Comparison of Nutritional Content in Common Infant Formulas Available in Jordanian Pharmacies


Abstract 
Background: A variety of infant formulas are available in Jordan, which makes the decision of using one formula over another confusing to both parents and physicians. This study aims to assess the nutritional composition of commonly accessible infant formulas up to one year of age. Additionally, the nutritional adequacy of these infant formulas was compared to the standards for infant formula developed by Codex Alimentarius Commission.
Methods: Milk-based infant formulas available in Jordan were investigated. A smart phone camera was used to take images from all sides of each infant formula. The examined formulas were categorized into three groups based on the specified age for use. Energy and nutrient contents for products in each group were tabulated and visualized in graphs.
Results: A total of 33 infant formulas were available in Jordanian pharmacies: 20 for infants aged 0-6 months, five for 0-12 months, and eight for 6-12 months. Most formulas meet the standards of Codex Alimentarius Commission despite the variation of their nutrient composition. Formulas for infants aged 0-6 months are more restricted to contain sufficient amounts of all basic and essential nutrients than formulas intended for 6-12 months. Formulas intended for special medical purposes are more likely to have different composition compared to breast milk and should be used cautiously and only when necessary.
Conclusions: There is no evidence to recommend one brand over another; however, the presence of functional bioactive compounds that can promote infant’s health outcomes is the major factor to prefer one brand over another.
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	1. Introduction
Breastfeeding is the gold standard for infant nutrition, particularly for the first six months of life (Meek and Noble, 2022). Most health organizations, including the World Health Organization, recommend breastfeeding for infants until two years of age (Kramer and Kakuma, 2012). Despite the several health benefits reported for breastfeeding on both the children and mothers (Savino et al., 2013), the global breastfeeding rate remains low (Neves et al., 2021; Zong et al., 2021). In many situations, breastfeeding might not be possible, inadequate, or unwanted, where mothers choose to rely on infant formula to feed their infants. In Jordan, the majority of mothers commence breastfeeding shortly after giving birth (Al-Awwad et al., 2021). However, only a third of them continue with exclusive breastfeeding for the recommended six months. The primary obstacles reported for breastfeeding are maternal employment, cesarean delivery, infant’s hospitalization, inadequate breastmilk supply, and short maternity leave (Khasawneh and Khasawneh, 2017). Therefore, infant feeding using infant formulas is a common practice among Jordanian mothers. 
[bookmark: _Hlk176206212]Commercially available infant formulas serve as an efficient substitute for breastfeeding (Bakshi et al., 2023; Stevens et al., 2009). Over the years, there have been significant improvements in the production of infant formula, aiming to closely mimic the nutritional composition of human breast milk, thereby supporting normal growth and development in infants (Bakshi et al., 2023). All infant formulas should include a protein source, a fat source, a carbohydrate source, as well as a combination of vitamins, minerals, and other essential ingredients (O'Connor, 2009; Owens et al., 2012). In most countries, including Jordan, a wide variety of infant formulas are available in the market from various manufacturers, which makes the decision of using one infant formula over another confusing and difficult to both parents and physicians (O'Connor, 2009). As a matter of fact, standards and guidelines for the manufacturing of infant formulas were developed by the Codex Alimentarius Commission, part of both the Food and Agriculture Organization of the United Nations and the World Health Organization, in 1981 and revised in 2007 (Koletzko et al., 2005; Koletzko and Shamir, 2006; WHO, 2023). These guidelines were implemented to ensure that infant formulas are manufactured to satisfy the nutritional needs of infants during the first months of life up to the introduction of appropriate complementary feeding.
All infant formulas that are available in the Jordanian market are regulated by the Jordan Food and Drug Administration (JFDA, 2017), which requires the manufacturers to provide a certificate proving that their products are compliant with the recommended international code of hygienic practice for foods for infants and children. However, it is a difficult task for the parents in Jordan to choose the best formula for their infants with the presence of different formula products form the same manufacturer and from other manufacturers. 
The purpose of this study was to assess the nutritional composition of the commonly accessible infant formulas in the Jordanian market, which are recommended for term infants from birth until one-year of age. Additionally, the study aimed to evaluate the nutritional adequacy of these infant formulas. Only milk-based infant formulas were included in this study. The outcomes of this study would improve parental comprehension of the nutritional content of infant formulas, aiding both parents and physicians in making informed decisions when choosing among various infant formulas.
2. Materials & Methods:
For the current observational study, three main pharmacies were visited in Irbid city located in the northern region of Jordan. Infant formulas available in these pharmacies were examined, and only milk-based formulas intended for term infants from birth until 12 months were included in this study.  A smart phone camera was used to take images from all sides of each infant formula. The images provided information about the product label on the front and nutrition information on the back side. The examined infant formulas were categorized into three primary groups based on the manufacturer's specified age for use. These include formulas for infants from birth to 6 months, formulas for infants from birth to 12 months, and formulas for 6 to 12 months infants. The energy and nutrient contents for products in each group were tabulated in Excel. The energy content was expressed as kilocalories per 100 mL of the prepared formula (Kcal/100 mL), while the nutrients content was expressed as amount per 100 Kcal of formula milk. Prism8 Graphpad program was then utilized to develop visualized graphs of the tabulated data of nutrients contents. The content data were also compared with the standard requirement for formula milk according to the Codex Alimentarius Commission (WHO, 2023).
3. Results
A total of 36 infant formulas were found available in the Jordanian pharmacies for infants up to one year. Three of these were excluded for being intended for premature and low birth weight infants (i.e., PreNAN® and Similac Neosure®) or are a soy-based formula (i.e., Similac Isomil-1®). Of the 33 formulas, 20 were for infants up to 6 months, five for infants from birth to 12 months, and eight for infants from 6 to 12 months. The prices ranged from 0.8 to 1.4 JD per 100 g of the powdered milk formula (1.1 to 2.0 dollar/100 g) (Figure 1A). 
3.1. Energy and Macronutrients Content of the Infant Formulas 
The energy and macronutrient content of the infant formulas are shown in Figure 1 & Tables S1-S3. All formulas met the standard caloric range of 60-70 kcal/100 mL (Table S3), except Similac Gain® (74 kcal/100 mL), which serves as a follow-on formula for infants over 6 months. Infant formulas are required to include the energy-yielding macronutrients of carbohydrate, protein, and fat within a range of minimum and maximum values for their effectiveness (Table 1) (WHO, 2023). Formulas in the Jordanian market comply with the standard ranges for carbohydrate (9-14 g/100 kcal), protein (1.8-3.0 g/100 kcal), and fat (4.4-6.0 g/100 kcal) (Figure 1 & Tables S1-S3). Only formulas for 6-12 months infants contain higher protein content (> 3g/ 100 kcal) (Figure 1D). 
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Figure 1. The energy and macronutrients contents for the 33 infant formulas available in Jordan. 
The sources of these macronutrients vary among formulas based on their intended use. For instance, most milk-based formulas use lactose as the primary carbohydrate, though some may also contain small amounts of glucose, galactose, maltose, 2’-o-fucosyllactose, oligofructose, maltodextrin, and starch. Conversely, lactose-free formulas utilize polysaccharides or maltodextrin as the primary carbohydrate source, with lactose levels below 0.05 g/100 g in these products. Furthermore, formulas for gastrointestinal issues typically have reduced lactose and higher amounts of polysaccharides or maltodextrin as the primary sources of carbohydrates.
[bookmark: _Hlk174129533]Protein in regular infant formulas comes from a combination of whey protein and casein, whey protein alone, or casein alone (Tables S4-S6). Hydrolyzed or partially hydrolyzed whey protein are used in hypoallergenic and comfort formulas (Tables S4-S6). Comfort formulas help prevent digestive problems such as colic and constipation, whereas hypoallergenic (HA) formulas are for infants with cow's milk allergies. Notably, none of the formulas for infants aged 6-12 months contain hydrolyzed or partially hydrolyzed whey protein (Table S6). Among formulas for infants aged 0-12 months, only the Sahha Gentle® product includes hydrolyzed whey protein (Table S5).
The fat in infant formulas is mainly derived from vegetable oil and fat. Certain brands detail the quantities and varieties of fats present, including saturated, monounsaturated, and polyunsaturated fats, whereas others only indicate the overall fat content.
	Table 1. Standard Levels of Essential and Optional Nutrients in Infant Formulas According to Codex Alimentarius Commission

	Nutrient
	Unit
	Minimum
	Maximum
	GUL

	Energy
	kcal/100 mL
	60
	70
	

	Macronutrients

	Protein
	g/100 kcal
	1.8
	3.0
	--

	Total fat
	g/100 kcal
	4.4
	6.0
	--

	Total carbohydrates
	g/100 kcal
	9.0
	14.0
	--

	Major Minerals
	
	
	
	

	Sodium
	mg/100 Kcal
	20
	60
	--

	Potassium
	mg/100 Kcal
	60
	180
	--

	Chloride
	mg/100 Kcal
	50
	160
	--

	Calcium
	mg/100 Kcal
	50
	--
	140

	Phosphorous
	mg/100 Kcal
	25
	--
	100

	Magnesium
	mg/100 Kcal
	5
	--
	15

	Trace Minerals
	
	
	
	

	Iron
	mg/100 Kcal
	0.45
	--
	--

	Zinc
	mg/100 Kcal
	0.5
	--
	1.5

	Copper 
	μg/100 kcal
	35
	--
	120

	Manganese
	μg/100 kcal
	1
	--
	100

	Selenium
	μg/100 kcal
	1
	
	9

	Iodine
	μg/100 kcal
	10
	
	60

	Fat-soluble Vitamins
	
	
	
	

	Vitamin A 
	μg/100 kcal
	60
	180
	--

	Vitamin D3
	μg/100 kcal
	1
	2.5
	--

	Vitamin E
	mg/100 Kcal
	0.5
	--
	5

	Vitamin K
	μg/100 kcal
	4
	--
	27

	Water-soluble Vitamins
	
	
	

	Vitamin B1
	μg/100 kcal
	60
	--
	300

	Vitamin B2
	μg/100 kcal
	80
	--
	500

	Vitamin B3
	mg/100 kcal
	0.3
	--
	1.5

	Vitamin B5
	μg/100 kcal
	400
	--
	2000

	Vitamin B6
	μg/100 kcal
	35
	--
	175

	Vitamin B7
	μg/100 kcal
	1.5
	--
	10

	Folic acid
	μg/100 kcal
	10
	--
	50

	Vitamin B12
	μg/100 kcal
	0.1
	--
	1.5

	Vitamin C
	mg/100 Kcal
	10
	--
	70

	Other Essential Nutrients

	Linoleic acid
	mg/100 Kcal
	300
	--
	1400

	α-Linolenic acid
	mg/100 Kcal
	50
	--
	--

	Linoleic/ α-Linolenic acid ratio
	--
	5:1
	15:1
	

	Choline
	mg/100 Kcal
	7
	--
	50

	Myo-Inositol
	mg/100 Kcal
	4
	--
	40

	L-Carnitine
	mg/100 Kcal
	1.2
	--
	--

	Optional Ingredients

	Taurine
	mg/100 Kcal
	--
	12
	--

	Docosahexaenoic Acid
	% of fatty acids
	--
	--
	0.5


[bookmark: OLE_LINK1]
3.2. Major and Trace Minerals Content of the Infant Formulas
Major and trace minerals are essential in infant formulas. During the early stages of an infant's life, the daily requirement of minerals is high to support rapid growth and development. Codex Alimentarius has established reference values to guide manufacturers meet infants' nutrient needs (Table 1) (WHO, 2023). For certain minerals, both minimum and maximum reference values were specified, while for others, only minimum values and guidance upper levels (GULs) are provided (Table 1). GULs guide manufacturers when data is insufficient for a science-based risk assessment, and they should not be interpreted as target values.
All investigated infant formulas exceeded the minimum required levels of major minerals (Figure 2). Formulas for infants 6-12 months generally contain higher levels of major minerals than those for infants aged 0-6 months and 0-12 months (Figure 2). The sodium content in Nan-2® formula is near the maximum reference value (58.5 vs 60 mg/100 Kcal) (Table S9 & Table 1). Similarly, Babelac-2®, Aptamil-2®, and Similac Gain-2® have potassium levels that are close to the maximum reference value (Table S9 & Table 1). Additionally, four of the 6-12-months formulas exceed the guidance upper level for calcium (140 mg/100 Kcal) (Figure 2D & Table S9). Aptamil-2®, Babelac-2®, and Similac Gain-2® contained the highest level of phosphorus among the other infant formulas (Figure 2E).
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Figure 2. Major minerals contents for the 33 infant formulas available in Jordan. 
Trace minerals, including iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), selenium (Se), and iodine (I) are essential ingredients in infant formulas. Fluoride (F) is the only trace mineral that should not be added to infant formulas (WHO, 2023). All investigated infant formulas exceeded the minimum iron level (0.45 mg/100 Kcal), with higher average iron content found in 6-12 month formulas (Figure 3). Similac Advance LF® had the highest iron and copper contents among the 0-6 months formulas (Table S10). Sahha Gentle® and Nan Optipro-2® include the highest level of zinc (1.2 mg/100 Kcal) (Tables S11 & S12). Aptamil AR® and Babelac AR® include the highest content of manganese among all formulas (61.3 μg/100 kcal) when the minimum level is 1 μg/100 kcal. The manganese level was not reported on the nutrients panel of Nan Optipro-2® formulas (Table S12). Selenium content ranged from 1.4-4 μg/100 Kcal across all formulas, but Sahha-2® and Similac Gain-2® do not report selenium levels on their nutrient panels (Table S12). Similac Gain-2® had the highest iodine level among the investigated formulas, at 41.2 μg/100 Kcal (Table S12). As mentioned previously, fluoride should not be added to infant formulas, and in all cases fluoride level should not exceed 100 μg/100 kcal. Only twelve of the 33 formulas report the level of fluoride on their products labels, all below the 100 μg/100 Kcal limit (Tables S10-S12).
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Figure 3. Trace minerals contents for the 33 infant formulas available in Jordan. 
3.3. Fat- and Water-Soluble Vitamins Content of the Infant Formulas
The fat-soluble vitamins (vitamin A, D, E, and K) in Jordanian infant formulas exceed the minimum recommended levels (Figure 4 & Tables S13-S15). Sahha-1® has the highest level of vitamin A (119 μg/100 kcal), Aptamil-2® and Babelac-2® have the highest level of vitamin D (2.2 μg/100 kcal), and Blemil Plus-1® has the highest level of vitamin E (3.0 mg/100 kcal). Despite the variations in the levels of fat-soluble vitamins, all formulas stay below the maximum or guidance upper levels set by Codex Alimentarius (Table 1).
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Figure 4. Fat-soluble vitamins content for the 33 infant formulas available in Jordan. 
The contents of water-soluble vitamins among the different infant formulas are shown in Figure 5 & Tables S13-S15. Nan Optipro-2® lists the highest levels of vitamin B1 (201.2 μg/100 kcal), B2 (246.4 μg/100 kcal), and B5 (1129.4 μg/100 kcal). Conversely, Similac Advance LF® contains a lower level of vitamin B2 than the minimum recommended value (67.0 vs. 80 μg/100 kcal) (Tables 1 & S13). The levels of vitamin B3 in Sahha-2® and Similac Gain-2® exceed the recommended GUL (Tables 1 & S15). Similarly, vitamin B6 slightly exceeds the GUL in Similac Gain-2® (179.0 vs 175 μg/100 kcal) (Table S13). It was also noted that certain brands of infant formula, such as Aptamil®, Babelac®, Sahha®, and Primilac®, have higher vitamin B3 content in their anti-regurgitation (AR) and/or lactose-free (LF) versions compared to their standard versions (Tables S13 & S14). All formulas contain folic acid, vitamin B12, and vitamin C within the recommended range. 
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Figure 5. Water-soluble vitamins content for the 33 infant formulas available in Jordan. 
[bookmark: _Hlk172658730]3.4. Other Essential Nutrients in Infant Formulas
[bookmark: _Hlk175141674]Infant formulas are required to include essential ingredients, i.e., linoleic acid, α-linolenic acid, choline, inositol, and L-carnitine (Figure 6 & Tables S16-S18). Linoleic acid (the primary member of the omega-6 fatty acid family) and α-linolenic acid (the primary member of the omega-3 fatty acid family) are essential fatty acids that human body is unable to synthesize and must be obtained through diet (Einerhand et al., 2023). All formulas met the recommended levels for these fatty acids, except for Sahha-2®, which has lower α-linolenic acid compared to the minimum requirement (20.1 vs 50 mg/100 Kcal), resulting in linoleic to α-linolenic acid ratio above the maximum level (20 vs 15) (Table S18). 
[bookmark: _Hlk175141708][bookmark: _Hlk175141751]Choline is a structural part of phospholipids, and a source of methyl groups needed for many steps in metabolism (Bekdash, 2019). Only Nan Optipro-2® does not report the presence of choline. S-26 Gold-2® has the highest level of choline, while Sahha-2® contains the minimum requirement (7.0 mg/100 Kcal) (Table S18). For inositol, a sugar made in the body and found in foods, three formulas do not report the addition of inositol (i.e., Nan Optipro-2®, Sahha-2®, and Similac Gain-2®). Six infant formulas lack L-carnitine, a naturally occurring amino acid derivative that plays a critical role in energy production (Bakshi et al., 2023), most of which are for infants aged 6-12 months (Tables S16-S18).
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Figure 6. The contents of other essential nutrients in the 33 infant formulas available in Jordan. 
3.5. Optional Ingredients in Infant formulas
Many manufacturers add extra ingredients to infant formulas beyond the essential ingredients specified by Codex Alimentarius. These substances, often found in human milk, are included to mimic the benefits of breastfeeding and ensure the formula is suitable as the sole nutrition for infants. According to Codex Alimentarius (WHO, 2023), infant formulas should contain sufficient amounts of these substances to achieve the intended effect, considering their levels in human milk. However, only docosahexaenoic acid (DHA), arachidonic acid (ARA), taurine, and total nucleotides are listed as optional ingredients by Codex Alimentarius. 
Of the 33 infant formulas, 25 contained both DHA and ARA, which are essential omega-3 and omega-6 fatty acid derivatives (Tables S19-S21). In these formulas, ARA levels are equal to or greater than those of DHA (Figure 6), adhering to Codex Alimentarius guidelines, which states that ARA content should reach at least the same concentration as DHA (WHO, 2023). Nan Optipro-2® is the only formula that includes DHA but not ARA, while the remaining seven formulas contained neither. 
Taurine, the most abundant free amino acid in breast milk (Verner et al., 2007), was found in 30 of the 33 infant formulas in amounts below the maximum level (12 mg/100 Kcal) (Figure 7). Three formulas, one is for 0-12 months and two for 6-12 months infants, do not list taurine on their nutritional panels (Tables S19-S21). Additionally, 24 formulas have added nucleotides, with 11 specifying the levels of the five different nucleotides added to their formulations (Tables S19-S21).
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Figure 7. The contents of optional ingredients in the 33 infant formulas available in Jordan.
Besides the previously mentioned optional ingredients, some formulas include additional optional substances such as oligosaccharides, carotenoids, free amino acids, phospholipids, and sphingomylin. 
Oligosaccharides are non-digestible carbohydrates added to infant formula to mimic human milk oligosaccharides (Akkerman et al., 2022). Oligosaccharides can be present in infant formulas as dietary fiber, galacto-oligosaccharides (GOS), fructo-oligosaccharides (FOS), 2′-fucosyllactose, or oligofructose. Oligosaccharides were found in all brands of studied infant formulas, except those from Sahha® brand (Tables S22-S24). Additionally, all lactose-free (LF) and anti-regurgitation (AR) formulas do not contain oligosaccharides in their compositions. Dietary fiber of GOS and/or FOS origins are the common source of oligosaccharides used in infant formulas, while S-26 Gold® and Nan Optipro® use 2’-O-fucosyllactose and/or oligofructose.
Lutein and β-carotene, carotenoids found in human breast milk, are added to some infant formulas for their roles in the eye development of newborns (Gazzolo et al., 2021). S-26 Gold® and Similac Comfort® contain both, while lutein alone is present in Similac-1®, Blemil Plus-1®, and Similac Gain-2®. S-26 Gold® brand is unique for including additional ingredients such as the free amino acids L-tryptophan and L-tyrosine in S-26 Gold-1®, as well as phospholipids and sphingomyelin in S-26 Gold-1 and 2®.
4. Discussion 
Human breast milk is the optimal nutrition for infants, with exclusive breastfeeding recommended for the first six months (Westerfield et al., 2018). While no infant formula can fully replicate breast milk, manufacturers aim to mimic its nutritional composition (Martin et al., 2016). In Jordan, various infant formulas are available. Parents should base their decision to use one formula over another on an understanding of its nutritional and health benefits that best meet their infant's needs. This study is the first to examine the composition of infant formulas in Jordan for infants up to one year old, summarizing the nutrients in these formulas to help parents make informed choices. It also reviews whether the formulas meet the nutrient requirements set by the Codex Alimentarius Commission.
Healthy full-term infants of normal birth weight should be given a standard formula suitable for their age. Hypoallergenic (HA) formulas are processed by hydrolyzing whey protein, either extensively or partially, and are recommended for infants at high risk of cow's milk allergy or show manifestations of atopic disease, such as atopic dermatitis (Høst and Halken, 2004). HA formulas with partially hydrolyzed protein may have some effectiveness, though it appear to be less than that of extensively hydrolyzed formulas (Høst and Halken, 2004). Among the three HA formulas in this study, Babelac HA® contains partially hydrolyzed whey protein, while Primilac HA1® and Aptamil HA® contain hydrolyzed whey protein (Table S4). All HA formulas also include the optional ingredients DHA, ARA, taurine, nucleotides, and oligosaccharides (Table S19 & S22).
Lactose-free (LF) formulas are for infants with lactose intolerance, acute diarrhea, or galactosaemia (Owens et al., 2012). However, excessive use of LF and HA formulas has been reported (Strzalkowski et al., 2022). LF formulas replaces lactose with other glucose-derived polymers such as corn syrup, brown rice syrup, maltodextrin, or sucrose (Mokhtari et al., 2024). LF formulas available in the Jordan use glucose syrup in Aptamil LF® and Babelac LF®, corn syrup solids in Similac Advance LF®, and maltodextrin in Sahha LF® and Primilac LF®. These carbohydrate sources have a higher glycemic impact than lactose and are metabolized differently (Mokhtari et al., 2024). Therefore, unnecessary use of LF formulas is discouraged to avoid any potential long-term effects of these alternative carbohydrates on infant growth and development. Even infants with acute gastroenteritis preserve enough lactose digestion so standard formulas can still be used, except in severely undernourished infants where LF formulas may be advantageous (Heyman, 2006). Of these five lactose-free formulas, Similac Advance LF® contains the highest levels of iron and copper, has a lower level of vitamin B2 than the minimum recommended value (Tables 1 & S13), and lacks DHA and ARA as optional ingredients (Table S19). Sahha LF® is also missing several optional ingredients, including DHA, ARA, and nucleotides (Table S20). Oligosaccharides are also missing in all the five lactose-free formulas (Tables S22 & S23).
Anti-reflux (AR) formulas are designed to reduce emesis, regurgitation, and reflux in infants by adding a thickening agent such as starch, guar gum, or carob/locust bean gum (Aggett et al., 2002). Furthermore, the amount of casein is usually increased in AR formulas to form relatively indigestible curds in the stomach and reduce gastric reflex (Xinias et al., 2003). In Jordan, Aptamil AR® and Babelac AR® use locust bean gum and have a high casein-to-whey ratio (80:20). Locust bean gum is nondigestible and excreted unchanged in the feces or fermented by the gut microbiota (Salvatore et al., 2018). Sahha AR® has a casein to whey protein ratio of 50:50 and uses starch to thicken the formula. Starch increases the formula viscosity to less extent compared to locust bean gum, however, there is no evidence to suggest that one thickener is clinically superior to another (Salvatore et al., 2018). As a general comparison, none of the anti-reflex formulas include oligosaccharides (Tables S22 & S23). Sahha AR® does not include any of the optional ingredients found in the Aptamil AR® and Babelac AR® (Tables S19 & S20). Furthermore, Aptamil AR® and Babelac AR® have the highest content of manganese among all formulas (61.3 μg/100 kcal) without exceeding the GUL.
Anti-colic formulas are designed for infants experiencing colic and gastrointestinal symptoms. Colic is a common condition among newborns, often occurring in the first weeks after birth and typically subsiding by four to six months of age (Wolke et al., 2017). Manufacturers of anti-colic formulas use strategies like partially hydrolyzed whey proteins, reduced lactose, and the inclusion of prebiotic oligosaccharides and probiotics to help manage colic symptoms (Daelemans et al., 2018; Gordon et al., 2018). In Jordan, different terms are used to describe the formula intended to reduce infantile colic. These include “comfort” such as Aptmil Comfort® and Similac Comfort®, “extra care” such as Babelac EC®, “Gentle” such as Sahha Gentle®, and “Anti-colic” such as Primilac AC®. Aptmil Comfort® and Babelac EC® use hydrolyzed whey protein concentrate, reduced lactose (38% of total carbohydrates), as well as oligosaccharides of GOS and FOS. Similac Comfort® involves partially hydrolyzed whey protein and reduced lactose content, without specifying the exact quantity, along with galacto-oligosaccharides as prebiotics. Besides the hydrolyzed whey protein and the reduced lactose (39% of total carbohydrates), Sahha Gentle® is also supplemented with the probiotic Bifidobacterium. Primilac AC® does not include hydrolyzed whey protein but relies on reduced lactose (47% of total carbohydrates) and the presence of galacto-oligosaccharides for its anti-colic properties. It is worth noting that all these anti-colic formulas include the optional ingredients listed in Tables S19 & S20, except for Sahha Gentle®, which only contains taurine among other optional ingredients. Similac Comfort® is unique in that it includes carotenoids, lutein and β-carotene.
Regular infant formulas, which are not designed to manage specific conditions, are available in a variety of brands in Jordan. Nine brands are for infants aged 0-6 months (Table S1), while eight brands are follow-up formulas for infants aged 6-12 months (Table S3). The nutrient composition of these formulas, while regulated by the Jordan Food and Drug Administration, can vary greatly by formula brand and type. However, most formulas comply with the nutritional standards developed by the Codex Alimentarius Commission (Table 1). Formulas for infants 0-6 months are more restricted to contain enough of all basic and essential nutrients to meet infant needs at this stage of life.  These formulas primary use lactose as carbohydrate source, which is the natural carbohydrate in human breast milk and provide 40% of the total energy of milk (Martin et al., 2016). A combination of whey and casein in a ratio of ~ 60:40 is the most common source of protein in formulas for infants aged 0-6 months, except for Nan Optipro-1® which contains 100% whey protein. In human breast milk, the whey/casein ratio fluctuates between 70:30 and 80:20 in early lactation and decreases to 50:50 in late lactation (Lönnerdal, 2003). Unlike whey which remains liquid and is easier to digest, casein tends to clot or curd in the stomach. Accordingly, infant formulas usually contain higher amounts of casein, making them harder to digest compared to human breast milk. Micronutrients of minerals and vitamins are included in the 0-6 months formulas in amounts that are sufficient to meet infant needs. Among the other essential nutrients, only Similac-1® does not report the presence of L-carnitine in its formulation (Table S16). Optional ingredients of DHA, ARA, taurine, nucleotides, and oligosaccharides are listed in all regular 0-6 months formulas except for Sahha-1® (Table S19 & S22). S-26 Gold® brand is unique to include a variety of optional substances such as lutein, β-carotene, L-tryptophan and L-tyrosine, phospholipids, and sphingomyelin, which might contribute to its higher price.
Follow-up formulas for infants 6-12 months are used in combination with a complementary diet that is appropriate for infants at this age. The follow-up formulas are less restricted in following the nutritional standards of infant formulas. These formulas contain higher protein content compared to 0-6 months formulas. The casein component is also higher in most follow-up formulas (Table S6). Major and trace minerals are included in the eight formulas investigated in amounts that are above the minimum requirements. However, four formulas contain higher calcium level compared to the GUL (Table S9) and selenium content was missing on the nutritional panel of Sahha-2® and Similac Gain-2® formulas (Table S12). Manganese is also missing in Nan Optipro-2® product. For the other essential nutrients in infant formulas, Sahha-2® reports a level of α-linolenic acid below the minimum requirement. Nan Optipro-2® lacks three essential nutrients (i.e., choline, inositol, and L-carnitine). In Similac Gain-2®, both inositol and L-carnitine are missing. L-carnitine is also missing in S-26 Gold-2®, Sahha-2®, and Mami Lac-2® (Table S18). Regarding the optional substances, four of the eight follow-up formulas lack all or some of the optional ingredients as listed in Table S21. The gaps of some essential and optional ingredients in follow-up formulas can be addressed with a nutrient-dense complementary diet, usually started at 6 months.
This study offers valuable insights into the nutritional composition of infant formulas in the Jordanian market. However, there are some limitations to consider. First, the study only includes infant formulas that were available in Jordanian pharmacies at the time of data collection; other brands from different manufacturers may have become available since. Second, the listed formula prices reflect those at the time of data collection. Prices may change over time or be affected by sales from manufacturers. Third, the nutrient compositions of infant formulas are based on the product label information, with no quantitative measurements of actual nutrient levels.
5. Conclusion
The consumption of infant formulas is rapidly increasing worldwide, including in Jordan, highlighting the need for formulas that meet the nutritional needs of infants who cannot breastfeed. A diverse range of infant formulas are available in the Jordanian market, and this is the first study to investigate and compare their nutrient compositions. The results of this study serve as a general guidance for parents, physicians, and pharmacists in Jordan to help choose the optimal formula to meet the infant needs at affordable price. Currently, there is no evidence to recommend one brand over another. Formulas that contain sufficient amounts of basic nutrients are considered nutritionally interchangeable. However, the presence of functional bioactive compounds that can promote infant’s health outcomes other than growth, namely cognition, immunity, and temperament, could be the major factor in preferring one brand over another.
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