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Abstract

Breast-feeding is the best method of feeding infants. In some cases, formula milk can be a suitable alternative, so this
study aimed to compare the safety and nutritional adequacy of commonly available formula milks in the Iragi market.
An observational study for the commonly available formula milks was conducted in the largest supermarkets of
Baghdad, Iraq, during January-March 2015. The macronutrient and micronutrient contents as presented in the label
of each type of formula milk was compared with the standard requirement of formula milk according to the European
Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) guidelines. Dielac formula milk is
the commonest formula milk in the Iragi market, with the lowest price when compared with other formula milks.
All infant formula milks (Similac, Guigoz, and S-26 Gold) except Dielac have the mandatory contents within the
specified ranges, according to the ESPGHAN guidelines. Dielac lacks more than | of the major mandatory contents
besides lacking all optional contents in its formula. Guigoz formula milk lacks the optional ingredients arachidonic
acid, docosahexaenoic acid, and nucleotides. Similac milk was supplemented with a higher-than-specified level of
nucleotides, and its L-carnitine contents were not declared. Only S26 Gold formula milk contained all mandatory
and optional ingredients within the specified range, according to the ESPGHAN guidelines. In conclusion, no formula
milk can resemble breast milk; however, S26 Gold formula milk is the most acceptable formula, and Dielac formula
milk is the worst. Therefore, it is recommended that Dielac be withdrawn from the Iragi market.
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Introduction parents and physicians,® which renders the decision of
choosing the best formula more difficult. Besides,
advertisement for formula milk not only in the form of
physician-targeted promotion,’ but also in illegal forms,
such as direct-to-consumer (mothers) advertisement,
which is allowed in developing countries,*” may further
complicate the scientific decision' of choosing the best
formula milk.

This study was designed to compare the nutritional
contents and determine the safety and nutritional ade-
quacy of commonly available formula milks in the Iraqi
market.

Breast-feeding is the best and safest way for feeding
infants and results in optimum growth, health, and
development of infants." In rare cases, formula milk can
be used as an alternative as, for example, in the case of
infants with diseases such as galactosemia or lactase
deficiency, when the mother has medical problems such
as active infectious diseases, or if the mother is unwill-
ing to breast-feed her child'* because of her busy work
schedule or because of difficulties in breast-feeding.’
Actually, in Iraq, most mothers prefer to feed their
infants with formula milk rather than breast milk, and
thus, feeding using formula milk is very common
practice.* However, formula milk is not as safe as breast 'Baghdad University, Baghdad, Iraq
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Table I. Manufacturers of Different Formula Milks.

Type of Formula Milk ~ Manufacturer Country of Origin Availability in the Iragi Market Average Cost
Dielac Vinamilk Vietnam 100% 4750 Iraqi dinar (ID)
Guigoz Nestlé France 90% 10000 ID
Similac Abott Ireland 90% 10500 ID

S-26 Gold Wyeth Ireland 50% 10500 ID

Table 2. Macronutrient Contents of Different Formula Milks.

Type of formula Milk Protein Source Fat Source Carbohydrate Source
Dielac Whole milk powder, skim milk Milk fat (fat oil) and vegetable oil Lactose and refined sugar
powder, and whey protein powder and maltodextrin
Guigoz Cow milk whey protein, skimmed  Vegetable oil (palm oil, coconut oil Lactose and maltodextrin
cow milk and low erucic rapeseed oil, and
sunflower oil)
Similac Nonfat milk, whey protein Vegetable oil (sunflower, coconut, Lactose
concentrate and whey protein and soy oil)
hydrolysate
S-26 Gold Whey 65%, casein 35% Vegetable oils (palm, coconut, oleic Lactose
[sunflower or safflower], soybean)
Methods milk, with the lowest price when compared with other

An observational study was conducted in Baghdad, Iraq,
during January-March 2015. Large supermarkets in differ-
ent areas in the west, east, and center of Baghdad were
visited to note the available types of ordinary (non—
specially designed) infant formula milk. A total of 10 dif-
ferent formula milks were seen: Similac, Guigoz, Dielac,
Gold S26, Liptomil, Novalac, Celia, Hero baby, Primalac,
and Nectalia. However, only the most commonly available
(that present in at least 50% of the visited supermarkets)
were included in this study. They were Similac, Guigoz,
Dielac, and Gold S26 formula milks. All the included for-
mula milk cans were carefully photographed from differ-
ent views with the help of a Samsung mobile camera to
ensure clear and accurate documentation of the composi-
tion of each formula’s milk according to the manufactur-
er’s label. The information in these pictures was converted
into written data using Microsoft Office 2007 Word.

The macronutrient and micronutrient contents of each
type of formula milk are expressed as the amount per 100
kcal of formula milk. Then, these content data were com-
pared with the standard requirement for formula milk accord-
ing to the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) guidelines."

Results

Table 1 shows the manufacturer and country of origin
for the commonly available formula milks in the Iraqi
market. Dielac formula milk is the commonest formula

formula milks.

Table 2 shows the macronutrient contents of all stud-
ied formula milks. The type of protein in most infant
formula milk was whey dominant protein; only Similac
contained partially hydrolyzed whey protein. Fat source
in all infant formula milk was vegetable oil, except in
Dielac, in which fat material was a combination of milk
fat and vegetable oil. As regards carbohydrates, lactose
was the major carbohydrate in all types of formula milk,
except Dielac, in which refined sugar was added to
lactose.

Table 3 shows that all infant formula milks except
Dielac have all the mandatory content within the speci-
fied range according to the ESPGHAN guidelines.
Dielac lacks more than 1 of the major mandatory con-
tent besides lacking all optional contents in its formula.
Guigoz formula milk lacks the optional ingredients such
as arachidonic acid (AA), docosahexaenoic acid (DHA),
and nucleotides. Similac milk was supplemented with a
higher-than-specified level of nucleotides, and its L-
carnitine contents were not declared. Only S26 Gold
was provided with all mandatory and optional ingredi-
ents within the specified range, according to the
ESPGHAN guidelines.

Discussion

It is well known that breast-feeding is the best way to
ensure an infant’s health, and no marketed formula milk
can resemble breast milk completely'”; however, many
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Table 3. Comparison of Macronutrient and Micronutrient Contents Among Different Formula Milks With the Standard

Requirement, According to the ESPGHAN Guidelines.

Parameter Similac Guigoz  S26 Gold Dielac ESPGHAN Guidelines
Energy (kcal/dl) 68 67 67 67 60-70
Protein (gm/100 Kcal) 221 2.1 1.94 2.76 1.8-3
Fat (gm/100 Kcal) 5.46 5.28 5.37 4.84 4.4-6
Linoleic acid (LA) (gm/100 Kcal) 0.941 0.866 0.776 — 0.3-1.2
o-Linolenic acid (ALA) (mg/100 Kcal) 73.53 107.46 62.69 — 50-NS
Ratio of LA/ALA 12.8:1 8.1:1 12.4:1 — 5:1-15:1
AA (mg/100 Kcal) 20.74 — 17.91 — Should be at least equal to
DHA content (optional)

DHA (mg/100 Kcal) 10.29 — 10.6 —  0%-0.5% of total fat (optional)
Carbohydrate (gm/100 Kcal) 10.15 11.06 10.9 11.34 9-14
Oligosaccharide (gm/100 Kcal) 0.59 0.612 — — Not mentioned
Taurine (mg/100 Kcal) 6.62 791 7.01 — 0-12 (optional)
Inositol (mg/100 Kcal) 5.88 11.94 6.72 — 4-40
L-Carnitine (gm/100 Kcal) Amount not declared 1.64 1.49 — 1.2-NS
Minerals

Ca (mg/100 Kcal) 7794 73.13 62.69 96.72 50-140

Ph (mg/100 Kcal) 41.18 40.3 35.82 76.57 25-90

Mg (mg/100 Kcal) 7.5 9.7 6.72 8.06 5-15

Na (mg/100 Kcal) 26.47 29.85 23.88 38.36 20-60

K (mg/100 Kcal) 122.06 100 97.01 128.96 60-160

Cl (mg/100 Kcal) 64.71 68.66 64.18 70.6 50-160

Zn (mg/100 Kcal) 0.74 1.12 0.9 0.61 0.5-1.5

Fe (mg/100 Kcal) 0.88 1.06 [.19 1.21 0.3-1.3

Cu (ug/100 Kcal) 75 80.6 49.25 59.7 35-80

Mn (ug/100 Kcal) 19.12 23.88 7.46 11.04 1-50

I (ug/100 Kcal) 19.12 22.39 14.92 15.07 10-50

Se (ug/100 Kcal) 1.62 2.84 2.09 2.0l Upto 9

Fluoride (ug/100 Kcal) — — — — NS-60
Vitamins

A (IU/100 Kcal) 277.94 402.99 32836  292.24 200-600

D (1U/100 Kcal) 50 58.21 71.64 48.35 40-100

E (mg/100 Kcal) 4.12 2.54 1.64 1.19 0.5-5

K(ug/100 Kcal) 9.85 8.66 10 6.12 4-25

C (mg/100 Kecal) 14.71 20.9 13.43 10.45 8-30

Bl (ug/100 Kcal) 120 123.88 149.25 80.6 60-300

B2 (ug/100 Kcal) 210 208.96 164.18  179.1 80-400

B6 (ug/100 Kcal) 58.8 77.61 82.09 46.27 35-175

B12 (ug/100 Kcal) 0.28 0.33 0.27 0.27 0.1-0.5
Niacin (ug/100 Kcal) 1040 805.97 746.27  805.97 300-1500
Pantothenic acid (ug/100 Kcal) 590 835.82 52239  626.87 400-2000
Folic acid (ug/100 Kcal) 13.97 13.73 16.42 14.93 10-50
Biotin (ug/100 Kcal) 3.68 3.28 2.99 2.82 1.5-7.5
Choline (mg/100 Kcal) 14.71 13.13 14.93 12.09 7-50
Nucleotide equivalent (mg/100 Kcal) 10.59 — 3.88 — 0-5 mg (optional)
Lutein 16.32 — 11.94 — Not mentioned

Abbreviations: AA, arachidonic acid; DHA, docosahexaenoic acid; NS, not specified.

guidelines have been created to set specific minimum
and maximum limits for both macronutrients and micro-
nutrients in formula milk to make it as close as possible
to breast milk to ensure safety and nutritional adequacy

of formula milk for infants.”® Although studies done in
developed countries found that there was no significant
difference among marketed formula milks,'* other stud-
ies in developing countries found a significant difference
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in composition among marketed formula milks.'>'®

Furthermore, it was found in one study that some of the
marketed formula milks were fortified with either a
higher- or lower-than-specified level of micronutrients,
according to standard guidelines.'” So this study aimed
to compare the nutritional composition of commonly
available formula milks in the Iraqi market according to
the ESPGHAN guidelines, which was recommended by
Owens et al,” which stated that the nutritional composi-
tion of all infant formulas must meet the global stan-
dards as recommended by the ESPGHAN guidelines.

Regarding macronutrients, this study showed that the
source of protein in all studied formula milks is cow’s
milk protein, which is acceptable and allowed by the
ESPGHAN guidelines. All studied formula milks were
supplied with either skimmed milk or non—fat milk that
have protein content similar to that of whole milk, which
is usually casein-dominant protein.'®'* Additionally, all
studied formula milks were enriched with whey protein
to make them whey dominant, may be because whey-
dominant formulas are easily digestible and closer to
breast milk. In contrast, casein-dominant formulas take
longer to digest.”

This study showed that Similac formula milk was
fortified with partially hydrolyzed whey protein. In this
regard, some studies stated that partially hydrolyzed for-
mulas are designed to help prevent allergies in healthy
infants at risk of developing allergy®*'; however, the
Food and Drug Administration raised doubts about the
advantages of hydrolyzed formula milk proteins in
infants with allergy or those with risk of allergy.””
Partially hydrolyzed formula milk protein has no advan-
tages over intact protein formula milk in healthy term
infants. They simply increase the cost of formula milk,*
and this is similar to what was found in this study:
Similac formula milk is one of the most expensive for-
mula milks in the Iraqi market.

Regarding the second macronutrient—the fat—this
study showed that the source of fat in most infant for-
mula milk was vegetable oil (palm, coconut, soya, sun-
flower, rapeseed oil, and oleic acid), which is similar to
that found in other countries. Most infant formulas
available on the market contain plant oils as the only
source of fat.***> The ESPGHAN guidelines recom-
mend that when bovine or vegetable oil are used trans
fatty acid contents should not exceed 3% of total fat con-
tents; however, the trans fatty acid contents were not
declared by any studied formula.

Vegetable oils especially palmitate, when hydrolyzed
by lipase, becomes free palmitate in the intestine. Free
palmitate can form complexes with calcium, and these
complexes are poorly absorbable. The formation of these
complexes may reduce the amount of energy available

from fatty acids and reduce calcium absorption because
of bound calcium being excreted from the intestine.'*
Because Similac formula milk lacks palmitate in its veg-
etable oil content, it may result in higher absorption of
calcium; but this advantage may be futile because
Similac formula milk is fortified with low amounts of
vitamin D when compared with the other formula milks
studied, except Dielac.

Regarding the last macronutrient, the carbohydrate,
this study showed that lactose was the main source of
carbohydrates in most of the formula milks studied.
According to the ESPGHAN guidelines, lactose is the
preferred carbohydrate source because it is the dominant
digestible carbohydrate and has an important effect on
infant gut physiology.

In other formula milks, maltose and maltodextrin
were added to lactose as a carbohydrate source, both of
which are mentioned as acceptable carbohydrates
according to the ESPGHAN guidelines. However, it was
found that there was a nonsignificant difference in safety
or benefit between lactose-only formulas or formulas
using a combination of lactose and maltodextrin.”’

Furthermore, this study showed that refined sugar
was added to lactose as a carbohydrate source only in
the case of Dielac formula milk. Sucrose is not recom-
mended by the ESPGHAN guidelines because of the
severe adverse effects of dietary fructose supply in early
infancy, which may cause death in infants with fructose
intolerance.”® This means that the safety of Dielac for-
mula milk, because of its content of refined sugars
(sucrose), is questionable when fed to infants during
their first 6 months of life. Thus, it is not recommended
to be marketed in Iraq as infant formula.

The second part of this study focuses on the micronu-
trients in different formula milks, which can be divided
into mandatory or essential and optional contents.

Linoleic acid (LA) and a-linolenic acid (ALA) are
well-known polyunsaturated fatty acids that are consid-
ered as precursors for endogenous synthesis of AA and
DHA, respectively. Also, both LA and ALA may have a
small role in the growth and development of infants.**"'
Because animals lack the capacity to synthesize LA and
ALA, these must be obtained from dictary sources to
avoid deficiency.*® Deficiency of LA leads to poor
growth, fatty liver, skin lesions, and reproductive fail-
ure, whereas ALA deficiency may cause reduced vision
as well as impaired cognition and behavior.** So this
means that any formula milk that lacks both of them is
not suitable for growth and development of the infant.

Regarding inositol, it has a lot of biological functions
such as regulation of cell osmolality,”* mediation of cell
signaling,* formation of the neural system,’ production
of pulmonary surfactant phospholipids,® and host
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defense.’” Some studies showed that the level of inositol
in formula milk is lower than that in breast milk.*®
However, inositol can be synthesized endogenously, but
it is unknown whether endogenous synthesis is suffi-
cient in the absence of exogenous administration. The
effect of not fortifying formula milk with inositol is
unknown.”®

L-Carnitine is another essential ingredient in formula
milk; its role in ensuring growth and development in
infants is controversial; yet it should be administered
exogenously to maintain a normal carnitine level in
infants®® because if it is not supplied or supplied in a
small amounts to infants, they will develop carnitine
deficiency,” which can cause a lot of abnormalities in
infants such as failure to thrive, recurrent infections,
hypotonia, encephalopathy, cardiomyopathy, and non-
ketotic hypoglycemia.*' The result of this study showed
that only Dielac formula milk was not fortified with
L-carnitine, whereas S26 Gold and Guigoz were fortified
with sufficient amounts of L-carnitine. Similac was sup-
plied with r-carnitine, but the manufacturer did not
declare the amount, which raises questions about the
sufficiency of carnitine fortification in Similac formula
milk.

In regard to the optional ingredients, DHA, AA, tau-
rine, and nucleotides, this study showed that only
Similac and S26 Gold formula milks were fortified with
optional ingredients. DHA and AA are the 2 major long-
chain polyunsaturated fatty acids in human milk, and
they are fundamental components of the cell membrane
and play an important role in neurite growth and signal
transmission.” However, there is some controversy
about the benefits of DHA and AA on neurocognitive
and retinal development.***

Although DHA and AA can be synthesized from LA
and ALA, it was found that infant formulas lacking
DHA and containing only LA and ALA (precursors of
AA and DHA) may not be effective in meeting the full
nutritional requirements of infants, which may be a
result of insufficient endogenous production of AA and
DHA from LA and ALA.*

Regarding taurine and nucleotides, both are consid-
ered as optional ingredients by the ESPGHAN guide-
lines. There is some controversy about the role of
nucleotides in improving body immune response and
lowering the incidence of diarrhea,'* but nucleotide sup-
plementation increases weight gain and head growth in
formula-fed infants. Therefore, nucleotides may be con-
ditionally essential for optimal infant growth in some
formula-fed populations.” This study showed that
Similac formula milk failed to obey the ESPGHAN
guidelines because it had a higher-than-accepted limit of
nucleotides. Many studies focused not only on the

benefits but also on the safety of nucleotides. Some
studies agreed with the ESPGHAN guidelines of consid-
ering that fortification of formula milk with 5 mg/100
kecal of nucleotides was safe,**® whereas other studies
found that supplementation of formula milk with up to
10.78 to 16 mg/100 kcal was safe*”**; so this means that
Similac formula milk, which was supplemented with
nucleotides, with a concentration of 10.36 mg/100 kcal,
is not preferred but may be considered safe.

Regarding oligosaccharides, which were added to
Similac and Guigoz only, the ESPGHAN guidelines
does not mention anything about such contents, may be
because of the lack of convincing evidence for their ben-
efit; however, they are safe in concentrations up to 0.8
mg/100 kcal *®

Luten, which is another ingredient that is not men-
tioned by the ESPGHAN guidelines, has no benefit in
regard to infant growth, but it was found to be safe in
low concentrations.*’ So formula milks such as Similac
and S26 Gold can be considered as safe in regard to
luten addition.

This study also showed that Dielac formula milk is
the commonest form of formula milk in the Iraqi mar-
ket; this may be because of its low cost, and this may be
one of the strategies adopted by Nestlé to expand sales
of formula milks in markets of low-income countries by
building factories in poor countries such as Vietnam.”
However, Dielac formula milk may be insufficient for
infant growth because it lacks many of the essential and
optional ingredients such as LA, ALA, DHA, AA, and
nucleotides. Dielac formula milk may predispose infants
to risk of infections because it lacks L-carnitine and
nucleotides. This may be consistent with many studies
done in developing countries, which found an increase
in infant morbidity and mortality from breast milk sub-
stitutes, especially after using products of Nestlé.”!

In this study, it was found that Guigoz formula milk,
although it contains all essential nutrients within the
specified range of the ESPGHAN guidelines, lacks
optional ingredients. Besides, its high cost, which is
comparable to that of other formula milks that contain
all optional ingredients, makes it a nonpreferable option.
Whereas Similac formula milk has all the essential and
optional nutrients according to the ESPGHAN guide-
lines, there are some concerns regarding its safety
because of the nucleotide and r-carnitine contents.
Furthermore, its high cost may preclude its use in Iraqi
infants.

Only S26 Gold formula milk contains all the manda-
tory and optional ingredients within the specified range
of the ESPGHAN guidelines. Thus, it may be the most
suitable formula milk available in Iraqi markets that can
be used for feeding infants.
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This study is the first one to be done in Iraq and the
Middle East, but it has some limitations. For example,
the conclusions of the study depend on comparing dif-
ferent products according to declared amounts of nutri-
ents by the manufacturer without directly measuring
these nutrients. The second major limitation is the lack
of follow-up of the growth and general health of infants
who were fed such formula milks. So it is recommended
that follow-up studies of the health and growth of infants
who consume S26 Gold formula milk are done.

It is recommended by the author that the Iraqi minis-
try of health and Iraqi syndicate of pharmacists apply
strict guidelines for monitoring formula milks in the
Iraqi market and also withdraw Dielac formula milk
from the Iraqi market to avoid any tragic consequences
for Iraqi infants.

Conclusions

In conclusion, no formula milk can resemble breast
milk. However, S26 Gold formula milk is the most
acceptable infant formula milk in the Iraqi market,
whereas Dielac formula milk is insufficient for infant
growth and not safe to be used for infants <6 months of
age. Thus, Dielac is the worst formula milk, and it
should be withdrawn from the Iraqi market.

Acknowledgment

The author gratefully acknowledges the valuable advice of
Professor Gorege Kent.

Declaration of Conflicting Interests

The author declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author received no financial support for the research,
authorship, and/or publication of this article.

References

1. World Health Organization. Infant and Young Child
Feeding. Lyon, France: WHO; 2009.

2. Owens CJW, Labuschagne IL, Lombard MJ. The basics of
prescribing infant formulas. S Afir Fam Pract. 2012;54:25-
30. doi:10.1080/20786204.2012.10874170.

3. Motee A, Ramasawmy D, Pugo-gunsam P, Jeewon R. An
assessment of the breastfeeding practices and infant feed-
ing pattern among mothers in Mauritius. J Nutr Metab.
2013;(2013):243852.

4. Mohammad AJ, Al-Saffar AJ. Reasons for increased bot-
tle feeding practicing among a sample of Iraqi mothers
of less than 2 years old children from Baghdad. J Missan
Res. 2009;6(11):29-41.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Stevens EE, Patrick TE, Pickler R. A history of infant

feeding. J Perinat Educ. 2009;18:32-39.

. O’Connor NR. Infant formula. Am Fam Physician.

2009;79:565-570.

. WHO/UNICEF International code of marketing breast-

milk substitutes. WHO Chron. 1981;35:112-117.

. Greer FR, Apple RD. Physicians, formula companies,

and advertising: a historical perspective. Am J Dis Child.
1991;145:282-286.

. Phoutthakeo P, Otsuka K, Ito C, et al. Cross-border pro-

motion of formula milk in Lao People’s Democratic
Republic. J Paediatr Child Health. 2014;50:51-56.
Mikhael E, Alhilali D. Gift acceptance and its effect on
prescribing behavior among Iraqi specialist physicians.
Pharmacol Pharm. 2014;5:705-715.

Koletzko B, Baker S, Cleghorn G, et al. Global standard
for the composition of infant formula: recommendations
of an ESPGHAN coordinated international expert group.
J Pediatr Gastroenterol Nutr. 2005;41:584-599.
Lonnerdal B. Infant formula and infant nutrition: bioactive
proteins of human milk and implications for composition
of infant formulas. Am J Clin Nutr. 2014;99:712S-717S.
Kent G. The nutritional adequacy of infant formula. Clin
Lact. 2012;3-1:21-25.

Crawley H, Westland S. Infant milks in the UK: a practi-
cal guide for health professionals: June 2013. http:/www.
firststepsnutrition.org/pdfs/infant_milks junel3.pdf
Centre for Food Safety. Japanese infant formula found to
have low biotin content. http://www.cfs.gov.hk/english/
press/2012 12 28 1 e.html. —Accessed September 16,
2015.

Odhiambo, V. O., Wanjau, R., Odundo, J. O. & Nawiri,
M. P. Toxic trace elements in different brands of milk
infant formulae in Nairobi market, Kenya. African Journal
of Food Science 2015; 9(8):437-440.

Winarska-Mieczan A, Tupaj M. Evaluation of mineral
composition of infant formulas. J Elementol. 2009;14:
583-591.

Donato L, Guyomarc HF. Formation and properties of the
whey protein/k-casein complexes in heated skim milk: a
review. Dairy Sci Technol. 2009;89:3-29.

Shuren J. Proposed rules. Fed Regist. 2005;70:(201).
Johnston L. Infant formulas explained. S Afi- Fam Pract.
2011;53:433-436.

Iskedjian M, Haschke F, Farah B, et al. Economic evalu-
ation of a 100% whey-based partially hydrolyzed infant
formula in the prevention of atopic dermatitis among
Danish children. J Med Econ. 2012;15:394-408.

Chung CS, Yamini S, Trumbo PR. FDA’s health claim
review: whey-protein partially hydrolyzed infant formula
and atopic dermatitis. Pediatrics. 2012;130:¢408-e414.
Berseth CL, Mitmesser SH, Ziegler EE, et al. Tolerance of
a standard intact protein formula versus a partially hydro-
lyzed formula in healthy, term infants. Nuzr J. 2009;19:27.
Koletzko B, Bremer HJ. Fat content and fatty acid
composition of infant formulas. Acta Paediatr Scand.
1989;78:513-521.


http://www.firststepsnutrition.org/pdfs/infant_milks_june13.pdf
http://www.firststepsnutrition.org/pdfs/infant_milks_june13.pdf
http://www.cfs.gov.hk/english/press/2012_12_28_1_e.html
http://www.cfs.gov.hk/english/press/2012_12_28_1_e.html

Mikhael

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Berger A, Fleith M, Crozier G. Nutritional implica-
tions of replacing bovine milk fat with vegetable oil in
infant formulas. J Pediatr Gastroenterol Nutr. 2000;30:
115-130.

Leite ME, Lasekan J, Baggs G, et al. Calcium and fat
metabolic balance, and gastrointestinal tolerance in term
infants fed milk-based formulas with and without palm
olein and palm kernel oils: a randomized blinded cross-
over study. BMC Pediatr. 2013;13:215.

Girardet JP, Fournier V, Bakhache P, et al. Tolerance
and adequacy of a 100% lactose infant formula: a con-
trolled randomized double-blind study. Arch Pediatr.
2012;19:693-699.

EFSA Panel on Dietetic Products, Nutrition and Allergies.
Scientific opinion on the essential composition of infant
and follow-on formulae. EFSA J. 2014;12:3760.

Hansen AE, Wiese HF, Boelsche AN, et al. Role of
linoleic acid in infant nutrition. Pediatrics. 1963;31:
171-192.

Yum J. The effects of breast milk versus infant formu-
lae on cognitive development. J Dev Disabil. 2007;13:
135-164.

Udell T, Gibson RA, Makrides M; PUFA Study Group.
The effect of alpha-linolenic acid and linoleic acid on the
growth and development of formula-fed infants: a system-
atic review and meta-analysis of randomized controlled
trials. Lipids. 2005;40:1-11.

Connor WE. a-Linolenic acid in health and disease. Am J
Clin Nutr. 1999;69:827-828.

Wiese TJ, Dunlap JA, Conner CE, et al. Osmotic regu-
lation of Na-myo-inositol cotransporter mRNA level and
activity in endothelial and neural cells. Am J Physiol.
1996;270:C990-C997.

Majerus PW, Ross TS, Cunningham TW, et al. Recent
insights in  phosphatidylinositol  signaling.  Cell.
1990;63:459-465.

Greene ND, Copp AJ. Mouse models of neural tube
defects: investigating preventive mechanisms. Am J Med
Genet C Semin Med Genet. 2005;135C:31-41.

Hallman M, Saugstad OD, Porreco RP, Epstein BL,
Gluck L. Role of myoinositol in regulation of surfactant
phospholipids in the newborn. Early Hum Dev. 1985;10:
245-254.

Schanler RJ, Atkinson SA. Human milk. In: Tsang RC,
Uauy R, Koletzko B, Zlotkin SH, eds. Nutrition of the preterm

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

infant: scientific basis and practical guidelines. Cincinnati,
OH: Digital Educational Publishing; 2005:333-356.
Cavalli C, Teng C, Battaglia FC, Bevilacqua G. Free
sugar and sugar alcohol concentrations in human breast
milk. J Pediatr Gastroenterol Nutr. 2006;42:215-221.
Rebouche CJ. Carnitine function and requirements during
the life cycle. FASEB J. 1992;6:3379-3386.

Hayashi H, Tokuriki S, Okuno T, et al. Biotin and carni-
tine deficiency due to hypoallergenic formula nutrition in
infants with milk allergy. Pediatr Int. 2014;56:286-288.
Winter SC, Szabo-Aczel S, Curry CJ, et al. Plasma car-
nitine deficiency: clinical observations in 51 pediatric
patients. Am J Dis Child. 1987;141:660-665.

Tai EK, Wang XB, Chen ZY. An update on adding doco-
sahexaenoic acid (DHA) and arachidonic acid (AA) to
baby formula. Food Funct. 2013;4:1767-1775.

Heaton AE, Meldrum SJ, Foster JK, et al. Does docosahexae-
noic acid supplementation in term infants enhance neurocogni-
tive functioning in infancy? Front Hum Neurosci. 2013;7:774.
Qawasmi A, Landeros-Weisenberger A, Leckman JF,
Bloch MH. Meta-analysis of long-chain polyunsaturated
fatty acid supplementation of formula and infant cogni-
tion. Pediatrics. 2012;129:1141-1149.

Singhal A, Kennedy K, Lanigan J, et al. Dietary nucleo-
tides and early growth in formula-fed infants: a random-
ized controlled trial. Pediatrics. 2010;126:€946-¢953.

Yu VY. The role of dietary nucleotides in neonatal and
infant nutrition. Singapore Med J. 1998;39:145-150.
Gutiérrez-Castrellon P, Mora-Magafa I, Diaz-Garcia L.
Immune response to nucleotide-supplemented infant for-
mulae: systematic review and meta-analysis. Br J Nutr.
2007;98(suppl 1):564-S67.

Hawkes JA, Gibson RA, Makrides M. Effect of dietary
nucleotide supplementation on growth and immune func-
tion in term infants: a randomized controlled trial. Eur J
Clin Nutr. 2006;60:254-264.

Capeding R, Gepanayao CP, Calimon N, et al. Lutein-
fortified infant formula fed to healthy term infants: evalu-
ation of growth effects and safety. Nuzr J. 2010;9:22.
Kent G. Global infant formula: monitoring and regulat-
ing the impacts to protect human health. /nt Breastfeed J.
2015;10:6.

Brady JP. Marketing breast milk substitutes: problems
and perils throughout the world. Arch Dis Child. 2012;97:
529-532.



