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Fatty acid and lipid composition of children's food. 
I. Analytical methods; composition of commercially 
available supplementary foods for juniors 

Carola Suwe lack ,  M. D. Laryea, and H. J. Bremer  

U n i v e r s i t y  C h i l d r e n ' s  H o s p i t a l  C, D f i s s e l d o r f  (F .R.G.)  

Summary 

Analytical methods and the results of the analysis of the lipids of commercially 
available canned supplementary foods for juniors are described. 

Lipids  were extracted,  separated into polar  and non-polar fractions and the 
components  (triglycerides, monoglycerides,  free fatty acids, cholesterol ester, and 
phosphol ipids)  were then identif ied and est imated,  by comparison with reference 
substances  and by  gas chromatography.  

To determine  the degree of unsaturat ion and posit ional  dis t r ibut ion of the fatty 
acids, the t r iglycerides were hydrolyzed by pancreat ic  lipase to monoglycer ides  
with the fatty acid in 2-position of glycerol, and the fatty acids and the monoglycer-  
ides were also separated by gas chromatography.  Linoleic acid, 18.2r was found 
as the predominant  fatty acid in the 2-position of the triglycerides. The other fatty 
acids being dis t r ibuted equally to all posi t ions of glycerol with the except ion of few 
minor  fatty acids. 

Fa t  contr ibuted to 31 to 48 percent  of the total energy supply  of the  analyzed 
items; linoleic acid providing 0.4 to 2.4 percent  of this energy assuming that  one can 
of these products  is consumed daily. 

Zusammenfassung 

Die analytischen Methoden und die Ergebnisse der Analysen der Lipidbestand- 
teile von k&uflich erhfiltlicher Beikost ffir ~iltere Sfiuglinge und Kleinkinder werden 
beschrieben. 

Die Lipide wurden mit Athano]]Zyklohexan extrahiert, chromatographisch in 
polare und nichtpolare Fraktionen getrennt; die Fettklassen (Triglyzeride, Mono- 
glyzeride, freie Fettsfiuren, Cholesterinester und Phospholipide) wurden getrennt 
und durch Vergleich mit Referenzsubstanzen und durch Gaschromatographie 
identifiziert bzw. bestimmt. 

Zur Bestimmung der Fetts~uren in der 2-Position der Triglyzeride wurden die 
Triglyzeride mit Pankreaslipase zu entsprechenden Monoglyzeriden hydrolysiert 
und die entstandenen Monoglyzeride gasehromatographisch getrennt. Die Linol- 
s~ure, 18.2r wurde als vorherrschende Fetts~ure in der 2-Position der Triglyzeride 
gefunden. Die anderen Fetts&uren wurden mit Ausnahme weniger gleichmfiBig 
abet die einzelnen Positionen verteilt. 

Das Fett machte 31 bzw. 48 % der Gesamtkalorien der untersuchten Pr~parate 
aus. Vorausgesetzt, dab ein Gl~schen pro Tag geffittert wird, werden dadureh 0,6 
bis 2,4 % der Energie in Form yon Linols~ure zugefiihrt. 

Key words: nutrition, children, food, fat, l ipid composi t ion 
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I n t r o d u c t i o n  

The  fat in food  is a h e t e r o g e n o u s  mix ture  o f  different  l ipids and triglyc- 
erides.  Dur ing  the  intest inal  degradat ion  and resorpt ion,  these  c o m -  
p o u n d s  b e h a v e  differently,  for instance ,  the  fatty acid subst i tute  in posi-  
t ion  2 o f  the  g lycero l  o f  tr ig lycerides  m i g h t  have  an in f luence  on  resorpt ion  
(1, 2, 3). Up  to  n o w  there  has  b e e n  a lack  o f  data on  fat c o m p o s i t i o n  o f  
w h o l e  food  and diets  o f  hea l thy  and s ick  chi ldren b e y o n d  infancy.  This  
m a k e s  it diff icult  to  judge  adequate ly  the  re lat ions  o f  fat c o m p o s i t i o n  and 
fat to lerance  o f  dif ferent  patho log ica l  states.  

The  a im o f  this  and the  fo l l owing  papers  is to fill up  this  gap in order to 
obta in  a basis  for eva luat ing  the  p h y s i o l o g y  and p a t h o l o g y  o f  fat in 
chi ldren's  food.  The  first paper conta ins  a descr ipt ion  o f  the  analyt ical  
m e t h o d s  and the  results  o f  the  analys is  o f  c o m m e r c i a l l y  avai lable  c a n n e d  
s u p p l e m e n t a r y  sol id foods  for juniors .  T h e s e  were  analyzed  b e c a u s e  they  
are frequent  m e a l s  in this  country .  Therefore  the  fo l l owing  five product s  
w e r e  chosen:  

C h i c k e n  breast  w i th  vege tab le s  and noodles ;  Veal  in vege tab le s  and rice; 
H a m  wi th  vege tab les  and n o o d l e s  (with  egg); S p i n a c h  wi th  fresh egg  and 
potatoes;  Carrots wi th  butter; (all products  from Hipp KG, Pfa f fenhofen ,  
F.R.G.). 

F ive  s a m p l e s  o f  each  k ind  produced  at the  s a m e  t ime  w e r e  e x a m i n e d .  To 
d e t e r m i n e  w h e t h e r  there  are essent ia l  d i f ferences  b e t w e e n  different  
batches ,  f ive addi t ional  s a m p l e s  o f  another  batch  o f  one  product  w e r e  ana- 
lyzed  s o m e  m o n t h s  later. The  e x a m i n a t i o n  of  the  infants'  mea l s  accord ing  
to the  fo l l owing  s c h e m e  wi l l  be reported here  (fig. 1). 
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Fig. 1. Scheme of the examination of lipids from supplementary foods for juniors. 



Suwelack  et aL, Fatty acid and lipid composition o f  children's food 265 

M e t h o d s  
i. Preparation of samples 

100-g portions of the material were thoroughly homogenized, filled into plastic 
dishes and frozen at -70 ~ for 5 hours. Immediately thereafter they were freeze- 
dried overnight, homogenized once again and stored at -20 ~ under N2. 

2. Protein determination 

The method of Kjeldahl was used with a catalysator mixture (E. Merck, Darm- 
stadt, F.R.G.) according to Wieninger containing copper, salt, and selenium. The 
sample size was i g of freeze-dried material. Protein content was calculated from: 
% protein = % nitrogen x 6.25. 

3. Lipids 

5 g of freeze-dried material was weighed together with fine sand into an extracting 
thimble from filter paper. It was then extracted with ethanoUcyclohexane (I/i) for 5 
hours in an apparatus consisting of a round-bottom flask, an extraction tube for the 
thimble and a reflux condenser placed on a hot plate. The resulting solution was 
evaporated to dryness under reduced pressure. The residue was dissolved in 15 ml 
of dry ether and allowed to stand overnight in a dark place. Then the solution was 
filtered quantitatively and evaporated to dryness. The residual fat was weighed and 
stored at -20  ~ under  N2. 

a. Short-chain fatty acids (butyric, caproic acid) (modification of a technique 
described by Diemair and Schams (5)): 25 mg of lipids were saponified for 30 min  
with isopropanolic KOH (0.5 mol/l) under  reflux. Approximately 0.5 mg of n-valeric 
acid was added as internal standard. The solvent was removed and the dry residue 
of fat soaps was treated with a solution of formic acid in CH2C12. The sample was 
then analyzed by gas chromatography. 
Chromatographic conditions: 

Gas chromatograph: Packard Model 417 with FID, modified for capillary 
columns; column: glass capillary, length 25 m, int. diam. 0.25 mm coated with WG- 
11 (WGA, Griesheim, F.R.G.); carrier gas: nitrogen, 3 ml/min, split ratio 1:10; purge 
gas: nitrogen, 30 ml/min; detector gas: hydrogen 30 mYmin, air 250 ml/min; injector 
temp. 200 ~ detector temp. 275 ~ oven temp. 140-230 ~ programmed with 5~ 
min; recorder: BD 8 (Kipp & Zonen, Delft, Netherlands). 

b. Mid- and long-chain fatty acids. 5 mg of lipids were refluxed with 2 ml of 
hydrochloric acid in methanol  (0.7 moUl) for 1 hour. The excess HC1 was neutralized 
by 100mg of solid Na2SO~/aHCO3/Na2CO3 (2/2/1). As internal standard 
n-eicosane had been used, which was added before transesterification. 
Chromatographic conditions: 

Gas chromatograph: Packard Model 417 with FID, modified for capillary 
columns; column: glass capillary, length 50m, int. diam. 0.27 mm coated with 5 % 
Carbowax 20M; carrier gas: nitrogen 2 ml/min, split ratio 1:10; purge gas: nitrogen 
30 ml/min; detector gas: hydrogen 30 ml/min, air 250 ml/min; injector temp. 200 ~ 
detector temp. 300 ~ oven temp. 120-220 ~ programmed with 5~ recorder: 
BD 8 (Kipp & Zonen, Delft, Netherlands); integrator: Autolab 6300 Digital Integra- 
tor (Autolab Spectra Physics, Darmstadt, F.R.G.). 

c. Separation o f  lipid classes (modification of a technique described by Kates (6)): 
10 mg of lipids were dissolved in chloroform and quantitatively transferred to a 
small column (length 80 mm, int. diam. 5 mm) filled with silica (prepared by heating 
the adsorbent for 4 hours at 120 ~ followed by deactivation with 10 % water) in 
chloroform. The nonpolar  lipids were eluted with 60 ml of chloroform and immedi- 
ately thereafter the column was washed with 60 ml of methanol to isolate the polar 
lipids. Column fractions were analyzed by thin layer chromatography (TLC). Devel- 
oping solvents were hexane/diethylether and acetic acid (80:20:2 by vol) for neutral 
lipids, and chloroform-methanol-acetic acid-water (25:15:4:2 by vol) for polar lipids. 
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Iodine vapour was used to visualize the separated lipid classes. Identification 
were made on the basis of migration relative to reference standards. 

Both eluates were evaporated to dryness and mixed with hexadecane as internal 
standard. 

One part of the CHC13-fraction was directly analyzed for sterylesters and triglyc- 
erides by gas chromatography; the other was treated prior to GC with 200 ~1 of 
pyridine, 50 ~1 of HMDS and 25 ~1 of TMCS for 2 hours at 50 ~ to give the TMS 
ethers of the free OH-functions. 

The residue of the methanol fraction was suspended in 1 ml of Tris-HCl-buffer 
solution, pH 7.3, 0.3 ml of CaC12-solution (1%), 0.25 ml of ether and 25 ~tl of phospho- 
lipase C (from Bacillus subtilis, Boehringer, Mannheim, F.R.G. (7)). The sample was 
stirred for 2 hours at 30 ~ then cooled. The lipids were extracted with 2.5 ml of 
CHC1Jmethanol (2/1). The CHC13 solution was dried over Na2SO4, evaporated to 
dryness and the residue was silylated as described above. 
Chromatographic conditions: 

Gas chromatograph: Packard Model 417 with dual FID in differential mode; 
columns: glass columns, length 1.4m, int. diam. 4 mm packed with SE-30 (1.5 % on 
Chromosorb W HP); carrier gas: nitrogen 30 mYmin; detector gas: hydrogen 40 ml/ 
min, air 300 ml/min; injector temp. 300~ detector temp. 375~ oven temp. 
I00-350~ programmed with 10~ recorder: BD8 (Kipp & Zonen, Delft, 
Netherlands); integrator: Autolab 6300 Digital integrator (Autolab Spectra Physics, 
Darmstadt, F.R.G.). 

d. Fatty acids in 2-position of  glycerol. The estimation of the fatty acids in the 
2-position of glycerol has been performed by a modification of the method of Luddy 
et al. (8): 

10 mg of lipids and 1 mg of hexadecane (int. standard) were mixed with 1 ml of 
Tris-HCl-buffer solution, pH 8.5, 0.25 ml tauroglycocholic acid solution (0.05 %) and 
0.25 ml of CaCl~-solution (1%) and heated to 40 ~ After addition of approximately 
10 mg of lipase (from pig pancreas, Fluka, Neu-Ulm, F.R.G.) the sample was 
hydrolyzed at 40 ~ while constantly shaking for exactly 5 rain, then cooled in an ice 
bath and acidified with t ml of HC1 (1 Mol/1). The lipids were extracted twice with 2 
ml of CH2C12. The combined CH2C12-1ayers were shaken once with Na2CO~-solution 
(10%) to remove the main  part of the free fatty acids produced. The aqueous layer 
was discharged and the CH2C12-solution dried over Na2SO4 and evaporated to 
dryness. The residual monoglycerides were converted to their TMS ethers by 
reaction with 100 ~1 of HMDS, 50 ~1 of TMCS and 500 ~1 of pyridine. 
Chromatographic conditions: 

Gas chromatograph: Packard Model 417 with FID, modified for capillary 
columns; column: glas capillary, length 20 m, int. diam. 0.27 mm coated with SE-30 
and subsequent ly  deactivated with Carbowax 20 M at 280 ~ carrier gas: nitrogen 3 
mYmin, split ratio h 10; purge gas: nitrogen 30 ml/min; detector gas: hydrogen 30 mY 
min, air 280 ml/min; injector temp. 250~ detector temp. 350~ oven temp. 
120-250~ programmed with 10~ recorder: BD8 (Kipp & Zonen, Delft, 
Netherlands); integrator: Autolab 6300 Digital Integrator (Autolab Spectra Physics, 
Darmstadt, F.R.G.). 

4, Evaluation of  the methods 

For the methods described above the standard deviations oft, he analytical figures 
were determined from 10 to 20 analyses of one sample. 

It was found to be approximately 3 mg/100 g of food for the determination of the 
short-chain and long-chain fatty acids. The quantification of the lipid classes was 
possible with a standard deviation of 5 rag/100 g of food. Mean and standard devia- 
tion have been calculated according to the Student 's  t-test because single values 
were distributed normally. 
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R e s u l t s  and  d i s c u s s i o n  

The  resul ts  of  the  e x a m i n a t i o n  of  the  canned  s u p p l e m e n t a r y  solid foods 
for jun iors  are l is ted in table  1. 

1. L ip id  isolation 

There  is a n u m b e r  of  p u b l i s h e d  m e t h o d s  for  the  isolat ion of  l ipids f rom 
food. Here  the  t r e a t m e n t  wi th  boi l ing e thanol /cyc lohexane ,  fol lowed b y  a 
sepa ra t ion  of  the  e the r  insoluble  mate r ia l  (e.g. ca rbohydra tes )  was  chosen  
because  of  its abi l i ty  to isolate  the  l ipids p resen t  a lmos t  quant i ta t ive ly  
w i thou t  any  a l tera t ions  of  the  c o m p o s i t i o n  (9). In  our  hands  yields  of  po la r  
and  n o n p o l a r  l ipid classes  were  usua l ly  grea te r  than  98 %. 

2. Short-chain fat ty  acids 

Figure  2 shows  a gas c h r o m a t o g r a p h i c  separa t ion  of  shor t -chain  fa t ty  
acids of  a s a m p l e  analyzed.  The  gas c h r o m a t o g r a p h i c  de t e rmina t ion  of  
bu ty r i c  and  caproic  acid wi thou t  der ivat iza t ion p resen t s  some  p r o b l e m s  

x] 
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Fig. 2. Gas chromatographic separation of short-chain fatty acids from a lipid 
sample. 
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b e c a u s e  of  the i r  h igh  volat i l i ty  and  the  bad  c h r o m a t o g r a p h i c  character i -  
s t ics o f  free ca rboxy l i c  acids. The  bes t  resul ts  were  ob ta ined  w h e n  a polar  
acidic s t a t ionary  phase  was  used  as GC c o l u m n  and  the  shor t -cha in  fa t ty  
acids were  in jec ted  toge the r  wi th  an excess  of  o ther  free acids. This  m a y  
be  due  to a suppres s ion  of  d issocia t ion  of  the  ca rboxyl ic  function.  

Butyr ic  and  caproic  acids are typica l  c o m p o n e n t s  of  mi lk  fat, a l lowing a 
ca lcula t ion  of  the  mi lk  fat  con ten t  of  the  total  l ipids b a s e d  on the  a m o u n t s  
of  4:0 and  6:0 found.  E v e r y  s am p l e  of  the  ana lyzed  food cons is ted  of  a 
cer ta in  a m o u n t  of  bu t t e r  fat, va ry ing  b e t w e e n  8 and  80 % of  the  total  lipids. 

3. Long-chain fat ty  acids 

Figure  3 shows  a gas c h r o m a t o g r a p h i c  separa t ion  of  m e d i u m - c h a i n  and  
long-cha in  fa t ty  acids as m e t h y l  es ters  of  the  fat of  the  analyzed food. 

The  c h r o m a t o g r a m s  of  the  food l ipids show fat ty  acids f rom Ca to C24. 
Originat ing f rom cow mi lk  l ipids m e d i u m - c h a i n  fat ty  acids (8:0, 10:0, 12:0), 
odd  n u m b e r e d  ones  (15:0, 17:0, 17:1) and  b ranched-cha in  ones  (iso-16, iso- 
18) could  be  found.  The  fa t ty  acids p re sen t  in the  lipid s amples  we re  
ident i f ied by  c o m p a r i s o n  with  a s t andard  solut ion of  fat ty  acid m e t h y l  
es ters  and  their  ident i ty  was  conf i rmed  b y  c h r o m a t o g r a p h y  on two o ther  

0 

C 

r  

eo  ~ . .  

Fig. 3. Gas chromatographic separation of medium-chain and long-chain fatty acids 
as methyl esters from a lipid sample. 
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capi l lary  co lumns  wi th  di f ferent  polar i ty  of  the  s ta t ionary  phase  (SE-30 
and  WG-11). U n d e r  the  c h r o m a t o g r a p h i c  condi t ions  e m p l o y e d  the re  was  
no separa t ion  of  the  i somer ic  18:1 acids. They  were  ca lcula ted  as one 
subs tance .  

4. Separat ion o f  l ipid classes 

The  separa t ion  of l ipid classes  b y  gas c h r o m a t o g r a p h y  is shown  in Fig- 
ure  4. 

The  separa t ion  was  p e r f o r m e d  by  severa l  success ive  steps.  At  first the  
whole  l ipid ex t rac t  was  d iv ided  into two fract ions by  c o l u m n  ch romato -  
g r a p h y  on silica: the  nonpo la r  l ipids (tr iglycerides,  free fa t ty  acids,  s teryl  
esters,  sterols) by  us ing  CHC13 as e luen t  and  the  polar  l ipids (phospho-  
l ipids and  glycol ipids)  by  e lut ion wi th  methanol1). A m o n g  the  nonpo l a r  
l ipids  only  t r ig lycer ides  and  s teryl  es ters  can  be  de tec ted  direct ly  b y  GC 
whi le  the  o thers  m u s t  be  conver ted ,  e.g. to the  t r imethyls i ly l  (TMS) esters,  
pr ior  to GC. 
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Fig. 4. Gas chromatographic separation of the nonpolar lipid components from a 
food sample. 

i) Using standard mixtures of the common lipid components, the optimal condi- 
tions for the separation (amount and activity of silica, amounts of solvents) were 
established. 



Suwelack et al., Fatty acid and lipid composition of  children's Food 273 

Because of the ionic function, the gas chromatographic separation of the 
phospholipids is only possible after hydrolysis of the phosphatidylcho- 
line. 

The components  present in the sample of the junior  supplementary food 
were identified by comparison with reference substances and by gas 
chromatography on a capillary column. 

In all supplementary foods the presence of medium-chain triglycerides 
could be shown. Besides the triglycerides, which represent the main 
portion of the whole lipids, the other lipid classes were found in only small 
amounts. Among these minor components  cholesterol and phospholipids 
were predominant.  

5. Fa t t y  acids in 2-position o f  glycerol  

Figure5 outlines the GC separation of 2-monoglycerides originating 
from triglycerides of a food sample. 

The main drawback of the GC separation of the lipid classes shown 
above is that the components  of one class are only separated according to 
the chain length of the fatty acids bound. For triglycerides, however, the 
degree of unsaturation of the fatty acids is of interest. Therefore the 
triglycerides were hydrolyzed by pancreatic lipase to give the correspond- 
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Fig. 5. Gas chromatographic separation of the monoglycerides resulting from 
pancreatic lipase hydrolysis of a lipid sample. 
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ing 2 -monoglycer ides  wh ich  were  t hen  analyzed b y  GC. To ach ieve  a 
separa t ion  of  sa tu ra ted  and  unsa tu r a t ed  c o m p o u n d s  it was  necessa ry  to 
u s e  capi l lary  co lumns .  

Bes ides  s o m e  variat ions,  the  d is t r ibu t ion  of  the  fat ty  acids in jun ior  
s u p p l e m e n t a r y  food was  found  to be  qui te  un i fo rm  for the  di f ferent  mea l s  
e x a m i n e d .  E x c e p t i n g  8:0, 10:0, 18:0 and  18:2 the  fa t ty  acids were  equal ly  
d i s t r ibu ted  to all pos i t ions  of  glycerol .  Accord ing ly  the  a m o u n t  of  one  
fa t ty  acid  in the  2-posi t ion was  a p p r o x i m a t e l y  30 % of the  to ta l  a m o u n t  
p r e sen t  in the  lipids. 8:0, 10:0 and  18:0 were  only rare ly  p re sen t  in the  2- 
pos i t ion  (15 % of  the  total  amoun t )  whi le  l inoleic acid was  b o u n d  preferen-  
t ially (50-100 % of  the  to ta l  amoun t )  to this  posi t ion.  

6. Evaluat ion o f  the  fat  con ten t  o f  the s u p p l e m e n t a r y  food for jun iors  

The  m e a n  e n e r g y  der ived  f rom fat (as pe rcen tage  of  the  total  energy)  of  
the  d i f ferent  i t ems  was  39, 39, 43, 48 and  31, respect ively .  This  is not  far  
f rom the  ave rage  va lue  of the  daily food in take  of  y o u n g  G e r m a n  toddlers .  
Stol ley et  al. 's (4) ca lcula t ion for these  was  b e t w e e n  33 and  37 percent .  The  
l inoleic acid re la ted  to the total  fat  was  12.2, 3.9, 6.4, 3.1 and 3.6 percent ,  
respect ive ly .  I f  one  a s s u m e s  tha t  one  can  of  the  p roduc t s  is c o n s u m e d  
dai ly  t hen  this will c o r r e s p o n d  to 2.4, 0.8, 1.4, 0.8 and  0.6 pe r cen t  o f  the  
dai ly ene rgy  up take .  

For  pancrea t i c  l ipase  fats  are prefe ren t ia l ly  hydro lyzed  in the  1- and  3- 
pos i t ion  of  a t r iglyceride.  This  leads to a m i x t u r e  of  free fat ty  acids and  
es te rs  at  the  2-posi t ion of  glycerol .  In  the  case of  the  long-chain  fat ty  acids 
it has  been  found  tha t  the  relat ive absorbab i l i ty  of  the  free fa t ty  acids is 
lower  t h a n  tha t  o f  the  2 -monoglycer ides  and  tha t  a m o n g  the  d i f ferent  
m o n o g l y c e r i d e s  2 -monopa lmi t in  is a b s o r b e d  bes t  (1, 2, 3, 11). This  could  be  
essent ia l  for  fat  absorp t ion ,  at leas t  in y o u n g  h u m a n  babies.  Filer  et  al. (2) 
found  tha t  fats  r ich in pa lmi t ic  acid esterif ied to the  2-posi t ion are 
a b s o r b e d  be t t e r  by  p r e m a t u r e  infants  t han  fats wh ich  have  a lower  con ten t  
of  pa lmi t i e  acid in this posi t ion,  e.g. bu t t e r  fat. The  analyses  p e r f o r m e d  
poin t  to a h igh  con ten t  o f  bu t t e r  fat in the  p roduc t s  analyzed.  However ,  it 
is cer ta in ly  p r e m a t u r e  and  not  jus t i f ied  to ex t end  the  be t te r  in tes t inal  
ab so rp t i on  of  2 -monopa lmi t a t e  as found  in ve ry  y o u n g  infants  to y o u n g  
toddlers ,  for w h o m  the canned  s u p p l e m e n t a r y  food for jun iors  is deter-  
mined .  
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