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Abstract

According to the World Health Organization, breastfeeding is the healthiest and safest option for newborns.
Infant formulas continue to be a great substitute for breast milk and serve a crucial function in the baby's
nutrition. Purified bovine milk, protein, lactose, vegetable oils, and vitamin/mineral premixes are the main
components of baby formulae. Due to the possibility that adding extraneous ingredients or serving sizes may
have an impact on a baby's physiological and metabolic processes. In ten samples of powdered infant milk
formulas (0—6 months) available on the Libyan market, the concentration of many elements, including sodium,
potassium, calcium, iron, and magnesium, was measured using a flame photometer. The results were compared
to the label values.

The results of this investigation, which took place in 2024, showed that while the contents of zinc, iron, and
magnesium were lower than those stated on the label in all formulas and below Codex alimentarius
requirements, the contents of sodium, calcium, and potassium were more than those declared on the label in all
formulas and met Codex alimentarius requirements.
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Introduction

Literature Review

Since newborns have limited dietary options, appropriate nutrition is crucial for their growth and development
throughout the first year of life. If a vital nutrient is absent or unavailable, the body cannot perform its functions
as intended [2] Developed and marketed for feeding to infants, infant formula is a synthetic form of breast
milk. It is based on the milk of cows or other animals, or a mixture thereof, and other ingredients that have been
proven to be suitable for infant feeding. Strict quality assurance compliance is required at two levels: first,
during processing in the industry, and second, during preparation at home [1].

Despite the fact that breast milk has greater health advantages than baby formula, many parents nevertheless
prefer the latter. Good baby formula is implied by milk that is both nutritionally and microbiologically sound.
The original flora of raw milk and the processing circumstances have an impact on microbiological quality [3].
In research conducted by [4], the physiochemical parameters (moisture, protein, fat) and important elements
(Ca, Cu, Fe, Mg, Mn, Na, K, Zn) of newborn milk formulaec were measured and compared with information
verified by the product makers. There are no discernible changes between the measured and labeled values,
according to the data. According to this survey, most milk formulae available in Kuwaiti commercial
marketplaces satisfy children's nutritional needs. in the year of their initial growth.

[5] examined the protein, fat, carbohydrate, lactose, calcium, iron, and zinc levels of fifteen samples of baby
formula in Saudi Arabia. While the lactose concentrations of the majority of the milk formulae under
investigation were greater than those listed on the label, the carbohydrate and fat amounts were lower. The
label's specified amounts of protein and minerals were met.

[6] used flame atomic absorption spectrometry to analyze eleven infant formulae for the level of Ca, Mg, Na,
and K in Lublin. The current study's findings were contrasted with values listed on product packaging by the
manufacturers. Certain differences between the compared numbers were discovered in a few instances.
Additionally, research was conducted for this article to ascertain the major and minor element contents of
several milk samples that were sold in Romania's largest grocery chains. The components in this matrix were
quantitatively determined using Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES).
Following the samples' chemical mineralization with nitrogen acid, analyses were carried out. 0.4 to 7.03 ng/g
were the detection limits, according to [7].

[8] used energy-dispersive X-ray fluorescence (EDXRF) spectrometry to measure the amounts of K, Ca, Fe, Zn,
Br, Rb, and Sr in 28 newborn milk formulas that are widely available in the Greek market. These results are in
line with the safety levels that are currently advised.

Materials and methods

Sampling

Ten samples of infant formula milk, also known as regular formula, ranging in age from birth to six months,
were gathered from pharmacies in the Libyan market for the study. These samples are listed in Table 1 and were
selected based on market availability and usage. All of the samples were powder cow milk-based formulae, and
each sample underwent three tests using a Flame Photometer (Type BWB).

Preparation of Samples

The samples were broken down in accordance with [9] instructions. After drying, it was ashtened for four hours
at 550°C. 10 ml of 6 N HCI were added to the sample when it had cooled, and the mixture was evaporated until
it was completely dry. The residue was dissolved in 0.1N HNO; and filled to the 100 ml flask mark with
deionized water. A flim atomic absorption spectrophotometer was used to determine the analysis.

Tablel. Samples and country of origin of infant formula used in the study

sample No country of origin
1 Switzerland
Belgium
Europe
Belgium
Switzerland
Holland
France
France
Switzerland
France
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Result and Discussion

Table 2. Elements contents mg/100g the value on label

Given value on label
Elements (mg/100g)
Na K Ca Mg Fe Zn
Samples

1 150 520 350 40 5.80 4.50
2 182 511 425 44 3.30 4.40
3 159 518 438 39 3.90 3.50
4 180 580 500 41 5.20 3.80
5 150 520 350 40 5.80 4.50
6 155 500 385 46 6.00 4.60
7 120 515 450 55 6.00 6.00
8 159 515 445 39 3.80 3.50
9 180 520 400 40 5.00 4.50
10 150 520 350 40 5.80 4.50

Table 3. Results of the Elements contents (mg/100g) in 10 infant's milk powder Samples in market Libya.

ents Na K Ca Mg Fe Zn
Samp “Mean £ SD Mean + SD Mean = SD Mean+ SD | Mean £SD | Mean £ SD

1 115.4242.848 | 552.5347.572 | 325.37+413.83 | 27.13£2.033 | 0.284+0.029 | 1.74£0.100
2 209.93+6.799 | 621.1+7.850 | 636.33 £20.805 | 32.53+0.475 | 0.09+0.017 | 2.240.200
3 213.23+£2.554 | 623.8+13.809 638.946.842 | 34.9740.534 | 0.30+0.006 | 1.8+0.100
4 226.77£5.508 | 645.5+8.118 689.2749.646 | 24.47+0.185 | 2.05+0.121 | 1.64+0.000
5 223.23+4.954 | 683.7+17.156 | 656.77£18.20 | 31.01+0.429 | 0.10£0.000 | 3.5+0.100
6 211.7144.2 | 650.93£10.005 | 725.93+£20.27 | 45.08+0.465 | 0.15+0.01 3.240.100
7 171.534£3.758 | 627.93£8.975 681.243.727 | 49.81+£0.272 | 0.1540.000 | 4.0+£001.0
8 192.9242.972 | 523.03+4.835 | 628.63£19.225 | 45.40+0.542 | 0.20+0.000 1.5+.001

9 142.814+6.199 | 432.53+£16.359 | 591.07+10.09 | 20.31+0.485 | 0.30+0.006 2.0+000

10 110.63+£3.347 | 309.9+3.995 556.0+1.153 15.25+0.283 | 0.35+0.006 | 5.3+0.003

*Values are Means + Standard Deviation. Values in the same column with the same

superscripts are not

significantly different (p< 0.05).

Determination of Sodium Level

Sodium controls blood pressure and volume and aids in the regulation of nutrition absorption [11]. The sodium
content of baby formulae ranged from 110.6343.347 to 115.42+2.848 mg/100g, as shown in Table (3) and
Figure (1). Sample No. 4 had the highest sodium content, at 115.42+2.848 mg/100g, while Sample No. 10 had
the lowest, at 110.63+£3.347 mg/100g. With the exception of Samples No. 9 and 10, where the sodium amounts
were less than those stated on the label, all formulae had higher sodium concentrations than those claimed
(Table 2). The Codex Alimentarius specifies that the sodium concentration in baby formulae ranges from 20 to
60 mg/100 kcal, or 133.2 to 399.6 mg/100g[14]. With the exception of samples nos. 1 and 10, which had low
amounts, all of the samples in this investigation had sodium contents that met Codex alimentarius criteria.
Research by [4] reported salt concentrations ranging from 75 to 108 mg/100 g, which is less than what the
current investigation found. Similar to this study, another Brazilian study found that the salt level ranged from
118 to 180.3 mg/100g. [10].
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Figure 1. contents of Sodium in infant's milk powder Samples(mg/100g)

Determination of Potassium Level

The primary intracellular cation is potassium, which also plays a role in intracellular osmotic activity and
partially regulates intracellular fluid volume. [11]. The potassium concentrations of baby formulae varied from
3.9954309.9 to 683.7+17.156 mg/100g, as indicated by table (3) and figure (2). The potassium content in
sample no. 5 was found to be at its greatest value of 683.7+£17.156 mg/100g, while sample no. 10 had the lowest
value of 3.995+£309.9 mg/100g. With the exception of Samples No. 9 and No. 10, which had lower potassium
amounts than those listed on the label, all formulations had higher potassium values than those listed (Table 2).
The Codex Alimentarius specifies that the potassium concentration in baby formulae ranges from 60 to 160
mg/100 kcal, or 399.6 to 1065.6 mg/100g[14]. In this analysis, the potassium amounts of every sample met
Codex standards. All samples met Alimentarius criteria, with the exception of Sample No. 10. The potassium
concentrations in the Egyptian study ranged from 643.05 to 842.35 mg/100 g, which was greater than the
findings of our study by [10&12] found that the potassium concentration in this research ranges from 331.7 to
396.9 mg/100g.

700 A
- 600 o
S
S 500 -
]
%)
£ 400 -
(%]
T 300 -
[
o
<
o 200 -
o
= 100 -

0 - B k contents in
1 2 3 4 5 6 7 8 9 10 Samp|es
Samples M K contents value on
lable

Figure 2. contents of Potassium in infant's milk powder Samples(mg/100g)

Determination of Calcium Level

Infant formula with adequate amounts of calcium is very beneficial for infant growth and development, because
approximately 99% of calcium is found in the skeleton with only small amounts found in plasma and
extravascular fluid [4]. The calcium content of infant formulae ranged from 325.37+13.823 to 725.93+£20.237
mg/100g, as shown in Table (3) and Figure (3). With the exception of Sample No. 1, which had somewhat less
calcium than what was stated on the label, all formulae had higher calcium amounts than what was stated on the
label (Table 2). Sample No. 6 had a high Ca concentration of 725.93+20.237, whereas Sample No. 1 had a low
Ca content of 325.37+13. 823.Infant formulae listed in the Codex Alimentarius have calcium concentrations
ranging from 50 to 140 mg/100 kcal, or 333 to 932.4 mg/100g [14]. Except for Sample No. 1, which had a
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somewhat low concentration, all of the samples in this investigation had calcium contents that complied with
Codex Alimentarius criteria.

Determination of Magnesium Level

Magnesium is an essential component of many different enzymes, modulators of physiological processes, and
plays a crucial role in many aspects of intermediate metabolism. [11]. An insufficient amount of magnesium in
neonates might result in SIDS. However, according to [13], taking more magnesium than is advised might cause
nausea, [10]. The magnesium concentrations of baby formulae varied from 15.25+0.283 to 0.272+49.81
mg/100g, as indicated by tables (3) and figure (4). Sample No. 10 had the lowest magnesium concentration,
whereas sample No. 7 had the highest. All formulae had lower magnesium amounts than those listed on the
label, with the exception of the Bebelac formula, which had greater magnesium concentrations. Infant formulae
listed in the Codex Alimentarius have magnesium concentrations ranging from 5 to 15 mg/100 kcal, or 33.3 to
99.9 mg/100g [14]. The majority of the study's samples had low magnesium concentrations. Low magnesium
concentrations were found in another investigation, ranging from 30 to 32 mg/100g. Research by Kotb et al.
(2016) found that the magnesium concentrations in the range of 44.62 to 63.67 mg/100g were greater than those
found in [10].
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Figure 4. contents of Magnesium in infant's milk powder Samples(mg/100g)

Determination of Iron Level

For the transportation, storage, and use of oxygen during childhood, iron is necessary. [10]. The iron
concentration of baby formulae varied from 0.09+0.017 to 2.05+0.0121 mg/100g, as indicated by table (3) and
figure (5). The sample No. 4 had the greatest iron concentration value, 2.05£0.00 mg/100g, whereas sample
No.2 had the lowest iron concentration value, 0.09+0.017 mg/100g. According to Codex Alimentarius, the iron
concentration in baby formulae ranges from 0.3 to 1.3 mg/100 kcal, or 1.99 to 8.66 mg/100g[14]. All samples
had low iron concentrations, with the exception of Sample No.4, which complies with Codex Alimentarius
standards.
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Figure 5. contents of iron in infant's milk powder Samples(mg/100g)
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Determination of Zinc Level

Zinc is required for the preservation and functioning of structural enzymes, genic expression control,
neurological development, and gastrointestinal digesting [10], On the other hand, too much zinc can lower the
body's iron content and cause neutropenia or microcytic anemia. Furthermore, [12] found that zinc and
magnesium compete for absorption in the intestines and in the structural elements of the bone.Figure (6) and
Table (3). The zinc concentration in samples 1,3,4 and 8 was comparable, ranging from 0.+1.501 mg/100g to
0.1£1.800 mg/100g. The Zinc levels in baby formulae varied from 1.5+£0.001 to 5.3+£0.003 mg/100g. With the
exception of Sample No. 10, which showed 5.3+0.003 mg/100g, which was higher than the 4.5 mg/100g stated
on the label, the zinc concentrations were lower than those claimed on the label in all formulae (Table 2). Infant
formulae listed in the Codex Alimentarius have Zinc concentrations ranging from 0.5 to 1.5 mg/100 kcal, or
3.33 to0 9.99 mg/100g[14]. Except for Samples No. 7 and 10, which conform to Codex Alimentarius standards,
all of the study's samples had low zinc concentrations. Zinc level was found to be lower in another study by [4],
ranging from 0.8 to 1.3 mg/100g. Zinc levels were greater in another investigation by [12], reporting 10.59
mg/100g.
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Figure6. contents of Zinc in infant's milk powder Samples(mg/100g)

Conclusion
The following conclusions are drawn from this study's use of a flame photometer to measure the following
elements (Na, K, Ca, Mg, Fe, and Zn) in 10 samples of different brands of baby milk powder available in Libya:
1. Generally speaking, the majority of the samples in this investigation met Codex alimentarius standards
for sodium, potassium, and calcium content. However, the amounts of magnesium, zinc, and iron were
low.
2. The quantities of sodium, calcium, and potassium were higher than those listed on the label in every
formula, whereas the levels of zinc, iron, and magnesium were lower.

Recommendation

1. We must promote nursing with breast milk. Infant formulae are an excellent alternative to breast milk
in situations where women are unable to nurse; these formulas should be comparable to nursing.

2. To ensure safer and healthier powdered baby formula products, the nutritional content of all infant
formula products must adhere to the applicable requirements advised by the Codex Alimentarius
Commission and the Global Standard for the content of baby Formula.

3. A vital stage in quality control and newborn formula is nutrition analysis. To guarantee the authenticity
of the ingredients stated on their label, further research is needed to assess the chemical composition of
baby formulae on a larger number of samples and a wider variety of brands.
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