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Ahstract. ‘The ohjective of the present study was to compare fatty acid composition of fourteen powdered
infant formulas with breast milk. The powdered formulas were purchased from local markets. Breast milk was
cullected from ten healthy lactating mothers who had been breast-feeding for 3-4 months. Seven formuias were
sarting formulas, six formulas were follow-up formulas and one formula wus special foomula (fow lactase).
Fatty acid composition of breast milk and formulas was determined by gas-liquid chromatography. The level
of palmitic acid mnged from 9.75-38.23% in infant formulas s compared to 21.10% in breast milk. The
concentration of linoleic acid (C18:2, n-6) in eight formulas and in breast milk was comparable with that
siated by the American Acudemy of Pedistrics, Committee on Nutriion. Three torimulas and breast milk
comply with the European Socicty for Pediatric Gastroenterology and Nutrition (ESPGAN) recommendations
regarding [inoleic/«-linolenic mtio. Breast milk lipid contains leng-chain polywnsaturated farty acids
(LCPUFA), whereas LCPUFA was not found in infant formulas. However, more efforts should be made 1o
produce infant formulas balanced in their fatty acids and resembling breast milk in its LCPUFA.

Introduction

Lipids are the major cnergy source in breast milk, usually representing 45-50% of
energy [1. p.157]). Essentiul fulty acids, especially their long chain polyunsaturated
fatty acids (I.CPUFA) function to maintain membrane integrity, maintain optimal
levels of unsaturation in tissue lipids, play a role in growth, and developments of brain
and retina [2 -4].
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Fat from cow's milk was the only fat sourcc in the first peneration of infam
formulas but its fatty acid composition differs considerably from breast milk [5-6].
Today infant formulas on the market obtain their fat content from vegetable vils and thus
do not contain poly unsaturated fatly acid (PUFA) with more than 18-C atoms [71. It was
suggested that conversion to 20-C and 22-C PUFA from dietary 18-C precursors may
occur with difficully in the human neonate [8-10}.

Soy oil based formutas provide a more balance supply of hoth linoleic and linolenic
acids. However, many infant formulas have contained corn rather than soy oil hecause of
susceptibility of the largc amounts of linolenic acid (C18:3 n-3) in soy oil to oxidative
degradation [t1, p.223]. The optimal ratio of linoleic acid (C18:2 n-6} 1o C18:3, n-3 for
a bulunced synthesis of their long derivatives has been indicated as 10:1 [12]. Several
studies have shown that there are large differences between the fatty acid composition of
diffarent formulas, and many differ considerably from the fatly acid composition of
breast milk [7, 13, 14). Jorgensen er ai. [15] reported that 4 of 13 Danish infant formulas
had a linoleic: = linclenic ratios between 5 and 15 which is approximatcly the ratio
found  in breast milk. They also found some deviation in the nther fatty acid clusses from
the composition of breast milk.

The objective of the present study was 1o analyze the faity acid composition of
commercial formulas available on the Saudi market in 1997 and 10 compare theimn with
the faity acid composition of breast milk. The sludy was extended to focus on the {8:2
(n-6) to 18:3 (n-3} ratio,

Materials and Methods
Infant formulas and breast milk samples collection

Fourteen different infant formulus (three cans from each formula) were collected for
fatty ucid unalysis. All formulas were purchased from local markets . Seven of the
formulas were starling for first age formulas, six were [ollow-up formulas and one was
special formula (low lactose formula). The sources of fat in the studied formulas are
shown in Table 1. The formulas were dissolved in water according to manufacturers’
instructions,

Breast milk samples were freshly obtained from ten healthy lactating mothers at 3 to
4 months of lactation from Saudi mothers. None of the mothers were vegetarians. The
mothers were requested 10 express one (right) breast with a manual pump at 9-10 a.m.
The milk samples were transported to the laboratory in ice and frozen immediately on
arrival and stored at -20°C until analyzed.
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Table 1. Fat sources of the various formulas used in the present study

Formula Manufacturer Fat source % Total fat
{MeanSD)
Starting formulas
Nan Nestle (Netherland)} whole milk, milk fat, com oil 25,030,098
Similac Ross, Abott Laboratories non (a1 milk, vegetable oil 28.0010.141
{(USA)
S-26 Wyeth (Ireland) mixed palm, soya, and coconut oils, 28.25+0.494
olcin, non-fat milk
Guigoz-1 Nestle (Switzerland) skimmed milk, milk far, palm olein, 23.45+0 494
coconut oil, sunfllower oil, soya lecithin
Bebelac- 1 Lyempf (Holland) vegetable fat, skimmed milk solid 250810721
Babina plus Santis (Switzeriand) vegetuble oil, skimmed milk powder 27.0540.21
Mamex APS (Cupenhagen) whey, patm, coconut and soya oil. 27.9340.233
skimmed cow milk o
Follow-up formulas
Bebelac-2 Lyerapf (Holland) skimmed milk, vegetahle fat 29 107k0. 141
Guigoz-2 Nestle (Switzerland) skimmed milk, milk fat, corn oil (8.3020.417
Babina pruna Santis {Switzerland) skimmed milk powder, vegetable oil 25.25+0.212
Nutrilon (follow-up) N.V. Nutrica (Holland} partially skimimed milk, vegetahle oil 9 494 21y
Promil Wyeth (Ireland) skimmed milk, cleic acid, soya, palm ¢ 3644339
' and coconut oils
Mamil APS (Copenhagen) whole cow milk 18.6410.339
Special formmla:
Nutrilon {low lactose)  N.V. Nutricia (Holland) vegetable fais, partially skinimed 29.2510.353
milk ' )
Lipid analysis

Lipid eatraction and determination: The lipids were extracted according to the
method of Folch et al. [16]. The formulas and breast milk samples were shaked in
chloroform:methanol {2:1) for an hour. Triplicate extractions were carried out for each
sample. The lower chloroform layer was transferred into separating funnel and was
shaken with water. The lower chloroform layer was dried over anhydrous sodium
sulfate, filtered, and evaporated to constant weight under gentle stream of nitrogen to
determine total ipid content.

Preparation of fatty acid methy] esters (FAME)

FAME were prepared as described by Harzer er al. |17]. Aliquots of lipid cxtracts
were saponified with methanolic KOH (0.5 N) solution by refluxing for 15 min at 90°C.
After addition of 3 ml boronuifluoride-methanol reagent (20% BF3 in methanol), the
samples were incubated for another 5 min at 90°C. The fatty acid methyl esters were
extracted three times with hexane and dried through anhydrous sodium sulfate.
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Gas-liquid chromatography

Fatty acid methyl esters were analyzed hy gas liquid chromatography using gas
chrematograph GC 17A, equipped with CR6A integrator (Shimadzu Co., Japan) and a
fused silica capillary column, (Supelcowax 10, 30mx0.32) id, 0.50 um film thickness
(Supelco, Bellefonte, PA). The oven temperature was programmed from!10 to 185°C at
2°C/min, and hold it for 5 min., then increased to 220°C at rate of 4°C/min. with a final
hold time 20 min. at 220°C. Injector port and flame ionization detector temperatures
were 250 and 260°C, respectively.

Helium was used as a carrier gas atinlet pressure 1.5 kg/om?®. Identification and
quantification of individual fatty acid methyl esters were achicved by comparison with
refercnce standards. Pentadecanoale was uscd as an internal standard.

Statistical analysis

All data were subjected to statistical analysis by using the Statistical Analysis
Systern (SAS) [18]. Data are presented as mean +SD. Means were lested by one way
analysis of variance (ANOVA). Value of probability al 5% was used to indicate
significance.

Results

Table 1 indicates the sources of fat in various infant formulas as indicated on the
package. Corn oil is the sole source of vegetable oil in 3 formulas, while mixtures of
soyhean, paln, and coconut oils along with vleic acid are employed in 3 formulas.
Vegetable oil from an unspecified source is used in 7 formulas. One formula (Guigaz-2)
contains sunflower and coconut oils, olein und milk fat.

The fat content of the formulas ranged from 18.3 1o 29.3 g per 100 g formula
(Table 1). However, breast milk contained 20,1 g per 100 g dry milk. The fatty acid
compositions of the formulas and breust milk are shown in Tables 2-4. No short chain
tatty acids (< C8:0) were detected in all the formulas. All the formulas and breast milk
contuin medium chain (C8:0 through C14:0) fatty acids. Palmitic acid {C16:0} was the
major saturated fatty acid in all the formulas and breast milk except Similac where lauric
acid (C12:0) was the major saturated fatty acid. Total saturated fatty acids ranged from
42% 1o 61% of total fatty acids. Of the 14 infant formulas, 7 formulas contain more than
25% of total fatty acids as C16:0 (Table 2).

Oleic acid (C18:1) was the most abundant mynounsaturated fatty acid in all cascs
{Table 3). Total monounsaturated fatty acid content varied between 16.38% to 46.44% of
total fatty acids. It is the lowest in Similac but it the highest is the special formula, Nutrilon
(low lactose). C18:1 content of breast milk was 32.17%, and two formulas: Behelac-1 and
Bebelac-2 uf the 14 tested have C18:1 level similar to that found in breast milk.
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Table 2. Saturated fatty acld composition of breast milk and infant formuolas®
Faity acid {%total fatty acids)
No. Formula C8:0 C10:0 C12:0 ClLd:0 c1s:0 Clé:0
n ab &= 3 f
1 BM 0e0e0.078 3998046° 6805206 6.53167 0342018 20108217 °
a
h ab cde
2 N 11200257% 30509 302:030"  82240076% 0312006 24.6722.03
a
a a a ah h
3 Similic 9275249 3981123 2240£11% 8224033 9754069
ol r «d f ef
40826 1562031 13620537 87450607 182803655 - 20342067 F
b b r b b
5 Guigoz-l 5.35:1.51 3491083 5881030 8.01:0.41" 0.34:0.07 29132043
a
bed cde b d il
6 Bebelac-1 5.0121.27 1.9110.43 13.426041 S66£0.23 0312013 25.08:0.34
a
‘ h £ b Y a
7 Bubita 0172001 0.35=0.00 3.50=0.30 2324011 -- 38.2320.12
Pus
f £ § b
8 Mamex 2976249°%% 00420487 523:210°8 2674210 0452006 288641 57
h a
hd lef b ) he
9 Debelac-2 4424129 150041 13011061  5.470.42 26092042
) b ab h ah cdef
10 Guigoz2 506+0.28 3.4040.85 2455063  8.40:0.87 0532029 24.1040.96
a
. h f 4 gh a
Il Babina  €.36£0.06 0.50+0.40 4525036 °  2.5720.24 w  1661£0.53
B
prima
. cdefgh bed h be defg
12 Nutrilon 260162 272:0.92 27720300 T190.34  0.21+0.15 21.96+0.59
H
: efgh ef [ e defg
i3 Peomil 201000 1.11+}342 G HIHLLR 412403 - 22.32+0.49
) defgh abe h a i be
14 Mamil 245146 e 33T el 2.96!{].()8‘: 8.7ﬁt().34€, 26.64+2.74
15 Nutdlon 3.5430.88 (.5620.43 8571092 387:0.22 — 188Ts004°
{low
lactose)

* Values are means T SD. Values in the swne column with common superscopt(s) are not significantly
different (p<0.05). BM = Breast milk.
Formulas from 2 to 8 are starting for first age formulas,
Formulus (romn 9 to §4 are follow-un formulas.
Formula no. |5 is special formula,
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The lowest level of C18:1 was found in Similac (16.13+1.45%) while the highest
level was found in Nutrilon (low lactose) (45.56+0.72%). Linoleic acid (C18:2) being the
major polyunsaturated fatty acid ranged from 9.29% in Babina Plus to 26.18% in Similac
as compared to 10.73% in breast milk. The level of C18:2 in Babina Plus, Mamex,
Nutrilon (low lactose), Bebelac-2, Guigoz-1 and 2, Babina Prima and Mamil was
compargble with that found in breast milk. The remaining six formulas contained
significantly higher C18:2 levels than in breast milk.

Tahle 2 (contd)
Fatty acld (%total fatty aclds)
No. Fuermula C17:0 C18:0 C20:0 C22:0 C24:0 Total
T BM 0342013 49010257 201s0g2 0 OZ1H004 00T GBI8ETH
I Nan 0342007 8162132 235:056%° v 2342573
Y Simile 22610065 030:022° - 56.186.12
482 - 4152041 20620557 b #-0324.64
5 Quigord 013t 7682007°  1.02:035°°% - - 01 3=d.10
O Bebehel s6:043"  1.12:006F 0932032™% - 55.823.32
7  Babinaplis - 3.98:{)‘32“ G.QJzo.Olede -- - 45.54+0.99
£ Mamex ) issom® 1082029 0432005 45092915
9 Hebelic2 - 55204 oo™ - - 54.6143.87
10 Ouigor2 | o014 874:051° 3300177 - 36492630
Il Babina prima - 4.(":{)05[‘”'. D.';'S:U,{)?dc - -~ 49.35z1.71
12 Nutrilon 0.34:0.02“ 77410.6] ¢ 2.5610.96“ - - 48.09+4 59
13 Promil - 3._’&“714&[ O.9l:|:0_lliicd° -- - 44,0511.38
14 Mamil 9.82:{:{)“:'21‘21 232—1:0.923!1:: - -- 56.04+4.99
IS Nutilen - 3120:007% 24120600 . : 420042.16
(Uorw lactose)

Values are ineans £ SD. Values in the same column with common superscripi(s} are not significantly
different (p<(1.05).
BM = Breust milk.
Formulaz from 2 to § are starting for first age formulas.
Furmulas from 9 to 14 are follow-up formulas.
Formula no. 15 is special formula.
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The concentration of C20:2 found only in four formulas (5-26, Babina Plus,
Mamex, and Babina Prima) was significantly lower than that in breast milk (Table 4).
The smount of PUFA supplied by infant formulas ranged from 10.18% in Guigoz-1 to
26.98% in Similac as compared with 15.31% in breast milk. The ratio of 18:2 to 18:3
varied considerably among the infant formulas. The ratio for most formulas was very
high cxcept for Mumil where it was 7.49. The ratio found in breast milk was 9.94.

Table 3. Monounsaturated fatty acid composition of breast milk and infant formualas*
Fatty acid (%total fatty acids)

No, Formula ciail 16 c171 cIs:1 Co Gl Tesl

! M LN lbﬂlusb 4251 .24. 0.41i0.|0n 321 7ﬂ.55c 0,9310,58. widogs 38.0847.33
2 M oroz0ar  Laos0a8™  oxmood  2s0etaza’ - T IEIAN
¥ Simik - - - 16031457 02540.06" 16.38£1.51
+5 " - " waaton®  oswon’ #9.1710.34
S Gugorl oo™ oeutuasT 0200 26982036 - T msEL
6 Pehelact - - pa4000°  mesto1s”  osiooss | ORE0
7 Babita plas - - - wI201sT  0ast0ir #R.17£0.27
8 Mamex - b 036007 aListres’  oisroor aTE12

?  Rebele-2 - - B weatosy 1214043 32891 9%
0 Gugrwd o oron™  lasto2” 0340060 269840560  oeizeas | OSEL4l
Il Dabina peima - - - wist036 0254004 39.435040
" Mol 02 Leston™  ozesoos  mertor2’  117404d" 30.5041.53
13 Prumil - - - w1 31:0‘291, - - 19.1840.29
14 Mamil ossoes’  z3stom v 28.1500.46° - T A0S
13 :::T:lm) - - . wseion’  osanzs T 46U

* Values are means + SD. Values in the same column with common superscript(s) nre not significantly
different (p<0.05).

BM = Breast milk.

Formulas from 2 to 8 are starting for first age formulas.

Formuias from 9 to 14 are follow-up formmlas. Formula no. 15 is special formula.
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Discussion

Palmitic acid (C16:0) is the most important saturaled fatty acid and accounts for 20-
25% of the total fatty acids of breast milk [19]. The level of C16:0 found in breast milk is
within the range reported by Innis [19]. In contrast, our results indicate that C16:0 levels
vary considerably among the various infunt formulas. The level of C16 : 0 in five
formulas (5-26, Guigoz-2, Nutrilon, Promil, Nutrilon “low lactose™) was comparable to
that found m breast milk. On the other hand, the level of C16:0 in one formula (Similac)
was significantly lower (P>0.05) than that found in breast milk.

Table 4. Polyunsaturated fatty acid composition of breast milk and infant formulas*

Fatty acid (%total fatly acids)
No. Formala C18:2 C18: c20:2 c:3 204
| BM 1073:1.407%  1082076™ 1140170 080:0.02  0.80£043
ab
2 Nan 16364007°  1.45+0.40 - - .
3 Similac 236.1862.13" 08040050 - - -
abe b
¢ 52 16.056000° 1108085 0.64£0,03 - -
5 Guigoz-| 9902059 028408 - - -
d .
6 Behelac- 1 13014003 04140.23° - - -
i g abe b
7 Bahina plus 9.29:0.51 0.53£0.02 0.46-06 - -
: b
3 Mamex 12.142065%F  0as#013° 0532011 - -
del ¢
g Brehelac-2 12.06£1.38 0.4210.36 - - -
10 Guigoz2 1273:127%  0.2600.10° - -
. fg c c
Il Babina prima L0.5340.41 0.45£0.01 0.24+3.02 -
12 Nurilon 20812087 05610300 - - -
13 Promil 15804034° 0372007 -
def)
14 Mamil 1L.0940.30°°F 148136 - - .
. fg abc
I5  Nutilon 1060:0.54°  0.645031 -

{low lactose)
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Table 4, (contd.) -

Fatty acid {%total fatty acids) Ci18:2%

No. Formmla C20:5 C22:5 C22:6 Taotal C18;3
1 BM 0.234+0.17 0.2540.11 0.3130.01 15.3143.13 9.04

2 Nan - - - 17.7120.54 11.21

3 Similac - - - 26.9813.08 27
4 8-26 - - - 17.79£1.78 1459
5 Cuigoz-1 - - - i0.18+0.77 3536
6 Bebelac-1 - - - 11.42400.26 3173
7 Babina plus - - - 10.2840.59 17.53
8 Mamex - -- -- 13,1310 8% 26.39
9 Bebelac-2 - - - 12.48+1.74 28.71
10 Guigoz-2 - - - 12,99+1 .46 48.06
11 Babina prima - - -- 11.22+0 43 23.40
12 Nutrilon - - -- 21.37£0.19 37.16
13 Promil - - - 16,3640 41 4323
14 Mamil - - - 12.5741.66 749

15 Nutrilon - - - 11.53H01.85 12.73

{low lactose)
* Values are means £ SD, Values in the same column with common superscripi(s) are not significantly
different (p<0.05). BM = Breast milk,
Formulas from 2 tu 8 are starting for first age formulas.
Formulas from 10 io 15 are follow-up formulas,
Formula no. 15 is special formula.

The concentration of C18:2 in infant formulas was either similar to or higher than
that found in breast milk. The level of C18:2 found in breast milk (10.73%) is lower than
the value found in American women breast milk (14 to 16%) [20]. On the other hand,
Gibson and Knecbone [21] reported a level of C18:2 (11%) which is comparable with
that found in the present study. Sanders et al. [22] reported 32% of C18:3 in the breast
milk of English vegan women as compared to 7% in omnivore controls. The level of
C18:2 in breast milk and eight of the studied formutas is comparable with that statcd by
American Academy of Pediatrics, Committee on Nutrition [23] who rcported that C18:2
comprises 8-10% of the fat in breast milk.

Neuringer and Conner [12] reported that the optimal ratio of C1¥:2, n-6 to C18:3,
p-3 for a balanced synthesis of their long chain metabolites is 10:1, taking the
composition of breast milk as the gold standard. The ratic found for breast milk in the
present study complies well with that reported by Neuringer and Connor [12]. Whereas,
the majority of {13 of 14 ) of the formulas studied had C18.2, n-6/C18:3, n-3 ratio higher
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than the optimal ratio according to Neuringer and Connor [12]. European Society for
Pediatric Gastroenterology and Nutrition (ESPGAN) recommended that the ratio should
be between 5 and 15 [15]. According to ESPGAN recommendations, therc are five of the
fourteen formulas which comply with the recommendations. The low level of C18;3, n-3
in most of the formulas creates a myjor imbalance in relation to the high content of
Cl18:2, n-6. Our findings are consistent with Jorgensen et al. [15) who reported high
C18:2, n-6/C18:3, n-3 rativs in 10 commercial infant formuias,

The present findings indicated that all formulas contained no LCPUFA of C20:3,
C20:4, C20:5, C22:5 and C22:6, whereas few formulas had small amount of 20:2. On the
other hand, the present study found that long chain metabolites of C18:2, n-6 constituted
3.37% of the lotal fatty acids while long chain metabolites of 18:3, n-3 constitute 1.4% of
the total fatty acids of breast milk. Uany et al. {24] suggested that C22:6, n-3 is essential
for he development of newborn infants and that preterm neonates who have deficient
stores of C22:6, n-3, show deficits in visual function unless fed breast milk or formula
supplemented with marine oil containing cicosapentaenoic acid C20:5, n-3 and €'22:6,
n-3. Moreover, Unuy er al. [24] indicated that the desaturation steps necessary for the
synthesis of C22:6, n-3 from CI8:3, n-3 are inefMicient in neonates, suggesting that
C€22:6, n-3 is a requircd nutrient.

The results of the present study along with others revealed that the available infant
formulas have no LCPUFA. More cfforts should be made to produce infant formulas
containing LCPUFA resemble to breast milk. In this regard fish harvested from warm
waters which yield vils containing both n-3 and n-6 LCPUFA [25] may prove useful.
Triglycerides from epg yolk have also been suggested as a feasible source of LCPUFA
[26]. In general, most of the infunt formulas contained low proportions of oleic avid and
higher levels of lincleic and saturated [aity acids,
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