DETERMINATION OF MICROELEMENTS IN HUMAN MILK AND INFANT FORMULA WITHOUT DIGESTION BY ICP-OES
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Abstract 
Concentration of  Zn, Fe and Cu in human milk and infant formula were determinated using a new sample preparation method. Human milk samples were diluted in Mili-Q water and Zn, Fe and Cu content was measured and compared by ICP-OES and FAAS. Infant formula powderd samples for infant aged 1-6 months from the market and SRM were prepared in a same way.
Results reveal that FAAS is more sensitive for iron determination in human milk samples while ICP-OES was more sensitive for Zn and Cu detection. Limit of quantification (LoQ) for  Zn and Cu was 5 µg L-1, for Fe is 10 µg L-1, recovery for Zn, Fe and Cu was from 85 % to 94 %, 97.3 % to 103.3  and 90 % to 102 %, respectively. Human milk samples from 28 mothers from Institute of neonatology in Subotica, Serbia were analized after method validation. Mean concentration for Zn, Fe and Cu in human milk samples were 5.35, 0.47 and 0.83 mg L-1 respectively.
Proposed method of water dilution of milk samples showed simplicity, rapidity, effectivness and accurace, despite the sample complexity. ICP-OES is showed as a better method for Zn determination, FAAS for Fe and for Cu, there is no statistically significant difference between this two methods.
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1. Introduction
Human breast milk is considered as a complex mixture of nutrients. World health organization recommends breast milk as the ideal food for growth of infants under 12 months of age.1 Human milk contains almost all essential components (minerals,  vitamins, essential amino and fatty acids) as a protective factors required for development and normal growth of newborns.2-5 Micronutrients are main constituent of the huge number of molecules such as structural protein source of actors involved in the enzymatic catalysis. Zinc, iron and copper are essential microelements for the normal infant growth. ESPGHAN proposed some standards for compositional requirements for infant formula. It is recommended 0.5-1.5mg of Zn and 0.3-1.3mg of Fe in 100kcal of infant formula.6 Human milk in a early childhood, first few months of baby´s life, provides protection of immune system and healthy development.7 Zinc is essential micronutrient for many biochemical processes in every organism, especially infants, as a cofactor and constituent of almost 300 enzymes. Zinc participated in DNA metabolism, synthesis and turnover of proteins, lipids, carbohydrates, cell replication, gene replications etc.8 During pregnancy, childhood and adolescence zinc supports healthy development and normal growth.9-11  Copper is very important micronutrient, plays a crucial role in human metabolism allowing many critical enzymes to function properly.12 Copper is responsible for production of myelin sheaths in the nervous system, melanin and helps in normal function of thyroid gland.13 Copper has both an antioxidant and pro-oxidant properties. Another trace element of interest is Fe which is needed for hemoglobin and red blood cell formation, as well as some other important functions in the body, such as biological oxidation10,14 is assumed that human milk exposes some bacteriostatic properties depending of content sand/or bioavailability of iron in breast milk. Many in vivo and in vitro studies have confirmed that iron is a key factor against pediatric pathogens in breast milk.15 Based on a reported facts deficiency or excess amount of these microelements can threaten to enzyme activities and biological processes in the body.16,17 Definition of nutritional requirements as well as physiology of milk secretion for infants is based on appropriate date of micronutrient content in human milk during lactation.
Determination of trace elements content is very important since the examined matrix is very complex emulsion, with low metal ions concentration. In many studies concentration data on some minerals in breast milk, using different analytical technique have been published.18-20 Atomic absorption spectrometry is one of the first used techniques and it is still applied in clinical and dairy products analysis.21 FAAS, EAAS, ICP-OES i ICP-MS are basic techniques used nowadays.22,23 A new method for Cu determination by ZEAAS without sample digestion with minimal preparation, using two chemical modifiers was also established recently.24 Determination of major and trace elements was performed using milk dilution procedure with 5 or 10% v/v water-solubile, mixed tertiary amine reagent at pH 8 by ICP-AES and ICP-MS.25 Despite the fact that  ICP-MS provides results with high sensitivity, accuracy and precision although it is the least applied in clinical laboratories because of high instrument expenses and high working protocols demands.26-28. Neutron activation analysis (NAA) is one of the most sensitive technique, for application in clinical biology, but it is long and inappropriate, which is why it is uncommonly employed.29 
Microwave assisted digestion is the most used sample preparation method for clinical and diary samples.30 Although this technique is fast and simple, consumption of strong acids for sample degradation is needed.
In 28 human milk samples content of Zn, Fe and Cu was determinate as well as in infant formula, for 1-6 months age, purchased from the market, using ICP-OES. Sample preparation was conducted in a easy, fast and cheap way, diluting in Milli-Q water, conductivity < 1µS/cm.

2. Material and Methods
2.1. Sample collection and storage
28 on term human milk samples were taken from healthy mothers, aged 31.2 ± 6, average age 32 years, in a period 1st-4th day after delivery. The samples were taken at the Department of neonatology from Subotica (Serbia) hospital in January 2013. All participants in this study gave written consent for milk sampling and Ethical Committee of Medical Faculty in Belgrade approved research, No.01-434/4, dated 22/05/2012. The study protocol was in -accordance with the guidelines of the Ethical Committee, Faculty of Medicine.
An milk aliquot of 10-20ml was taken from each mother in accordance with the relevant protocol. Every mother has previously cleansed breast and nipples with ultra pure Mili-Q water using protective gloves. Milk was sampled using a manual breast milk pump and/or a passive breast milk sampler. The women were instructed to sample milk both at the beginning and at the end of the breast feeding session. Milk samples are collected in clean, previously washed with Mili-Q water, plastic vessels. Human milk samples were marked and stored at -20ºC before analysis. Infant formula samples, aged 1-6 months were sampled as a random sample from the local markets from five different manufacturers. Prior to analysis human milk samples were defrosted to room temperature, 1ml of milk was diluted to 10 ml with Mili-Q water. Infant formula and SRM samples were prepared: 1g was diluted in 100 ml of Mili-Q water, because of higher concentrations of elements and higher density compared to human milk samples. This methodology involving direct analysis of samples without digestion take in consideration the interferences of the matrix (organic matters) that may occur during the detection of the elements. Using this dilution procedures samples are prepared in a way to be very similar (content of fat, proteins, etc) to enabled to validate the method properly. And even more, the contents of analyzed elements in the samples is similar to the reference material chosen. Zn, Fe and Cu content was determinated after dilution on ICP-OES (inductively coupled plasma-optical emission spectroscopy) instrument by Spectro Arcos-manufacturer with radial plasma view.

2.2. Reagents
All used chemical reagents were of analytical grade. Mix of Zn, Fe and Cu working analytical solutions were prepared after serial dilution of stock reference solution containing 1000 mg L-1 of each element (LGC-ICP-OES stock solution) in a gradient as needed. Reference material National Institute of Standards and Technology (NIST) standard reference material (SRM) infant/adult nutritional formula SRM-1849 was used for accuracy determination of this study.

2.3. Method Validation and Clinical Sample Detection
After calibration curves construction linearity was determined by serial dilution of stock trace element solutions with Milli-Q water. The analytical characteristics, such as precision, analytical sensitivity, accuracy, and detection limit, were then evaluated. The clinical samples were analyzed by ICP-OES by following the guidelines of the manufacturer. 

3. Results and Discussion
3.1. Calibration Curves and Linearity
The calibration curves were prepared by diluting standard mix solution 1000 mg L-1 in Milli-Q water to prepare working standards. For curves construction 0, 0.05, 0.1, 0.5 and 1 mg L-1 standards were used. Surface area versus metal concentration was plotted and calibration curve were constructed. A correlation coefficient of >0.998 was established in method definition as acceptable for the aim of the study. For the studied trace elements, Zn, Fe and Cu, the correlation coefficients were higher than required value for the method. Within the measuring range, the deviations from theoretical values did not exceed 5%, demonstrating a good correlation between the element concentration and surface area. Human milk sample concentrations were higher than the upper limits of calibration, because of that, samples were diluted 10 times, while infant formulas and SRM were diluted 100 times, to appropriate concentration that match the linearity ranges of the calibration curves.

3.2. Precision and Accuracy
There was no suitable reference material for human milk available. Due to this the accuracy of the method was assessed by the SRM. The ICP-OES and AAS results for Zn, Fe and Cu in SRM1849 infant/adult Nutritional Formula and infant formulas (Aptamil, Bebelac, NAN1, HIPP and Impamil Mil1) are summarized in Table 1 and 2. The concentrations obtained by AAS and ICP-OES for SRM 1849 agreed with reference values, showing better results for ICP-OES for Zn and Cu while AAS showed better results for Fe. For each sample, duplication tests were repeated 6 times a day for intra-assays. The standard deviations (SDs) of intra-assays were 4% for Zn, 8% for Fe, and 1% for Cu by ICP-OES and 3% for Zn, 3% for Fe and 0,6% for Cu by AAS. Coefficients of variation (CVs) were acceptable for clinical sample detection (CV<7%). Even CV values showed better results for AAS the recovery for Zn and Cu was better for ICP-OES. Although milk is a complex matrix composed of  proteins, carbohydrates and lipids, study of accuracy showed good recovery on two different pools concentrations (10 and 50 μg L-1) (Table 2). Indeed, average recovery ranged from 85% to 94%  for Zn, 90% to 102 % for Cu by ICP-OES and 97.3% to 103.3 % for Fe by AAS (Table 3) .









Table 1. Detected, certified and labeled values of elements in infant formula and SRM by ICP-OES
	
	Zn
	Fe
	Cu

	
	Detected values mg/100g of powder

	
	Min
	Max
	Mean±SD
	Min
	Max
	Mean±SD
	Min
	Max
	Mean±SD

	SRM
	12.89
	14.25
	13.93 0.4
	13.88
	16.24
	15.47±0.8
	1.83
	2.07
	2.01±0.10

	Aptamil 1
	3.49
	3.71
	3.52 0.2
	3.59
	3.94
	3.78±0.4
	0.26
	0.33
	0.30±0.05

	Bebelac 1
	3.28
	3.55
	3.48 0.3
	3.38
	3.71
	3.63±0.3
	0.26
	0.31
	0.28±0.03

	HIPP
	3.75
	4.10
	3.86 0.4
	3.73
	4.21
	3.89±0.5
	0.25
	0.28
	0.26±0.05

	NAN 1
	4.65
	5.10
	4.75 0.4
	4.45
	4.95
	4.56±0.4
	0.34
	0.41
	0.38±0.05

	Impamil®Mil1
	4.25
	4.85
	4.45 0.2
	3.26
	4.00
	3.37±0.1
	0.30
	0.36
	0.32±0.06

	Certifiedand labeled values mg/100g of powder

	SRM
	15.23±0.5
	17.71±0.3
	2.03±0.04

	Aptamil 1
	3.6
	3.9
	0.29

	Bebelac 1
	3.6
	3.9
	0.29

	HIPP
	4.0
	4.0
	0.27

	NAN 1
	5.4
	5.2
	0.40

	Impamil®Mil1
	4.3
	3.6
	0.36












Table 2. Detected,certified and labeled values of elements in infant formula and SRM by FAAS
	
	Zn
	Fe
	Cu

	
	Detected values mg/100g of powder

	
	Min
	Max
	Mean±SD
	Min
	Max
	Mean±SD
	Min
	Max
	Mean±SD

	SRM
	12.74
	13.14
	12.9±0.3
	17.23
	18.30
	17.74±0.3
	1.82
	2.21
	1.99±0.06

	Aptamil 1
	2.75
	3.21
	3.10±0.4
	3.55
	3.85
	3.61±0.3
	0.27
	0.32
	0.29±0.03

	Bebelac 1
	2.85
	3.15
	3.09±0.4
	3.67
	3.90
	3.75±0.3
	0.25
	0.30
	0.27±0.03

	HIPP
	3.37
	3.75
	3.58±0.3
	3.78
	4.10
	3.95±0.3
	0.21
	0.27
	0.24±0.04

	NAN 1
	4.12
	5.00
	4.55±0.5
	4.98
	5.29
	5.05±0.5
	0.34
	0.40
	0.37±0.02

	Impamil®Mil1
	3.89
	4.15
	4.01±0.1
	3.25
	3.75
	3.55±0.1
	0.31
	0.37
	0.33±0.08

	Certified and labeled values mg/100g of powder

	SRM
	15.23±0.5
	17.71±0.3
	2.03±0.04

	Aptamil 1
	3.6
	3.9
	0.29

	Bebelac 1
	3.6
	3.9
	0.29

	HIPP
	4.0
	4.0
	0.27

	NAN 1
	5.4
	5.2
	0.40

	Impamil®Mil1
	4.3
	3.6
	0.36



Table 3. Recoveries of added (10 and 50 µg/L) Zn, Fe and Cu in milk samples from lactating mothers
	Element
	Min %
	Max%

	Zn
	85
	94

	Fe
	97.3
	103.3

	Cu
	90
	102



3.3. Limits of Detection
The limits of detection (3σ/S) and quantification (10σ/S) are 1.5 and 5 μg L-1 for Zn and Cu and 3 and 10μg L-1 for Fe respectively. According to International Union of Pure and Applied Chemistry (IUPAC) recommendations, detection and quantification limits were calculated where σ is the standard deviation (SD) of the calibration blank (n = 10) and S is the slope of the analytical curve. 

3.4. Clinical sample detection
After method validation 28 human milk samples on a first day after delivery were analyzed for Zn and Cu content by ICP-OES while Fe concentration was measured by AAS. Statistical data were obtained using SPSS statistical software 17.0 version. For evaluation of correlation concentration coefficient for Zn, Fe and Cu in human milk samples it was used Pearson´s correlation coefficient. Descriptive analysis is showed in Table 4, while concentration correlation between Zn, Fe and Cu in Table 5.

Table 4.  Descriptive analysis of for Zn, Fe and Cu in human milk samples
	Element
	Concentration, (mg L-1)

	
	Min.
	Max.
	Mean± SD

	Zn
	2.22
	9.91
	5.35 ± 2,15

	Fe
	0.32
	5.50
	0.83 ± 0,99

	Cu
	0.12
	0.92
	0.47 ± 0,20

	N
	28



Table 5. Correlation concentration coefficient for Zn, Fe and Cu in human milk samples
	Element
	Cu
	Zn
	Fe

	Cu
	1
	
	

	Zn
	-0.135
	1
	

	Fe
	0.116
	-0.069
	1



Based on a data showed in Table 5 there is no statistically significant correlation between Zn, Fe and Cu content in human milk samples (p>0.05). In this study it was used linear regression to evaluate differences between FAAS and ICP-OES. The obtained data showed that ICP-OES method provides statistically significantly higher average values for 9.5 mg L-1 for Zn compared to FAAS (p=0.001). Method FAAS provides statistically significantly higher average values for 23.25 mg L-1 for Fe compared to ICP-OES (p<0.001). For Cu there is no statistically significant difference between both methods (p=0.671).  Figure 1 shows changes in Zn, Cu and Fe concentration in human milk samples on a first day after delivery.
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Figure 1. Concentration of  Zn, Fe and Cu in human milk samples on a first day after delivery. Boxes represent the median and the 25th and 75th percentiles; whiskers represent the non-outlier range. 
 
4. Conclusion
In this study, an fast, easy, economical and simple method for sample preparation is developed (no degradation) to determine essential trace elements in human breast milk, and method evaluation and clinical sample detection on ICP-OES was used for validation of accuracy, the reliability and practicality. In conclusion, the proposed method is simple, economical, accurate, and highly reliable and can be applied for the clinical detection of trace elements in biological samples. There is no statistically significant correlation between Zn, Fe and Cu concentration in human milk samples. Based on obtained data and linear regression it could be concluded that ICP-OES is better method for Zn determination, FAAS for Fe, and for Cu there is no  statistically significant difference between this two methods.
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