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Summary: The phospholipid (PL) content  of" human milk, cow's milk, and vari- 
ous infant formulas was determined by recently developed high performance liquid 
chromatography (6). As the examinations promised, the content of phosphatidyl- 
inositol (PI), phosphatidylethanolamine (PE), phosphatidylcholin (PC), and sphin- 
gomyelin (SP) was not changed by homogenization and pasteurization of cow's 
milk. Levels of phosphatidytglycerol (PG) were below the detection limit. Further- 
more it has been proved that human milk and cow's milk are more or less identical 
in PL content. 

Some of the PL in human milk varies during the course of pregnancy and 
postpartum. PI, PC, and SP content in the prepartum mammarial  secretion lies 
above the average content of mature human milk after delivery. Before the contrac- 
tions start, all the PL examined show a more or less considerable decrease. PC 
drops to 30 % of the value at the beginning of the examination six weeks before 
delivery. PG contents are very low throughout  the whole period. Contrary to the 
others, PC content recovers three weeks after delivery, which may be the result of 
the endogenous surfactant replacement system. 

To compare PL content with human milk and cow's milk, 13 different infant 
formulas have been examined. There are considerable differences to be found in 
and among adapted milk, partially adapted milk, and special formulas. None of the 
PL examined could be found in all the infant formulas, where PG content was 
usually low, except  in some Milupa formulas. PE and PI were not to be found in 
some special formulas. Most of the formulas contain high amounts  of SP, in some 
cases higher than the amount  of PC. To a certain extent  infant formulas contain a 
considerably greater amount  of other PL concentrations than human milk and 
cow's milk. In most of the formulas examined the PL content is generally so high, 
that it can be used as a source of PL for the newborn. 

Zusammens Mit Hilfe einer speziell hierf(ir entwicketten (6) Hochdruck- 
fltissigkeitschromatographie-Methode (HPLC) wurde der Phospholipidgehalt  (PL) 
yon Frauenmilch, Kuhmilch und verschiedenen S~iuglingsnahrungen bestimmt. 
Die Untersuchungen zeigen, dal3 der Gehalt an Phosphatidylinositol  (PI), Phos- 
phatidyl~thanolamin (PE), Phosphatidylcholin (PC) und Sphingomyelin (SP) 
durch Homogenisieren und Pasteurisieren von Kuhmilch nicht vertindert wird. Der 
Gehalt an Phosphatidylglycerol (PG) liegt hier, wie bei der Frauenmilch,  unter der 
Nachweisgrenze. Auch bei den anderen untersuchten PL konnten zwischen 
Frauen- und Kuhmilch keine nennenswerten Unterschiede festgestellt werden. 

Der Gehalt einiger PL ver~indert sich im Verlauf der Sp~tschwangerschaft  und 
der Post-partum-Periode charakteristisch. So liegt der Gehalt an PI, PC und SP in 
der Vormilch deutlich fiber dem Gehalt reifer Frauenmilch. Bereits vor Beginn der 
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Wehen zeigen alle PL einen mehr oder weniger scharfen Abfall. So verliert Vor- 
milch vor der Geburt 70 % des Gehaltes, den PL-Proben sechs Wochen vor der 
Geburt zeigen. Die PG-Gehalte sind allgemein in der gesamten Beobachtungspe- 
riode sehr niedrig. Im Gegensatz zu den anderen Parametern erholt sich der PC- 
Gehalt drei Wochen nach cler Geburt wieder, was als Ausdruck eines endogenen 
Surfactant-Regelmechanismus betrachtet werclen kann. 

Weiterhin wurden 13 verschiedene Sfiuglingsnahrungen im Vergleich mit Kuh- 
milch und Frauenmilch untersueht. Dabei wurden teilweise erhebliche Unter- 
schiede zwischen adaptierter Milch, teilweise adaptierter Milch uncl Spezialnahrun- 
gen, aber aueh innerhalb dieser Gruppen, gefunden. Keines der bestimmten PL 
konnte in allen Sguglingsnahrungen nachgewiesen werclen. Mit Ausnahme einiger 
Milupa-Sfiuglingsnahrungen war der PG-Gehalt allgemein niedrig. PE und PI 
wurden nur in einigen Spezialnahrungen nicht gefunden. Die meisten Sfiuglings- 
nahrungen enthalten hohe Gehalte an SP, die teilweise h6her als der Gehalt an PC 
liegen. 

Allgemein kann gesagt werden, daB die untersuehten S/iuglingsnahrungen z.T. 
wesentlich andere Phospholipidmuster als Frauen- und Kuhmilch aufweisen und 
dab zwischen einzelnen S~uglingsnahrungen erhebliche Unterschiede in der 
Zusammensetzung bestehen. In den meisten der untersuehten Nahrungen ist der 
Phospholipidgehalt so hoch, dab er durchaus als Phospholipidquette f~tr das Neu- 
geborene genutzt werden kann. 

Key words: cow's milk, human milk, high performance liquid chromatography 
(HPLC), infant formulas, phospholipids 

Schlfisselw6rter: Frauenmilch, Hochdruck-Fltissigkeitschromatographie 
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Introduction 

A m o n g  other  factors lung surfactant  phosphol ip ids  (PL) play an 
impor tan t  role in the deve lopment  of  the fetal lung and in the adapta t ion  
to breathing via the lung at birth, due to their  surface activity. When the 
fetal lung is unable  to funct ion proper ly  due to lack of  phosphol ip ids  after 
delivery, this leads to the m o m e n t o u s  respira tory distress s y n d r o m e  
(RDS). Despite  extensive therapeut ic  measures  for prevent ion,  and where  
possible prenatal  a t tempts  at therapy,  it is still the main  cause of  death  in 
p remature  newborns .  

For  lung funct ion not  only is the main  c o m p o n e n t  lecithin (phos- 
phat idylchol in  = PC) of  importance,  but  also other  phosphol ip ids  such  as 
phosphat idylglycerol  (PG), phosphat idyl inos i to l  (PI), and phosphat idyl -  
e thanolamine (PE). Therefore, a highly specific and sensit ive me thod  of  
analysis is necessary w h e n  assessing lung maturi ty.  We used high per- 
formance  liquid ch roma tog raphy  (HPLC) for de te rmin ing  the phos- 
pholipids in amniot ic  fluid (4). A variat ion of  this m e t h o d  which  we 
recently developed (6) is also suitable for the de te rmina t ion  of  phos- 
pholipids in other biological media  such as gastric and tracheal  secretion, 
alveolar lavages and in various kinds of  rnilk and in infant  formulas.  Up to 
now the physiological  value of phosphol ip ids  in milk has not  been clear. 
The impor tance  of phosphol ip ids  in h u m a n  milk for lung  matura t ion  of 
the newborn  remains u n k n o w n  as well. 
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It  was the aim of  this s tudy  to answer  the following quest ions:  
a) Is the phosphol ip id  content  of cow's  milk changed  by homogen iza t ion  

and pasteurization? 
b) Are there differences be tween  the phosphol ip id  conten t  of  h u m a n  milk 

and cow's  milk? 
c) Do changes  take place in the phosphol ip id  conten t  of  h u m a n  milk 

dur ing p regnancy  and pos tpa r tum?  
d) Do infant formulas  have a different phosphol ip id  pat tern  than  h u m a n  

milk or cow's  milk? 
e) Are there notable differences in the phosphol ip id  conten t  be tween  the 

various infant formulas? 
There  are very few answers  to be found in the l i terature to these 

questions.  This is probably  because  it has only recent ly  become  possible 
to make  precise invest igations of  the phosphol ip id  conten t  of  milk at all, 
due to the previous  lack of suitable specific methods .  A few observat ions  
to quest ion c can be taken from a s tudy  b y  Bi tman  et al. (1). They  
examined  the fat composi t ion  of the p repa r tum mammar ia l  secret ion 
(PMS) of  five w o m e n  and compared  it to the compos i t ion  of co los t rum and 
mature  h u m a n  milk (MHM). The whole  fat con ten t  of  the milk lay be tween  
1 g/100 ml in the first phase, starting 42 days before delivery and rose to 
levels of  up to 3-4 g/100 ml in colos t rum and MHM. Both  before del ivery 
(93 %) and after delivery (97 %) the main  part  of the fats consis ted of 
triglycerides. In  looking for the m e m b r a n e  active c o m p o n e n t s  it was 
found that PMS contained higher  propor t ions  of  PL  (3.2 g/100 ml), choles- 
terol (2.3 g/100 ml), and cholesterol  esters (1.1 g/100 ml) than MHM. After  
delivery all three componen t s  decreased of  the phosphol ip ids  for example  
f rom 3.2 g/100 ml to 0.65 g/100 ml. Harzer  et ah (3) present  data for 550 
h u m a n  milk samples (collected th rough  the first five weeks  after delivery) 
and their contents  of triglycerides, cholesterol,  PL,  proteins and the trace 
elements  copper,  zinc and magnes ium.  They  asked, "what  about  the h igh 
levels of cholesterol  and living cells? Are they of any physiological  
benefit?" As cholesterol  and P L  form the m e m b r a n e s  of  secreted fat 
globes and therefore derive from the apical m e m b r a n e  of  secretory cells, 
the quest ion of physiological  benefi t  of  P L  conten t  should be raised too. 

We must  find out  whet~her the secretory cells in the m a m m a  play a role in 
the neonatal  adapta t ion as it does in the lung pool (5). In  addi t ion we had to 
clarify whether  the obl igatory surfactant  proteins in mammar ia l  material  
are similar to those of pu lmonary  surfactant  (8). 

Mater ia l  and  M e t h o d s  

Milk samples were stored at 4 ~ and examined shortly thereafter. Deep freezing is 
not recommended as it may lead to protein coagulation which may complicate the 
further treatment of the samples. Before extracting the material according to our 
method (6), samples should be homogenized in order to reverse any decomposition 
that may have occurred during storage. 200 to 500 mg of milk are required per 
examination. In order to enable the calculation to be made using an internal 
standard, defined amounts of lysolecithin (LL) are added to the milk before the 
extraction is executed. After the HPLC separation the compounds are determined 
quantitatively by computer, so volumina errors have no influence on the precision 
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Fig. 1. HPLC-chromatogram ot' cow's milk before homogenization and pasteuriza- 
tion (untreated milk). 

of the method. If measurable amounts of LL are present in the samples, which is the 
case in some infant formulas, then the less exact manual  calculation according to 
the 100 % method has to be used in the quanti tat ive calculation of the HPLC 
chromatograms (6). The HPLC method for the determination of PL in amniotic 
fluid which we described first (4), does not appear to be suitable for milk because a 
second extraction is not possible on account of the high fat content  of the milk. 
Therefore the levels obtained for PE and PI are too low. 

Results 

In f l uence  o f  homogen i za t ion  and pas teur iza t ion  on the p h o s p h o l i p i d  con- 
ten t  o f  cow's  m i l k  

F i g u r e s  1 a n d  2 s h o w  H P L C  c h r o m a t o g r a m s  o f  c o w ' s  m i l k  b e f o r e  a n d  
af te r  h o m o g e n i z a t i o n  a n d  p a s t e u r i z a t i o n .  T h e r e  is p r a c t i c a l l y  n o  d i f f e r e n c e  
in t he  c h r o m a t o g r a m s .  T h e  l eve l s  m e a s u r e d  for  e v e r y  f ive  s a m p l e s  o f  
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untreated milk and homogen ized  and pasteurized u n s k i m m e d  milk 
examined  can be seen in Table 1. As the table shows, the levels of PG 
content  of  both  samples lie below the detect ion limit. PI,  PE, PC and SP  
values are within the margin  of  error condi t ional  to the method.  In  this 
way it is assured that  there is no reduct ion  of  phosphol ip ids  in the cow's  
milk caused by homogeniza t ion  and pasteurization. 

Comparat ive  examina t ions  os h u m a n  m i l k  and cow's  m i l k  

Figure 3 shows a typical  ch roma tog ram of mature  h u m a n  milk five days 
after delivery. The miss ing separat ion of  the SP  peak in F igure  3 is 
insignificant. It occurs  according to the age and package  th ickness  of the 
co lumns  and has no analytical importance.  PG is present  in such small 
amounts  in both  cow's  and h u m a n  milk that  its presence  cannot  be 
proven. 

E 

PE LL 

i i i 

4 8 12 

P C  

I I m 

16 20 

r e t e n t i o n  t i m e  [mini 

Fig. 2. HPLC-chromatogram of homogenized and pasteurized cow's milk (un- 
skimmed milk). 
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Table 1. Comparison of the phospholipid content  of untreated cow's milk and 
homogenized and pasteurized unskimrned milk. 

Type of milk Number  
of 
samples 

Mean values of phospholipid content (mg/100 ml) 

PG PI PE PC SP 

Untreated milk 5 
SD 
SD (%) 

Unskimmed milk 5 
homogen. + past. 
SD 
SD (%) 

nd 

nd 

1.99 4.17 3.31 5.53 
0.14 0.14 0.17 0.15 
7.0 3.3 5.2 2.7 

1.49 4.50 3.45 7.39 

0.38 0.17 0.13 0.18 
5.4 3.7 3.6 2.4 

PE 
LL 

L 
8 12 

\ 
16 20 

retention t ime [rain] 

Fig. 3. HPLC-chromatogram of mature human milk. 
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Observat ion o f  the course  o f  the phospho l ip id  con t e n t  o f  h u m a n  m i l k  

In two s ingle  e x a m i n a t i o n s  the  course  of the  c o n c e n t r a t i o n  of  the  mos t  
i m p o r t a n t  p h o s p h o l i p i d s  was  e x a m i n e d  before  and  af ter  de l ive ry  in 
h u m a n  mi lk  wi th in  a pe r iod  of six w e e k s  before  un t i l  e igh t  w e e k s  after  
de l ivery  in pa t i en t  A and four w e e k s  before  un t i l  t h ree  w e e k s  af ter  
de l ivery  in pa t i en t  B. F o r t u n a t e l y  we found  two m o t i v a t e d  pa t i en t s  who  
were  wi l l ing to c o m p r e s s  mi lk  free of  c o n t a m i n a t i o n  f rom each b r ea s t  
a lmos t  every  day. In  bo th  cases  it was  poss ib l e  even  long  before  de l ive ry  to 
ob ta in  more  than  0.2 ml sec re t ion  pe r  s a m p l e  w h i c h  is the  m i n i m u m  
a m o u n t  n e e d e d  for the  ana ly t ica l  examina t ion .  

At  the  beginning  the  s amples  f rom each  s ide  of  the  b reas t  were  ana lyzed  
sepa ra t e ly  and  d i f fe rences  were  m a d e  b e t w e e n  the  f irst  m i lk  and  mi lk  
w i t h d r a w n  later.  As in the  ana ly t ica l  e x a m i n a t i o n s  no no t a b l e  d i f f e rences  
e m e r g e d  in excess  of  the  m e t h o d ' s  prec is ion ;  th is  s epa ra t i on  was  d i scon-  
t i nued  dur ing  the course  of  the  m e a s u r e m e n t s .  In  Figs .  4 -7  the  courses  for 
bo th  pa t i en t s  are g iven separa te ly .  In  sp i te  of i nd iv i dua l  f luc tua t ions  of  the  
contents ,  charac te r i s t i c  para l le l s  are to be seen:  In  bo th  cases  the  c on t e n t  
of P G  lies be low the de tec t ion  l imits .  B e y o n d  this,  a c lear  fall of  the  P L  one 
to two weeks  before de l ive ry  - not  dur ing  de l ive ry  (!) to levels  w h i c h  
par t i a l ly  lie more  than  50 % be low the  h ighes t  levels  in P M S  was  charac-  
ter is t ic  too. Dur ing  the course  of the  b reas t - f eed ing  pe r iod  a s l ight  i nc rease  

phospholipids [m91100 ml] 

PC 

4 

f 

0 I l I i ] i l I 
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Fig. 4. PC and PI content of mammarial secretion of patient A beibre and after 
delivery. 
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Fig. 5. PE and SP content of mammarial secretion of patient A before and after 
delivery. 

in PC and PI  (Fig. 4, 6) was observed.  However  the h ighes t  levels of PMS 
were only achieved again in patient  A (Fig. 4). In  addi t ion to the small 
content  of PG the equally lower content  of  P I  in contras t  to amniot ic  fluid 
is remarkable.  Before delivery the levels lie at about  1.5 mg/100 ml and 
after delivery at about  1.0 rag/100 ml (Fig. 4, 6). The conten t  of  PE  is 
considerably  higher. In pat ient  A it lies before delivery a round  11 rag/100 
ml (Fig. 5). In  pat ient  B it even exceeds 30 mg/100 ml (Fig. 7). Dur ing the 
period of  breast  feeding the values still a m o u n t  to 7-10 mg/100 ml. PC 
shows a similar profile on a lowered basis (Fig. 4, 6). The concent ra t ion  
course of  SP  is of part icular  interest because  it is very  similar for bo th  
patients. The original levels lie in the range of  20-30 mg/100 ml and in 
compar i son  to amniot ic  fluid are ext remely  high (Fig. 5, 7). Even  after a 
sharp fall dur ing the delivery the levels at about  10 rag/100 ml are clearly 
higher  than in amniot ic  fluid and, contrary  to amniot ic  fluid, lie within the 
range of the levels for PE. 

Phosphol ip id  content  o f  various infant  formulas 

There is a great variety of infant formulas  on the market.  In order  to get a 
more complete  impress ion of the P L  content  of var ious infant  formulas,  a 
possible representat ive selection had to be made.  As Table 2 shows, 
samples f rom the following groups  of  infant formulas  were  examined:  
1) adapted infant formulas (AF); 
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2) part ial ly adap t ed  infant  fo rmulas  (PF); 
3) special  fo rmulas  (SF). 

Table  2 gives e x a m p l e s  of  13 p roduc t s  avai lable  commerc ia l ly .  R e m a r k -  
able d i f ferences  were  found  be t ween  the adap t e d  formulas .  Apont i  P re  
(No. 1) in cont ras t  to all the  o ther  e x a m p l e s  in this g roup  conta ins  resort- 
able a m o u n t s  of  P G  and has a high PC content ,  m a k i n g  this fo rmula  ve ry  
different  f rom H i p p o n  A (No. 2) and P re  H u m a n a  (No. 3). N o n e  of  those  
fo rmulas  conta ins  LL.  

Cons iderab le  var ia t ions  in the  conten t  of  phospho l ip id s  were  to be  
found  in the  par t ia l ly  adap t ed  fo rmulas  Apont i  1 (No. 4) and  H i p p o n  1 (No. 
5). In  the  first, all the P L  including P G  and  L L  are p re sen t  in high 
concent ra t ions ;  H i p p o n  1 appea r s  to be  very  low in P L  and  conta ins  no 
m e a s u r a b l e  a m o u n t s  of  P G  and LL. 

Bessau  Reissch le im (No. 7) and H u m a n a  H y d r o l y s a t  (No. 9) en r i ched  
wi th  t race  e l emen t s  appea red  to be  par t icular ly  w o r t h y  of  m e n t i o n  in the  
g roup  of  special  formulas .  These  fo rmulas  are the  only  ones  not  con ta in ing  

p h o s p h o l i p L d s  [mg/1 O0 ml] 

12 

10 

4 - -  

2 - -  
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�9 I / 

I 
I I I I I ~'- 

-4  - 2  0 2 4 

b i r t h  [ w e e k s ]  

Fig. 6. PC and PI content of mammarial secretion of patient B before and after 
delivery. 
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Table 2. Phosopholipid contend of different infant formulas. AF = adapted formula; 
TF = partially adapted formula; SF = special formula. 

No Type of Name of Phospholipid content  (mg/100 g) 
formula formula 

PG PI PE PC SP LL 

1 AF Aponti Pre 1.5 5.0 7.0 11,7 
2 AF Hippon A - 1.5 3.7 4.2 
3 AF Pre - 1.9 3.4 3.7 

Humana 
4 PF Aponti 1 0.5 1.0 2.5 4.4 
5 PF Hippon 1 - 0.6 1.5 1.8 

6 SF Beba HA 2.8 10.8 1.7 9.4 
7 SF Bessau Reis- 0.2 - - - 

schleim 
8 SF Humana  Heil- 0.3 0.9 0.1 2.9 

nahrung 
9 SF Humana  0.7 - 0.1 - 

Hydrolysat 
10 SF Milupa Hell- 4.8 17.5 15.7 40.4 

nahrung 
11 SF Milupa 7.9 11.6 0.7 10.0 

Pregomin 
12 SF Milupa - 1.0 2.5 3.3 

Prematil 
13 SF Milupa Sore 6.7 32.4 5.6 62.3 

7.1 

7.4 
6.7 

1.6 1.9 
2.7 

13.0 4.9 
O.8 6.1 

2.0 

1.9 

3.6 

11.4 

6.2 

2.2 

4.0 

5.1 

17.1 

0.6 

a n y  l ec i t h in  (PC) a n d  no  P I  a n d  are  also v e r y  low o n  the  o the r  P L  
e x a m i n e d  w i t h  the  e x c e p t i o n  of  LL.  O n  the  o the r  h a n d ,  M i l u p a  Heil-  
n a h r u n g  (No. 10), M i l u p a  P r e g o m i n  (No. 11), a n d  M i l u p a  S o m  (No. 13) w e r e  
s h o w n  to have  ve ry  h i g h  q u a n t i t i e s  of P I  a n d  PC. F o r m u l a  No. 11 c o n t a i n s  
a n  u s u a l l y  h i g h  a m o u n t  of  LL. Wi th  the  e x c e p t i o n  of M i l u p a  P r e m a t i l  (No. 
12), al l  t he  M i l u p a  f o r m u l a s  e x a m i n e d  s h o w e d  a h i g h  P L  c o n t e n t .  I n  Fig.  8 
a H L P C  c h r o m a t o g r a m  of A p o n t i  P r e  (No. 1) is g i v e n  as an  e x a m p l e  of  
f o r m u l a  c h r o m a t o g r a m s .  S imi l a r i t i e s  w i t h  m a t u r e  a m n i o t i c  f lu id  c a n  
c lear ly  be  seen.  

D i s c u s s i o n  

The  PC c o n t e n t  of cow ' s  m i l k  is n o t  c h a n g e d  b y  h o m o g e n i z a t i o n  a n d  
pas t eu r i za t i on ,  so it is p o s s i b l e  to e s t a b l i s h  t ha t  th i s  p r o c e d u r e  does  n o t  
i n f l u e n c e  the  n u t r i t i o n a l  v a l u e  of cow ' s  m i l k  as far as the  P L  c o n t e n t  is 
c o n c e r n e d .  F u r t h e r m o r e  it is i n t e r e s t i n g  t h a t  h u m a n  m i l k  a n d  cow ' s  m i l k  
are n e a r l y  i d e n t i c a l  in  t he i r  P L  c o n t e n t .  I f  t he  n u t r i t i o n a l  i m p o r t a n c e  of  P L  
for f e ed ing  n e w b o r n s  s h o u l d  be  p roven ,  t h e n  it  c an  be  a s s u m e d  tha t  cow ' s  
m i l k  w o u l d  be  a n  a d e q u a t e  s u b s t i t u t e .  

I t  is also of i n t e r e s t  t ha t  t he  c o n t e n t  of s o m e  of t he  p h o s p h o l i p i d s  in  
h u m a n  m i l k  c lear ly  var ies  d u r i n g  t he  c o u r s e  of p r e g n a n c y .  T h e  c o m p a r i -  
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son of  Figs. 4-7 illustrates a similar course  of P L  con ten t  in mammar ia l  
secretion of the two patients. In both  cases the PE, PC, and SP  con ten t  in 
the PMS lies clearly above the average conten t  after delivery. It  is also 
characterist ic for bo th  cases that  even one to two weeks  before delivery, 
before the contract ions  start, all the P L  examined  showed  a significant 
decrease. 

Through  this decrease the conten t  of  PC drops  to 30 % of the values 
found at the beginning of our examinat ions.  It  is not  clear w h y  the P L  start 
to lessen in the PMS at this time, but  it recovers  later in MHM. This 
p h e n o m e n o n  could offer interesting aspects  for the i m p r o v e m e n t  of  lung 
maturi ty.  

It is also a startling fact that  parallel examinat ions  of  our  milk samples  
regarding the content  of trace elements  by Br~itter et al. (2), show that  trace 
elements  like iron, zinc, copper,  and magnes ium demons t ra te  a similar 
concentra t ion behavior  dur ing the course  of the p regnancy  and after 
delivery. The same milk samples that  were examined  here were used and 
this cannot  be a coincidence.  Further ,  it is wor th  men t ion ing  that  dur ing 
the whole  examinat ion period, PG does not  play an impor tan t  role. An  
increase during later pregnancy,  someth ing  like a sign of lung maturi ty,  
cannot  be proved in h u m a n  milk. Cont rary  to the other  parameters ,  the PC 
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Fig. 7. PE and SP content of mammarial secretion of patient B before and after 
delivery. 
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content  starts to rise about  three weeks  after delivery and then remains  on 
a cons tant  level. This behavior  raises the following quest ions:  

Do lecithin losses caused by delivery recover  in this period? Is this 
picture the express ion of  a regulat ion mechan i sm to adjust  the loss of  
lecithin dur ing delivery? 

In addit ion to this endogenous  surfactant  rep lacement  sys tem for sur- 
factant  recycling, synthesis,  and secretion, exogenic  sources for com- 
p lementary  applicat ion should  be deve loped  and tested (7). As genes for 
the key surfactant  proteins have already been cloned, such  postnatal  
external  rep lacement  therapy  seems to become  possible in the future. At 
this point  it should be ment ioned  that  the compar i son  be tween  h u m a n  
milk and infant formulas  on the one hand  and amniot ic  fluid on the other  
hand  seems to be quite reasonable:  as milk does for the newborn ,  amniot ic  
fluid acts as a source of  nutr i t ive subs tances  for the fetus. 

Whereas in the phosphol ip ids  d iscussed up to now the concent ra t ion  
was comparab le  to amniot ic  fluid, this was not  the case as far as sphingo-  
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Fig. 8. HPLC-chromatogram of infant formula Aponti Pre (No. 1). 
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myel in  is concerned .  Its concen t r a t i ons  lie m u c h  h ighe r  in h u m a n  mi lk  
than  those  of the  o the r  p h o s p h o l i p i d s  and  also c lea r ly  h ighe r  t han  in 
amnio t i c  fluid. I t  w o u l d  be in t e re s t ing  to c h e c k  the  i m p o r t a n c e  of th is  fact  
for infant  fo rmula  p roduc t ion .  

Our  resul ts  cor re la te  wi th  the  f ind ings  of  Harze r  et  al. (3), who  de ter -  
m i n e d  the to ta l  a m o u n t  of P L  at 30-40 mg/100 ml, bu t  d id  no t  inves t iga te  
the  d i f ferent  f rac t ions  of PL. A second  f ind ing  p u b l i s h e d  by  B i t m a n  et  al. 
(1) is con f i rmed  by  our  resu l t s  too: there  is a s ign i f i can t  d rop  in P L  va lues  
du r ing  de l ivery ,  s t a r t ing  one to two weeks  before  del ivery .  

The resul ts  of the  e x a m i n a t i o n s  of 13 d i f fe ren t  in fan t  fo rmulas  are  l i s ted  
in Table  2. As a l r eady  men t ioned ,  there  are  c o n s i d e r a b l e  d i f fe rences  to be  
found  in the  th ree  g roups  e x a m i n e d :  a d a p t e d  milk ,  pa r t i a l ly  a d a p t e d  mi lk ,  
and  spec ia l  formulas .  But  also w i th in  the  g roups  c o n s i d e r a b l e  d i f fe rences  
were  found  by  wh ich  we can a s s u m e  tha t  the  va r ious  f i rms use  d i f fe ren t  
i ng red ien t s  for the  p r o d u c t i o n  of  infant  formulas .  None  of  the  P L  
e x a m i n e d  could  be found in all infant  formulas .  N o r m a l l y  the  P G  con ten t s  
were  low, e x c e p t  for Mi lupa  fo rmulas  10, 11 and  13 wh ich  had  cons ide r -  
ab ly  h ighe r  P G  contents .  P I  was not  t r aceab le  in spec ia l  fo rmulas  7 and  9. 
PE  was not  to be found  in spec ia l  fo rmula  7, w h i c h  - l ike  fo rmula  9 - 
occup ies  an excep t iona l  pos i t ion  s ince  it does  not  con ta in  any  of the  m a i n  
phospho l ip id s .  

With the  excep t ion  of spec ia l  fo rmulas  7 and  9, all the  p r o d u c t s  e xh i b i t  a 
re la t ive ly  high con ten t  of l ec i th in  (PC). Bea r ing  in m i n d  tha t  lec i th in ,  in 
add i t i on  to its func t ion  for lung  m a t u r a t i o n  of  the  fetus,  is also of g rea t  
i m p o r t a n c e  for nu t r i t iona l  phys io logy  in genera l ;  therefore ,  th is  fact  is not  
surpr is ing .  On the  o ther  hand  it is more  su rp r i s ing  tha t  some  of  the  
formulas  conta in  more  S P  than  PC. When  c o n s i d e r i n g  ly so lec i th in  (LL), 
fo rmula  11 (Milupa P regomin )  is r emarkab l e ,  s ince  it has  an e x t r e m e l y  
high LL con ten t  of  17.1 mg/100 ml. 

In  conc lus ion  we can s ta te  tha t  to a cer ta in  e x t e n t  in fan t  fo rmulas  
conta in  c o n s i d e r a b l y  d i f fe ren t  a m o u n t s  of o ther  p h o s p h o l i p i d  concen t ra -  
t ions than  h u m a n  mi lk  and  cow's  milk.  There  are  e n o r m o u s  d i f fe rences  in 
the  c o m p o s i t i o n  b e t w e e n  the infant  formulas .  In  mos t  of the  fo rmulas  
e x a m i n e d  the p h o s p h o l i p i d  con ten t  is genera l ly  so high,  tha t  - p r o v i d e d  
the  rea l iza t ion  is poss ib l e  - it can be  used  as a source  of  p h o s p h o l i p i d s  for 
the  newborn .  In  add i t i on  to g iv ing  resul ts ,  this  p u b l i c a t i o n  also inc ludes  
some ques t ions  and specu la t ions .  F u r t h e r  e x a m i n a t i o n s  are neces sa ry  for 
exp lana t ions .  
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