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Infant and children need 
the right food to meet their 
nutritional intake, growth and 

development. Appropriate feeding 
efforts are included in the Global 
Strategy on Infant and Young 
Child Feeding by the World Health 
Organization (WHO). The program 
includes activities encouraging 
mothers to breastfeed their infant 
as soon as possible after birth and 
exclusively for the first 6 months, 
provide complementary feeding 
from the age of 6 months, and 
continue breastfeeding until the 
age of 2 years or more (WHO 
2009). In some cases, infants do 
not get human milk because the 
mother is undergoing treatment, 
dies, has an infectious disease, 
or when the mother is working 
(BPOM 2009, Maduko et al. 2007). 
Therefore, there is a need of a 
substitute with similar nutrient 
content to human milk to meet the 
intake requirements of the infants.

In special condition, human milk 

could be replaced by infant formula. 
Infant formula is included in the Food 
Category 13.0 i.e. food products for 
special purposes. Products included 
in this category are specifically 
processed or formulated to meet 
certain nutritional needs due to 
physical and physiological conditions, 
or due to certain diseases and health 
problems. Infant formula in detail is 
included in category 13.1; infant or 
starter formulas (13.1.1), follow-up 
formulas (13.1.2), and formulas for 
special medical purposes for infants 
(13.1.3) (Codex Stan 192-1995 Rev 
2018; BPOM 2015).

The main energy source for 
infants in their early months of 
life comes from the fat content in 
human milk (Moduko et al. 2007). 
Human milk contributes 45-50% of 
energy to infants, hence human-
milk substitute is attempted to 
have fat composition, character, 
bioavailability and functionality as 
similar as human milk (Delplanque 
et al. 2015). Fat source for infant 
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formula are cow’s milk, 
other animal milk or 
from plants. Fat content 
in cow’s milk as main 
raw material can be 
reduced or eliminated 
and supplemented or 
replaced by vegetable oils 
to obtain more essential 
fatty acids and increase fat 
digestibility (BPOM 2015).

Palm oil with its fatty 
acid and triacylglycerol 
composition and 
characteristics has 
an important role as 
ingredient in formula, 
together with other 
vegetable oils. This article 
will review advantages 
of palm oil and the 
formulation strategy to 
cover its weaknesses as 
an ingredient in infant 
formula.
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INFANT
FORMULA
INGREDIENTS

Infant formula is available in 
the form of powder, liquid 
concentrate, and ready-to-

use liquids (Martinez and Ballew 
2011), with most of it is sold in 
powder form. Cow’s-milk based 
formula is formulated with a 
specific combination of protein, 
fat, carbohydrates, vitamins, 

minerals, and other minor components 
(Guo et al. 1998). Nutrition safety and 
adequacy in infant formula must be 
able to support baby’s growth and 
development and also can be proven 
scientifically. Sources of protein used 
in infant formula can be derived from 
cow’s milk, soy protein isolates, and 
milk protein hydrolysis (Koletzko et 

m i x t u r e s   o f   v e g e t a b l e   o i l s
i n   i n f a n t   f o r m u l a
Source: Guo and Ahmad (2014)

p a l m   o i l s o y b e a n   o i l c o c o n u t   o i l s u n f l o w e r   o i l
h i g h - o l e i c
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al. 2005). Hydrolyzed protein was 
developed for infants who are 
unable to digest formula containing 
whole cow’s milk protein (Martinez 
and Ballew 2011). The composition 
which is usually added as a source 
of carbohydrates in infant formula 
includes lactose, maltodextrin, corn 
syrup, and saccharose (powder 
or syrup). Fat sources in formula 
milk came from cow’s milk or other 
animal milk which then added with 
vegetable oil mixture. Mixtures of 
vegetable oils that are often used 
include palm oil, and soybean, 
coconut, or high-oleic sunflower oil 
(Guo and Ahmad 2014).

Beside macronutrients such as 
protein, carbohydrate, and fat, 
infant formula is also completed 
with minerals and vitamins, 

which adjusted with dietary 
recommendation based on infant 
age, composition of human milk, 
bioavailability differences, and 
applicable regulations (Martinez 
and Ballew 2011). Optional 
ingredients are also added with 
more specific functional and 
nutritional benefits according to 
regulatory requirements, such as 
prebiotics (galactooligosaccharide-
GOS, fructooligosaccharide-FOS, 
and inulin), probiotics, special oils 
(docosahexaenoic acid-DHA from 
deodorized fish oil, LC-PUFA oil 
(plural long chain unsaturated fatty 
acids) from microorganism extracts, 
medium chain triglycerides (MCT), 
esterified palm oil, and sphingolipid, 
and carob bean gum and starch (corn 
or potato) (Guo and Ahmad 2014).

M A c R O n u t r i e n t s

p r o t e i n

c a r b o h y d r a t e

f a t

infant age

applicable regulations

bioavailability differences

composition of human milk 

m i n e r a l s

minerals & Vitamins
in infant formula

v i t a m i n s i n f a n t   f o r m u l a
Adjusted with dietary 
recommendation based on:

Source: Martinez and Ballew (2011)
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FAT CONTENT
IN INFANT FORMULA

3-5%+

total fat content
in human milk

Source: Pande et al (2013)

The nutrition of human milk is 
the most ideal reference for 
infant formula production. 

Total fat content in human milk is 
approximately 3-5% (Pande et al. 
2013). The main fatty acids are oleic 
acid (C 18:1) and palmitic acid (C 16). 
Human milk is also rich in essential 
fatty acids such as linoleic acid (C 
18: 2), linolenic acid (C 18: 3), and 
its derivative such as arachidonic 
acid (ARA) and docosahexanoic acid 
(DHA). Approximately 50% of calories 
from human milk comes from fat such 
as palmitic (15-29%), oleic (28-44%), 
linoleic (10-25%), and linolenic acid 
(0.5-1.0%) (Picciano 1998, Pande 
et al. 2013, Sun et al. 2016). Infant 
formula contains a specific mixture 

of vegetable oils to mimic the content 
of saturated fatty acids (saturated fatty 
acid-SFA), monounsaturated fatty acids 
(monounsaturated fatty acids-MFA), 
and plural unsaturated fatty acids 
(polyunsaturated fatty acid-PUFA) in 
human milk and increase the content 
of essential fatty acids (Hashem and El-
waseif 2016).

Fatty acids in infant formula are 
present in the form of triacylglycerol 
(TAG). Triacylglycerol (TAG) is the 
main constituent in oil, arranged from 
a glycerol bound to three fatty acid 
molecules. The position of esterified 
fatty acid is usually described by 
stereospecific number as sn-1, sn-2, or 
sn-3 (Berry 2009). There are two types 
of TAG; simple triacylglycerol, which 
consists of three identical fatty acids, 
and mixed TAG which has a combination 
of fatty acids. Generally, certain fat or 
oil are not composed by a single TAG, 
rather a complex mixture of several 
TAGs (Hart et al. 2003). The combination 
of fatty acids in glycerol backbone 
produces various types of TAG that vary 
in each type of oil or fat.

Characterization of fat using a 



N U R I   A N D A R W U L A N      R E Z I   Y U L I A   R I S M A 7

f r o m 
o f   c a l o r i e s

h u m a n   m i l k

15-29%

28-44%
10-25%

0.5-1.0%

Source: Picciano (1998), Pande et al (2013), Sun et al (2016)
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TAG profile could show the 
distribution of fatty acids in 
glycerol backbone (Cunha and 
Oliveira 2006). TAG analysis 
can be done by several 
methods such as thin layer 
chromatography (TLC), reverse 
phase high performance 
chromatography (RP-HPLC), 
HPLC-RID, and HPLC-ELSD 
(Cunha and Oliveira 2006).

The difference between fatty 
acids composition in cow milk’s 
TAG compared with the human 
milk’s TAG is very distinct (Table 
1). Cow milk’s TAG is dominated 
by MCT (medium chain 
triacylglycerol), while human 
milk’s TAG mainly composed by 
LCT (long chain triacylglycerol). 
Palm oil’s TAG can contribute to 
PLO/PLP and POO TAG in the 
formulation. By seeing the TAG 
composition in Table 1, palm 
oil cannot be a single source of 
fat for infant formula. However, 
the data in Table 1 shows that 
palm oil has TAG composition 
that could be use dominantly 
in infant formula to mimic the 
composition of human milk’s 
TAG. 

Table 1, which also shows 
the type and composition of 
vegetable oil’s TAG, is important 
information for the formulation 
of vegetable oil mixtures to 
mimic the composition of fatty 
acids and TAG in human milk. 
Mixtures of vegetable oils 

commonly added to infant formula 
include palm oil, coconut oil, soybean 
oil, high oleic sunflower oil, corn oil, 
canola oil, safflower oil, and olive oil 
(Baltrope and Oppe 1973, Nelson et 
al. 1998, Pina-Rodriguez and Akoh 
2010, Rezhak et al.2011, Delplanque 
et al. 2015). The results of TAG analysis 
in Table 1 from 50 commercial infant 
formulas in Indonesia showed that 44 
(88%) products used palm oil (palm 
olein) as their ingredients. Our finding 
also showed that vegetable oil mixtures 
with palm olein in infant formulas 
consisted of PO-HOSO-SBO-CNO 
(58%), PO-SBO (16%), PO-HOSO-SBO 
(10%), and PO-SBO-CNO (4%) (Risma 
and Andarwulan 2019).
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a fatty acid in TAG, Ca (caprat; C10), La 
(laurat; C12), M (miristat; C14), P (palmitat; 
C16), S (stearat; C18), O (oleat; 18:1), L 
(linoleat; C18:2), Ln (linolenat; C18:3)

b ECN (equivalent carbon number)
c Type of fats/oils, anhydrous milk fat (AMF), 
human milk (ASI), palm olein (PO), high oleic 
sunflower oil (HOSO), coconut oil (CNO), 

Type of 
TAGa ECNb

                 Type of Fat/Oilc

AMF ASI PO HOSO CNO SBO CaO FB (n=11) FL (n=16) FP (n=15) FK (n=8)
CaCaLa 32 2.32 - - - 12.90 - - - - - -
CaLaLa 34 5.76 - - - 17.4 - - 1.57 1.53 1.22 1.83
LaLaLa 36 12.77 - - - 21.20 - - 2.24 2.01 1.74 2.63
LaLaM 38 14.53 0.64 - - 18.00 - - 3.64 4.48 3.30 4.59
LaLaO 40 11.78 - - - 3.10 - - - - - -
LaMM 40 - - - - 10.20 - - 3.91 4.14 3.39 4.09
LLLn 40 - - - - - - - 0.33 0.34 0.75 0.98
LLL 42 8.27 - - - - 32.00 5.83 7.91 6.63 8.83 8.98
OLLn 42 - - - - - - - 0.36 1.23 1.05 1.03
PLLn 42 - - - - - - - - 0.02 - 0.04
OLL 44 - 1.65 0.80 0.70 - 30.50 10.61 8.28 7.12 9.21 8.06
OLPo 44 - - - - - - - 0.18 0.27 0.77 -
PLL 44 7.58 1.57 3.00 - - 8.00 - 2.38 2.25 3.82 3.31
OLnO 44 - - - - - - - - - - -
OLO 46 - 5.01 2.10 1.30 - 9.80 21.74 6.46 6.18 7.29 6.04
PLO 46 8.28 16.65 11.80 - - 9.50 7.40 6.97 7.74 7.35 4.95
PLP 46 - 11.00 - - 1.00 - 4.63 5.32 4.08 2.71
OOO 48 - 5.26 4.30 91.30 - 3.00 31.85 14.24 9.90 11.21 15.17
POO/OPO 48 9.37 27.24 25.40 4.40 - 3.80 - 13.91 15.06 12.58 8.22
POP 48 - 5.13 30.60 - - 0.50 - 12.03 14.28 10.25 6.35
PPP 48 - - 0.80 - - 1.00 - 0.40 0.28 0.25 0.33
SOO 50 - - 2.80 2.30 - 0.50 2.70 2.42 2.42 2.32 1.70
POS 50 9.65 4.54 5.60 - - 0.20 - 2.78 2.98 2.42 2.12
PPS 50 - - 0.10 - - 0.20 - - - 0.20 -
SSO 52 7.91 - 0.5 - - - - - - - -
Others 1.78 32.31 1.2 0 17.2 0 19.87 5.36 5.82 7.97 16.87
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Type and Composition of TAG (%) in fats/oils

soybean oil (SBO), canola oil (CaO), infant 
formula (FB), follow-on formula (FL), 
growing-up milk formula (FP), and formula 
for medical purposes (FK)

Source: Tan and Man 2002, Morera et al. 
2003, Li et al. 2010, Clereq et al. 2012, 
Fauziet al. 2013, Alvarez and Akoh 
2016, Risma and Andarwulan 2019

Type of 
TAGa ECNb

                 Type of Fat/Oilc

AMF ASI PO HOSO CNO SBO CaO FB (n=11) FL (n=16) FP (n=15) FK (n=8)
CaCaLa 32 2.32 - - - 12.90 - - - - - -
CaLaLa 34 5.76 - - - 17.4 - - 1.57 1.53 1.22 1.83
LaLaLa 36 12.77 - - - 21.20 - - 2.24 2.01 1.74 2.63
LaLaM 38 14.53 0.64 - - 18.00 - - 3.64 4.48 3.30 4.59
LaLaO 40 11.78 - - - 3.10 - - - - - -
LaMM 40 - - - - 10.20 - - 3.91 4.14 3.39 4.09
LLLn 40 - - - - - - - 0.33 0.34 0.75 0.98
LLL 42 8.27 - - - - 32.00 5.83 7.91 6.63 8.83 8.98
OLLn 42 - - - - - - - 0.36 1.23 1.05 1.03
PLLn 42 - - - - - - - - 0.02 - 0.04
OLL 44 - 1.65 0.80 0.70 - 30.50 10.61 8.28 7.12 9.21 8.06
OLPo 44 - - - - - - - 0.18 0.27 0.77 -
PLL 44 7.58 1.57 3.00 - - 8.00 - 2.38 2.25 3.82 3.31
OLnO 44 - - - - - - - - - - -
OLO 46 - 5.01 2.10 1.30 - 9.80 21.74 6.46 6.18 7.29 6.04
PLO 46 8.28 16.65 11.80 - - 9.50 7.40 6.97 7.74 7.35 4.95
PLP 46 - 11.00 - - 1.00 - 4.63 5.32 4.08 2.71
OOO 48 - 5.26 4.30 91.30 - 3.00 31.85 14.24 9.90 11.21 15.17
POO/OPO 48 9.37 27.24 25.40 4.40 - 3.80 - 13.91 15.06 12.58 8.22
POP 48 - 5.13 30.60 - - 0.50 - 12.03 14.28 10.25 6.35
PPP 48 - - 0.80 - - 1.00 - 0.40 0.28 0.25 0.33
SOO 50 - - 2.80 2.30 - 0.50 2.70 2.42 2.42 2.32 1.70
POS 50 9.65 4.54 5.60 - - 0.20 - 2.78 2.98 2.42 2.12
PPS 50 - - 0.10 - - 0.20 - - - 0.20 -
SSO 52 7.91 - 0.5 - - - - - - - -
Others 1.78 32.31 1.2 0 17.2 0 19.87 5.36 5.82 7.97 16.87

Table 1
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The dominant TAG in human 
milk, from the study of Sun 
et al. 2018 of 10 samples 

of human milk in China, include 
OPO (10.28 - 27.85), OPL (20.34 - 
30.12%), OLL (3.12 - 8.11%), MOL 
(4.07 - 9.86%), and LOO (2.67 - 
9.34%). Stereospecific structure 
of TAG in human milk is different 
from vegetable oil and cow’s milk 
as a source of fat in infant formula. 
In human milk, the palmitic acid 
is dominantly esterified on sn-2 
whereas in vegetable oils and cow 
milk is on sn-1 and sn-3 respectively 
(Pande et al. 2013). Sn-2 palmitic 
acid is more absorbable, whereas 
sn-1 or sn-3 will form free fatty acids 
that could bind to minerals such as 
calcium, hence make them not as 
absorbable and excreted in infant 
stool. This lead to a problem of fat 
and calcium absorption in infants 
(Nelson et al. 1998, Lopez-Lopez 

et al. 2001, Pande et al. 2013, 
Mendonca 2017). From clinical 
point of view, reducing the intake 
of palmitic acid from vegetable oils, 
especially type sn-1 or sn-3 from 
palm oil, can overcome the problem. 
SFA sources can be provided 
from coconut oil or medium chain 
triglyceride (MCT) (Innis 2011). 
Coconut oil and MCT are rich in 
medium chain fatty acids. Infants 
can digest medium chain fatty acids 
more easily (Rodriguez et al. 2003).

Research on the use of vegetable 
oils in infant formula has been done 
quite a lot with the aim of obtaining 
a composition similar to human 
milk, achieving clinical purposes or 
extending product shelf-life. Some 
examples on research for clinical 
purposes are conducted by Nelson 
et al. (1998) and Lopez-Lopez et al. 
(2001). One study from Maduko et 
al. (2007) which is fat modification of 

TRIACYLGLYCEROL
FORMULATION
STRATEGY
IN INFANT FORMULA
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infant formula containing palmitic, 
oleic, and linoleic acids similar to 
human milk through enzymatic 
interesterification between 
tripalmitin and vegetable oil mixtures 
containing 2.5 : 1.1 : 0.8 ratio of 
coconut, safflower, and soybean oil. 
Hashem and El-Waseif (2016) also 

The use of palm oil 
and palm kernel 
oil in vegetable 
oil mixtures can 
improve oxidation 
stability in infant 
formula.

conducted a study to determine the 
oxidation stability of eight vegetable 
oil mixtures prepared from palm, 
palm kernel, soybean, and sunflower 
oil. The results showed that the use 
of palm oil and palm kernel oil in 
vegetable oil mixtures can improve 
oxidation stability in infant formula.
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