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Summary: With the analysis of  more than 550 human milk samples we showed 
that triglyeerides (accounting for 96-99 % of the total lipids) increased from 2 to 
3.5 g!100 ml mainly during the first week postpartum and remained constant there- 
after. In contrast, both cholesterol and vi tamin E concentrations decreased from 35 
to 20 rag/100 ml and from 1.7 to 0.30 rag/100 ml, respectively. The phospholipids 
remained constant (40 rag/100 ml). Also the fatty acid composit ion of total lipids 
changed. Mid chain fatty acids (C10, C12, C14) increased, whereas the long chain 
polyunsaturated fatty acids decreased. The P/S-ratio of 0.32 remained constant 
throughout  lactation. 

The mean protein content  of  human milk decreased from approximately 2 g/ 
100 ml at day 2 to approximately 1 g/100 ml at day 36 of lactation. The content  of 
each individual amino acid decreased likewise. However, when we expressed the 
amino acid values in relation to the protein value - that is as g amino acid per g 
p r o t e i n -  some decreased, some remained constant and some increased indicating a 
changing protein pattern. From these data we computer-calculated a sharp 
decrease in IgA content, a moderate  decrease for lactoferrin and constant values for 
casein and a-Lactalbumin. 

Throughout  the whole period of investigation, non protein nitrogen accounted for 
about 20 % of total nitrogen. Although the absolute values decreased according to 
total nitrogen, the sum of free amino acids, as well as the amount  of taurine, 
remained constant. 

Lactose increased from about 4 g/100 ml to 6 g/100 ml during the first days of 
lactation. 

The calcium content  increased from a mean value of 25 mg/100 ml at day 1 to 
32 rag/100 ml at day 5 and remained constant at 30 mg/100 ml up to day 36. Phos- 
phorus content  increased from 10 rag/100 ml at day 1 to 17 mg!100 ml at day 8 and 
then continuously decreased to 13 rag/100 ml at day 36. 

The protein-bound part of the calcium remained constant during the period 
investigation, the fat-associated part increased from 11% to 26 %. 

Protein-bound phosphorus decreased from 45% in eolostral milk to 29% in 
transitional and 23 % in mature milk. 

Zusammenfassung: Mit der Analyse yon mehr  als 550 Frauenmilchproben konn- 
ten wir zeigen, daB ihr Triglyceridgehalt,  der in der Regel 96-99 % der Gesamtlipide 
ausmacht,  innerhalb der ersten Laktat ionswoche von 2 auf3,5 g/100 ml ansteigt und 
dann konstant  bleibt. Im Gegensatz dazu nahmen die Gehalte an Vitamin E (1,7 rag/ 
100 ml-0,3 mg/100 ml) und Cholesterin (35 mg!100 ml-20 mg/100 ml) ab. Die Phos- 
pholipidkonzentrat ion blieb mit Werten um 40 mg/100 ml weitgehend konstant. Die 
Fetts t iurezusammensetzung der Gesamtlipide tinderte sich ebenfalls. Dabei nah- 
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men die prozentualen Antei le  der  mit telket t igen Fetts~iuren (C10, C12, C14) zu, 
wobei  gleichzeitig derjenige der  langket t ig  polyungesfit t igten Fettsfiuren abnahm. 
Der P/S-Quotient  blieb mit  0,32 konstant .  Der durchschni t t l iche EiweiBgehalt 
nahm yon ungeffihr 2 g/100 ml am 2. Tag der Laktat ion auf etwa 1 g/100 ml am 
36. Tag ab. Entsprechend nahmen die Gehalte aller Aminosfiuren ab. Wurden ihre 
Gehalte jedoch in Relat ion zum jeweil igen Eiwei~gehalt  berechnet  - also in g 
Aminosfiure pro g EiweiB - ,  nahmen die Gehalte einiger Aminosfiuren zu, andere 
bl ieben konstant ,  und wieder  andere nahmen ab. Dies kann nur  mit  einer sich 
f indernden Eiwei l tzusammensetzung der Muttermilch erklfirt werden. Anhand 
unserer  Daten konnten  wir einen steilen Abfall  des IgA- und des Laktoferringehal-  
tes innerhalb  der  ersten Lakta t ionswoche  berechnen.  W~ihrend des gesamten 
Untersuchungszei t raumes  blieb der Anteil  des Nicht-Protein-Stickstoffs  (NPN) am 
Gesamtprote in  mit  20 % wei tgehend konstant .  Obwohl die Gesamtmenge  an NPN 
abnahm,  blieb die Summe aller freien Aminos~uren und auch der Gehalt  an Taurin 
konstant .  Der Laktosegehal t  nahm von ungef~ihr 4 g/100 ml auf 6 g/100 ml zu. Der 
Calciumgehal t  nahm im Mittel von 25 mg/100 ml am 1. Tag auf  32 mg/100 ml am 
5. Tag der  Lakta t ion  zu und blieb dann konstant .  Entsprechend nahm Phosphor  
innerhalb  der  ersten 5 Tage yon 10 rag/100 ml auf  17 mg/100 ml zu, um dann wieder  
langsam auf  Werte von 13 mg/100 ml bis zum 36. Tag abzufallen. Der eiweil3gebun- 
dene Antei l  des Calciums blieb mit  35 % wei tgehend konstant ,  wogegen der  fett- 
assoziierte Antei l  yon 11 auf 26 % zunahm. Eiweil3gebundener Phosphor  nahm von 
45 % in Kolostralmilch fiber 29 % in t ransi tor ischer  Milch auf23 % in reifer Milch ab. 

K e y  words: human  milk, lipids, protein, lactose, minerals,  trace elements  

Introduct ion 

H u m a n  m i l k  is  u n i q u e l y  a d a p t e d  to  t h e  n u t r i t i o n a l  n e e d s  o f  t h e  i n f a n t  
d u r i n g  t h e  f i r s t  m o n t h  o f  life. A l t h o u g h  i ts  c o m p o s i t i o n  is v a r i a b l e  f r o m  
m o t h e r  to  m o t h e r ,  f r o m  d a y  to  d a y ,  b e t w e e n  d i f f e r e n t  t i m e s  o f  t h e  d a y  a n d  
e v e n  d u r i n g  o n e  s i n g l e  n u r s i n g  (26-28, 34, 37, 44), i t  ha s  b e e n  p r o p o s e d  t h a t  
t h e  a v e r a g e  c o m p o s i t i o n  o f  h u m a n  m i l k  c a n  b e  t a k e n  as  a b a s i s  for  t h e  
c a l c u l a t i o n  o f  t h e  i n f a n t ' s  r e q u i r e m e n t s .  I n  t h e  a b s e n c e  o f  o t h e r  r e l i a b l e  
d a t a  i t  r e m a i n s  t h e  b e s t  g u i d e  a v a i l a b l e  for  r e c o m m e n d a t i o n s  o n  t h e  
c o m p o s i t i o n  o f  f o r m u l a  f e e d s  (14). 

I n  r e c e n t  y e a r s  m u c h  a n a l y t i c a l  w o r k  h a s  b e e n  d o n e  o n  h u m a n  m i l k  a n d  
m a n y  d a t a  h a v e  b e e n  a c c u m u l a t e d  w i t h  r e s p e c t  to  i ts  p r o t e i n ,  fat,  c a r b o h y -  
d r a t e ,  m i n e r a l ,  t r a c e  e l e m e n t ,  a n d  v i t a m i n  c o n t e n t  (4, 23, 36). N e v e r t h e l e s s ,  
t h e r e  a r e  s t i l l  a lo t  of  o p e n  q u e s t i o n s .  F o r  e x a m p l e ,  t h e  e x a c t  p r o t e i n  
c o m p o s i t i o n  is n o t  k n o w n .  M o s t l y  b e c a u s e  o f  m e t h o d o l o g i c a l  p r o b l e m s ,  
t h e r e  h a v e  b e e n  p u b l i s h e d  no  c o n v i n c i n g  d a t a  on  t h e  e x a c t  w h e y  to  c a s e i n  
r a t i o  (3, 5, 39-41).  A l s o  l i t t l e  is  k n o w n  a b o u t  t h e  d i f f e r e n t  c a s e i n  f r a c t i o n s  
o c c u r r i n g  in  h u m a n  m i l k  (20, 40, 41). F u r t h e r ,  i t  b e c a m e  c l e a r  in  r e c e n t  
y e a r s  t h a t  n o t  o n l y  t h e  c o m p o s i t i o n  o f  h u m a n  m i l k  b u t  a l so  i n t e r a c t i o n s  
b e t w e e n  t h e  d i f f e r e n t  c o m p o n e n t s  a r e  o f  g r e a t  i m p o r t a n c e .  A n  e x a m p l e  
w o u l d  b e  t h e  i n t e r a c t i o n  o f  t r a c e  e l e m e n t s  w i t h  d i f f e r e n t  c h e l a t i n g  a g e n t s  
(12, 15, 38) w h i c h  m a y  b e  t h e  r e a s o n  for  t h e  g o o d  b i o a v a i l a b i l i t y  o f  t r a c e  
e l e m e n t s  f r o m  m o t h e r s '  m i l k .  

F o r  m a n y  c o m p o u n d s  i d e n t i f i e d  in  h u m a n  m i l k  so  far,  i t  is n o t  y e t  c l e a r  
w h a t  t h e i r  p h y s i o l o g i c a l  r o l e  for  t h e  i n f a n t  m a y  be .  Of  c o u r s e  d r u g s ,  
p e s t i c i d e s ,  h e a v y  m e t a l s  o r  o t h e r  e n v i r o n m e n t a l  c h e m i c a l s  a r e  t h o u g h t  to  
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be harmful .  Bu t  wha t  about  the high levels of  cholesterol  or the living 
cells? Are they  of  any physiological  benefit? 

This leads to a point  where  data on the h u m a n  milk composi t ion  become  
of l imited value to the quest ion of  the infant 's  requirements .  Addit ional  
in format ion  can only be obtained by appropr ia te ly  des igned clinical 
studies. They, however ,  can only be done  based on reliable data on the 
levels of  the various nutr ients  found in mothe r s '  milk. 

In  this paper,  data are represented on the changing  compos i t ion  of 
h u m a n  milk dur ing  the first five weeks of  lactation. As in the past  m a n y  
studies have been done  on r andomly  sampled  milks, which  may  have led 
to somewha t  ques t ionable  results (25, 48), all our  milk samples  were 
obta ined accord ing  to a s tandardized me thod  of  collection. This is t hough t  
to provide  p ro found  data for establishing the average compos i t ion  of  
ma ture  h u m a n  milk with respect  to its major  nutrients.  

Materia ls  and Methods  

Breast milk samples were obtained from healthy mothers of term infants on the 
1st, 3rd, 5th, 15th, 22nd, 29th, and 36th day of lactation. All mothers breast-fed their 
babies, but on the study days they completely expressed both breast into sterile 
containers at each feed using an electric breast pump. An aliquot was removed 
immediately for analysis and the remainder was fed to the infant as required. 
Samples from each 24 hour period were appropriately pooled and stored at -20 ~ 
until analyzed. 

Lipids including triglycerides, phospholipids, cholesterol and fatty acids were 
analyzed as described previously (26). Vitamin E was determined after hexane 
extraction using reversed phase HPLC and fluorescence detection (33). Protein and 
lactose were measured by the Lowry method (42) using an enzyme test kit from 
Boehringer, Mannheim, respectively. Zinc, copper, magnesium, and calcium were 
analyzed after ashing the milk samples by atomic absorption spectroscopy, using a 
model 430 atomic absorption spectrophotometer from Perkin Elmer. Phosphorus 
was assayed by a vanadium molybdenum method according to Epps (13). Analysis 
of non-protein-nitrogen including taurine, urea, and free glutamic acid was done as 
described previously (29). Appropriate statistical analyses were performed accord- 
ing to Glanz (18). 

Resul t s  and Di scuss ion  

Triglycerides (TG), account ing  for 96-99 % of the total lipids, increased 
f rom 2 to approx imate ly  3.5 g/100 ml mainly  dur ing the first week  postpar-  
t u m  and remained  cons tan t  thereafter  (Fig. 1). In contrast,  both vitamin E 
and cholesterol  (chol) concent ra t ions  decreased from 1.7 to 0.3 rag/100 ml 
and f rom 35 to 20 mg/100 ml, respectively,  whereas  the phosphol ipids  (PL) 
remained  ra ther  cons tan t  (40 mg/100 ml) all t h roughou t  lactation (Fig. 2). 

F r o m  these data it could  be calculated that  there is a drastic decrease of  
bo th  PL/TG and chol/TG ratios. As P L  and chol are const i tuents  of  the fat 
globule m e m b r a n e  (49) and TG is the major  c o m p o n e n t  of  the core one has 
to a s sume  that  the size of  milk fat globules increases as lactat ion prog- 
resses. This is fur ther  ev idenced  by the fact that  appropria te  regression 
analysis (TG versus  chol  and TG versus PL) resulted in different regres- 
sion lines for ei ther  colostral or mature  h u m a n  milk (Table 1, 2). 
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Fig. 1. Lac tose  ( n =  10), total  p ro te in  ( n =  10), t r ig lycer ides  ( n =  15), and ene rgy  
(n = 10) of  h u m a n  m i l k  in the  first  five w e e k s  of  lac ta t ion  (means,  SD). 
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Fig. 2. Vi tamin  E (alpha, be ta  + gamma- tocophero l ) ,  phosphol ip ids ,  and choles te ro l  
o f  h u m a n  mi lk  in the  first  f ive weeks  o f  lacta t ion (n = 9, means ,  SD). 
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Table 1. Correlat ions be tween  TG and PL in h u m a n  milk. y = TG (mg/1O0 ml), 
x = P L  (mg/100 ml). 

Day of lactat ion n y = a § bx  Correlat ion 
coefficient 

1 12 y = 185 + 49x 0.66 
3 11 y = 379 + 60x 0.65 
5 15 y = 391 + 72x 0.62 
8 16 y = 476 + 71x 0.89 

15 14 y = 528 + 76x 0.67 
22 15 y = 595 + 80x 0.89 
29 14 y = 416 + 84x 0.80 
36 15 y = 437 + 88x 0.92 

1- 5 (colostral) 38 y = 218 + 60x 0.61 
8-15 (transit ional)  30 y = 817 + 65x 0.75 

22-36 (mature)  44 y = 476 + 84x 0.86 

A t  a n y  g i v e n  a m o u n t  o f  fa t  i n  h u m a n  m i l k ,  t h e  o v e r a l l  o i l / w a t e r  i n t e r f a c e  
is d e t e r m i n e d  b y  t h e  s ize  o f  t h e  f a t  g l o b u l e s :  t h e  s m a l l e r  t h e  g l o b u l e s ,  t h e  
l a r g e r  t h e  i n t e r f a c e .  A l a r g e  s u r f a c e  o n  w h i c h  t h e  i n f a n t ' s  l i p a s e  c a n  a c t  is 
t h o u g h t  to  b e  a p r e r e q u i s i t e  fo r  o p t i m a l  l i p i d  h y d r o l y s i s .  I n  t h i s  r e g a r d  t h e  
g o o d  fa t  a b s o r p t i o n  f r o m  h u m a n  m i l k  b y  t h e  n e w b o r n ,  d e s p i t e  p o o r  
p a n c r e a t i c  s e c r e t i o n  (19) m a y  a t  l e a s t  p a r t i a l l y  b e  e x p l a i n e d  b y  t h e  s m a l l  
f a t  g l o b u l e s  a t  t h e  e a r l y  s t a g e s  o f  l a c t a t i o n .  

T h e  c h a n g i n g  f a t t y  a c i d  (FA) p a t t e r n  o f  h u m a n  m i l k  d u r i n g  l a c t a t i o n  is 
p r e s e n t e d  i n  T a b l e  3. A s  c a n  b e  s e e n ,  t h e  q u a n t i t a t i v e l y  p r e d o m i n a t i n g  F A  
s u c h  as  C16, C18 a n d  c18 :1w9  s t e a d i l y  d e c r e a s e d  i n  p r o g r e s s i n g  l a c t a t i o n ,  
a c c o m p a n i e d  b y  a n  i n c r e a s e  o f  t h e  m i d - c h a i n  F A  C12 a n d  C14. As  t h e  
l a t t e r  c o m p o u n d s  a r e  e x c l u s i v e l y  s y n t h e s i z e d  b y  t h e  m a m m a r y  g l a n d  (2) 
a n d  u n l i k e  t h e  o t h e r s  a r e  n o t  t r a n s f e r r e d  f r o m  t h e  m o t h e r ' s  b l o o d  to  t h e  
m i l k ,  i t  s e e m s  t h a t  t h e  c a p a c i t y  o f  t h e  g l a n d s  to  s y n t h e s i z e  t h e s e  F A  w a s  

Table  2. Correlat ions be tween  TG and  Chol in h u m a n  milk. y = TG (mg/100 ml), 
x = Chol (mg/100 ml). 

Day of lac ta t ion n y = a + bx  Correlat ion 
coefficient 

1 12 y = 852 + 33x 0.57 
3 11 y =  631+  74x 0.76 
5 15 y = 705 + 75x 0.67 
8 16 y = 1233 + 75x 0.81 

15 14 y = 1686 + 86x 0.60 
22 15 y = 1754 + 100x 0.63 
29 14 y = 1374 + l12x 0.52 
36 15 y = 1400 + l18x 0.75 

1- 5 (colostral) 38 y = 1653 + 28x 0.35 
8-15 (transit ional)  30 y = 2291 + 28x 0.54 

22-36 (mature)  44 y = 2291 + 48x 0.68 
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Table 3. 

Day 
Fatty acid 

1 3 5 8 15 22 29 36 

C10 0,09 0.26 0,38 0.61 0.79 0.88 0.96 0.86 
C 11 ND tr tr tr ND ND tr tr 
C12 1.13 2.25 2.93 3.87 4.91 5.82 6.16 5.47 
C14 4.25 5.34 5.26 5.91 6.73 7.48 7.82 7.20 
C14:ltw5 0.07 0.11 0.09 0.11 0.17 0.11 0.12 0.11 
C14:1w5 0.35 0.53 0.50 0.57 0.54 0.52 0.51 0.49 
C16 26.21 26.01 25.66 24.79 23,27 23.29 22.53 23,10 
C16:ltw7 0.59 0.57 0.51 0.45 0.50 0.46 0.50 0.48 
C16:1w7 3.46 3.55 4.36 3.92 4.10 3.90 4.05 3.90 
C17 0.75 0.79 ND 0.68 tr tr ND ND 
C17:ltw7 tr tr tr tr 0.03 tr 0.03 tr 
C17:1w7 tr 0.19 0.21 0.22 tr 0.17 0.21 0.16 
C18 9.32 8.30 8.44 8.55 8.48 8.61 8.72 8.37 
C18:1 38.68 37.76 37.92 36.36 36.82 36.01 34.92 35.02 
C18:2w6 9.70 10.30 9.97 10.76 10.14 9.96 10.04 11.78 
C18:3w6 tr 0.67 0.81 tr 1.04 0.36 0.91 ND 
C20:1w9 1.92 1.37 1.04 0.88 0.70 0.81 0.93 0.85 
C18:3w3 0.60 0.70 0.62 0.69 0.70 0.70 0.83 0.71 
C20:2w6 0.90 0.65 0.51 0.44 0.33 0.32 0.39 0.35 
C22 tr tr tr tr tr tr tr tr 
C20:3w6 0.42 0.35 0.37 0.34 0.38 0.29 0.34 0.30 
C22:1w9 0.46 0.20 0.20 0.19 0.91 tr tr tr 
C20:4w6 0.75 0.55 0.54 0.50 0.43 0.36 0.39 0.39 
C22:2w6 0.24 0.17 0.24 0.17 0.06 0.08 0.12 0.12 
C24 0.45 0.29 0.19 0.15 0.10 6.10 0.14 0.20 
C20:5w3 0.64 0.43 0.18 0.22 0.16 0.14 0.13 0.05 
C24:1w9 0.68 0.36 0.31 0.18 0.11 tr 0.17 0.22 
C22:4w6 0.25 0.15 0.12 0.09 0.05 tr 0.06 0.05 
C22:5w6 0.13 0.10 0,05 0.06 0.03 tr tr tr  
C22:5w3 0.25 0.13 0.11 0.09 0.06 tr 0.06 0.05 
C22:6w3 0.22 0.21 0.29 0.26 0.17 0.15 0.16 0.16 

n o t  fu l ly  d e v e l o p e d  at  b i r th .  T h e  s u c k l i n g  o f  t he  i n f a n t  a f fec t s  t h e  m o t h e r ' s  
p r o l a c t i n  s y n t h e s i s ,  c a u s i n g  a f u r t h e r  m a t u r a t i o n  (21). 

T h e  p r o b l e m  of  t h e  i n f a n t ' s  r e q u i r e m e n t  for  e s s e n t i a l  f a t ty  ac ids  has  
b e e n  d i s c u s s e d  in  m a n y  p a p e r s  o v e r  t h e  pas t  s e v e r a l  yea r s  (6-9, 51). I t  is 
w e l l  a c c e p t e d  t h a t  t h e  i n f a n t  has  an  u r g e n t  n e e d  for  l i no l e i c  a n d  l i n o l e n i c  
ac ids ,  in  o r d e r  to s y n t h e s i z e  l o n g - c h a i n  p o l y u n s a t u r a t e d  fa t ty  ac id s  
( P U F A ) ,  w h i c h  are  i m p o r t a n t  for  ce l l  m e m b r a n e  and  p r o s t a g l a n d i n  
s y n t h e s i s  (11, 21). H o w e v e r ,  t h e r e  a re  st i l l  s o m e  d o u b t s  w h e t h e r  t h e  
n e w b o r n  is c a p a b l e  o f  s y n t h e s i z i n g  t h e s e  F A  in  s u f f i c i e n t  a m o u n t s  (6, 22). 
O u r  r e s u l t s  m a y  i m p l y  t h a t  a c e r t a i n  a m o u n t  o f  d i e t a r y  l o n g - c h a i n  P U F A  
are  n e c e s s a r y  to  m e e t  t h e  i n f a n t ' s  r e q u i r e m e n t s .  Th i s  a s s u m p t i o n  is 
s u p p o r t e d  b y  t h e  fac t  t h a t  l o n g - c h a i n  P U F A  (cha in  l e n g t h  > C18) as p a r t  o f  
t h e  t o t a l  p o l y u n s a t u r a t e s  w e r e  a b o u t  30 % in  c o l o s t r u m  d e c l i n i n g  to  15 % 
in  m a t u r e  m i l k  (Tab le  3). T h e  P / S - r a t i o  (0,32) r e m a i n e d  at a c o n s t a n t  l e v e l  
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Tab le  4. Regress ion  analysis  of  v i t amin  E and o ther  l ipids in h u m a n  milk.  
y = v i t amin  E (mg/100 ml); x = t r ig lycer ides  or choles te ro l  or  phospho l ip ids  (rag/100 
ml), respec t ive ly .  Colostral  milk:  n = 25; ma tu re  milk:  n = 43. 

Corre la t ion  b e t w e e n  y = a + bx  Corre la t ion  
coeff icent  (r) 

Choles te ro l  and  v i t amin  E 
colost ra l  y =- -0 .58 + 0.05608x* 0.75 
m a t u r e  y = +0.08 + 0.01425x* 0.71 

Tr ig lycer ides  and v i t amine  E 
colost ra l  y = +1.04 + 0.00017x 0.17 
m a t u r e  y = +0.13 + 0.00008x 0.45 

P h o s p h o l i p i d s  and  v i t amin  E 
colost ra l  y = +0.39 + 0.02849x 0.40 
m a t u r e  y = +0.12 + 0.00857x 0.51 

* regress ion  coeff ic ient  (slope) s ignif icant  p < 0.0001. 

t h r o u g h o u t  l a c t a t i o n ,  b e c a u s e  t h e  d e c r e a s e  o f  l o n g - c h a i n  P U F A  w a s  c o m -  
p e n s a t e d  f o r  b y  a n  i n c r e a s e  o f  l i n o l e i c  ac id .  T h i s  m a y  r e f l e c t  t h e  i n c r e a s i n g  
c a p a b i l i t y  os t h e  i n f a n t  to  s y n t h e s i z e  l o n g - c h a i n  P U F A  f r o m  l i n o l e i c  a c i d .  

R e g r e s s i o n  a n a l y s i s  p e r f o r m e d  w i t h  t h e  d i f f e r e n t  l i p i d  f r a c t i o n s  o f  
h u m a n  m i l k  s h o w n  in  T a b l e  1 a r e  i n  a c c o r d a n c e  w i t h  t h e  t h e o r y  t h a t  P L  
a n d  c h o l  f o r m  t h e  m e m b r a n e  o f  s e c r e t e d  fa t  g l o u b l e s  a n d  t h e r e f o r e  d e r i v e  

Fig. 3. Magnes ium,  copper ,  and zinc of  
h u m a n  mi lk  in the  first  f ive weeks  of  
lactat ion,  (means,  SD) n = 10. 

8 

3 

30 

20 

o 

0.4 

0.2 

Mc:~ne~ium 

Zinc 

"0.,,, 
l I ;~.... .~ 

i i T~. . 

day os lactation 



84 Zeitschrift fdr Ern~hrungswissenschaft, Band 25, Heft 2 (1986) 

f rom the  apical  m e m b r a n e  of  sec re tory  cells (10, 46, 47). They  may ,  how- 
ever,  also indica te  tha t  at least  s o m e  chol  is secre ted  by  a m e m b r a n e  
i n d e p e n d e n t  p a t h w a y  (30). In  addi t ion,  regress ion  analysis  p e r f o r m e d  wi th  
v i t a m i n  E and  the  di f ferent  l ipids s h o w n  in Tab le  4 gave  rise to the  
a s s u m p t i o n  tha t  the  secre t ion  of chol  and  v i t amin  E are closely interre-  
lated. S ince  no  or only  w e a k  corre la t ions  could be  found  b e t w e e n  v i t amin  
E and  e i ther  TG or PL,  we  specu la ted  tha t  v i t amin  E is only  part ial ly 
sec re ted  as cons t i t uen t  of  the  apical  m e m b r a n e  of  sec re tory  cells. G o o d  
corre la t ions  b e t w e e n  v i t am i n  E and  chol  led us to a s s u m e  tha t  the  m e m -  
b rane  i n d e p e n d e n t l y  secre ted  chol  is the  carr ier  for some  par t  of  the  
v i t amin  E (31). 

F r o m  F igure  3 it can be  seen  tha t  d i f ferent  t race  e l emen t s  change  
d i f ferent ly  dur ing  lactat ion.  M a g n e s i u m  for e x a m p l e  r ema ined  ra ther  
cons t an t  t h r o u g h o u t  the  per iod  of  inves t iga t ion  (approx.  3.5 mg/100 ml). 
C o p p e r  s teadi ly  dec rea sed  f rom abou t  50 pg/100 ml  in the  first days  to 
35 ~tg/100 ml  at day  36. I t  s eems  tha t  the  c o p p e r  con ten t  m a y  fur ther  
dec rease  in p ro longed  lactat ion.  The  decrease  of  zinc concen t ra t ion  was  
ve ry  rapid  dur ing  the  first  8 days  (0.8 mg/100 ml  to 0.35 rag/100 ml) and  
t hen  s teadi ly  r eached  m a t u r e  levels  of  abou t  0.2 mg/100 ml  at day  36. 

F igure  4 shows  the  ca lc ium (Ca) and  p h o s p h o r u s  (P) concent ra t ions .  
Con t ra ry  to the  levels  of  the  inves t iga ted  t race  e lements ,  they  increased  
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Fig. 4. Calcium and phosphorus of human milk in the first five weeks of lactation. 
Courses of 9 individual mothers. 
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Fig. 5. Calcium to phosphorus ratio of human milk during the first five weeks of 
lactation ( -  mean; individual data points). 

du r ing  the  ear ly s tages  of  lacta t ion and  r em a i ned  ra ther  cons tan t  f rom day  
8 on. The  p re sen ta t ion  of  the  indiv idual  va lues  and  courses  clear ly d e m o n -  
s t ra tes  the  h igh  var iabi l i ty  in Ca and  P conten ts  of  mi lks  f rom different  
m o t h e r s  and  f rom dif ferent  s tages  of  lactation.  The  Ca-P ratio is close to 2, 
i n d e p e n d e n t  of  the  ma tu r i t y  of  the  mi lks  (Fig. 5). The  pro te in  b o u n d  par t  
of  Ca (35 %) r e m a i n e d  cons tan t  dur ing  the inves t iga t ion  period,  whereas  
the  fat  assoc ia ted  par t  increased  f rom 11 to 26 % indica t ing  e i ther  a change  
in fat  g lobu le  m e m b r a n e  compos i t ion ,  an  inc rease  in its Ca-b ind ing  capa-  
city, a d i f ferent  degree  of sa tura t ion  or a non  fat re la ted Ca-associa t ion 
wi th in  the  wa te r  phase  of  the  sepa ra ted  cream.  Fur the r  research  is needed  
in this field. 

P ro te in  b o u n d  P dec rea sed  f rom 45 % of total  P in colostral  mi lk  to 29 % 
in t rans i t iona l  and  23 % in m a t u r e  milk.  As in h u m a n  mi lk  only IgA and 
lac toferr in  dec rease  wi th  t ime  (Fig. 7), it s eems  tha t  the decrease  of  prote in  
b o u n d  P is assoc ia ted  wi th  the decrease  of  these  two proteins.  In  this 
respect ,  p r e l im ina ry  da ta  f rom our  l abora to ry  have  shown  tha t  ma in ly  
lac tofer r in  has a ra ther  h igh  b ind ing  capac i ty  for inorganic  p h o s p h a t e  
ions, indica t ing  a n e w  not  ye t  desc r ibed  fea ture  of  lactoferrin.  

S o d i u m  and  p o t a s s i u m  changed  as s h o w n  in F igure  6, the m e a n  
p o t a s s i u m  concen t ra t ion  of  m a t u r e  h u m a n  mi lk  being approx.  60 mg!  
100 ml  and  tha t  o f  s o d i u m  be ing  approx .  30 rag/100 ml. The  m e a n  pro te in  
con ten t  o f  h u m a n  mi lk  dec reased  f rom approx.  2 g/100 ml  at day  2 to 
approx .  1 g/100 ml  at day  36 of  lactat ion,  as can be seen  f rom Figure  1. The  
con ten t  of  each  ind iv idua l  amino  acid decreased  l ikewise,  as has  been  
expec ted .  However ,  w h e n  we e x p r e s s e d  the  amino  acid va lues  in relat ion 
to the  pro te in  va lue  - tha t  is as g amino  acid per  g pro te in  - only  threonine ,  
serine,  glycine,  alanine,  cyst ine,  valine, and  arginine decreased ,  whi le  
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Fig. 6. Potassium and sodium of hu- 
man milk during the first five weeks of 
lactation, (means, SD) n = 10. 

a s p a r a g i n e ,  m e t h i o n i n e ,  ~yrosine,  p h e n y l a l a n i n e ,  a n d  t r y p t o p h a n  
r e m a i n e d  c o n s t a n t  a n d  g l u t a m i c  acid,  p ro l ine ,  i so l euc ine ,  l euc ine ,  h is t i -  
d ine ,  a n d  l y s i n e  i n c r e a s e d  (3) (Table  5). 

Th i s  c an  o n l y  be  e x p l a i n e d  b y  a c h a n g i n g  p r o t e i n  c o m p o s i t i o n  as lacta-  
t i o n  p rogres ses .  We c o u l d  s h o w  this  c h a n g e  in  the  h u m a n  m i l k  p r o t e i n  

Table 5. Amino acid composition of human  milk, (means) n = 10. 

Day 2 Day 8 
mg/100 ml mg/g mg/100 ml mg/g 

protein protein 

Day 36 
mg/100ml mg/g 

protein 

Asp 218 107 153 112 121 109 
Thr 144 71 80 58 60 54 
Ser 148 73 83 61 64 58 
Glu 332 163 252 184 215 194 
Pro 177 87 134 98 113 102 
Gly 79 39 43 31 34 31 
Ala 106 52 65 47 49 44 
Cys 53 26 28 20 19 17 
Val 139 68 87 64 66 59 
Met 25 12 19 14 15 14 
Ile 97 48 80 58 65 59 
Leu 220 108 155 113 124 112 
Tyr 119 58 78 57 64 58 
Phe 110 54 73 53 60 54 
His 71 35 52 38 44 40 
Lys 155 76 114 83 91 82 
Arg 123 60 68 50 49 44 
Trp 55 27 35 26 30 27 

Total 
protein 2040 1380 1100 
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Fig. 7. Changing pattern of human milk protein composition during the first five 
weeks of lactation (calculated according to 43). - �9 - casein, - �9 - a-Lactalbumin, 
- �9 - lactoferrin, - O - sIgA, - [] - serum albumin. 

compos i t ion  by c o m p u t e r  calculation (32) based on the amino acid com- 
posi t ion of  the isolated proteins casein, IgA, lactoferrin, a-lactalbumin, 
se rum albumin.  As can be seen from Figure  7, we found a sharp decrease 
in the IgA content ,  a modera te  decrease for lactoferrin and cons tant  values 
for casein and a- lacta lbumin as well as for se rum albumin.  Interes t ingly 
these data indicate a t ime dependen t  change in w h e y  protein to casein 
ratio in h u m a n  milk f rom about  80/20 in early lactation to 55/45 in mature  
milk. Prel iminary,  exper imenta l  data f rom our laboratory,  using an 
appropr ia te  H P L C  me thod  for the separat ion and quantif icat ion of  all 
major  prote ins  are in good accordance  with the calculated results. 

Only very  recent ly  it has been pointed out that  apart  from the 
immunolog ica l  and/or  bacteriostatical  re levance of  IgA and lactoferrin, 
their  presence  in h u m a n  milk also has nutr i t ional  implications. The fact 
that  bo th  lactoferrin and IgA were found  in the faeces of breast-fed infants 
(45, 52), makes  it reasonable  to a ssume that  they  are resistant to proteolytic 
digest ion in the newborn ' s  GI  tract. This led Hambraeus  et al. (24) and 
R~iih~i (50) to conc lude  that  the a m o u n t  of  nutr i t ionally available protein in 
h u m a n  milk could  be as low as 0.7 g/100 ml. Since infant formulae usual ly 
have prote in  contents  be tween  1.5 and 2.0 g/100 ml and all of  the protein 
can be cons idered  digestible, they suggested a re-evaluation of  current  
r e c ommenda t i ons  on protein requi rements  during infancy. 

On the basis of  our  data on the h u m a n  milk protein composi t ion,  we 
therefore  calculated the amino acid composi t ion  of  that  part  of the prote in  
fraction that  is t hough t  to be totally digested. This led to the interest ing 
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Fig. 8. Comparison of the nutritionally available amino acid composition ( 
with that of total protein ( - - - )  of human milk at days 1, 8, and 36 of lactation. 

result ,  as s h o w n  in F igure  8, tha t  the  a m o u n t  of  the  nut r i t ional ly  avai lable  
p ro te in  f rac t ion  and,  in addi t ion,  its amino  acid compos i t i on  r ema in  ra ther  
cons t an t  t h r o u g h o u t  the  lacta t ional  period.  L o o k i n g  at the  d i f fe rences  
ob ta ined  b e t w e e n  the  total  of  indiv idual  amino  acids and  the  r e spec t ive  
avai lable  p r o p o r t i o n  it b e c o m e s  ev iden t  tha t  for s o m e  amino  acids the  
nut r i t iona l ly  avai lable  f rac t ion  is only  ha l f  of  the  total, whereas  wi th  o thers  
no or only  m i n o r  changes  could  be  observed .  

We the re fo re  conc luded  tha t  a re -eva lua t ion  of cur ren t  r e c o m m e n d a -  
t ions on p ro te in  r e q u i r e m e n t s  dur ing  infancy  should  not  only  be  done  
wi th  r e spec t  to total  p ro te in  intake,  bu t  also wi th  r e spec t  to the  amino  acid 
c o m p o s i t i o n  (3). 

T h r o u g h o u t  the  whole  per iod  of  inves t iga t ion  non-pro te in -n i t rogen  
a c c o u n t e d  for  abou t  20 % of  total  n i t rogen,  the  ma jo r  f rac t ions  be ing  u rea  
(approx.  32 %), pep t ides  (8 %), free amino  acids (9 %), and  g l u c o s a m i n e  
(40 %). Within the  free amino  acid f rac t ion  g lu tamic  acid increased  f rom 
5.2 mg/100 ml  to abou t  14.7 mg/100 ml  dur ing  the  first  five weeks  of  lacta- 
t ion and  was  found  to be  the  ma jo r  c o m p o n e n t  wi th in  this f rac t ion  in 
m a t u r e  milk,  fo l lowed by  taur ine  which  r em a ined  cons tan t  wi th  va lues  of  
a b o u t  6 mg/100 ml. Taur ine  is i m p o r t a n t  as a con juga t ing  agen t  for  bile 
acids and  b e c a u s e  of  its i n v o l v e m e n t  in cent ra l  ne rvous  func t ions  (1, 53, 
54). In fan t s  rece iv ing  no d ie ta ry  taur ine  ( formula  feeding) t end  to save  
t aur ine  by  rep lac ing  it wi th  glycine for bile acid con juga t ion  (1). This  
occurs  desp i te  the  less f avourab le  emuls i fy ing  and  free fa t ty  acid re leas ing  
p rope r t i e s  of  the  g lycine  conjuga tes  (35, 44). In  breas t - fed  infants  the  
p r e s e n c e  of  the  m o r e  acidic t aur ine  bile acid conjugates  is hypo thes i zed  to 
con t r ibu te  to the  re la t ively  acidic in tes t inal  mil ieu favour ing  bif idus col- 
onization.  Whe the r  the  func t ion  of  taur ine  as a bile acid con juga tor  is as 
i m p o r t a n t  as po in t ed  out  above  or taur ine  is of  re levance  to the  infant  
p r imar i ly  as a g rowt h  m o d u l a t o r  is p resen t ly  u n d e r  d i scuss ion  (17). 
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I n  v i e w  of  t he  low capab i l i t i e s  of i n fan t s ,  e spec i a l l y  p r e m a t u r e s ,  to 
s y n t h e s i z e  t a u r i n e  f r o m  m e t h i o n i n e ,  it  s e e m s  e v i d e n t  t h a t  th is  " a m i n o  
ac id"  is e s s e n t i a l  at  l eas t  to the  n e w b o r n ,  w h o  the re fo re  d e p e n d s  on  a n  
e x o g e n o u s  s u p p l y .  T h e r e f o r e  m o s t  m o d e r n  i n f a n t  f o r m u l a e  are  sup-  
p l e m e n t e d  w i t h  t a u r i n e ,  a s tep  fo rward  to b r i n g  i n f a n t  f o r m u l a e  as c lose  as 
p o s s i b l e  to t he  c o m p o s i t i o n  of h u m a n  mi lk .  
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