The largest group A 

comprised of seven samples (1, 3, 5, 7, 8, 11 and 18), distinguished by the 

lowest ranges of A. terreus, M. recemosus, Penicillium notatum and Pythium 

insidosium and intermediate ranges of A. candidus, A. fumigatus, A. niger and 

bacterial counts. Except these, A. nodulians and Rhizopus stolonifer were 

individually present in this group. Group B composed of the data of five 

samples (2, 10, 16, 19 and 20) represented the lowest values of A. candidus 

and Pythium insidosium, intermediate levels of A. flavus, A. fumigatus, A. 

niger and P. notatum and the highest ranges of Fussarium verticillioides, M. 

recemosus and bacterial counts. The smallest group C contained the data of 

two samples (14 and 15) highlighted by the middle values of P. notatum and 

bacterial counts and the highest values of A. niger and A. terreus. Group D 

consisted of level of five samples (4, 6, 9, 13, and 17) expresses the lowest 

levels of A. flavus, A. niger, Fussarium verticillioides, M. recemosus, Pythium 

insidosium and bacterial counts, intermediate levels of A. terreus and the 
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highest levels of A. candidus, A. fumigatus and P. notatum. Other fungal spp. 

A. clavatus was also included individually in this cluster. 

Three fungal spp. namely A. clavatus and Rhizopus stolonifer were recorded at 

the least frequency level (05%) in sample no. 9 (HD, Sharifabad, Liaquatabad 

Town) and 1 respectively. Fussarium verticillioides showed 10% occurrence 

and maximum value exhibited by sample no. 19, whereas A. nodulians and 

Pythium insidosium were recorded in 15 % samples and the highest 

occurrence of A. nodulians shown by sample no. 6 and 11 (Rehman milk shop, 

Nazimabad, Liaquatabad Town).  Exact 30% occurrence was exhibited by A. 

terreus, M. recemosus and P. notatum and their highest values were measured 

in sample no.14, 10 and 4 in the same order. The presence of A. fumigatus, A. 

flavus and A. candidus were recorded in 40 %, 45 % and 50 % samples 

respectively but their highest values were recorded in sample no. 4, 12 (Arif 

Hazara milk shop, Nazimabad, Liaquatabad Town) and 6 in the same way. 

A.niger was recorded as most abundant fungi and showed presence in 75 % 

samples and its highest value was recorded in sample no. 15 originated from 

Sohrab milk shop, Nazimabad, Liaquatabad Town. 

The range of bacterial counts in this District was found as 0.2X10
6 

– 

4.2X10
6
cfu ml

-1
 and sample no.2 was highlighted by the highest value. Only 

20% samples were found as good quality fresh milk with respect to microbial 

load. 
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Figure 3.4 Dendrogram derived from Ward’s cluster analysis of mean values 

of physico-chemical parameters of fresh milk samples from East District, 

Karachi. 

Table 3.4 Ranges of physico-chemical parameters in groups derived from 

Dendrogram of fresh milk samples from East District, Karachi (Temperature 

20.0±4.0 
o 
C).    

Group  pH Conductivity 

mS/cm 

Salinity 

o/oo 

TDS 

g/l 

DO 

mg/l 

Specific  

gravity 

A 6.52-6.81 3.58-4.30 1.9-2.9 2.24-2.90 0.28-0.92 1.019-1.035 

B 5.75-6.70 2.36-3.64 1.6-2.3 1.55-2.25 0.39-1.04 1.017-1.033 

C 5.75-6.54 4.87-5.70 3.3-3.8 3.23-3.72 0.63-0.99 1.028-1.033 

 

The observed data of physico-chemical properties pH, conductivity, salinity, 

TDS, DO and specific gravity of fresh milk samples collected from different 

locations of East District, Karachi were grouped as shown in Figure3.4 and 
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the ranges of parameters of individual group are depicted in Table 3.4. Refer 

to representative dendrogram for this study, which clearly shows three main 

clusters (A, B and C) with corresponding linkage distances. Cluster A 

contained observations of ten samples (1, 2, 3, 4, 5, 13, 16, 17, 18, and 19) 

characterized by higher values of pH, intermediate values of conductivity, 

salinity and TDS and low level of DO. Cluster B composed of profile of six 

samples (6, 7, 8, 9, 10 and 20) and indicated intermediate values of pH, lower 

values of conductivity, salinity and TDS and higher level of DO. Finally, 

cluster C (11, 12, 14 and 15) represented low values of pH, higher values of 

conductivity, salinity and TDS and intermediate level of DO. However 

specific gravity did not show any significant trend. 

The average values of pH, conductivity, salinity, TDS, DO and specific 

gravity were ranged as 5.75 - 6.81, 2.36 - 5.70 mS/cm, 1.60 - 3.80 o/oo, 1.55 – 

3.72 g/l, 0.28 – 1.04 mg/l and 1.017 – 1.035 in the same order as depicted in 

Table 3.4. The minimum value of pH was recorded in sample no. 3 and 5 

collected from Mashallah milk shop, Near PCSIR Laboratories, Gulistan-e-

Joher and Karma Wala milk centre, Gulzar-e-Hijri, Gulshan Town 

respectively while the maximum in samples 19 (Gujar milk shop, Nashtar 

Basti, PIB colony, Gulshan Town). Exact 10% samples showed less than the 

reference lower limit (Table1.1). The least values of conductivity, salinity and 

TDS including specific gravity were measured in sample 9 (NM, Asma 

Centre, Gulshan-e-Iqbal Block 6, Gulshan Town) whereas conductivity was 

found around two folds below the lower limit of reference level (Table 1.1) 

and specific gravity slightly less than the reference (Table 1).but the highest 

value of these parameters were measured in sample 14 collected from A-1 

milk shop, Gulshan-e-Iqbal Block 6, Gulshan Town. The highest 

concentration of DO was noted in sample 4 originated from Nagori milk shop, 

Safoora Goth, Gulshan Town and the lowest value was measured in sample 18 

obtained from HD, Golden Town, Shah Faisal Town. 
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Figure 3.5 Dendrogram derived from Ward’s cluster analysis of mean 

concentrations of heavy metals in fresh milk samples from East District, 

Karachi. 

Table 3.5: Ranges of concentrations (mg/l) of heavy metals in groups derived 

from Dendrogram of fresh milk samples from East District, Karachi. 

Group Cr Mn Fe  Co  Ni  Cu  Zn  Cd Pb  

A 0.002-

0.232 

0.001-

0.460 

0.090-

0.926 

0.001-

0.108 

0.001-

0.122 

0.001-

0.044 

2.950-

4.020 

0.001-

0.032 

0.001-

0.412 

B  0.046-

0.202 

0.001-

0.396 

0.001-

0.083 

0.001-

0.034 

0.001-

0.010 

0.001-

0.025 

2.086-

2.720 

0.001-

0.042 

0.001-

0.295 

C  0.028-

0.174 

0.001-

0.384 

0.658-

2.100 

0.002-

0.054 

0.000-

0.062 

0.004-

1.688 

3.830-

5.498 

0.000-

0.053 

0.000-

1.428 

1511167148612513917418321920101

    8.15

    5.44

    2.72

    0.00

Distance

Observations

A

B
C

D



56 
 

D  0.001-

0.098 

0.001-

0.002 

3.163-

3.260 

0.018-

0.032 

0.001 0.030-

0.070 

3.890-

4.462 

0.001-

0.028 

0.154-

0.170 

 

The mean concentrations of nine heavy metals (Cr, Mn, Fe, Co, Ni, Cu, Zn, 

Cd and Pb) in fresh milk samples collected from Karachi East District were 

grouped as exposed in Figure3.5 the ranges of these heavy metals of 

individual group are depicted in Table 3.5. Four distinct clusters (A, B, C and 

D) were derived with subsequent relation distances. Group A consisted of 

seven samples (1, 2, 3, 10, 18, 19 and 20) characterized by the highest 

concentrations of four metals (Cr, Mn, Co and Ni), intermediate 

concentrations of four metals (Cu, Zn, Cd and Pb) and the lowest 

concentration of one metal (Fe). Group B composed of four samples (4, 9, 13 

and 17) recognized by the middle concentrations of seven metals (Cr, Mn, Fe, 

Co, Ni, Cd and Pb) and the lowest level of two metals (Cu and Zn). However, 

group C also contained seven samples (5, 6, 7, 8, 12, 14 and 16) illustrated the 

highest levels of four metals (Cu, Zn, Cd and Pb) and intermediate levels of 

five metals (Cr, Mn, Fe, Co and Ni). Lastly, group D recognized as smallest 

group comparatively and characterized by the highest concentrations of Fe, 

intermediate concentrations of Cu and Zn and the lowest concentrations of six 

metals (Cr, Mn, Co, Ni, Cd and Pb).    

The ranges of mean concentrations of Cr, Mn, Fe and Co were found as 0.001 

- 0.232 mg/l, 0.001 - 0.460 mg/l, 0.001 – 3.260 mg/l and 0.001 - 0.108 mg/l 

respectively. Only 05 % samples showed the least concentration of Cr and 90 

% samples declared the higher level in contrast to reference level according to 

Table 1.4. The highest level was estimated in sample 19 and showed thirteen 

to fourteen folds above than the reference. For Mn, 35 % samples showed 

minimum level and the highest level estimated in sample no.3 which was 

seventeen to eighteen times higher than the reference value as shown in Table 

1.4. However, 50 % samples exhibited higher values than reference. Next for 

Fe, the least level exhibited by only 5 % sample while the highest 

concentration was noted in sample no.8 which was found as fifteen to sixteen 

folds greater than the reference as mentioned in Table 1.4, origin from Nagori 

milk shop, Gulshan-e-Iqbal Block 4, Gulshan Town. Further, 90 % 
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assessments of Co exhibited above than the reference. Only 5 % samples 

showed minimum level whereas, the maximum level noted in sample no. 3 

which was far above than the reference level as depicted in Table 1.4. Even 

though, cent percent samples exhibited more than the reference.    

The concentrations of Ni, Cu, Zn, Cd and Pb were estimated in the ranges of 

0.001-0.122 mg/l, 0.001-0.098 mg/l, 2.086-5.498 mg/l, 0.001-0.053 mg/l and 

0.001-1.428 mg/l respectively. Most of the samples (55 %) showed low level 

of Ni, while sample no.2 from United milk shop, Mohakma Mosamyat, 

Gulshan Town showed the highest value and three to four times more than the 

reference level as describe in Table 1.4. Moreover, 20 % samples estimated 

above than reference. The minimum level of Cu was measured in 20% 

samples, although sample no. 4 showed the highest level and approximately 

two times higher than the reference value as shown by Table 1.4.  

Nevertheless, only 15% estimations were found greater than the reference. The 

least level of Zn was observed in 5% samples, though sample no.6 from 

Samad Dairy, Gulshan-e-Iqbal Block 4, Gulshan Town showed the maximum 

concentration and about two folds higher than the reference level (Table 1.4). 

Majority of the samples, 70% showed lower level of Zn than the reference 

value. The lowest level of Cd was estimated in 35% samples, however highest 

level was measured in the sample no.14 and five to six times above than the 

tolerable limit as discussed in preceding section 1.6.8. Greater percentage 

(65%) of the samples was found more contaminated by Cd than the tolerable 

limit. There were 25% samples showed the lowest level of Pb whereas, the 

highest level was noted in the sample no.7 gathered from Quresh milk shop, 

Gulshan-e-Iqbal Block 7, Gulshan Town and fourteen to fifteen folds above 

than the tolerable limit (section 1.6.9). Majority (75%) of the samples showed 

Pb contamination above than the tolerable limit.  



58 
 

 

Figure 3.6 Dendrogram derived from Ward’s cluster analysis of cfu ml
-1

 of 

microbes in fresh milk samples from East District, Karachi. 

 

Table 3.6: Ranges of cfu/ml of microbes in groups derived from Dendrogram 

of fresh milk samples from East District, Karachi.   

  

 

Group 

 

Fungal species 
Total fungal 

counts  

Total bacterial 

counts X10
6 

A 

A.  flavus 0.5-1.5 2.3 - 12.2 

A.  niger 4.5-8.5 

A.  terreus 0.5 

Mucor mucedo 0.5-1.0 

B 

A.  candidus 0.5 0.4 – 0.83 

A.  flavus 1.0-4.5 

A.  niger 2.0-2.5 

Mucor mucedo 0.5 
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Mucor recemosus 0.5 

C 

A.  flavus 1.0  3.6 - 4.4 

A.  fumigatus 0.5 

A.  niger 0.5-1.0 

Rhizopus stolonifer 1.0-2.0 

D 

A.  candidus 0.5-2.5 0.2 – 0.3 

A.  clavatus 0.5 

A.  flavus 0.5-1.5 

A. fumigatus 0.5 

A. niger 0.5-1.0 

A. terreus 0.5-1.5 

Mucor mucedo 1.0 

Penicillium notatum 0.5 

Pythium insidosium 0.5 

 

The average colony forming units (cfu’s ml
-1

) of fungal spp. and bacterial 

counts in fresh milk samples collected from Karachi East District were 

grouped through dendrogram based on cluster analysis as shown in Figure.3.6, 

and the ranges of cfu’s ml
-1

 of these microbes of individual group are 

described in Table 3.6. Four groups (A, B, C and D) were recognized. Group 

A comprised of four samples (7, 8, 10 and 19), characterized by lower number 

of colonies of A. terreus followed by intermediate range of A. flavus and the 

highest range of occurrence of A. niger, M. mucedo and bacterial counts. 

Group B composed of five samples (1, 3, 6, 12 and 13), highlighted through 

lesser value of A. candidus and Mucor spp., intermediate range of A. niger and 

the highest range of colonies of A. flavus. In contrast, the smallest group C 

consisted of microbes of three samples (4, 11 and 15), distinguished by the 

presence of A. fumigatus and R. stolonifer and the lowest values of A. flavus 

and A. niger. Collectively group B and C expose intermediate level of 

bacterial counts. At last, the largest group D represented the data of eight 

samples (2, 5, 9, 14, 16, 17, 18 and 20), highlighted by the presence of three 

fungal spp. A. clavatus, P. notatum and Pythium indosium. Group D also 

showed the lowest range of A. niger and bacterial counts, intermediate range 

of A. flavus and the highest range of A. candidus, A. terreus and M. mucedo 

and also showed the presence of A. fumigatus. 

The least frequency of occurrence 05 % was shown by A. clavatus, Mucor 

recemosus, P. notatum and Pythium indosium in sample nos. 2, 12 (HD, Al 
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Quddus Apartment, Gulshan-e-Iqbal Block 13C, Gulshan Town), 18 and 5  

respectively. A. terreus and R. stolonifer were shown 15% frequency and the 

maximum values were exposed in sample nos. 5 and 11 (Alhamdullilah milk 

shop, Five Star, Gulshan-e-Iqbal Block 10, Gulshan Town) respectively, while 

frequency of occurrence of M. mucedo recorded as 20%  and maximum found 

in sample nos. 9 and 10 (NM, Gulshan-e-Iqbal Block 2, Gulshan Town). 

However, 30 % frequency of A. candidus was measured and the peak value 

was shown in sample no.16 collected from Alkhair Rabry and Dairy, Noman 

Appartments, Metroville, Gulshan Town. The second most frequent fungal 

spp. occurred in milk samples of the East District was A. flavus (65 %) and 

the top most abundant fungal spp. was A. niger (80 %) recorded. Sample 12, 

showed the maximum contamination with A. flavus, whereas sample no.7 was 

well contaminated with A. niger. The range of bacterial counts in this District 

was found as 0.2X10
6 

– 12.2X10
6
cfu ml

-1
 and sample no.19 showed the 

highest counts. 40% samples of this District fulfill the criteria of good quality 

raw milk. 
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Figure 3.7 Dendrogram derived from Ward’s cluster analysis of mean values 

of physico-chemical parameters in fresh milk samples from West District, 

Karachi. 

 

Table 3.7 Ranges of physico-chemical parameters in groups derived from 

Dendrogram of fresh milk samples from West District, Karachi (Temperature 

20.0±2.0 
o 
C).    

Group  pH Conductivity 

mS/cm 

Salinity 

o/oo 

TDS 

g/l 

DO 

mg/l 

Specific  

gravity 

A 6.58-6.82 3.29-3.62 2.3-2.4 2.25-2.43 0.29-0.37 1.034-1.044 

B 6.46-6.55 2.80-2.88 2.0 1.88-1.93 0.40-0.46 1.027-1.033 

C 6.58-6.80 2.83-3.06 2.1-2.2 1.96-2.10 0.28-0.34 1.030-1.038 

 

The observed data of physico-chemical properties pH, conductivity, salinity, 

TDS, DO and specific gravity of samples collected from different locations of 

Karachi West District were grouped as shown by Figure3.7. From the 
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dendrogram as presented in Figure3.7, three main clusters (A, B and C) were 

identified with corresponding linkage distances. Cluster A had observations of 

five samples (3, 4, 9, 10 and 11), characterized by comparatively the highest 

values of pH, conductivity, salinity, TDS and specific gravity, and 

intermediate level of DO. Cluster B contained the reports of three samples (1, 

6 and 7) and exhibited the low values of pH, conductivity, salinity, TDS and 

specific gravity, and high level of DO. Lastly, Cluster C composed of profiles 

of eight samples (2, 5, 8, 12, 13, 14, 15 and 16) represents middle values of 

pH, conductivity, salinity, TDS and specific gravity, and low level of DO. 

The ranges of physical parameters pH, conductivity, salinity, TDS, DO and 

specific gravity of individual group have been depicted in Table 3.7. Overall, 

the pH, conductivity and salinity ranged as 6.46 - 6.82, 2.80 – 3.62 mS/cm and 

2.0 – 2.4 o/oo correspondingly. The lowest observation of pH was shown by 

samples no.7 gathered from Mashallah milk shop, Sawat Colony, Baldia Town 

while the highest observation exposed by sample no. 3 collected from 

Toorkhan milk shop, Masan Chawk, Kemari. Additionally, hundred percent 

assessment of pH showed within the reference range as mentioned in the Table 

1.1. The slightest value of conductivity measured in sample no.7 and 

approximately two times less than the reference (Table 1.1) while the highest 

value was observed in sample no.9 collected from Qasim milk shop, 

Abidabad, Orangi Town, but hundred percent samples showed below than the 

reference. The least reading of salinity was measured in 25% samples whereas 

the uppermost observed in sample no.4 collected from Bhaijan milk shop, 

Tarachand Road, Kemari Town. 

On the whole, the range of TDS, DO and specific gravity were recorded as 

1.88 – 2.43 g/l, 0.28 – 0.64 mg/l and 1.027 – 1.044 in the same order. The 

smallest data of TDS was recorded in sample no.7 whilst, the peak value 

measured of sample no.9. The lowest assessment of DO was shown by 

approximately 19% sample though the highest level recorded in sample no.9.  

The least value of specific gravity was shown by the sample no.7 but not 

showed deviation from the reference range (Table no. 1.1) whereas, the 

uppermost value was examined in sample no.11 gathered from HD, 
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Mominabad, Orangi Town and found slightly higher than the reference range. 

 

Figure 3.8 Dendrogram derived from Ward’s cluster analysis of mean 

concentrations of heavy metals in fresh milk samples from West District, 

Karachi. 

 

Table 3.8: Ranges of concentrations (mg/l) of heavy metals in groups derived 

from Dendrogram of fresh milk samples from West District, Karachi. 

Group Cr Mn Fe  Co  Ni  Cu  Zn  Cd Pb  

A 0.024-

0.248 

0.001-

0.368 

0.600-

0.748 

0.001-

0.038 

0.001-

0.066 

0.016-

0.136 

4.808-

7.036 

0.001-

0.024 

0.001-

1.568 

B  0.001-

0.122 

0.001-

0.574 

0.124-

1.054 

0.001-

0.070 

0.001-

0.082 

0.001-

0.078 

1.682-

4.576 

0.001-

0.032 

0.001-

0.256 
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The estimated mean concentrations of nine heavy metals including essential 

and deleterious metals (Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb) in fresh milk 

samples collected from Karachi West District were grouped as shown in 

Figure3.8. The two distinct groups (A and B) were identified. Group A 

relatively smaller and contained five samples (1, 2, 3, 4 and 11) characterized 

by the higher concentrations of Cr and Cu and greater number of heavy metals 

(Mn, Fe, Co, Ni, Zn, Cd and Pb) in lower level. In comparison, group B was 

found as a larger group and possessed the data of eleven samples ( 5, 6, 7, 8, 9, 

10, 12, 13, 14, 15 and 16) characterized by greater number of metals (Mn, Fe, 

Co, Ni, Zn, Cd and Pb) in higher level while only two metals (Cr and Cu) 

were found in the lower level. 

The ranges of mean concentrations of Cr, Mn Fe and Co were found as 0.001 - 

0.248 mg/l, 0.001 - 0.574 mg/l, 0.124 – 1.054 mg/l and   0.001 – 0.070 mg/l 

respectively as depicted in Table 3.8. Only 10 % samples showed the least 

value of Cr whereas the highest value was found in sample no. 2 collected 

from Mehmood milk shop, Jackson Market, Kemari Town. For Mn, about 32 

% samples showed minimum level whilst maximum level found in sample 

no.13 collected from Malik milk shop, Metrovel Block 3, SITE Town. In the 

case of Fe, ~ 94 % samples showed greater level in contrast to reference level 

as illustrated in Table 1.4. The lowest level estimated in sample no.6 gathered 

from Salarzai milk shop, Madina Colony, Orangi Town, though the highest 

level measured in the same sample no. as for Mn and fivefold greater than the 

reference value. Next for Co, ~ 18 % samples gave least measurement whereas 

sample no.7 showed the highest level which is 2.6 times more than reference 

mean level as depicted in Table 1.4. 

The ranges of level of Ni, Cu, Zn, Cd and Pb as exposed by Table 3.8 were 

found as 0.001 - 0.082 mg/l, 0.001 – 0.136 mg/l, 1.682 – 7.036 mg/l, 0.001 – 

0.032 mg/l and 0.001 – 1.568 mg/l respectively. Around 32% samples 

exhibited the lowest concentration of Ni and Cu while the highest level of Ni 

estimated in sample no.10 which was threefold greater as compared to 

reference value and collected from Nagori milk shop, Metrovel, SITE Town 

and for Cu, the highest level found in sample no. 11 which was about twofold 

elevated than reference value and collected from HD, Mominabad, Orangi 
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Town.  About 19 % samples showed lower concentration of Zn than the 

reference level while the highest level measured in the same sample for Cu i.e. 

11 which was ~1.7 times greater as compared to reference level. About 38 % 

samples showed least level of Cd whereas sample no.10 showed the highest 

level and approximately threefold more than the tolerable limit as mentioned 

in the section 1.6.8. Exact 50 % samples exposed the Cd contamination more 

than the tolerable limt. Lastly, around 13% samples showed least level of Pb 

while the highest level estimated in sample no.4 and marked higher 

contamination (fifteen to sixteen times) than the tolerable level as discussed in 

previous section 1.6.9. Additionally, approximately 44% samples exhibited Pb 

contamination more than the tolerable level.  

 

Figure 3.9 Dendrogram derived from Ward’s cluster analysis of cfu ml
-1

 of 

microbes in fresh milk samples from West District, Karachi. 

12951174315161310146281

    9.10

    6.06

    3.03

    0.00

Distance

Observations

A

B

C



66 
 

Table 3.9 Ranges of cfu ml
-1

 of microbes in groups derived from Dendrogram 

of fresh milk samples from West District, Karachi.   

 

Group 

 

Fungal species 
Total fungal 

counts  

Total bacterial 

counts X10
6 

A 

A.  candidus  0.5 – 1.0 1.3 – 2.5 

A.  clavatus 0.5 

A. fumigatus 1.0 

A.  flavus 1.0 

A. niger 0.5 – 1.5 

A.  terreus 1.5 

Fussarium verticillioides 0.5 

Mucor recemosus 0.5 

Penicillium notatum 1.0-1.5 

Pythium insidosium 0.5 

Rhizopus stolonifer 1.0 

B 

A.  candidus 0.5 2.6 – 3.1 

A.  flavus 1.0  

A. fumigatus 1.5- 4.0 

A.  niger 1.0 

C 

A.  candidus 0.5 – 1.5 0.8 – 1.9 

A.  flavus 4.0 

A. fumigatus 0.5 

A.  niger 2.0-5.0 

A. terreus 1.0 

Penicillium notatum 2.0 – 3.0  

 

 

The mean of colony forming units (cfu ml
-1

) of fungal spp. and bacterial 

counts in the fresh milk samples gathered from Karachi West District were 

clustered as shown in Figure3.9. Three distinct groups (A, B and C) were 

known. The largest group A included nine samples (1, 2, 6, 8, 10, 13, 14, 15 

and 16), distinguished by the lowest value of P. notatum, intermediate value A. 

candidus, A. fumigatus, A. niger and bacterial counts and the highest value of 

A. terreus. Along these, A. clavatus, Fussarium verticillioides, Mucor 

recemosus, Pythium insidosium and Rhizopus stolonifer were individually 

isolated. Group B composed of four samples (3, 4, 7 and 11) exposed the 

lowest values of A. candidus and A. niger and the highest value of A. 

fumigatus and bacterial counts. The smallest group C contained the data of 

three samples (5, 9 and 12) highlighted by the lowest value of A. fumigatus 
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and A. terreus and the highest value of A. candidus, A. niger, P. notatum and 

bacterial counts. Other fungal spp., A. flavus was also included in the clusters 

A and C with identical value (Table 3.9). 

Three fungal spp. namely Mucor recemosus, Pythium insidosium and 

Rhizopus stolonifer  were  recorded in minor frequency level (6.25 %) from 

sample no.15 (Mashallah milk shop, Fronteir Colony, SITE Town) and sample 

no.10. A. clavatus and Fussarium verticillioides showed 12.5 % occurrence 

and maximum value exhibited in sample no.15, whereas A. flavus and P. 

notatum were recorded in 25 % samples and the highest occurrence showed in 

sample no.12 obtained from Madina Bakery, Metrovel Block 2, SITE Town. 

The frequency of A. terreus and A. fumigatus recorded between 31 to 32 % 

and 43 to 44 % samples in the same order while, the highest occurrence 

recorded in sample no. 15 and 3 respectively. The presence of A. candidus 

recorded in 56 % samples and the highest value showed in sample no.5 

collected from New Qusoori milk shop, 24 Market, Saeedabad, Baldia Town. 

A. niger found as most frequent occurring fungal specie and showed presence 

between 62 to 63 % samples and the maximum value was recorded in sample 

no. 5. 

The range of bacterial counts in this District found as 0.8X10
6 

– 2.5X10
6
cfu 

ml
-1

 and sample no.6 exhibited the highest counts.   
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Figure 3.10: Dendrogram derived from Ward’s cluster analysis of mean 

values of physico-chemical parameters of fresh milk samples from South 

District, Karachi. 

Table 3.10 Ranges of intrinsic factors in group derived from Dendrogram of 

fresh milk samples from South District, Karachi (Temperature 17.0±2.0 
o 

C).    

Group  pH Conductivity 

mS/cm 

Salinity 

o/oo 

TDS 

g/l 

DO 

mg/l 

Specific  

gravity 

A 6.80-6.89 3.02-3.34 1.9-2.1 1.91-2.05 0.26-0.43 1.024-1.041 

B 6.55-6.76 3.35-3.89 2.1-2.3 2.07-2.80 0.24-0.42 1.031-1.041 

C 6.46-6.58 4.13-4.22 2.5 2.43-2.48 0.24-0.25 1.039 

 

The observed average values of physico-chemical characteristics (pH, 

conductivity, salinity, TDS, DO and specific gravity) of fresh milk samples 

collected from different locations of Karachi South District were grouped as 

shown in Figure 3.10. Refer to Dendrogram for this study presented in 
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Figure3.10, which clearly exposed three clusters (A, B and C) with 

corresponding linkage distances. Cluster A consisted of observations of four 

samples (1, 2, 4 and 6) characterized by higher pH and DO while, lower 

values by conductivity, salinity and TDS. Cluster B comprised of profile of six 

samples (3, 5, 7, 8, 9 and 13) and displayed the intermediate values of pH, 

conductivity, salinity, TDS and DO. At last, Cluster C composed of 

observations of three samples (10, 11and 12) represents low values of pH and 

DO, whereas higher levels of conductivity, salinity and TDS were recorded. 

However specific gravity did not show any significant trend.   

The range of physical parameters (pH, conductivity, salinity, TDS, DO and 

specific gravity) of individual group depicted in Table 3.10. The pH, 

conductivity and salinity ranged as 6.46 - 6.89, 3.02 – 4.22 mS/cm and 1.9 – 

2.5 o/oo in that order. The lowest value of pH recorded in sample no.12 

collected from Muhammadi milk shop, Jacob line, Saddar Town whereas the 

highest value found in sample no.6 gathered from HD, Lyari Town. 

Furthermore hundred percent results of pH showed within the reference range 

(Table 1.1). The slightest value of conductivity measured in sample no.2 

obtained from Ghosia milk shop, Lyari Town and slightly less than the 

reference range (Table 1.1), whilst the topmost value was observed in sample 

no. 11 gathered from Javed Gujar milk shop, Jacob line, Saddar Town but 

found within the reference range. Exact 23% samples showed conductivity 

within the reference range. The smallest value of salinity noted in sample no.4 

gathered from Mashallah milk shop, Lyari Town whereas the peak value 

observed in 23 % samples which were mostly collected from sadder town. 

The ranges of remaining parameters TDS, DO and specific gravity were 

recorded as 1.91 – 2.48 g/l, 0.24 – 0.43 mg/l and 1.024 – 1.041 in the same 

order. The smallest data of TDS recorded in sample no.4 whereas the peak 

value found in sample no. 11. The least assessment of DO showed by 23 % 

sample however, the topmost level observed in sample no. 4. The minimum 

value of specific gravity was shown by sample no.1 obtained from HD, 

Gurumandir, Jamshed Town but did not show deviation from the reference 

range (Table 1.1) whereas the uppermost value calculated of sample no.9 
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collected from Sarfaraz dairy milk shop, Saddar Town and found negligible 

above than the reference range. 

 

Figure 3.11 Dendrogram derived from Ward’s cluster analysis of mean 

concentrations of heavy metals in fresh milk samples from South District, 

Karachi. 

Table 3.11 Ranges of concentrations (mg/l) of heavy metals in groups derived 

from Dendrogram of fresh milk samples from South District, Karachi. 

Group Cr Mn Fe  Co  Ni  Cu  Zn  Cd Pb  

A 0.001-

0.112 

0.001-

0.254 

0.592-

0.996 

0.001 0.001-

0.026 

0.004-

0.078 

4.354-

4.563 

0.001-

0.032 

0.001-

0.042 

B  0.001-

0.314 

0.144-

0.468 

0.976-

1.418 

0.001-

0.026 

0.046-

0.068 

0.001-

0.620 

4.158-

4.554 

0.001 0.043-

0.304 

C  0.001-

0.268 

0.001-

0.450 

1.014-

2.070 

0.001-

0.060 

0.001-

0.098 

0.001-

0.098 

4.860-

5.557 

0.001-

0.022 

0.256-

0.408 
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D  0.001-

0.124 

0.114-

0.262 

0.404-

0.526 

0.001-

0.022 

0.001-

0.080 

0.016-

0.240 

5.208-

5.531 

0.001- 0.254-

0.342 

 

The measured levels of nine essential/non-essential metals (Cr, Mn, Fe, Co, 

Ni, Cu, Zn, Cd and Pb) in fresh milk samples collected from Karachi South 

District were grouped as elucidated in Figure3.11. Four distinct clusters (A, 

B, C and D) were derived with following relation distances. Group A 

recognized as smallest group consisted of two samples (1 and 8) characterized 

by the lowest levels of seven metals (Cr, Mn, Fe, Co, Ni, Cu and Pb), middle 

level of Zn and the highest level of Cd. Group B comprised four samples (3, 4, 

5 and 7) recognized by the peak concentrations of three metals (Cr, Mn and 

Cu) the lowest level of two metals (Zn and Cd) and middle levels of four 

metals (Fe, Co, Ni, and Pb). Though, group C also contained four samples (2, 

6, 9 and 12) represented the highest levels of five metals (Fe, Co, Ni, Zn and 

Pb) and intermediate levels of four metals (Cr, Mn, Cu and Cd). Lastly, group 

D characterized by the intermediate concentrations of all nine metals.  

The ranges of mean concentrations of Cr, Mn Fe and Co were noticed as 0.001 

- 0.314 mg/l, 0.001- 0.486 mg/l, 0.404 – 2.070 mg/l and 0.001 – 0.060 mg/l 

respectively as depicted in Table 3.11. Exact 23 % samples showed the 

smallest level of Cr but the uppermost level estimated in sample no.5 collected 

from Jalal & milk shop, Usmanabad, Lyari Town which was found eighteen to 

nineteen times higher than the reference level as mentioned in Table 1.4. 

Nonetheless, about 69 % samples exhibited higher level as compared to 

reference level.  For Mn, 38-39 % samples possessed smallest level whilst 

utmost level estimated in sample no.4 which showed eighteen to nineteen 

times greater level than the reference value. About 62% samples exhibited 

elevation in comparison to reference. Next for Fe, 100 % samples showed 

bigger level in contrast to reference level as illustrated in Table 1.4. Among all 

samples of South District, the lowest level noticed in sample no. 11 whereas 

the highest level found in sample no.2. For Co, 38-39 % samples gave least 

measurement while sample no. 9 showed the highest level which was more 

than hundred times greater as compared to reference level as depicted in Table 

1.4 and collected from Sarfaraz dairy milk shop, Saddar Town.  
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The estimated ranges of level of Ni, Cu, Zn, Cd and Pb exposed in Table 3.11 

were as 0.001 - 0.098 mg/l, 0.001 – 0.620 mg/l, 4.158 – 5.557 mg/l, 0.001 – 

0.032 mg/l and 0.001 – 0.408 mg/l respectively. Eventually, around 31% 

samples exhibited the lowest concentration of Ni and Cu while the highest 

level of Ni was estimated in sample no.6 which was three to four times above 

than the reference value in Table 1.4. Although the highest level of Cu was 

found in sample no. 5 which was about eleven to twelve times higher than the 

reference. Only 06 % samples showed lesser and 93 % greater concentration 

of Zn than the reference level while the highest level measured in sample no. 2 

which was ~1.3 times greater as compared to reference level.  

The least level of Cd estimated in 62-63 % samples while sample no. 1 

showed the highest level; approximately three to four fold above than the 

tolerable limit as mentioned in the section 1.6.8 and collected from HD, 

Gurumandir, Jamshed Town. However, 15-16 % samples exhibited the Cd 

contamination more than the tolerable limit. Finally, around 06 % samples 

showed smallest value of Pb despite the fact that the highest level estimated in 

sample no. 9 which was collected from Sarfaraz dairy milk shop, Saddar Town 

and four fold above contaminated than the tolerable limit as illustrated in 

section 1.6.9. Beside, approximately 93% samples exhibited Pb contamination 

more than the tolerable level.  
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Figure 3.12 Dendrogram derived from Ward’s cluster analysis of cfu ml
-1

 of 

microbes in fresh milk samples from South District, Karachi. 

Table 3.12 Ranges of cfu/ml of microbes in groups derived from Dendrogram 

of fresh milk samples from South District, Karachi. 

 

Group 

 

Fungal species 
Total fungal 

counts  

Total bacterial 

counts X10
6 

A 

A.  candidus 0.5 8.6 – 12.2 

A.  flavus 1.0-1.5 

A. fumigates 0.5 

A. niger 0.5 – 1.5 

A.  terreus 0.5 

Fussarium verticillioides 1.5 

M. recemosus 0.5 - 1.0 

Neurospora cressa 0.5 

Penicillium notatum 2.0 

Pythium insidosium 0.5 

Rhizopus stolonifer 1.0 
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B 

 

Alterneria solani 0.5 2.3 – 4.8 

A.  candidus 1.0 - 2.5 

A. clavatus  0.5 

A.  flavus 0.5 - 1.5 

A. fumigatus 0.5 

A. niger 0.5 - 2.0 

A.  terreus 0.5 - 1.0 

Pythium insidosium 0.5 

 

The averages of colony forming units (cfu ml
-1

) of fungal spp. and bacterial 

counts in the fresh milk samples gathered from Karachi South District were 

clustered as shown in Figure 3.12. Two distinct groups (A and B) were known 

while sample nos.1 and 3 were shown individual presence due to the highest 

contamination with Cladosporium spp. and A. niger in that order and 

intermediate bacterial counts. Group A contained five samples (2, 4, 5, 6 and 

10) recognized by the lowest ranges of A. candidus, A. niger and A. terreus, 

and the highest range of bacterial counts besides this Fussarium verticillioides, 

M. recemosus, Neurospora cressa, P. notatum and Rhizopus stolonifer were 

also found. Group B consisted six samples (7, 8, 9, 11, 12 and 13) 

characterized by the lowest range of bacterial counts and the highest ranges of 

A. candidus, A. niger and A. terreus except these A. solani and A. clavatus. 

Some fungal species were found in the group namely A. flavus, A. fumigatu 

and Pythium insidosium in identical values.  

Seven fungal spp. namely A. solani, A. clavatus, Cladosporium spp., 

Fussarium verticillioides, Neurospora cressa, P. notatum and Rhizopus 

stolonifer recorded at the least frequency level (~ 8 %) isolated from sample 

nos. 8 (Nagori milk shop, Lines Area, Jamshed Town), 7 (Khwaja 

Gharibnawaz, Lines Area, Jamshed Town), 6, 10 (Mehmood milk shop, 

Saddar Town), 4 and 1 respectively. Pythium insidosium recorded as 15% 

frequency while, M. recemosus recorded at 23 % frequency level. The 

recovery of A. fumigatus measured symmetrically although the highest 

recovery of M. recemosus was shown by sample no. 2. 31 % occurrence was 

exhibited by A. terreus and the highest value showed in sample no.7 whereas, 

A. flavus showed 46% occurrence and the highest value recorded in two 

samples numbered as 2 and 7. Unlike other districts, two fungal species A. 
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candidus and A.niger were appeared as most frequent (53 %) fungal spp. and 

the highest values exhibited sample nos. 11 and 3 (Nasir milk shop, Lyari 

Town) in the alike sequence. 

The range of bacterial counts in this District found as 2.3X10
6 

– 12.2X10
6
cfu 

ml
-1

 and sample no.6 showed the highest counts. About 53% samples of this 

District showed little deviation from the criteria of good quality raw milk.   

 

Figure 3.13 Dendrogram derived from Ward’s cluster analysis of mean values 

of physico-chemical parameters of fresh milk samples from Malir District, 

Karachi. 

Table 3.13 Ranges of physico-chemical properties in groups derived from 

Dendrogram of fresh milk samples from Malir District, Karachi 

(Temperature 19.0±3.0 
o 

C).    

Group  pH Conductivity 

mS/cm 

Salinity 

o/oo 

TDS 

g/l 

DO 

mg/l 

Specific  gravity 

A 6.62-6.67 3.54-3.73 2.3-2.8 2.27-2.70 0.29 1.042-1.046 

12131191052438761

    3.57

    2.38

    1.19

    0.00

Distance

Observations

A

B

C

D



76 
 

B 6.81-6.83 2.30 2.0 1.89-1.90 0.27-0.29 1.033 

C 6.78-6.79 3.0 2.2-2.4 2.15-2.37 0.25-0.29 1.040 

D 6.92-6.99 2.89-3.26 2.2 1.94-2.20 0.79-0.91 1.024.1028 

 

The recorded mean values of physico-chemical characteristics (pH, 

conductivity, salinity, TDS, DO and specific gravity) of 13 samples collected 

from various points of Malir District were clustered as shown by Figure3.13. 

Refer to representative Dendrogram for this study presented in Figure3.13, 

which showed four distinct clusters (A, B, C and D) with corresponding 

linkage distances. Cluster A consisted observations of four samples (1, 6, 7 

and 6) characterized by the lowest pH, the highest conductivity, salinity, TDS 

and specific gravity. Cluster B comprised of profiles of two samples (3 and 4), 

pH values higher as compared to cluster A, while conductivity, salinity and 

TDS were the lowest. Cluster C contained observations of two samples (2 and 

5), where the values of pH found intermediate with respect to clusters A and 

B, while conductivity, salinity and TDS measured intermediate with respect to 

cluster B and D. However, the values of specific gravity found middle of 

clusters A and B. Finally, Cluster D composed of the observations of the five 

samples (9, 10, 11, 12 and 13) represented the highest values of pH and DO, 

intermediate values of conductivity with reference to clusters A and C, while 

salinity showed the values close to cluster C. The values of TDS showed alike 

the cluster C. By contrast, the lowest values noticed for specific gravity. 

Eventually, the value of DO in clusters A, B and C showed insignificant 

differences. 

The ranges of measurements of pH, conductivity, salinity, TDS, DO and 

specific gravity of individual groups were depicted in the Table 3.13. The pH, 

conductivity and salinity ranged as 6.62 - 6.99, 2.30 – 3.73 mS/cm and 2.0 – 

2.8 o/oo in the same order. The lowest value of pH showed by sample no.1 

collected from Bara Wala, Cattle colony, Bin Qasim Town but found within 

the reference range (Table 1.1), while the peak value showed by sample no.9 

gathered from New Prince bakery, Model colony, Malir Town. However, 

hundred percent values of pH found within the reference range. The least 
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value of conductivity measured in sample no.4 however, nearly two folds 

lesser than the reference level as depicted in the Table 1.1 and collected from 

HD, Landhi no.5, Bin Qasim Town whilst the upmost value observed in 

sample no.7 obtained from HD, Murad Memon Goth, Gadap Town but 

slightly less than the reference range. Moreover, hundred percent values of 

conductivity found lower than the reference range. The smallest value of 

salinity measured in 23% samples whereas the highest value observed in 

samples no.1. 

The ranges of TDS, DO and specific gravity were found as 1.89 – 2.70 g/l, 

0.25 – 0.91 mg/l and 1.024 – 1.046 in the similar order. The smallest value of 

TDS recorded in sample no.4 whereas the peak value measured in sample 

no.1. The least assessment of DO was shown by two samples numbered as 1 

and 2 (Jamal Bara, Cattle colony, Bin Qasim Town) while the topmost level 

observed in sample no.12 collected from NM, Saudabad, Malir Town. The 

smallest value of specific gravity was shown by sample no.12 but did not 

show deviation from the reference range (Table 1.1) whereas the highest value 

observed in sample no.6 collected from HD, Maymarabad, Gadap Town and 

slightly above than the reference range.  
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Figure 3.14 Dendrogram derived from Ward’s cluster analysis of mean 

concentrations of heavy metals in fresh milk samples from Malir District, 

Karachi. 

Table 3.14 Ranges of concentrations (mg/l) of heavy metals in groups derived 

from Dendrogram of fresh milk samples from Malir District, Karachi. 

Group Cr Mn Fe  Co  Ni  Cu  Zn  Cd Pb  

A 0.106-

0.216 

0.388-

0.474 

0.420-

1.104 

0.006-

0.076 

0.001 0.001-

0.038 

3.902-

4.498 

0.010-

0.034 

0.292-

0.462 

B  0.001-

0.122 

0.001-

0.042 

0.262-

0.464 

0.014-

0.068 

0.001-

0.136 

0.001-

0.104 

3.556-

4.024 

0.001-

0.006 

0.304-

0.782 

C  0.001-

0.078 

0.001-

0.208 

0.538-

0.838 

0.001-

0.020 

0.000-

0.002 

0.001-

0.042 

2.800-

3.072 

0.022 0.001-

0.386 

D  0.001-

0.046 

0.002-

0.310 

0.370-

0.792 

0.058-

0.072 

0.001-

0.098 

0.048-

2.740 

4.522-

5.600 

0.001-

0.024 

0.232-

0.532 

 

10764312119851321
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    3.19

    1.60

    0.00

Distance
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A
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D
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The levels of nine essential/non-essential metals (Cr, Mn, Fe, Co, Ni, Cu, Zn, 

Cd and Pb) in fresh milk samples gathered from Malir District were grouped 

as clarify in Figure3.14. Four distinctive clusters (A, B, C and D) were 

identified following relation distances. Group A recognized as largest group 

composed of the profile of five samples (1, 2, 5, 8 and 13) differentiated by the 

lowest levels and middle level of Ni and Cu; Zn and Pb respectively and the 

highest level of five metals (Cr, Mn, Fe, Co and Cd). Group B included three 

samples (9, 11 and 12) described the lowest concentrations of three metals 

(Mn, Fe and Cd), middle level of four metals (Cr, Co, Cu and Zn) and the 

highest levels of two metals (Ni and Pb). Nevertheless, group C contained two 

samples (3 and 4) represented the least levels of three metals (Co, Zn and Pb) 

and intermediate levels of six metals (Cr, Mn, Fe, Ni, Cu and Cd). Finally, 

group D included three samples (6, 7 and 10) characterized by the lowest level 

of Cr, intermediate concentrations of six metals (Mn, Fe, Co, Ni, Cd and Pb) 

and the highest concentrations of two metals (Cu and Zn).  

The ranges of mean concentrations of Cr, Mn, Fe and Co were noticed as 

0.001 - 0.216 mg/l, 0.001- 0.474 mg/l, 0.262 – 1.104 mg/l and 0.001 – 0.076 

mg/l respectively as illustrated in Table 3.14. Exactly 23% samples showed 

the smallest level of Cr while the highest level estimated in sample no. 2, 

which was found twelve to thirteen folds more than the reference level as 

mentioned in Table 1.4. On the other hand, about 69 % samples exposed the 

highest level against to reference level.  Intended for Mn, exact 23% samples 

held lowest level whilst extreme level exposed by sample no.8, which was 

found between eighteen to nineteen times greater against to reference value as 

showed in Table 1.4 and collected from HD, Gulshan-E-Hadeed, Bin Qasim 

Town. At least, 69% samples exhibited higher level in comparison to 

reference. Subsequently Fe, cent percent samples showed above level in 

contrast to reference level. Amongst all samples of Malir District, the least 

concentration measured in sample no.7, whereas the highest level was found 

in sample no.8 which was five to six times above against the reference. For 

Co, 07-08% samples possessed the lowest measurement though sample no.13 

showed the highest level which was far above (one hundred fifty times) than 
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the reference and collected from HD, Malir city, Malir Town. All samples 

showed much higher level as compared to reference.  

The ranges of concentrations of Ni, Cu, Zn, Cd and Pb were measured as 

0.001 - 0.136 mg/l, 0.001 – 2.740 mg/l, 2.800 – 5.600 mg/l, 0.001 – 0.034 

mg/l and 0.001 – 0.782 mg/l respectively as depicted in Table 3.14. 

Approximately 62% samples exhibited the lowest concentration of Ni, while 

the highest level estimated in sample no.9 which was found five to six times 

above than the reference value from Table 1.4. For Cu, around 31% samples 

showed lowest concentration; on the other hand sample no.10 gave the highest 

measurement that was found fifty two to fifty three folds above than the 

reference and obtained from Gondel milk shop, Model colony, Malir Town. In 

the case of Zn, most of the samples about 70% showed below than the 

reference level. Despite the fact that the highest level measured in sample 

no.7, which was ~1.3 times more than the reference.  

The minimum level of Cd was estimated in 31% samples while sample no.1 

showed the maximum; approximately three to four times above than the 

tolerable limit as illustrated in section 1.6.8. However, ~ 54 % samples 

exhibited the Cd contamination more than the tolerable limit. Lastly Pb, the 

lowest concentration measured in 08% samples while the highest 

concentration in sample no.12 and found seven to eight folds greater than the 

tolerable limit. Moreover, around 93% samples showed Pb contamination 

greater than the tolerable limit. 
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Figure 3.15 Dendrogram derived from Ward’s cluster analysis of cfu ml
-1

 of 

microbes in fresh milk samples from Malir District, Karachi. 

Table 3.15 Ranges of cfu ml
-1

 of microbes in groups derived from 

Dendrogram of fresh milk samples from Malir District, Karachi.   

  

 

Group 

 

Fungal species 
Total fungal 

counts  

Total bacterial 

counts X10
6 

A 

Alterneria solani 1.0 165 – 187 

A.  candidus 0.5-2.5 

A.  flavus 0.5-2.5 

A. fumigatus 0.5-1.5 

A. niger 0.5 – 1.0 

A.  terreus 0.5-1.5 

Fussarium moniliforme 0.5 

M. mucedo  1.0 

M. recemosus  1.0 

Pythium insidosium 1.5 

11131093128576421

    9.57

    6.38

    3.19

    0.00

Distance

Observations

A

B



82 
 

B 

 

Alterneria solani 0.5-3.5 54 – 110 

A.  flavus 1.0-6.5 

A. niger 0.5-2.0 

A.  terreus 1.0 

Fussarium moniliforme 1.0-4.5 

Fussarium oxysporum 0.5-1.0 

M. recemosus  0.5 

Penicillium italicum 1.5-2.5 

Penicillium notatum 1.0-3.5 

Rhizopus stolonifer 0.5 

 

The averages of colony forming units (cfu ml
-1

) of fungal spp. and bacterial 

counts in fresh milk samples gathered from Malir District were clustered as 

shown in Figure 3.15. Two distinct groups (A and B) were recognized. Group 

A found as most populated, included eight samples  (1, 2, 4, 5, 6, 7, 8 and 12), 

characterized by the lowest ranges of Alterneria solani, Aspergillus flavus, 

A.niger and Fussarium moniliforme and the higher ranges of A. terreus, Mucor 

recemosus and bacterial counts. Except these, A. candidus, A. fumigatus, M. 

mucedo and Pythium insidosium found individually. Lastly, group B included 

five samples (3, 9, 10, 11 and 13) characterized by the lowest ranges of A. 

terreus, Mucor recemosus and bacterial counts, and the highest ranges of 

Alterneria solani, Aspergillus flavus, A.niger and Fussarium moniliforme. In 

addition, Fussarium oxysporum, Penicillium italicum, P. notatum and 

Rhizopus stolonifer showed individual presence in Table 3.15.  

The least frequency of occurrence about 07- 08 % samples exhibited M. 

mucedo, Pythium insidosium and Rhizopus stolonifer, 15 % samples showed 

the existence of Fussarium oxysporum, M. recemosus and Penicillium 

italicum. 23% samples showed occurrence of Alterneria solani and Fussarium 

moniliforme. 31 % and 38 % samples showed the presence of P. notatum and 

A. candidus; A. fumigatus respectively. The presence of A. terreus found in 

46% samples whereas A. niger recorded in ~ 62% samples as second most 

frequent fungi. Finally, A. flavus recorded in 69% samples as top most 

abundant fungus.  

According to the ranges as exposed in Table 3.15, Alterneria solani and A. 

candidus found in sample no.11 (Al-Misbah, Khokarapar, Malir Town) and 8 

respectively; A. flavus, A. fumigatus, A.niger and A. terreus isolated in sample 
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no.3 (Qasim Bara,  Cattle colony, Bin Qasim Town), 6, 11 and 12 

respectively; Fussarium moniliforme, Fussarium oxysporum, M. mucedo and 

M. recemosus showed maximum presence in sample no. 9, 11, 6 and 5 

respectively and the other fungal species, Penicillium italicum, P. notatum, 

Pythium insidosium and Rhizopus stolonifer isolated in sample no. 13, 11, 10 

and 3 respectively at the highest level. 

The range of bacterial counts in this District was found as 54X10
6 

– 187X10
6 

cfu ml
-1

 and all samples of this District found as highly unhygienic with 

respect to bacterial loads.   

Table 3.16 Results of principal component analysis (PCA) for the combined 

physico-chemical parameters of fresh milk samples from Districts of Karachi.    

 

Component Eigenvalue Variance 

(%) 

Cumulative 

(%) 

Ranked 

eigenvector 

Coefficient 

Associated 

variable 

1 3.2791 46.8 46.8 0.522 

0.517 

0.517 

-0.326 

Conductivity 

Salinity 

TDS 

pH 

2 1.5778 22.5 69.4 -0.649 

0.514 

0.512 

-0.152 

Specific 

gravity 

DO 

TDS 

Temperature  

3 0.8101 11.6 81.0 0.585 

0.546 

-0.525 

0.210 

DO 

pH 

Temperature 

Salinity 

 

The results of principal component analysis (PCA) are highlighted in Table 

3.16. As shown, the cumulative contribution of the first three components 

accounted for 80% of the cumulative variance in the combined data set of 

physico-chemical parameters of fresh milk collected from five Districts of 

Karachi city. The first component accounted for 46% of variation was largely 

a function of conductivity, salinity, TDS and pH. The second component 

(22%) is principally controlled by specific gravity, DO, TDS and temperature. 

The third component accounting for 11% of the total variance is basically a 

combination of DO, pH, temperature and salinity. The corresponding factor 
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loading plots for the first three PCs is shown in Fig. 3.16 (i), (ii) and (iii). The 

loading plots showed a matrix of two-dimensional representations of factor 

loadings.  

.
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Figure 3.16 PCA for the physico-chemical parameters of fresh milk samples 

from Karachi Districts (i) PC 1 vs PC 2, (ii) PC 1 vs PC 3 and (iii) PC 2 vs PC 

3.   

Table 3.17 Comparative ranges of physico-chemical parameters of fresh 

bovine milk of five Districts of Karachi at temperature range 20.0±5.0 
o 
C.   

Parameters Central East West South Malir 

pH 

 

 

6.65 - 6.93 5.75- 6.81 6.46 – 6.82 6.46 – 6.89 6.62 – 6.99 

Conductivity 

mS/cm 

2.85 – 4.11 2.36 – 5.70  2.80 – 3.62 3.02 – 4.22 2.30 – 3.73 

Salinity 

 o/oo 

1.9 – 2.3 1.6 – 3.8 2.0 – 2.4 1.9 – 2.5  2.0 – 2.8 

TDS 

 g/l 

1.87 – 2.31 1.55 – 2.90 1.88 – 2.43 1.91 – 2.48 1.89 – 2.70 
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DO 

 mg/l 

0.20 – 0.98 0.28 – 1.04 0.28 – 0.46 0.24 – 0.43 0.25 – 0.91 

Specific  

gravity 

 

1.021 – 

1.038 

1.017 – 

1.035 

1.027 – 

1.044 

1.024 – 

1.041 

1.024 – 

1.046 

 

The combined ranges of physico chemical parameters, pH, conductivity, 

salinity, TDS, DO and specific gravity of fresh milk samples of five Districts 

of Karachi were found as 5.75 - 6.99, 2.30 - 5.70 mS/cm, 1.60 - 3.80 o/oo, 

1.55 – 3.72 g/l, 0.20 – 1.04 mg/l and 1.017 – 1.046 in the same order. Most of 

the samples, about 98 % showed the value of pH and specific gravity within 

the reference limit as given in Table 1.1, accept values of some samples 

collected from District East which were showed less than the lower limit of 

reference of these parameters. Only 20% samples revealed the magnitude of 

conductivity within the range of reference but mostly showed low values. 

Although, this parameter is considered as an important indicator of udder 

inflammation in the diagnosis of clinical or sub-clinical mastitis (section 

1.5.3). An investigation reported that measurement of electrical conductivity is 

useful criteria for the detection of udder infections, and it has linear relation 

with mastitis (Ksşikçi et al., 2012). Comparatively, the highest values of 

remaining parameters (salinity, TDS and DO) were noticed in samples 

gathered from District East (Table 3.17), however variation in these 

parameters greatly affected by several factors such as diet, physiology, 

environment etc.  

Table 3.18 Correlation matrix for physico-chemical properties of fresh bovine 

milk samples of five Districts of Karachi.  

 

 

pH Conductivity 

 

Salinity 

 

TDS 

 

DO 

 

Temperature Specific  

gravity 

pH 1.00 -0.407
**

 -0.413
**

 -0.422
**

 -0.170 -.294
*
 -0.077 

Conductivity  1.00 0.883
**

 0.883
**

 0.220
*
 .403

**
 0.187 
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Salinity   1.00 0.941
**

 0.201 .160 0.234
*
 

TDS    1.00 0.159 .178 0.261
*
 

DO     1.00 .252
*
 -0.314

**
 

Temperature      1.00 -.290
**

 

Specific  

gravity 

      1.00 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

The pH exhibited weak and negative relationships with conductivity (r=-0.407), 

salinity (r=-0.413), TDS (r=-0.422) and temperature (r=-0.294) at confidence level 

p<0.01. Conductivity showed strong correlations with both salinity and TDS 

(r=0.833, p<0.01) while, weak with DO (0.220, p<0.05) and temperature (r=0.403, 

p<0.01). Salinity showed strong correlation with TDS (r=0.941, p<0.01). Whereas 

weak relationship was shown by temperature with DO (r=0.252, p<0.05) and weak 

negative with specific gravity (r=-0.290, p< 0.01) according to Table 3.18. 

Table 3.19 Results of Principal component analysis (PCA) for the combined 

concentrations of heavy metals in fresh milk samples from Karachi Districts.    

Componen

t 

Eigenvalu

e 

Varianc

e (%) 

Cumulativ

e (%) 

Ranked 

eigenvector 

coefficient 

Associated 

variable 

1 1.4936 16.6 16.6 -0.482 

-0.450 

-0.421 

-0.417 

Pb 

Zn 

Cr 

Ni  

2 1.3364 14.8 31.4 0.621 

-0.493 

0.340 

0.322 

Mn 

Cd 

Cr 

Co 

3 1.1503 12.8 44.2 -0.760 

0.419 

0.347 

-0.191 

Fe 

Ni 

Cu 

Cd  

4 1.0148 11.3 55.5 -0.644 

-0.486 

0.289 

-0.288 

Zn 

Co 

Cr 

Mn 
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The results of principal component analysis (PCA) are given in Table 3.19 and 

Figure 3.17. Together the first four components accounted for 55% of the 

cumulative variance in the overall data set of heavy metal level in fresh milk 

collected from five districts of Karachi. The first component accounted for 

16% had higher loadings for Pb, Zn, Cr and Ni. The second component (14%) 

associated with Mn, Cd, Cr and Co. The third component accounting for 12% 

of the total variance is chiefly related to Fe, Ni, Cu and Cd. The fourth 

component exhibited the higher loadings for Zn, Co, Cr and Mn. The 

corresponding factor loading plots for the first three PCs is shown in Figure 

3.17 (i), (ii) and (iii). The loading plots showed a matrix of two-dimensional 

representations of factor complex.  
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Figure 3.17 PCA for the concentration of heavy metals in fresh milk samples 

from Karachi Districts (i) PC 1 vs PC 2, (ii) PC 1 vs PC 3 and (iii) PC 2 vs PC 

3.   
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Table 3.20 Comparative ranges of concentrations (mg/l) of heavy metals in 

fresh bovine milk samples of five Districts of Karachi.   

Metal 

 
Central East West South Malir 

Cr 

 
0.000-0 .208 0.001-0.232 0.001-0.248 0.001-0.314 0.001-0.216 

Mn 
0.000-0.494 0.001-0.460 0.001-0.574 0.001-0.468 0.001-0.474 

Fe 
0.001- 1.652 0.001-3.260 0.124-1.054 0.404-2.070 0.262-1.104 

Co 
0.001-0.104 0.001-0.108 0.001-0.070 0.001-0.060 0.001-0.076 

Ni 
0.001-0.082 0.001-0.122 0.001-0.082 0.001-0.098 0.000-0.136 

Cu 

 
0.001-0.642 0.001-1.688 0.001-0.136 0.001-0.620 0.001-2.740 

Zn 

 
3.246-4.446 2.086-5.498 1.682-7.036 4.158-5.557 2.800-5.600 

Cd 

 
0.001-0.038 0.000-0.053 0.001-0.032 0.001-0.032 0.001-0.034 

Pb 

 
0.001-1.772 0.000-1.428 0.001-1.568 0.001-0.408 0.001-0.782 

 

The overall ranges of essential heavy metals Cr, Mn, Fe and Co in fresh milk 

samples collected from various locations of five Districts of Karachi were 

measured as  0.001-0.314 mg/l, 0.001-0.574 mg/l, 0.001- 3.260 mg/l and 

0.001- 0.108 mg/l correspondingly. The Cr content in 17% samples did not 

found or showed below the detection limit. Around 75% samples, showed the 

higher level of Cr in contrast to reference mean level as depicted in Table 1.4 

and the peak level was estimated in the sample originate from District South 

(Table 3.20). Moreover, it is an essential for the genetic and immune system 

augmentation and its deficiency is recognized by elevated blood glucose and 

blood lipids, damage to brain and nervous system but no tolerable upper intake 

level has been established (section 1.6.1). For Mn, 20% samples showed level 
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of Mn below the detection limit. Approximately 59% samples showed greater 

concentrations as compared to reference mean (Table 1.4) and the maximum 

concentration noticed in the sample collected from District West. 

Additionally, it is an essential trace metal that supports for the bone building 

as mentioned in section 1.6.2. Zodape et al. (2012) reported 0.013 – 0.175 

mg/l Cr in cow’s milk samples of various brands present in Mombai, India. 

Enb et al. (2009) recorded 0.028 – 0.066 mg/l range of Cr and 0.048 – 0.916 

mg/l range of Mn in Egyptian cattle raw milk samples. Kinsara and Farid 

(2007) reported 0.031 mg/l Cr and 0.017 mg/l Mn in fresh cow milk samples 

in Jeddah, Saudi Arabia.    

In case of Fe, 2-3% samples showed its concentration less than the detection 

limit. More than 95% results were measured greater than the reference but 

superimposed on Fe content in bovine milk of various region of the World 

(Table 1.5) except Ramallah, Palestine and Mumbai, India which showed 

comparatively higher level. However, bovine milk contains a very low amount 

of Fe and it is believed that Ca and P substantially decrease iron absorption by 

up to70% (Hallberg et al., 1991). Further, it is noticed that fresh milk provided 

insufficient Fe to toddler’s RDA requirement and over milk feeding may cause 

milk anemia as discussed in earlier section 1.6.3. For Co, 18% samples did not 

showed concentration in detection limit. All findings, 82% results of Co were 

exceeded the reference concentration (Table1.4) and its chronic toxicity 

respiratory disease as mentioned in the previous section 1.6.4. The highest 

level of Fe and Co was observed in the sample gathered from District East. 

Finally, content of Co in fresh cattle milk available in Karachi was found 

significantly higher than investigations of cattle milk of other areas of the 

World such as Hassan (2009) reported 0.003 mg/l Co in commercially 

available fresh cow milk samples of different brands in Erbil, Iraq and Enb et 

al., (2009) recorded 0.003 – 0.006 mg/l Co in raw cattle milk in Egypt. 

The combined measurements of essential and non-essential heavy metals Ni, 

Cu, Zn, Cd and Pb in fresh milk samples collected from various locations of 

five Districts of Karachi ranged as  0.001-0.136 mg/l, 0.001-2.740 mg/l, 

1.682- 7.036 mg/l,  0.001- 0.053 mg/l and 0.001- 1.568 mg/l in that order 

(Table 3.20).  For Ni, in 42% samples showed below the detection limit. 
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Around 66% results were found lower in contrast to reference mean value but 

2 to 3% results higher than the average dietary requirement for humans as 

explained in the earlier section 1.6.5. By contrast, higher level (0.189 – 0.243 

mg/l) of Ni collectively in fresh cattle milk and processed milk available in 

Hyderabad, neighboring city of Karachi reported by Kazi et al., 2009. 

Similarly, most of the findings are identical to our results such as the values of 

Ni (0.002 – 0.009 mg/l) in bovine milk obtained from different farm existed in 

Egypt reported by Enb et al., 2009. Hassan (2009) recorded 0.009 mg/l Ni in 

commercially available fresh cow milk samples in Erbil, Iraq. 

For Cu content, 17% samples showed below the detection limit. Exact 73% 

results showed lower level of Cu in contrast to reference (Table 1.4), which is 

an essential trace element (section 1.6.6). Majority of data mentioned in Table 

1.5 exposed greater level of Cu as compared to reference. But, assessed 

concentration of Cu in fresh milk was found greater than the data of Calabria, 

Italy (Table 1.5). Remarkably, the peak value of Ni and Cu was found in the 

sample collected from District Malir. For Zn, which is an important cofactor 

of several enzymes as discussed in preceding section 1.6.7, 55% result showed 

equal or higher levels than the reference level (Table 1.4) and the maximum 

concentration was recorded in the sample collected from District West. In this 

study, Zn content was found higher than the fresh milk of other cities of the 

World such as Erbil-Iraq, Constanta- Romania and Jeddah- Saudi Arabia but 

similar to reported results of several cities of the World as depicted in Table 

1.5.  

The concentration of Cd did not detect or found below the detection limit in 

22% samples. Exact 56% results were shown equal or lesser level of Cd as 

compared to tolerable limits as mentioned in the previous section 1.6.8, but 

nearly 44% samples were found highly contaminated by Cd and the highest 

level was observed in the sample gathered from District East. The level of Pb 

did not detect or found below the detection limit in 11% samples. Almost 70% 

results were found Pb contaminated as they exceeded the tolerable limits 

(section 1.6.9). The maximum concentration was recorded in the sample 

collected from District Central. The contamination of Cd and Pb strongly 

indicated to dense smoke of vehicles, consumption of industrial sludge 
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polluted cattle feed and the milking utensils. It is well established that Pb and 

Cd are toxic and children are more sensitive to these metals than the adults. 

The symptoms of Pb toxicity are low IQ, slow augmentation, iron deficit, 

nervous system disorder, etc. whereas in adult’s reproductive complications, 

hypertension and kidney failure is observed (Whitney and Rolfes, 2005). From 

Table 1.5, it is worth mentioning that contamination of fresh milk through Cd 

was less than or equal to various cities of Pakistan and the World as well. 

Comparatively, Pb contamination was found fairly higher than the most of the 

World wide reported values excluding Faisalabad and Jhang (Table 1.5).  The 

order of levels of metals were found as Zn > Fe > Pb > Mn > Cr ≈ Cu > Co ≈ Ni 

> Cd that exhibits some minor fluctuations than the reference order i.e. Zn > 

Fe > Cu > Mn > Ni > Cr > Co. 

Table 3.21 Correlation matrix for concentrations (mg/l) of heavy metals in 

fresh bovine milk samples of five Districts of Karachi. 

 

 
Cr Mn Fe Co Ni Cu Zn Cd Pb 

Cr 1.00 0.152 0.047 -0.052 0.059 -0.079 0.034 -0.056 0.222
*
 

Mn  1.00 0.036 0.134 -0.087 -0.002 0.016 -0.188 0.017 

Fe   1.00 -0.083 -0.102 -0.108 0.114 0.033 -0.052 

Co    1.00 -0.103 0.072 -0.046 -0.012 -0.059 

Ni     1.00 -0.094 0.232
*
 -0.018 0.069 

Cu      1.00 -0.042 -0.041 -0.082 

Zn       1.00 0.040 0.152 

Cd        1.00 -0.095 

Pb         1.00 

*. Correlation is significant at the 0.05 level (2-tailed). 
 

The significant positive intermetallic relationships in the concentrations of 

Cr/Pb (r=0.222) and Ni/Zn (r=0.232) were shown at the confidence level 

p<0.05 (Table 3.21).  
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Table 3.22 Comparative frequency (%) of fungal species isolated from fresh 

bovine milk samples of five Districts of Karachi.   

Name of fungi Central East West South Malir 

A. solani -- -- -- 07.6 23 

A. nodulians 15 -- -- -- -- 

A. candidus 50 30 56 53.8 23 

A. clavatus 05 05 12.5 07.6 -- 

A. flavus 45 65 25 46 69.2 

A. fumigatus 40 20 43.75 23 38.4 

A .niger 75 80 62.5 53 61.5 

A. terreus 30 15 31.25 30.7 46 

Cladosporium spp. -- -- -- 07.6 -- 

Fussarium moniliformis -- -- -- -- 23 

F. oxysporum -- -- -- -- 15 

F. verticilliodes 10 -- 12.5 07.6 -- 

Mucor mucedo -- 20 -- -- 07.6 

M. recemosus 30 05 6.25 23 15 

Neurospora cressa -- -- -- 07.6 -- 

Penicillium italicum -- -- -- -- 15 

P. notatum 30 05 25 07.6 30.7 

Pythium insidosium 15 05 6.25 15.3 -- 

Pythium spp. -- -- -- -- 07.6 

Rhizopus stolonifer 05 15 6.25 07.6 07.6 

 

 

Figure 3.18 Combined mycobiota of fresh bovine milk from five Districts of 

Karachi. 
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 There were nine genera of fungi Alterneria, Aspergillus, Cladosporium, 

Fussarium, Mucor, Neurospora, Penicillium, Pythium and Rhizopus were 

isolated from five Districts of Karachi as shown in Figure 3.18, where 

Aspergillus was recovered with highest diversity (seven species) and 

highlighted the usual fecal adulterations of milk all through milking and aerial 

exposure. From which A. niger showed maximum frequency in all Districts 

(Table 3.22; Figure 3.18). However, A. candidus and A. flavus were recorded 

between the range of 40 to 50 % and the frequency of existence of A. 

fumigatus and A. terreus was recorded within 30 to 34%. The fungal species 

which were commonly recorded in all Districts are as follows A. candidus, A. 

flavus, A. fumigatus, A. terreus, M. recemosus, P. notatum and Rhizopus 

stolonifer. In addition to M. recemosus and P. notatum shown existence 

between 10 to 16% while the others had minor existence (< 10%). The 

mycobiota of fresh bovine milk available for public consumption of Karachi 

has significant resemblance to the fungal diversity in bovine milk reported in 

some areas of the world (Table 1.7). In this study, most of the fungal species 

isolated from the fresh milk were also resembled to the reported worldwide 

mycobiota of raw or unprocessed bovine milk (Table 1.7). The presence of 

these fungi especially Aspergillus spp. which are responsible to produce 

mutagenic mycotoxins as briefly discussed in section of 1.7.2 may affect the 

human health after drinking such bovine milk. Unfortunately, several 

mycobial investigations of bovine milk reported its existence as mentioned in 

Table 1.7.  

Overall bacteriological assessment in terms of bacterial counts was ranged as 

0.2X10
6
 – 187X10

6
 cfu ml

-1
 in fresh or unpasteurized milk while samples of 

District Malir were observed highly unhygienic. Around 58% samples showed 

slightly high or equal to 100,000 cfu ml
-1

 regulatory limits set by USA of total 

bacterial counts for grade ‘A’ raw milk (U.S.-FDA, 2005). In contrast, results 

of frequent bacterial assessment in raw or unpasteurized milk were revealed 

that poor quality milk produced in Kosovo (5X10
7 

cfu ml
-1

) and Khartoum- 

state (1×10
5
- 9×10

6
 cfu ml

-1
), Sudan  (Bytyqi et al., 2011; Salman and Hagar, 

2013). Similarly, results of total bacterial count of raw cow’s milk in Chennai, 
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India were also satisfactorily fulfilling the criteria of good quality milk (Devi 

and Sowmya, 2012). 

Table 3.23 Results of Principal component analysis (PCA) for the combined 

cfu ml 
-1 

of fungal species isolated in fresh milk samples from Karachi 

Districts.    

Component Eigenvalue Variance 

(%) 

Cumulative 

(%) 

Ranked 

eigenvector 

coefficient 

Associated 

variable 

1 2.2571 11.3 11.3 0.532 

0.470 

0.396 

0.367 

F. oxysporum 

A. solani 

P. italicum 

P. notatum 

2 2.0186 10.1 21.4 0.511 

0.470 

0.340 

0.271 

A. terreus 

A. clavatus 

P. insidosium 

A. solani 

3 1.7342 8.7 30.0 -0.538 

 -0.524 

 -0.275  

0.269 

N. cressa 

F. verticilloides 

A. nodulians 

M. recemosus 

 

 

Figure 3.19 PCA for the combined cfu ml 
-1 

of fungal species isolated in fresh 

milk samples from Karachi Districts.    
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The results of principal component analysis (PCA) are given in Table 3.23 and 

Figure 3.19. Together the first three components accounted for 30.1% only of 

the cumulative variance in the overall data set of cfu ml
-1

 fungal species in 

fresh milk collected from five districts of Karachi. The first component 

accounted for 11.3% had higher loadings for F. oxysporum, A. solani, P. 

italicum and P. notatum. The second component (10.1%) associated with A. 

terreus, A. clavatus, P. insidosium and A. solani. The third component 

accounting for 8.7% of the total variance is chiefly related to N. cressa, F. 

verticilloides, A. nodulians and M. recemosus. The corresponding factor 

loading plots for the first three PCs is shown in Figure 3.19. The loading plots 

showed a matrix of two-dimensional representations of factor complex. 

The results of Correlation matrix revealed that positive weak relationships 

were found between the following fungal species A. solani/A. nodulians 

(p<0.01), A. nodulians/A. candidus (p<0.05), A. candidus/A. fumigatus 

(p<0.05), A. clavatus/P. insidosium (p<0.01), A. flavus/M. recemosus 

(p<0.05), F. moniliformis/P. italicum (p<0.01), F. oxysporum/P. italicum 

(p<0.01), F. oxysporum/P. notatum (p<0.01) and P. italicum/P. notatum 

(p<0.01). While moderate correlations were exposed by these pairs  

A.solani/F. oxysporum (p<0.01), A. clavatus/A. terreus (p<0.01) and F. 

verticilloides/N. cressa (p<0.01).      

3.5 Conclusion 

Nearly all samples showed the values of pH and specific gravity within the 

reference limit however, majority of samples revealed the magnitude of 

conductivity below the range of reference may be an indication of mastitis. 

The order of levels of metals were found as Zn > Fe > Pb > Mn > Cr ≈ Cu > Co 

≈ Ni > Cd. Approximately 44% samples were found highly contaminated by 

Cd and the highest level was observed in the sample gathered from District 

East. Most of the samples were found Pb contaminated as they exceeded the 

tolerable limits and the maximum concentration was recorded in the sample 

collected from District Central. The results also revealed that mycotoxogenic 

fungus Aspergillus sp. (A. candidus, A. flavus, A. fumigatus, A. niger and A. 

terreus), Mucor recemosus Penicillium sp. (P. notatum) and Rhizopus 
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stolonifer were recorded in samples of every Districts while samples from 

District Malir were exposed as high bacterial contaminated.  
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Chapter 4 
Quality assessment of processed 
milk and milk analogues 

4.1Summary  

This investigation determined the physico-chemical parameters (pH, conductivity, 

salinity, total dissolved solids (TDS), dissolved oxygen (DO), and specific gravity), 

concentration of heavy metals (Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb) and 

microbial analysis (isolation of fungal species and bacterial counts) in UHT 

processed milk in tetra packs, HTST treated milk in polyethene pouch (PM) and 

UHT processed milk analogues used as a tea whitener (TW) available in Karachi 

city. According to results, TWs showed low values of conductivity, salinity and 

TDS in contrast to PMs. The concentrations of metals were estimated using atomic 

absorption spectroscopy. The ranges of average concentrations of Cr, Mn, Fe, Co, 

Ni, Cu, Zn in brands of PMs were found as 0.001 - 0.196 mg/l, 0.001 - 0.274 mg/l, 

0.269 – 7.116 mg/l, 0.003 - 0.096 mg/l, .132 – 7.264 mg/l, 0.010 - 0.066 mg/l and 

0.644 – 4.078 mg/l and in brands of TWs as 0.001-0.228 mg/l, 0.002-0.122 mg/l, 

1.314-2.352 mg/l, 0.010-0.024 mg/l, 0.650 – 6.398 mg/l, 0.046 - 0.054 mg/l and 

0.266 – 0.616 mg/l in identical order. Iron fortified brand exhibited exclusively 

highest level. The assessed levels of Cd in about 64 % PMs found as 0.025-0.042 

mg/l, and only one brand of TWs. The level of Pb in PMs and TWs was found in 

the ranges 0.242-1.224 mg/l and 0.078-0.19 mg/l respectively. The levels of these 

metals in PMs were compared with the available reference level while there was no 

permissible level available for TWs to make a comparable analysis with. The 

colony forming units (cfu ml
-1

) of fungi Aspergillus flavus, A. niger, Fusarium sp., 

Penicillium notatum and Neurospora sp. were recorded. Aspergillus species (A. 

flavus and A. niger) were abundant in most of the samples. The cfu ml
-1

 of bacterial 

colonies was found in the range of 6 x10
4
 - 3 x10

4
. 
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4.2 Introduction 

Milk is a versatile indispensable nourishing food as it contains carbohydrates 

(lactose), easily digestible protein, vitamins, balanced lipid profile, minerals 

particularly calcium and phosphorous and high caloric value. A single glass of 

milk supplies about one-quarter of the daily protein and vitamin D requirements 

(Zimmermann, 2007).  

 Minerals have many important functions in our body. They assist in fluid 

regulation and energy production, are essential to the health of our bones and 

blood, and help rid in our body of deleterious by-product of metabolism 

(Thompson and Manore, 2009). Recent investigations on epidemics have 

established the correlation among the prevalence of numerous diseases in humans 

particularly neurological disorders, heart and kidney diseases, several types of 

carcinomas and persistence of heavy metals like Cd, Cr, Hg and Ni (Xia et al., 

1988). Toxic metals chemically similar to Ca such as Pb are passed into milk 

(Klaassen, 2001). It is recognized that imbalance in the quantity of minerals and 

trace elements is a serious health hazard especially for infants. Children are less 

tolerant to Pb than adults, which especially affect their central nervous system and 

synthesis of bone tissues (Werner, 1989). Processing of milk, pasteurization and 

sterilization creates imbalance in the mineral content (Ayar et al., 2009). A 

considerably higher amount of Cd was estimated in packet milk available in Erbil, 

Iraq compared to the fresh milk; a reverse trend was found for essential metals 

(Hassan, 2009).  

Pasteurization kills yeast, molds, pathogenic and most other bacteria and 

inactivates certain enzymes, without significantly altering the flavor. UHT is the 

preferred method to increase the shelf life of milk (Rehman, 2002). Nevertheless, 

in many countries, improper refrigeration of low quality raw material, inadequate 

system of aseptic packaging and maintenance of quality of milk is a challenge 

(Rankin 2002). Petrus et al., (2010) evaluated the short shelf life of pasteurized 

milk in Brazil packed in bottles and pouches ranging from 3-8 days due to the 

precarious cold storage chain that exposes the product to abusive conditions 

during distribution and commercialization. The existence of bacteria and yeast in 

the pasteurized milk is an indication of recontamination or improper processing 
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(Hui, 1992). The interaction between fungal spores in humans involving 

mycotoxins like aflatoxins, secalonic acid, zearalenone and tricothecenes 

produced by Aspergillus, Penicillium and Fusarium spp result in hay fever and 

asthma, sometimes becoming chronic with lengthy period of pulmonary infection 

(Gerberick, 1984). The tolerable limit of aflatoxins in milk as the Federal Law of 

food safety in USA by the FD&C Act is <0.5ng/g (Klaassen, 2001). Egyetem and 

Kar (2004) reported the deleterious effects of fungi on Hungarians that are firmly 

connected to the consumption of mycotoxins polluted provisions including 

Hungarian cattle milk.  

 Karachi, a metropolitan city has a mild and humid weather in summer whereas 

mild and dry in winter which favors the accumulation of all types of fungi. Here 

mostly fresh milk is consumed after boiling while in the last two decades 

consumer’s interest towards ultra heat pasteurized (UHT) and homogenized (low 

fat and whole) milk has also increased. In addition, UHT processed milk 

analogues or tea whiteners are rapidly emerging products used by the people of all 

social status that are added in black tea to enhance the taste, color and aroma. Ever 

growing consumer demand opens the field for innovation in natural food for 

convenience; ensure the healthy nutrients and richness of flavor. Several brands of 

UHT processed milk in aluminum-laminated card board packaging available 

having shelf life around two to three months without refrigeration. High 

Temperature Short Time (HTST) processed milk is also sometimes available in 

polyethylene bags and plastic bottles with shorter shelf life.  Heat treatment 

destroys the pathogens to a great extent but not 100% because heat resistant 

microbes can survive over a wide range of temperature. However, toxic metals are 

not avoidable that are already present in the untreated milk due to contamination 

with industrial wastes, sewage and heavy traffic that are  the major polluting 

agents which create long term toxicological effects as well on public health, hence 

risks are involved with processed milk. 

   Based on these considerations the present study was designed to focus on the 

physico-chemical analysis, the relationships between these factors and qualitative 

as well as quantitative investigation of fungal species in homogenized UHT and 

HTST processed milk samples and ready to be used packed liquid tea whitener 

available in Karachi city. 
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4.3 Materials and Methods  

4.3.1 Sampling 

Samples of homogenized and UHT milk and tea whitener packed in aluminum-

laminated card board cartons or tetra pack and polyethene bags of various brands 

were purchased from local market. All processed milk samples (PMs) and tea 

whitener samples (TWs) were transported to the laboratory for analysis and stored 

at low temperature of -20
o
C after   the determination of physical properties until 

required for further analysis. All samples were analyzed well within the expiry 

date. 

Table 4.1 Sample summery of UHT processed milk (PM1-PM11) and UHT 

processed milk analogue or tea whitener (TW1-TW4) 

 

Serial 

no. 

Brand 

code 

Brand name Sample type Company name 

1 PM1 Haleeb Full cream Haleeb foods Ltd. 

2 PM2 Dairy Umang Full cream (3% fat) Engro foods Ltd. 

3 PM3 Nesvita Skimmed or low fat milk 

(HC)
** 

Nestle Pakistan 

Ltd. 

4 PM4 Nurpur Full cream Noon Pakistan 

Ltd. 

5 PM5 Good milk Full cream Shakarganj food 

Ltd. 

6 PM6 Milk pak Full cream (IF)
*** 

Nestle Pakistan 

Ltd. 

7 PM7 Olpers Full cream Engro foods Ltd. 

8 PM8 Dairy pure Full cream Shakarganj food 

Ltd. 

9 PM9 Gro Aur Full cream (IF)
*** 

Haleeb foods Ltd. 

10 PM10 Olpers Lite Skimmed milk or low fat 

milk 

Engro foods Ltd. 

11 PM11 Day fresh
* 

Full cream Dairyland (Pvt) 

Ltd. 

12 TW1 Tarang 6.5%  fat Engro foods Ltd. 
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13 TW2 Every Day 6.6%  fat Nestle Pakistan 

Ltd. 

14 TW3 Chaika 6.5%  fat Shakarganj food 

Ltd. 

15 TW4 Nurpur chai 

mix 

7.0%  fat Noon Pakistan 

Ltd. 

 

*: HTST Processed 

**:
 
HC: High Calcium 

*** IF: Iron Fortified  

4.3.2 Physical properties 

Physical characteristics pH, conductivity, total dissolved solids (TDS), salinity 

and dissolved oxygen (DO) with temperature were observed through HACH 

(model Sension TM 
105

) multiparameter, by direct immersion of the probe in 

the samples. Specific gravity of the samples was measured by the standard 

method (AOAC, 2000) similar as illustrated in section 3.2.2. 

4.3.3 Metal estimation                      

Assessment of nutritional elements and toxic elements in all PMs and TWs was 

carried out same in fresh milk samples described in previous section 3.2.3.  

4.3.4 Microbial analysis  

Isolation of fungal species from milk samples including PMs and TWs has 

been analyzed through culture media Petri plate method. For this task Potato 

dextrose agar and Sabouraud dextrose agar were synthesized for the purpose of 

the recovery of fungal while Nutrient Agar (NA) for bacterial colonies from the 

samples. To attain precision, three replicates of 1ml samples were inoculated in 

each media plates and incubated at room temperature (30-40
o 

C) for 5-12 days. 

Colonies were counted using a colony counter. Fungal slides were prepared and 

observed under a light microscope. The colonies growing on plates were 

identified on the basis of micro and macro morphological features following 

the standard manuals (Ellis 1971; 1976; Barnett and Hunter 1972; Nelson et al., 

1983; Domsch et al., 1980; Sutton 1980). While for the bacterial colonies, 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2443350/#B1
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serial dilution up to 10
-4 

of each sample was prepared with sterile distilled 

water. An aliquot of 1ml of diluted sample was inoculated on triplicates Petri 

plates containing NA and incubated at 35º C for 24 h. Colonies were counted 

by colony counter. 

4.3.5 Statistical Analysis  

Statistical techniques including principal component analysis (PCA), 

correlation matrix and Cluster analysis were performed to organize the data in 

such a way as to expose the internal structure of multivariate data matrix 

employing the software Minitab Version 11. 

4.4 Results and Discussion 

 

Figure4.1 Dendrogram derived from Ward’s cluster analysis of physico-

chemical characteristics determined in 15 brands of processed milk and milk 

analogues samples. 

 Table 4.2 Ranges of Physico-chemical characteristics in groups derived from 

Dendrogram (Temperature 20.0±2.0 
o 
C). 

 Group  pH Conductivity 

mS/cm 

Salinity 

o/oo 

TDS 

g/l 

DO 

mg/l 

Specific  

gravity 

G1 6.28-6.57 5.26-6.27 2.9-4.1 2.88-3.96 0.11-1.24 1.020-1.033 

G2 6.42-6.59 4.15-5.55 2.4-3.3 2.36-3.21 0.25 1.031-1.039 

151213914863111054172

   18.97

   12.65

    6.32

    0.00

Distance

Observations

G1
G2

G3

G4



105 
 

G3 6.51-6.98 3.15-3.41 2.2-3.1 2.04-3.02 0.57-1.15 1.010-1.033 

G4 6.42-6.57 3.14-3.73 1.8-2.4 1.73-2.44 0.71-1.20 1.010-1.019 

 

Figure 4.1 shows the dendrogram derived from Ward’s cluster analysis of 

physico-chemical characteristics in 15 brands of milk and milk analogues. For 

key to serial numbers refer to Table 4.1. Four distinct groups were recognized 

G1, G2, G3 and G4. G1 comprised of 5 brands (PM1, PM2, PM4, PM5 and 

PM7) characterized by the lowest values of pH, intermediate values of specific 

gravity and the highest values of conductivity, salinity, TDS and DO whereas 

G2 and G4 comprised of 2 brands (PM10 and PM11; TW12 and TW15 

correspondingly). G2 showed mostly low values of DO, intermediate values of 

pH, conductivity, salinity and TDS and high values of specific gravity while 

G4 represents minimum values of  conductivity, salinity, TDS and specific 

gravity and intermediate levels of pH and DO. In comparison, G3 contained 6 

brands (PM3, PM6, PM8, PM9, TW13 and TW14) and presented intermediate 

values of conductivity, salinity, TDS, DO and specific gravity but the highest 

values of pH.   

Table 4.2 shows the ranges of intrinsic factors (physical properties) of 

homogenized UHT treated milk samples in tetra packs (PM1-PM10), High 

Temperature Short Time (HTST) processed milk in polyethylene bag (PM11) 

and UHT processed tea whitener samples in tetra packs (TW1-TW4). Intrinsic 

factors are the formulation criteria that control the ability of microorganism to 

survive and grow especially related to the salinity and dissolved oxygen as well 

and to estimate the purity (Brennan and Grandison, 2012).  

The highest pH value among the PMs (6.96) was recorded from PM8 and the 

lowest value (6.28) was evident in PM5. While the TW2 exhibited highest pH 

among the TWs and PMs as well. The pH is considerably important for 

microbial growth because microbes survive between pH 2 to 9 (Oyarzabal and 

Backert, 2012; Wardlaw et al., 2004). Although, recent studies revealed that 

effect of alteration in pH on the fugal growth is insignificant, in contrast only a 

slight effect was observed as a result of variation in concentration of salts like 

MgSO4 and FeSO4. Nonetheless, some salts such as CaCl2 show a positive 

impact on the growth of fungi (Benlounissi et al., 2012). The values of pH, 
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conductivity and specific gravity slightly varied with temperature. However, 

value of pH, conductivity and specific gravity were observed within or near to 

the range of permissible limits as mentioned in Table 1.1, while all TWs 

showed lower values as compared to PMs. Least value of conductivity was 

measured in PM8 among the tetra pack milk; in contrast process milk 

analogues TWs did not show significant variation. The results indicated that the 

salinity was ranged as 2.4-4.1o/oo among the PMs; on the other hand 1.80-2.68 

o/oo range was observed in TWs. The least value of TDS and salinity was 

recorded in TW1 among all the samples including PMs indicated that sample 4 

possessed the highest salinity and dissolved oxygen.  

Table 4.3 Comparative ranges of intrinsic factors of processed milk samples 

and processed milk analogue samples. 

Parameters PMs TWs 

pH 

 

 

6.28 - 6.96 6.42- 6.98 

Conductivity 

(S/cm) 
3.15 – 6.27 3.14 – 3.89 

Salinity (o/oo) 
2.4 – 4.1 1.6 – 3.8 

TDS (g/l) 
2.04 – 3.96 1.73 – 2.53 

DO (mg/l) 
0.11 – 1.24 0.62 – 1.20 

Specific  gravity 

 
1.019 – 1.039 1.010 – 1.019 

 

The comparative data of PMs and TWs is given in Table 4.3. The values of 

some parameters conductivity, salinity, TDS and specific gravity are 

comparable. In this regards TWs showed lesser magnitude of such parameters, 

but values of pH identical to PMs range. 
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Table 4.4 Results of principal component analysis (PCA) for the combined 

physico-chemical parameters of processed milk and processed milk analogues 

samples. 

 

Component Eigenvalue Variance 

(%) 

Cumulative 

(%) 

Ranked 

eigenvector 

Coefficient 

Associated 

variable 

1 4.0338 57.6 57.6 0.475 

0.462 

0.426 

0.417 

Conductivity 

TDS 

Specific gravity 

Salinity 

2 1.4304 20.4 78.1 0.635 

0.618 

0.291 

0.236 

DO 

Temperature 

Salinity  

TDS 

3 0.9878 14.1 92.2 0.608 

-0.598 

-0.371 

-0.318 

DO 

pH 

Salinity 

Temperature 

 

The resulting principal component analysis (PCA) report is highlighted in 

Table 4.4. As shown, the cumulative contribution of the first three components 

accounted for 92% of the cumulative variance in the data set of physico-

chemical parameters of processed milk and processed milk analogues samples 

available in Karachi. The first component accounted for 57.6% of variation 

was largely a function of conductivity, TDS, specific gravity and salinity. The 

second component (20.4%) is principally controlled by DO, temperature, 

salinity and TDS. The third component accounting for 14.1% of the total 

variance is mainly a combination of DO, pH, salinity and temperature. The 

corresponding factor loading plots for the first three PCs is shown in Figure 

4.2 (i), (ii) and (iii). The loading plots showed a matrix of two-dimensional 

representations of factor loadings. 
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109 
 

 

Figure 4.2 PCA for the physico-chemical parameters of processed milk and 

processed milk analogues samples (i) PC 1 vs PC 2, (ii) PC 1 vs PC 3 and (iii) 

PC 2 vs PC 3. 

Table 4.5 Correlation matrix for physico-chemical properties of processed 

milk and processed milk analogues samples.  

 

 

 

pH Conducti

vity 

 

Salinity 

 

TDS 

 

DO 

 

Tempe

rature 

Specific  

gravity 

pH 1.00 -0.654** -0.363 -0.568* -0.175 0.585 -0.568* 

Conductivit

y 

 1.00 0.851*

* 

0.956*

* 

0.020 -0.348 0.717* 

Salinity   1.00 0.933*

* 

-0.003 -0.094 0.626* 

TDS    1.00 0.038 -0.249 0.666** 

DO     1.00 0.370 -0.221 

Temperatur

e 

     1.00 -0.587 

Specific  

gravity 

      1.00 

**. Correlation is significant at the 0.01 level (2-tailed), *. Correlation is significant at the 0.05 

level (2-tailed). 
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Correlation matrix showed that the pH exhibited moderate negative correlation (r=-

0.654) with conductivity (p<0.01), r=-0.568 with TDS and r=- 0.568 with specific 

gravity (p<0.05). Conductivity showed strong correlation with salinity (r=0.851) and 

TDS (r=0.956, p<0.01), whereas moderate relationship with specific gravity (r=0.717, 

p<0.05). In addition, a strong correlation was found between salinity and TDS 

(r=0.933, p<0.01) and moderate between salinity and specific gravity (r=0.626, 

p<0.05) while TDS showed moderate relationship with specific gravity (r=0.666, 

p<0.01). Temperature did not show any significant relationship (Table 4.5). 

 

Figure 4.3 Dendrogram derived from Ward’s cluster analysis of metals 

determined in 15 brands of processed milk and milk analogues samples. 

 

Table 4.6 Ranges of concentrations (mg/l) of heavy metals in groups derived 

from Dendrogram. 

Group Cr Mn Fe  Co  Ni  Cu  Zn  Cd Pb  

G1 0.001-

0.062 

0.001-

0.122 

0.314-

6.786 

0.003-

0.050 

0.650-

5.496 

0.046-

0.066 

0.394-

1.823 

0.001-

0.042 

0.170-

0.286 

786151451123112913104

   19.90

   13.27

    6.63

    0.00

Distance

Observations

G1

G2

G3

G4
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 G2 0.016-

0.196 

0.172-

0.274 

2.059-

2.862 

0.034-

0.096 

6.848-

7.264 

0.012-

0.022 

1.150-

1.566 

0.026-

0.028 

0.308-

1.224 

 G3 0.001-

0.228 

0.001-

0.188 

0.269-

1.828 

0.010-

0.092 

4.964-

6.780 

0.040-

0.056 

0.266-

1.544 

0.001-

0.012 

0.076-

0.338 

G4  0.010-

0.042 

0.001-

0.244 

2.368-

7.116 

0.008-

0.084 

1.132-

4.824 

0.010-

0.025 

1.204-

4.078 

0.025-

0.032 

0.001-

0.412 

 

The ranges of mean concentrations of essential (Cr, Mn, Fe, Co, Ni, Cu and 

Zn) and nonessential elements (Cd and Pb) of each group from the Figure 4.2 

in the samples of different brands of processed milk (PMs) and processed milk 

analogue (TWs) available in Karachi city, for the consumption of inhabitant is 

depicted in Table 4.6. Figure 4.2 shows the dendrogram derived from Ward’s 

cluster analysis of metal concentrations in the 15 brands of milk and milk 

analogues. Four main groups were analyzed G1, G2, G3 and G4. G1composed 

of the data of 5 brands (PM4, PM9, PM10, TW1 and TW2) is characterized by 

low levels of three metals (Mn, Co and Pb), intermediate level of four metals 

(Cr, Fe, Ni and Zn) and high level of two metals (Cu and Cd). G2 comprising 

of 2 brands (PM1 and PM3) showed low Cu, intermediate Cr, Fe, Zn and Cd 

but high Mn, Co, Ni and Pb concentration. By contrast, G3 containing 5 

brands (PM2, PM5, PM11, TW3 and TW4) showed low Fe, Zn and Cd, 

intermediate Mn, Co, Ni, Cu and Pb, and high only Cr contents. Finally, G4 

consisting 3 brands ((PM6, PM7 and PM8) represents low Cr, Ni and Cu, 

intermediated Mn, Co, Cd and Pb, and high Fe and Zn levels. 

The ranges of mean concentrations of Cr, Mn, Fe and Co in brands PMs were 

found as 0.001 - 0.196 mg/l, 0.001 - 0.274 mg/l, 0.269 – 7.116 mg/l and 0.003 

- 0.096 mg/l respectively and in brands of TWs as 0.001-0.228 mg/l, 0.002-

0.122 mg/l, 1.314-2.352 mg/l and 0.010-0.024 mg/l in same order. 

In ~ 64 % brands of PMs, Cr was found less than the reference level as shown 

in Table 1.4. The highest level was shown by PM1 and eleven to twelve folds 

higher than the reference. Nearly 46 % brands showed lower concentration of 

Mn as compared to reference (Table 1.4). The maximum level (ten to eleven 

times more than the reference level) estimated in PM1. Fairly, 100% brands 
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showed Fe and Co levels above than the reference. The least levels of Fe and 

Co showed about two and six times respectively exceeded the reference while 

the maximum level approximately thirty four folds and nearly two hundred 

times higher than the reference. The lowest concentration of Fe was measured 

in PM2 while the PM6 exhibited highest level of iron among all brands. This 

exclusive value of PM6 indicates the iron fortification which is in accordance 

to the value mentioned on packet. It is believed that Ca and P substantially 

decrease Fe absorption by up to70% (Hallberg et al., 1991). In fact, milk has 

trace amount of Fe, in this regard bioavailability of Fe is higher in fortified 

milk compared to unfortified milk. However, PM6 has sufficient level as 

recommended daily allowance (RDA) proposed by The National Academy of 

Science 2001 i.e. 7mg/day for the toddlers age group 1– 3years (section 1.6.3). 

Nevertheless, other brands have higher concentration than the reference 

though they did not match the least requirement of RDA. Cobalt is a key 

mineral in the large vitamin B12 molecule, but it is not an essential nutrient 

and no recommendation has been established (section 1.6.4). 

The variation in the mean concentrations of Ni, Cu, and Zn in brands of PMs 

were assessed in the ranges of 1.132 – 7.264 mg/l, 0.010 - 0.066 mg/l and 

0.644 – 4.078 mg/l in identical order whereas in brands of TWs as 0.650 – 

6.398 mg/l, 0.046 - 0.054 mg/l and 0.266 – 0.616 mg/l. Following the 

reference (Table 1.4), 100% brands showed concentration of Ni significantly 

above. Hence, the lowest level showed by PM8 around forty six folds greater 

than reference and the highest level exhibited by PM1 has approximately two 

hundred ninety one times go beyond the reference. Its average dietary 

requirement for humans is < 0.1 mg/d. A tolerable upper intake level for adults 

is 1.0mg/d. Signs and symptoms of toxicity include nausea, vomiting, and 

shortness of breath (section 1.6.5). In regards to Cu, 60% brands showed lesser 

concentration than the reference. The least level estimated in PM7 which is 

five to six times lower as compared to reference, whilst the peak level was 

noted in PM4 and slightly higher than the reference. National Academy of 

Science suggested the Cu intake for adults is 0.9 mg/day with an upper limit is 

10 mg/day while in children has been estimated to be 0.6 to 0.8 mg/day, the 

copper content in human body ranges from 50 to 150mg (section 1.6.6). In 

contrast to recommended daily allowance (RDA) of, all tetra pack milk do not 
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provide adequate amount of copper. For Zn, 100% brands of PMs exhibited 

less to that of literature level as shown in Table 1.4. According to The 

National Academy of Science 2001, the daily requirement of Zn from the age 

>1year to 8years is in the range of 3–5mg/day. It is concluded that most of the 

PMs do not supply the Zinc requirement. Zinc is found in muscle, skin and 

bones and vital organs liver and kidney. Zinc appears to be a part of greater 

number of enzyme systems than the rest of the trace minerals combined 

(Gropper et al, 2005).  Zinc deficiency results in wide spectrum of clinical 

effects depending on age, stage of development, and deficiencies of related 

metals. Zinc deficiency was first characterized by Prasad in adolescents, 

pellagra, and iron and folate deficiency (section 1.6.7).  

The evaluated levels of Cd in about 64 % PMs have been found in the range of 

0.025-0.042 mg/l, whereas only one brand of TWs showed the Cd level in the 

detection limit (TW3 = 0.012mg/l). The range of Cd was found to be within 

the dietary allowance of WHO i.e. 0.02-0.06 mg/day (Zodape et al., 2013). Cd 

is a similar metal to Zn and it replaces to Zn (II) from the active site of zinc- 

dependent enzymes and proteins which in turn lose their biological activities. 

A widely occurring pollution caused by Cd was manifested in a malady called 

“itai-itai” disease and it causes symptoms of severe osteoporosis. In addition, 

it can cause high blood pressure, cancer of the breast, lung, large intestine and 

urinary bladder, mutations and fetal death (section 1.6.8). The concentrations 

of Pb in PMs and TWs were found in the ranges 0.242-1.224 mg/l and 0.078-

0.19 mg/l respectively. Lead was detected in approximately 81 % samples of 

PMs and 100 % samples of TWs. The lowest concentration was measured in 

TW3 while the TW1 exhibited highest level of Pb among TWs samples. In 

comparison, concentrations of Cd was less than the reported concentrations 

(0.0542mg/l) while Pb was substantially higher than the reported one 

(0.050mg/l) in processed milk samples available in Hyderabad city (Kazi et 

al., 2009). Conversely Cd and Pb were estimated exceeding the tolerable 

ranges (Cd<0.010mg/l; Pb < 0.100 mg/l) established by the Croatian 

legislation. Pb is chemically similar to some divalent essential elements like 

Fe (II), Ca (II) and Zn (II) and replaces them from some of their metabolic 

sites that are disabled to perform their proper functions. Likewise, Pb 
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competes with iron in heme, though it cannot act as an oxygen carrier; 

similarly, lead competes with calcium in neurons, but cannot signal messages 

from nerve cells (sections 1.6.8 and 1.6.9).  

Table 4.7 Comparative ranges of concentrations (mg/l) of heavy metals in 

processed milk and processed milk analogues samples. 

 

  

Metal 

 

PMs TWs 

Cr 

 
0.001 - 0 .196 0.001 - 0.228 

Mn 
0.001 - 0.274 0.001 - 0.122 

Fe 
0.269 - 7.116 1.314 - 2.352 

Co 
0.003 - 0.096 0.010 - 0.024 

Ni 
1.132 - 7.264 0.65 - 6.398 

Cu 

 
0.010 - 0.066 0.046 - 0.054 

Zn 

 
0.644 - 4.078 0.266 - 0.616 

Cd 

 
0.001 - 0.042 0.001 - 0.010 

Pb 

 
0.001 - 1.224 0.076 - 0.190 

 

The order of concentration of metals in PMs and TWs found as Ni > Fe > Zn > 

Pb > Mn > Cr > Cu > Co > Cd and Ni > Fe > Zn > Cr > Mn > Pb > Cu > Co > 

Cd in that order. According to Table 4.6, no significant differences found in 

metallic content between PMs and TWs except Zn level (Table 4.7).  
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Table 4.8 Results of Principal component analysis (PCA) for the 

concentration of heavy metals in processed milk and processed milk analogues 

samples.    
 

Componen

t 

Eigenvalu

e 

Varianc

e (%) 

Cumulativ

e (%) 

Ranked 

eigenvecto

r 

coefficient 

Associate

d variable 

1 3.6500 40.6 40.6 0.450 

-0.433 

-0.398 

-0.357 

Cu 

Mn 

Zn 

Co 

2 1.4775 16.4 57.0 -0.601 

-0.507 

0.369 

-0.340 

Ni 

Cr 

Cd 

Co 

3 1.1192 12.4 69.4 0.683 

-0.455 

-0.414 

0.334 

Pb 

Fe 

Cr 

Ni  

4 1.0368 11.5 80.9 0.574 

0.547 

-0.389 

-0.277 

Cd 

Cr 

Fe 

Co 

 

The results of principal component analysis (PCA) are given in Table 4.8 and 

Figure 4.4. Together the first four components accounted for 80.9% of the 

cumulative variance in the data set of heavy metal level in processed milk and 

processed milk analogues samples collected from Karachi. The first 

component accounted for 40.6% had higher loadings for Cu, Mn, Zn and Co. 

The second component (16.4%) associated with Ni, Cr, Cd and Co. The third 

component accounting for 12.4% of the total variance is chiefly related to Pb, 

Fe, Cr and Ni. The fourth component exhibited the higher loadings for Cd, Cr, 

Fe and Co. The corresponding factor loading plots for the first three PCs is 

shown in Figure 4.4 (i), (ii) and (iii). The loading plots showed a matrix of 

two-dimensional representations of factor complex. 
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Figure 4.4 PCA for the concentration of heavy metals in processed milk and 

processed milk analogues samples (i) PC 1 vs PC 2, (ii) PC 1 vs PC 3 and (iii) 

PC 2 vs PC 3.   

Table 4.9 Correlation matrix for concentrations (mg/l) of heavy metals in 

processed milk and processed milk analogues samples.  

 

 
Cr Mn Fe Co Ni Cu Zn Cd Pb 

Cr 1.00 0.268 0.064 0.249 0.271 -0.158 -0.110 0.109 -0.154 

Mn  1.00 0.415 0.475 0.296 -0.706
**

 0.534
*
 0.356 0.416 

Fe   1.00 0.367 0.107 -0.432 0.578
*
 0.157 0.087 

Co    1.00 0.523
*
 -0.404 0.495 0.106 0.243 

Ni     1.00 -0.273 0.027 -0.105 0.360 

Cu      1.00 -0.599
*
 -0.494 -0.519

*
 

Zn       1.00 0.396 0.320 

Cd        1.00 0.310 

Pb         1.00 

 

**. Correlation is significant at the 0.01 level (2-tailed),   

*. Correlation is significant at the 0.05 level (2-tailed). 
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Moderate positive relationships between levels of the following metals Mn/Zn 

(r=0.534), Fe/Zn (r=0.578) and Co/Ni (r=0.523) while, negative correlations in 

Mn/Cu (r=-0.706, p<0.01) and Zn/Pb (r=-0.599) were found significant at p<0.05. 

However, none of correlation was shown by Cr and Cd (Table 4.9).  

 

Figure 4.5 Dendrogram derived from Ward’s cluster analysis of fungal 

species in 15 brands of processed milk and milk analogues samples. 

 

Table 4.10 Ranges of cfu/ml of microbes in groups derived from Dendrogram 

of 15 brands of processed milk and milk analogues samples. 

   

 

Group 

 

Fungal species 
Total fungal 

counts  

Total bacterial 

counts X10
4 

G1 

A.  flavus 0.3 - 2.1 3.0 – 3.8 

A. niger 0.1 - 1.2 

Fussarium sp.  0.0- 0.2 

Neurospora sp. UCC 

Penicillium notatum 0.0 - 0.8 

111513101485469321271

  571.85

  381.23

  190.62

    0.00

Distance

Observations

G1 G2
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G2 

A.  flavus 0.0 - 8.7 4.5 – 6.0 

A. niger 0.0 - 4.7 

Fussarium sp. 0.0 - 0.8 

Neurospora sp. 0.0 - 2.0 

Penicillium notatum  0.0 - 5.3 

UCC: uncountable colonies 

The ranges of average colony forming units (cfu’s ml
-1

) of fungal spp. in the 

standardized processed milk samples and tea whitener sample as shown in 

Table 4.10. The dendrogram based on cluster analysis of the average of fungal 

species in the samples of PMs and TWs is shown by Figure. 4.5. Two groups 

can be recognized. The smaller group (G1) comprises of 4 brands (PM1, PM2, 

PM7 and TW1) while the larger group (G2) consists of rest11 brands that 

mostly contained Aspergillus spp. and bacterial counts in high abundance and 

low number of Neurospora sp. colonies. G1 is characterized by lower values 

of bacterial counts and the highest numbers of colonies of Neurospora sp.   

Aspergillus flavus and A. niger were recovered as the most frequent fungal 

species in samples. Commonly, Aspergillus flavus causes skin infections, 

whereas granulomatous sinusitis, dermatitis, wound septic and osteomyelitis 

diseases as a result of chronic exposure have been recorded (Hedayati et al., 

2007). Fusarium sp. was found in 45% of PMs and 50% in TWs while 

Penicillium notatum was recorded in the samples of two brands of PM2 

(~18%) and 75% of TWs.  Neurospora sp. was present in the samples of five 

brands (~27% PMs and 50% TWs) as denser colonies which are shown in 

Table 4.10 as uncountable colonies. Mycobiota of processed bovine milk was 

investigated by Jodral et al., (1993) that four genera of fungi namely 

Aspergillus, Fusarium, Geotrichum and Penicillium isolated in milk samples 

available in Spain either in raw milk or UHT processed milk. Sammons (1999) 

highlighted a fact that the raw edges of packaging materials (tetra packs) are 

responsible for the fungal contamination. The significant presence of 

aflatoxins produced by Aspergillus flavus and A. niger provides clear evidence 

that airborne fungal contamination is most susceptible in processed milk and 

milk analogues and these species are similar to that airborne mycobiota of the 

mega city which has been reported by Rao et al., (2009). It is suspected that 

Aspergillus flavus and Penicillium notatum are destroyed during heat 
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treatment and spoil the product during post pasteurization. The moulds and its 

spores are most susceptible to low level of oxygen and better hygienic 

conditions throughout the processing. Though cooking and freezing may cease 

their growth mycotoxins are not destroyed (Wardlaw et al., 2004). The 

bacterial counts in samples of various brands including PMs and TWs was 

recorded in the range of 3.0X10
4
 – 6.0X10

4 
cfu’s ml

-1
. The least count was 

shown by PM5, while highest in TW3. The numbers of bacteria of all brands 

were higher than 20,000 cfu ml
-1 

regulatory limit for processed milk of grade 

‘A’ (U.S.-FDA, 2005). The identical results were shown by majority of 

pasteurized milk marketed in Hawaii, USA (Hongfei et al., 2010). By contrast, 

the hygiene of processed milk also super as compared to processed milk in 

Khartoum- state, Sudan where value of total bacterial counts more or less 

equal to 9X10
4 

cfu ml
-1

 (Salman and Hagar, 2013). But quite different and 

better results were found in processed milk samples available in various 

regions of province Khyber Pakhtunkhwa reported by Khattak et al., 2013. It 

was concluded that the constituents of milk are intrinsic resources for growing 

the fungal spore. According to Wardlaw et al., (2004) fungi can grow in 

watery medium and in concentrated salt and sugar, although milk also has an 

antifungal enzyme activity through lysozyme, but it is well recognized that 

bovine milk has the least amount of lysozyme (Benkerroum, 2008). 

Table 4.11 Results of Principal component analysis (PCA) for the cfu ml
-1

 of 

fungal species isolated from PMs and TWs.    

Component Eigenvalue Variance 

(%) 

Cumulative 

(%) 

Ranked 

eigenvector 

coefficient 

Associated 

variable 

1 1.4773 29.5 29.5 -0.595 

-0.508 

0.442 

0.38 

Fussariumsp. 

P. notatum  

A. flavus 

A.niger  

2 1.2481 25.0 54.5 -0.655 

0.515 

0.38 

-0.321 

A. niger 

A.flavus 

P. notatum 

Neurospora sp. 

3 1.2210 24.4 78.9 0.651 

0.449 

-0.44 

-0.323 

Neurospora sp. 

A. flavus 

P. notatum 

A. niger 
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The results of principal component analysis (PCA) are given in Table 4.10 and 

Figure 4.6. Together the first three components accounted for 78.9 % of the 

cumulative variance in the overall data set of cfu ml
-1

 fungal species in PMs 

and TWs. The first component accounted for 29.5% had higher loadings for 

Fussarium sp., P. notatum, A. flavus and A.niger. The second component 

(25.0%) associated with A. niger, A.flavus, P. notatum and Neurospora sp. 

The third component accounting for 24.4% of the total variance is chiefly 

related to Neurospora sp., A. flavus, P. notatum and A. niger. 

 

Figure 4.6 PCA for the cfu ml 
-1 

of fungal species isolated in PMs and TWs.    

 

The corresponding factor loading plots for the first three PCs is shown in 

Figure 4.6. The loading plots showed a matrix of two-dimensional 

representations of factor complex. All correlations among the fungal species 

were found non-significant. 
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         4.5 Conclusion 

This study highlighted, TWs have low values of conductivity, salinity and 

TDS in contrast to PMs. The order of concentration of metals in PMs and TWs 

found as Ni > Fe > Zn > Pb > Mn > Cr > Cu > Co > Cd and Ni > Fe > Zn > Cr 

> Mn > Pb > Cu > Co > Cd respectively. Iron fortified brand exhibited 

exclusively highest level of Fe. The results of mycobiota revealed that 

Aspergillus species (A. flavus and A. niger) were abundant in most of the milk 

samples also exposed that mycotoxogenic fungi cannot be avoided from 

processed milk beside today’s commercial vogue product tea whitener. 

Analysis of mycotoxins should be performed for each batch before releasing 

them in the market. 
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Chapter 5 
Elemental evaluation of Milk by 
SEM-EDX Technique 

5.1 Summary   

The present study has been conducted to investigate the microstructure and 

elemental analysis of cow’s milk by applying scanning electron microscopy 

(SEM) using energy-dispersive X-ray spectroscopy (EDX) analytical 

technique. For this task cow’s milk collected from the dairy farm situated in 

Landhi cattle colony, Karachi. After drying (above 85 
o 

C), sample was 

exposed under the scanning electron microscope and EDX observations were 

recorded in four particulates. Results showed that this technique is adequate 

for qualitative measurement of elements in the milk sample. In contrast, 

quantitative measurement through EDX was satisfactory for measurement in 

comparison to other quantitative techniques.   

5.2 Introduction 

 The electron microscope can magnify very small details with high resolving 

power due to the use of an electrons beam that is accelerated by applying a 

high voltage rather than light to scatter off material, magnifying at levels up to 

500,000 times. Electron microscopes can have resolutions as low as 100pm or 

0.1nm (Ochiai, 2011). Electron microscopy is performed under the vacuum 

condition and focuses the electron beam and magnifies images by means of 

electromagnetic lenses (Flegler et al, 1993).  

Microscopy has been used for several years in controlling the adulteration of 

food commodity. These techniques based on particle size distributions can be 

obtained from micrographs of powders and particulate material by measuring 

the sizes of hundreds of particles in a micrograph field. A computer based 

image analysis systems having sophisticated statistical analysis software are 

commercially available and detailed analysis of micrographs are now more 

routinely on food products (Brennan and Grandison, 2012; Hui, 1992). A 

variety of devices have been developed in scanning electron microscopy 

http://chemistrydaily.com/chemistry/Resolving_power
http://chemistrydaily.com/chemistry/Resolving_power
http://chemistrydaily.com/chemistry/Electron
http://chemistrydaily.com/chemistry/Light
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(SEM) like wavelength-dispersive spectrometer (WDS), energy-dispersive X-

ray spectrometer (EDX) and proton induced x-ray emission (PIXE) are based 

on the emerging of X-rays. Chemical characterization of a sample through a 

scanning electron microscope (SEM) is carried out non-destructively with 

energy dispersive X-ray (EDX) analysis. The electron beam strikes the atoms 

in the sample with uniform energy and they instantaneously emit characteristic 

X-rays of specific energies for every element. These X-rays provide 

information about the elemental composition of the sample. Elements starting 

with the atomic number 6 (carbon) can be determined with this analytic 

technique. The detection limit with SEM–EDS is ~0.1 wt%. The unique 

resolution of the SEM depends on the number of the electron dot which in turn 

depends on the magnetic electro-optical system which produces the scanning 

rays. The resolution is also controlled in the magnitude of the contact size, or 

the quantity of objects which interacts with the electron beam. The merits of 

SEM–EDX technique include the small sample size required (<1 mm
3
). In 

contrast, there are limitations to this method that includes its poor sensitivity 

to trace elements and elements lighter than Na. Also, the loss of volatile 

elements (Na) during excitation is a well-recognized phenomenon (Kursula, 

2000). In accordance with Reed (1996), the theoretical detection limits in 

SEM–EDX measurements are about 0.08 wt%.  

Milk of any mammalian species has a wide range of organic and inorganic 

ingredients that are all interlinked in a specific manner. For example, Ca and P 

are bound with casein micelle, Fe is related to lactoferrin, transferring, 

xanthine oxidase and slightly to casein, Zn is associated with lactoferrin, Mn is 

bound to the milk fat membrane and Co is a key mineral in the large vitamin 

B12 molecule etc (Fennema, 1996; Whitney, 2005). A successful study was 

reported to investigate the effect on solubility of NSAID in combination to fat 

free milk by applying SEM technique (Kumar and Mishra, 2006). Another 

study was conducted using SEM to examine the relationship between 

skimmed milk powder and physical properties of chocolate mass (Attaie et al., 

2003).  

In SEM analysis, sample protocol, such as drying, stabilizing through a 

fixative, mounting the sample on metallic holder and coating a thin layer by 
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means of an electrical conductor are the fundamental steps (Bozzola and 

Russell, 1992).    

The aim of this study is focused on the chemical analytical aspects of elements 

in the cow’s whole milk with and without damaging the organic portion 

through exploration in microstructure level.  

5.3 Materials and method  

5.3.1 Sample collection 

Sample of cow’s whole milk just after milking was collected from Landhi 

cattle colony in the summer season in the month of June. Sample was taken in 

a polythene bag of 500 ml. and stored below 4 
o 
C.      

5.3.2 SEM analytical protocol 

In SEM-EDX analysis two types of pretreatment were adopted (1) analysis 

through mineral oxides or ash and (2) analysis through coagulated whole milk. 

For the preparation of ash, an aliquot of 10ml was dried on hot plate at 105
o 

C 

and ignited in the furnace at 550
o 

C to constant weight (AOAC, 2000). For the 

coagulation an aliquot of the milk sample heated on hot plate over 85
o 

C 

(Twyman, 2005). After the removal of moisture a lumpy mass was obtained.     

5.3.3 SEM-EDX analysis 

The dual observations were recorded by applying scanning electron 

microscopy (SEM) in combination of energy-dispersive X-ray (EDX) 

spectrometer. For this task, the samples were first loaded on sample holder via 

dual site tape after that the samples were coated by means of auto coater from 

Joel Japan model no. JFC 1500. The coater has target of gold. The samples 

were coated up to 300
o 

A.  Coated samples were then loaded on SEM from 

Joel Japan model JSM 6380 A. The EDX analyses were performed using EDX 

detector from Joel Japan model No. EX 54175 JMU.  

5.4 Results and Discussion 

SEM-EDX was first performed on metal oxides (ash) on a trial basis that did 

not produce any identifiable particles. From this trial it appears that this 

technique may not be applicable without the presence of organic matter such 

as bovine milk. In the second trial, SEM was applied on the four different 

particulates of the dried cow’s milk and a different scanning resolution of 

dehydrated milk that produced images and EDX mapping provides the 

1 
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conventional SEM image and a meaningful picture of the element distribution 

of a surface as shown in Figur 5.1.     

 

(1) 

 

(2) 
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(3) 

 

(4) 

Figure 5.1 SEM Images of dried Cow Milk particulate, scan (1) at 20 µm,   

(2) and (4) at 10 µm and (3) at  5.0 µm.  
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Figure 5.2 EDX spectra of  the element distribution of a surface dried Cow’s 

Milk particulate, scan (1) at 20 µm,   (2) and (4) at 10 µm and (3) at  5.0 µm. 
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Table 5.1 Precisions of major, essential trace elements and non-essential trace 

elements of the Cow’s milk obtained using the EDX spectroscopy. 

Element Mass % 

of scan 1  

Mass % of 

scan 2  

Mass % 

of scan 3 

Mass % 

of scan 4 

Error %  Maximum 

% 

Na 0.31 0.45 0.56 0.51 0.26 0.56 

Mg 0.05 0.05 0.15 0.26 0.17 0.26 

Al 0.01 0.01 0.04 0.18 0.15 0.18 

Si 0.00 0.00 0.00 0.01 0.11 0.01 

P 0.46 0.63 1.88 2.24 0.14 2.24 

S 0.24 0.20 0.49 0.31 0.11 0.49 

Cl 0.53 0.61 1.35 1.01 0.13 1.35 

K 0.58 0.80 2.08 1.83 0.18 2.08 

Ca 0.00 0.00 1.23 3.23 0.18 3.23 

V 0.00 0.00 0.01 0.00 0.29 0.01 

Cr 0.01 0.00 0.00 0.00 0.58 0.01 

Mn 0.00 0.00 0.04 0.00 0.40 0.04 

Fe 0.01 0.00 0.01 0.01 0.49 0.01 

Cu 0.04 0.00 0.12 0.04 0.86 0.04 

Zn 0.08 0.03 0.05 0.01 1.02 0.08 

Sr 0.05 0.00 0.00 0.00 0.36 0.05 

As 0.00 0.03 0.00 0.00 3.17 0.03 

 

Table 5.2 Precision ranges of elements of the Cow’s milk obtained using the 

EDX spectroscopy. 

Type Element Range of mass % 

Major elements Ca, P, Na, K, Cl
 
, Mg, S  0.26-3.23 

Essential trace elements V, Cr, Mn, Fe, Cu, Zn 0.01-0.08 

Non-essential trace 

elements 

Al, Si, Sr, As  0.01-0.18 

 

Elemental composition of the surface cow milk particulates have been shown 

as spectra in Fig.5.2. The straight up axis shows the numeral of x-ray counts 

whereas the x-axis shows energy in KeV. Detection lines express the energies 
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giving out by the elements has been exhibited and matches up with peaks in 

the spectrum. The percentages of several elements including metals and 

nonmetal (major, essential trace and non-essential ultra trace elements) were 

observed at different sites of the sample have been mentioned in the Tables 5.1 

and 5.2 applying Standard less Quantitative Analysis with ZAF correction 

Method. All the estimated elements showed variation in their amounts in the 

different scan. Some of the elements were found in all four scans whereas 

others were recorded in only one or two scans. Scan1 and scan4 gave 

quantitative information about 12 elements; scan2 estimated 8 elements and 

scan3 showed percentages of 13 elements. The ranges of percentages of major, 

trace and toxic elements were depicted in Table 5.2. 

Ca, which is rich in milk was estimated in two scans (3
rd

 and 4
th

 scans); but 

fairly high percentage among all elements. P was measured in all scans and 

highest in the 4
th

 scan, but its percentage was noted as the second highest after 

Ca. Percentages of electrolytes such as Na and K differed in all trials and their 

ranges were: Na 0.31 - 0.56% and K 0.58 - 2.08%.  Trace elements were found 

in the range of 0.01 - 0.08% (Table 5.2). Nevertheless, the quantities of 

essential trace elements (V, Cr, Mn, Fe, Co, Cu and Zn) were much lesser than 

that of the major elements. Fe and Cu were found in three trials, but 

percentage of Fe was uniform and comparatively low. The percentages of Zn 

varied considerably but the maximum was measured as 0.08%. The 

percentages of Al were observed in all scan in the range of 0.01-0.18. 

However, other non-essential trace elements (Si, Sr and As) were observed in 

only a single scan. Si was measured in scan4 whereas Sr and As were found in 

scan1 and scan2 respectively as indicated in Table 5.1, but their levels were 

less than those of the  major elements and higher than those of essential trace 

elements.                            

5.5 Conclusion 

 In the light of results it is concluded that the concentration of elements in the 

sample was not homogeneous in all particles. Results also showed that this 

technique is adequate for qualitative measurement of elements in the milk 

sample. In contrast, quantitative measurement through EDX was satisfactory 

for measurement in comparison to other quantitative techniques. 
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Chapter 6 
General Discussion and 
Conclusion 

 Industrialization and urbanization have a great influence on the atmosphere as 

well as on bio-system’s tolerance and vulnerable ultimately to human health. 

Milk is a multinutritive wholesome diet in food commodities because of its 

valuable ingredients ideally quantized makes it precious alone or a part of food 

globally. Despite the fact that milk can transmit several diseases such as 

tuberculosis, brucellosis, diphtheria, scarlet fever, and Q fever to humans 

especially children. Recent investigations on epidemics have established the 

correlation pertaining to numerous diseases in human in particular 

neurological disorders, heart and renal diseases, several types of carcinomas 

and persistence of heavy metals like Cd, Cr, Hg and Ni (Xia et al., 1988 and 

Goldberg et al., 1990). Vidovic et al., (2005) proved the reality subsequent to 

three years study that local atmosphere has a major role in heavy metal 

prevalence in chain soil-cattle feed-milk. 

Enhancement of threats against health throughout the globe compels the 

researchers to rationalize facts and figures. In view of the fact that the present 

doctoral thesis focuses on the measurements of quality of varieties of milk in 

Karachi because it is unsuspected fact that the environment of Karachi is 

polluted with heavy metals residues and ideally suited for the growth of 

different types of allergens (Ali 2006). 
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Figure 6.1 Showing means values of physico-chemical parameters of variety 

of milk in Karachi.   

The pH values in all the commodities were found within the reference range 

but trend was noted in the order TWs> PMs > fresh milk. However processed 

milk showed fairly higher values of conductivity, salinity and TDS than the 

others. These three parameters are interlinked as strong relationships were 

noticed in correlation results and depend largely on electrolyte concentration. 

Many studies reported that processed milk or tetra pack milk has high Na 

(sodium) content. Imran et al., (2008) reported elevated level of Na in various 

kinds of tetra packs milk available in Pakistan than the unprocessed cattle 

milk. Another factor involved in imbalance in the levels of electrolytes as a 

result of exogenous administration of oxytocin (Hameed et al., 2010). Even 

though, many health authorities, like US Department of Agriculture & US 

Department of Health and Human Services (1985) and Netherlands Nutrition 

Council (1986), point to the importance of salt restriction for the prevention of 

hypertension which is a significant risk factor for cardiovascular disease and 

strokes (Renner et al., 1989). Processed milk analogues which are widely used 

as tea whitener instead of milk showed slightly lesser specific gravity in 

contrast to other varieties, it may perhaps related to its chemical formulation. 
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Figure 6.2 Showing means of concentration of heavy metals in variety of milk 

in Karachi.   

The results of analyses of 9 studied heavy metals comparable in fresh milk, 

PMs and TWs are shown in Figure 6.2. The obtained analytical results exhibit 

considerable variation in the concentrations of heavy metals among these 

varieties. Therefore, slightly elevated Cr, Mn and Co content was recorded in 

TWs. Relatively fresh milk highlighted as rich Fe and Cd levels whereas PMs 

was exposed as higher levels of Ni, Cu, Zn and Pb.   

         

Figure 6.3 Comparison of heavy metals levels in variety of milk in Karachi 

with the reference.   
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Figure 6.3 provides evidence that all varieties of milk available in Karachi 

showed elevation in the heavy metals levels with respect to reference except 

the levels of Ni and Zn. This elevation is related to several natural and 

anthropogenic factors. Trace elements may enter the milk during milk 

synthesis or by contamination after the milk is removed from the animal; for 

example from metal containers, etc. Animal reared near industrial plants and 

near highways can have higher milk Cd and Pb (Perween et al., 2011). With 

the reference of Chapter 2, main dairy farms existed in Karachi close to the 

industrial areas and along the Lyari River and Malir River in which municipal 

and industrial effluents are discharged up to 75-100 thousand m
3
 daily (Khan 

and Ahmed, 2001). Nergus et al., (2005) exposed that the fodder of Malir 

Farm was found highly polluted with heavy metals owing to irrigation with 

above mentioned waste discharged water. Certainly heavy metals such as Cr, 

Ni, As, Hg, Cu and Pb enter the aquatic segment via discharge of effluent of 

tanneries, textiles, dyes and printing industries ultimately turn into food chain 

along with the associated local biota (EPA, 1990). 

Under this consideration, elevations of Cr level in our results corroborate these 

facts.  However, its chronic toxicity is characterized by renal and hepatic 

damage as well as circulatory and nerve tissue troubles (Lenntech, 2004).  

Common source that responsible to increased Mn level in milk is fodder 

particularly whole grain (Gropper et al., 2005). Mn toxicity can occur in 

individuals with liver failure characterized by Mn accumulation within the 

liver and other organs such as the brain; the latter results in neurologic 

abnormalities (Hauser, et al., 1994; Reynolds et al., 1994). The average values 

of Cr and Mn concentrations in all varieties were found higher than the 

reference but not exceeded the total daily intake of Cr (0.24 mg) and lower 

limit of latest safe and adequate daily dietary intakes of Mn (2.3 mg for men 

and 1.8mg for women) established by Food and Nutrition Board , USA 

(2001).   

The plausible increased levels of Fe, Co and Cu in all varieties are the results 

of utensils employed for milking which are normally made up of steel and 

aluminum alloys but another significant Cu contamination source of milk  

occurs through higher level in cattle drinking water and feed (Kazi et al., 
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2009; Zodape et al., 2012). However, Fe is an essential heavy metal and found 

as trace amount in milk so bioavailability increases due to fortification. Owing 

to PM6 iron-fortified sample of Nestle was exposed as it provides sufficient 

level of Fe as RDA proposed by The National Academy of Sciences, USA 

(section 1.6.3 and 4.3) and appeared to diminish the threat of milk anemia.  

Overall results of fresh milk, Co was found higher than the lower limit of 

dietary Co intake, while PMs and TWs showed more than the upper dietary Co 

intake. Although, it is well recognized that Co and Co compounds can be 

carcinogenic if it available in ionic form (section 1.6.4).  

The present study results revealed that fresh milk exposed as slightly more 

contaminated with Cd as compared to the other varieties but collectively 

greater than the reference level. Fortunately, level of Cd in all varieties did not 

cross the tolerable level set by the Croatian legislation (section 1.6.8). Cd is 

bound to metallothionein (MT), a small, cysteine-rich metal-binding protein 

(Klaassen et al., 2001). Cd cannot pass through the placental membrane and 

hence new born babies are free from Cd but increases with age causing 

injurious effects like kidney damage, cancer, fatal diarrhea and vomiting 

(Nergus et al., 2005).  

However, it is worth mentioning that findings of Cd in fresh milk were 

comparable with the data of various cities of the country. Cd and Pb levels in 

fresh milk available in Faisalabad and Jhang cities were found more 

contaminated than the fresh milk of our studied city (Table 1.5). In 

comparison, concentrations of Cd was less than the reported concentrations 

while Pb was substantially higher than the reported one in processed milk 

samples and fresh milk samples available in neighboring city of Karachi 

(section 4.3 and Table 1.5). Comparatively, Pb contamination in fresh milk 

was found fairly lower than the highly polluted bovine fresh milk of 

Faisalabad city (Table 1.5). Nevertheless, our results concerning to Pb 

concentration exceeded the tolerable level as set by the Croatian legislation 

(section 1.6.9) but resembles with the reported results of Jhang, Pakistan; 

Mumbai, India and cities of Iran (Table 1.5).  

Pb does not break down in the environment and this potent neurotoxin can 

harm the nervous system, leading to depression, reproductive complications 
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and kidney failure especially in young children. Children under the age of 6 

and unborn fetuses even with low blood level of Pb are particularly vulnerable 

to nervous system impairment, low IQ, shortened attention span, 

hyperactivity, hearing damage and various behavioral disorders (section 

1.6.9). Karim et al., (2013) and Karim and Qureshi (2014) reported higher 

pollution of atmosphere of Karachi with Pb associated with the principal 

sources emitting Pb is the exhaust from automobiles and industries. Another 

survey on air pollution of Karachi reported that urban air comparatively more 

polluted with Pb (Ghauri et al., 1994). Ul-Haq et al., (2011) reported mild to 

severe higher level of Pb contamination with respect to WHO guidelines of 

drinking water supply in Karachi. 

Biologically important correlation matrix exhibited by Co that showed 

correlation with Ni in PMs and TWs. Zn exhibited significant relationships 

with various metals such as Fe and Pb in PMs and TWs while with Ni in fresh 

milk samples. Several studies reported that Co, along with Mn and Ni can 

substitute for Zn in the metalloenzymes, angiotensin-converting enzyme 

(Bicknell et al., 1987), carboxypeptidase (Auld and Holmquist, 1974) and 

carbonic anhydrase (Lindskog, 1983). Milk is an important source of dietary 

Zn. Zn and Fe interact and may negatively impact each other’s bio-absorption. 

Inhibition of Zn absorption is most common when the amount of non-heme Fe 

exceeds. However, when the same ratio of both elements was given with a 

meal, no inhibitory effects were demonstrated (Sandstrom et al., 1985). With 

respect to Ni, it appears to affect Zn metabolism, possibly by causing 

redistribution of Zn in the body (Neilsen, 1984). Pb inhibits the activity of ∆-

aminolevulinic acid anhydratase (a Zn-dependent enzyme), its conversion to 

protoporphyniogen to protoporphyrin IX. Thus the biosynthesis of heme is 

inhibited, leading to anemia that could be problematic in children (Goyer, 

1995).     

Collectively, there were nine and five genera of fungi were isolated from fresh 

milk samples and PMs and TWs samples respectively. The results of 

mycobiota revealed that Aspergillus species (A. flavus and A. niger) were most 

abundant in all varieties of milk samples as the airspora of these fungi is 

dominant in the atmosphere of Karachi city (Rao et al., 2009). Iram et al., 
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(2013) reported that these species possess extraordinary tolerance tendency 

against municipal and industrial sludge irrigated soil. It is the major toxigenic 

fungi (D’Mello and Macdonald, 1997) that produces aflatoxins which are 

mycotoxins produced as carcinogenic, teratogenic and mutagenic secondary 

metabolites (Frisvad et al., 2005).  Younus et al., (2014) reported that bovine 

milk available in Jhang, Pakistan was found highly contaminated with 

aflatoxin M1. In this study, most of the fungal species isolated from the fresh 

milk and PMs showed marked similarity with those reported for the 

unprocessed and processed bovine milk of many other countries (Table 1.7). 

Results of total bacterial count in majority of fresh milk samples were 

satisfactorily fulfilling the criteria of good quality milk on comparing the 

regulatory limits set by USA for total bacterial counts for A grade raw milk. In 

contrast, all PMs showed poor hygienic conditions with respect to total 

bacterial counts which are indicated the pot pasteurization contamination and 

defects in infrastructure of processing system. 

 Results obtained from four trials of SEM-EDX, showed that this technique is 

suitable for qualitative measurement of elements in the milk sample. In 

contrast, quantitative measurement through EDX was satisfactorily 

appropriate for measurement as compared to other sophisticated analytical 

techniques. 

Conclusion  

Drinking milk may play an extremely important role in detoxification of Pb 

before its penetration in the muscles. Increased levels of other trace metals 

also may cause a number of diseases and harmful effects. Application of Pb 

free fuel and paint, and evading industrial sludge contaminated feed may 

potentially result in better quality milk. The results also revealed that 

mycotoxogenic fungi cannot be easily avoided from fresh or processed milk 

and beside today’s commercial vogue product tea whitener which would have 

consequences in public health hazards.  Moreover, it is worth mentioning that 

by healthy constituents like iron fortification of bovine milk minimizes the 

injurious effects of many toxicants and anemia especially in children. This 

study highlighted the need for improvement in extrinsic factors and in the area 

of packaging material that permits the deleterious metals and fungal spores. Analysis 



139 
 

of mycotoxins should be performed for each batch before releasing them in the 

market. 

Results of SEM-EDX showed that this technique is inadequate for quantitative 

measurement of elements in the milk in comparison to other quantitative 

techniques. 

Recommendations 

1.  Remarkable variation in concentrations of considered heavy metals signifying 

necessitates for more comprehensive studies pertaining to feeding and 

processing strategies.  

2. To promote environment friendly practices such as increasing effective waste 

water treatment plants, renovation of vehicles from green fuel and 

improvement in transport system to enhance indirectly the realistic standard of 

heavy metals levels in milk and dairy products as well. 

3. Improve the extrinsic factors such as milk containers, refrigeration, 

transportation, processing and packaging of processed milk.         

4. Make effective regulatory agency, quality control system and inspection 

system to maintain quality standards at government level. 

5. Acknowledge the labors or milk handlers and raw milk producers to conduct 

appropriate training with respect to hygienic cattle raising, feeding and 

handling of raw milk would more beneficial.  

6. Dairy science should be included as a subject in educational institutions which 

may support the high quality milk production and GDP.  
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