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ABSTRACT

Milk products contain important nutrient elements and are mostly consumed in developing countries. Good quality
control is very essential in the production and processing of powdered milk products, also transportation and
storage conditions might have effects on composition of these products. The deficiency or excess of any of the
mineral elements in powdered milk may create significant health problems for the consumer. In this study, the
concentration levels of some mineral elements in different brands of powdered milk sold in India were determined
using Atomic Absorption Spectrometer (AAS). The calcium, iron and zinc concentrations have been found higher
in powdered milk samples in comparison of pasteurised milk samples.
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INTRODUCTION

Milk is widely consumed food product for both adults and children, while formula milk may constitute a major
nutrient source for infants. Furthermore, milk and milk powdered are used widely in the food industry for the
production of other foods. Because of its nutritional importance and widespread consumption, regulations in many
countries necessitate that the quality of the milk is routinely monitored. Milk is a complex, bioactive substance
that promotes growth and development of human beings. Although, milk is an ideal source of macro elements
(Ca, Kand P) and microelements (Cu, Fe, Zn and Se), additional amounts of contaminant metals might enter milk

and dairy products reaching levels that are harmful to humans (1), Both dairies and food manufacturers need to
carry out the analysis of major, trace and contaminant elements in milk and milk powder to fulfil requirements
for labelling purposes, monitor nutritional quality, and safeguard against contamination by toxic elements. In
Europe, regulation such as commission regulation (EC) No 1881/2006 set out maximum levels for some
contaminants in food. Similarly, in India, Food Safety and Standard Regulations (FSSI) address maximum
permitted levels by element over a variety of food group.

Powdered milk has been produced using different techniques. The production method and stages employed makes
the whole milk susceptible to contamination and having the required essential element. Most of the powdered

milk available in market is produced from cow’s milk (2). Milk powdered contains on average 25-27% protein,

37- 38% carbohydrates, 25-28% fat, and 6-7% (ash) minerals (3). Essential elements in powdered milk are
sodium, potassium, calcium, phosphorus and magnesium. Metals present in milk powdered which are well below
50 mg/kg can be referred to as trace metals. These metals have some nutritional or toxicological significance.
For instance, iron, copper and zinc are found to be necessary in certain qualities in food. These elements can
cause ill effect when consumed at higher levels. Moreover, metals such as lead, cadmium, mercury and arsenic

are found to be toxic even at low levels of 10-50 mg/kg (WHO,1996) 4,

The presence of heavy metals in milk and powdered milk may be attributed to the contamination of the milk

during lactation, through feeding stuff, pesticides and water ®), Heavy metals are non- biodegradable in nature
and become accumulated in the food chains via bio- transformation, bio- accumulation and bio-magnifications

(6). Lead and Cadmium heavy metals are non- essential and have no biological effect (7). Accumulation of lead
produces damaging effects in the hematopoietic, haematic, renal, gastrointestinal systems (®),

In this study, the levels of Zinc (Zn), Copper (Cu), Iron (Fe) and Calcium (Ca) in pasteurised liquid and powdered
milk samples were investigated.
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MATERIALS AND METHODS
Collection of powdered milk samples
The collected powdered milk samples and packed liquid milk samples were purchased from the market.

Sample digestion prior to analysis
For determination of metal concentrations, all digestion beakers were first washed and rinsed with de-ionized
water and then kept in an oven for drying.

For powdered milk samples, 0.6 g and for liquid milk samples, 10 ml samples were taken and transferred to dried
beakers. 15.0 ml of concentrated HNO3 and 4.0 ml of HCIO4 were added to digest the samples. The digestion

beakers were placed in an oven at 200 © C for 15 min. The mixture was allowed to cool and then filtered through
a Whatman filter paper into a 50 ml standard volumetric flask. The filtrate was diluted to 50 ml with de-ionized
distilled water.

The digested milk samples were analysed for zinc, copper, iron and calcium by an Atomic Absorption
Spectrometer [Perkin- EImer (Germany) Model no. Aanalyst100]. Hollow cathode lamps of Zn, Cu, Fe and Ca
were used at specific wavelength of every metal. Measurements were done against metal standard solutions
(Merck).

zZinc (Zn)
The digested milk samples were analysed by Atomic Absorption Spectrometer for Zn metal on air-acetylene flame
at wavelength 213.86 nm.

Copper (Cu)
The digested milk samples were analysed by Atomic Absorption Spectrometer Cu metal on flame at wavelength
324.74 nm.

Calcium (Ca)
The digested milk samples were analysed by Atomic Absorption Spectrometer for calcium metal using Nitrous
oxide-acetylene flame at wavelength 423 nm.

Iron (Fe)
The digested milk samples analysed by Atomic Absorption Spectrometer for Iron metal on air-acetylene flame at
wavelength 248.3 nm.

RESULTS AND DISCUSSION
The results obtained after the analysis of various parameters in powdered milk samples from India have been
summarized in tables and figures, separately.

Table 1: The various powdered milk samples selected for analysis

S.No. Powdered Milk Samples Liquid Milk Samples
1. Powdered Milk Sample 1 (PMS1) Liquid Milk Sample 1 [SLMS(S1)]
2. Powdered Milk Sample 2 (PMS2) Liquid Milk Sample 2 [LMLMS(S2)]

3. Powdered Milk Sample 3 (PMS3) Liquid Milk Sample 3 [LLMS (S3)]

4, Powdered Milk sample 4 (PMS4) Liquid Milk Sample 4 [SLMS (S4)]

5. Powdered Milk Sample 5 (PMS5) Liquid Milk Sample 5 [PLMS (S5)]

6. Powdered Milk Sample 6 (PMS6) Liquid Milk Sample 6 [CLMS (S6)]
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Table 2: Iron concentrations in powdered milk samples

S.No. Samples Concentration(pg/g)
1 PMS1 756.00
2 PMS2 241.91
3 PMS3 213.66
4 PMS4 166.16
5 PMS5 140.66
6 PMS6 163.75

Table 3: Copper concentrations in powdered milk samples

S.No. Samples Concentration(pg/g)
1 PMS1 6.58

2 PMS2 0.25

3 PMS3 NA

4 PMS4 NA

5 PMS5 NA

6 PMS6 NA

Table 4: Zinc concentrations in powdered milk samples

S.No. Samples Concentration(pg/g)
1 PMS1 61.41

2 PMS2 NA

3 PMS3 92.33

4 PMS4 71.66

5 PMS5 79.16

6 PMS6 78.16

Table 5: Calcium concentrations in powdered milk samples

S.No. Samples Concentration(pg/g)
1 PMS1 4166
2 PMS2 4833
3 PMS3 5416
4 PMS4 4583
5 PMS5 4083
6 PMS6 2916
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Fig. 1: Iron concentrations in powdered milk samples
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Fig. 4: Calcium concentrations in powdered milk sample
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Table 6: Calcium concentrations in liquid milk samples

S.No. | Samples Concentration(pg/g)
1 SLMS(S1) 590
2 LMLMS(S2) | 555
3 LLMS(S3) 420
4 SLMS(S4) 400
5 PLMS(S5) 380
6 CLMS(S6) 540

Table 7: Zinc concentrations in liquid milk samples

S.No. Samples Concentration(pg/g)
1 SLMS(S1) NA
2 LMLMS(S2) 4.82
3 LLMS(S3) 9.225
4 SLMS(S4) 7.895
5 PLMS(S5) 9.365
6 CLMS(S6) 8.315

Table 8: Iron concentratio

ns in liquid milk samples

S.No. Samples Concentration(pg/g)
SLMS(S1) 18.455
2 LMLMS(S2) | 12.75
3 LLMS(S3) 15.03
4 SLMS(S4) 13.735
5 PLMS(S5) 12.145
6 CLMS(S6) 10.905

Table 9: Copper concentrati

ons in liquid milk samples

S.No. Samples Concentration(ng/g)
1 SLMS(S1) 0.01
2 LMLMS(S2) | 0.3
3 LLMS(S3) 0.345
4 SLMS(S4) NA
5 PLMS(S5) NA
6 CLMS(S6) 0.06
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Fig. 5: Calcium concentrations in liquid milk samples
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Fig. 6: Zinc concentrations in liquid milk samples
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Fig. 8: Cupper concentrations in liquid milk samples

The results show that the minimum iron concentration (140.66 pg/g) have been found in powdered milk
sample 5 (PMS5) while maximum iron levels (756 pg/g) have been found in the powdered milk
sample1(PMS1). The results show that sample 1 contains the highest levels of iron. The copper concentration
has been found only in the powdered milk sample 2 (PMS2) (6.58ug/g) have been found at the site of
Powdered Milk Samplel(PMS1). Of PMS1 and PMS2 with high difference range. The minimum zinc
concentration (61.41pug/g) have been found in powdered milk sample 1(PMS1) whereas maximum
concentration (92.33 pg/g) have been found in powdered milk sample 3 (PMS3). The minimum calcium
concentration (2916 pg/g) have been found in powdered milk sample 6 (PMS6) whereas maximum levels
(5416pg/g) have been found in powdered milk sample3 (PMS3).

The minimum iron concentration (10.905 pg/g) have been found in pasteurised milk sample 6 (CLMS6) while
maximum iron levels (18.455 pg/g) have been found in the liquid milk samplel(SLMS1). The minimum
copper concentration (0.01 pg/g) have been found in pasteurised milk sample 1 (SLMS1) while maximum
copper levels (0.345 pg/g) have been found in the pasteurised milk sample3 (LLMS3). The minimum zinc
concentration (4.82 pg/g) have been found in pasteurised milk sample 2 (LMLMS2) while maximum zinc
levels (9.365 ug/g) have been found in the pasteurised milk sample 5(PLMS5). The minimum calcium
concentration (380 pg/g) have been found in pasteurised milk sample 5 (PLMS5) while maximum calcium
levels (590 pg/g) have been found in the pasteurised milk sample1(SLMS1).

It has been found that iron and calcium concentrations are much higher in powdered milk samples as
compared to pasteurised milk samples. Copper concentrations have been found in almost all pasteurised milk
samples with low values while copper levels are not found in most of the powdered milk samples. Zinc levels
are also found higher in powdered milk samples in comparison of pasteurised milk samples.

CONCLUSION
Finally, it is observed and concluded that powdered milk samples are rich in calcium, zinc and iron essential
metals and is more suitable milk product in case of minerals deficiency for human.
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