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In 1939, Malyoth and Ki.rimlidis 1> presented a treatise, emphasizing the im­
portance of ,B-lactose in infant nutrition, in which they stated that lactose in human 
milk exsisted mainly as (]-form, according to a factor which shifted the state of equili­
bration of lacto~e toward ,B-side, and by adding ,a-lactose to cow's milk formula, it was 
able to increase the per cent of Lactobacillus bifidus in the bacterial counts of intesti­
nal flora of bottle-fed infants to the extent of that of breast-fed infants. Therefore, 
they designated ,6'-lactose as " K5rpernahe Zucker ". 

On the other hand, Habild 2> in 1949, and Sasaki et al 3> in 1952, insisted that 
lactose in human milk existed in the same state of equilibrium between a- and (]­
form as in the aqueous solution, based upon the facts that no mutarotation was ob­
served after milking and the values of specific rotation showed no significant dif­
ference among human milk, cow's milk and lactose solution in water (invariably plus 
55.2°). 

While Malyoth's work is rather speculative and lacking the actual evidence, 
Habild's or Sasaki's work appears to be methodologically doubtful, because they did 
not estimate the true value of lactose content in milk. 

To settle this controversy, investigations were undertaken in our laboratory to 
determine the carbohydrate content and the optical rotation of various milks. As 
a result, certain new facts have been disclosed. The present paper deals with the 
characteristic feature of the specific rotation of human milk and its cause. 

I. SPECIFIC ROTATION OF MILK SERUM 

Materials and Methods 

Human milk, human colostrum and cow's milk were collected from various sour­
ces. All samples were raw. Careful attention was paid to keep them as fresh as 
possible. Each sample was centrifuged for 20 min. at 3,000 r. p. m. and after cool­
ing to 5 °C, the solidified cream was removed. The skimmed milk was treated by 
the following three different methods : (1) centrifuged for ] hour at 37,500 to 40, 
000 r. p. m. with Spinco L type ultracentrifuge, (2) deproteinized by Somogyi's 4> 
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method or (3) by Sharp & Doob's 5> method. For convenience, the deproteinized fil­
trate of skimmed milk was designated as milk serum. For desalting, ion-exchangers 
(Amberite IR-120 in H-form and IR-48 in OH-form) were used. Amount of lactose 
in milk serum was determined by ( 1) Bertrand's method,6l (2) colorimetric method 
by Nelson-Somogyi 1> and (3) anthrone method.8l Optical rotation was determined 
with a Franz Schmidt and Haensh's polarimeter and the specific rotation was calcu. 
lated by the following equation : 

[a] = axtoo 
0 cxl 

a : Optical rotation expressed in degrees. 
l : Length of tube in decimeters. 
c : Concentration of sugar in grams per 100 ml. 

It must be pointed out that the values of the specific rotation were calculated 
by the equation with the values of sugar contents expressed as lactose, hence, the 
values obtained were the apparent specific rotation. 

Results 

1. Specific Rotation of Human Milk Treated with Ultracentrifuge. 

This procedure was carried out to avoid denaturation of milk as perfectly as 

possible. 

Table 1. Specific Rotation of Ultracentrifuged Human Milk. 

[a]D {plus, in degree) 
Number of 

Time after Milking (hrs.) 
Mother Average 

3 4 5 6 7 9 
~~-

l(a) 31.5 31.5 
l(b) 37.3 36.5 36.9 36.9 
l(c) 39.6 39.0 38.1 38.9 39.2 
2 41.6 41.6 
3 45.3 45.3 
4 49.4 49,4 

5 45.0 45.0 

6 47.9 48.0 48.0 48.0 48.0 

7 48.7 48.7 

8 48.0 48.0 

9 47.1 47.5 47.5 47.6 47.4 

10 48.3 48.3 

11 43.7 43.7 

12 41.9 41.9 

13 48.0 47.4 47.7 47.1 47.6 

Average 44.1 

As shown in table 1, it was observed that the mean value of [a]0 of human milk 
was plus 44.1°, which was significantly lower than that of lacto~e solution in water, 
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and that the values of' [a]n revealed individual, daily a,nd diurnal variations. Muta­
rotation was not observed· after milking. 

2. Specific Rotation • of Milk Serum Deproteinized by Somogyi' s Method. 

Ultracentrifuged human millk mentioned above gave a positive ninhydrin test 
and still contained lactoalbumin and inorganic salts. Therefore, in order to detemine 
the true [a]v due merely to carbohydrates contained in milk, deproteinization by 
Somogyi's method and desalting by ion-exchangers were carried out. Samples so 
treated showed no more positive ninhydrin test and were considered to be composed 
of only carbohydrates of original milk. The results were summarized as follows: 

(1) As shown in Table 2, the values of speciflc rotation of human milk sera, 
especially of human colostral sera were definitely lower than those of cow's milk 
sera and of the aqueous solution of lactose in a state of a-{i equilibrium. 

Table 2. Specific Rotation of· Milk ,Sera. 

Lactose-solution Cow's Milk Human Milk Human 
Colostrum 

55.5 54.4 39.0 42.8 
, ' 

55.4 57.1 41.2 30.9 

55.3 53.1 43.9 40.9 

55.8 52.8 40.1 33.3 
[a]o 55,7 52.3 40,4 37.9 

(plus, in degree) 55.2 51.1 48.1 39.1 

55.1 52.0 46.9 41.1 

55.9 55.4 49.2 39.3 

55.3 53.9 42.1 31.5 

55.6 54.5 45.9 35.4 

Average 55.5 53.7 43.7 37.2 

u2 • 0.071 3,153 13.275 17. 711 

• u: unbiased variance. 

(2) Table 3 shows that the values of [a]v of human milk sera reveal indivi-
dual, daily and diurnal variations. As seen in Table 4, however, no mutarotation 

Table 3. Individual, Daily and Diurnal Variations of 

[a]n of Human Milk Sera. 

Samples of Time of [a]o (plus, in degree) 

Human Milk Milking 14, March 18, March 

10° a.m .. 48.3 
K. 12° a.m. 50.0 47.7 

3° p.m. 50.0 -
11° a.m. 50.7 -

s. 12° a.m. 53.0 49.0 
3° p.m. 49.2 -, , 
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Table 4. Stability of [a]n of Human Milk Sera. 

[a]o (plus, in degree) 

Sample 1 Sample 2 

Immediately after Milking 49.6 50.0 
24 hrs. after Milking 49.3 50.7 
After Heating for 30 min. at 100 °C 49.1 50.0 
After Desalting 49.0 49.8 

was observed after milking at room temperature and the values of [a]D were ther­
mostable and not influenced by the desalting procedure. 

(3) There wB.S no correlation between [a]D and mother's age or her living con­
dition. 

(4) The values of [a]n were not altered by oral or parenteral administration 
of thiamine, riboflavin, niacin or ascorbic acid to mother. 

(5) As seen in Table 5, no change of [a]D was observed by various methods 
of deproteinization such as Somogyi, Folin-Wu, Benedict, Sharp & Doob,3> or the 
methods using trichloroacetic acid, cadmium hydroxide, metaphosphoric acid and 
uranyl acetate. 

Table 5. Change of [a]n of Human Milk Sera due to 
Various Deproteinization Methods. 

Methods of Deproteinization [a]o 
(plus, in degree) 

ZnS04-Ba (OH)2 (Somogyi) 38.5 
Sodium tungstate (Folin-Wu) 38.9 
Sodium tungstate et molybdate (Benedict) 38.9 
Mercuric chloride (Sharp & Doob) 38.3 
Trichloroacetic acid 38.9 
Cadmium hydroxide 38.9 
Metaphosphoric acid 39.0 
Uranyl acetate 39.2 

3. Comparison of Sugar Quantities in Milk Sera between Anthrone Method 
and Sharp & Doob' s Method. 

The determination of sugar content was made by anthrone method on the S!!m­
ples of milk sera deproteinized by mercuric chloride used in the Sharp & Doob's 
method, and these values were compared with those of Sharp & Doob's method,6' 
which was calculated on the assumption that only lactose was concerned with the 
optical rotation of the filtrates and existed in the S!!me state of a-(3 equilibration 
as in aqueous solution. 

As seen in Table 6, in case of humim milk, especially of human colostrum, 
there were remarkable differences of sugar quantity between the values obtained by 
anthrone method and by polarimetry (Sharp & Doob's method), while, in the case of 
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cow's milk there were no significant differences• between them. These evidences 
suggest that the assumption in the Sharp & Doob's method is not available in case 
of human milk and human colostrum. 

Table 6. Comparison of Sugar Contents Determined by Anthrone Method and 

by Sharp & Doob's Method. 

Optical Anthrone Method Sharp & Doob's Method 
Rotation [a]o [a]o (plus, in degree) Sugar g/dl) (plus, in degree) Sugar (g/ di)* (plus, in degree) 

Human 0.62 1.75 35.4 1.12 
Colostrum 0.61 1. 70 36.5 1.11 

0.76 1.78 42.1 1.38 

Human Milk 0.65 1.46 44.5 1.18 55.2 
0,55 1.29 42.6 0.99 
0.76 1.78 42.7 1.38 

Cow's Milk 0.56 1.02 54.9 1.01 

I 0.49 0.95 51.6 0.89 

* The values were calculated by the equation to which the values of optical rotation 
and the theoretical value of [a]o of lactose in a-/J equilibration ( +55.2°) were applied. 

II- CAUSE OF THIS LOW SPECIFIC ROTATION OF HUMAN MILK SERUM 

1. Theoretical Consideration. 

On the basis of theoretical consideration, any one of the 
tioned below would be expected for a better understanding 

three occasions men­
of the fact that [ a ] 0 

of human milk serum revealed such a low value. 
(a) Coexistence of a substance(s) which makes the equilibration of lactose shift 

toward p-side by reacting 
to acetal-OH. 

Table 7. Mutarotation of a- or P-Lactose Solution, 
when Sodium Bisulfite was added, 

(b) Coexistence of a 
substance(s) which may 
be fixed with a p<1rt of 
lactose to form a (3-deri­
vative, its reducing power 
being equal to that of lac­
tose. 

Time after Adding 

( c) Coexistence of a 
potent levorotatory sub­
stence(s) which induces the 
specific rotation to be decreased. 

of Sulfite 

10 min. 
20 
30 
40 
50 
60 
90 

120 
24 hrs. 

[a]o (plus, in degree) 

5% a-Lactose plus 5% {J-Lactose plus 
5% Na-bisulfite 5% Na-bisulfite 

- 37.8 
70.0 37.4 
- 36.8 

57.4 37.0 
53.0 37.2 
49.0 37.0 
44.0 37.2 
43.0 37.2 
36.8 37.0 

As the possibility of (a), sulfite or borate was considered, as pointed out by 
Habild 2

'. For instance, as seen in Table 7, when sodium bisulfite was added to aqueous 
solution of a-lactose or ,a-lactose, muta:rotation had occurred and the equilibrium was 
shifted apparently to (3-side. 
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However, it would be unreasonable to consider the presence of inorganic salts 
in such a high concentration in rriilk as an etiologic factor, since this. low specific 
rotation of human milk was observed even on the samples which were freed of in­

organic salts by ion-exchangers. 
As the possibility of (b ), sugar phosphates were suspected. Actually, it is reported 

by Malpress 9) and Gauder IO) that at the last step of synthesis of lactose in the 
mammary gland of guineapig, lactose was liberated from lactose-1-phosphate by the 
action of phosphatase. So, the determinations of inorganic phosphate, 6 7p, 630p 
and total phosphate were carried out by Fiske & Subbarow's method U) on the de­
proteinized (by Somogyi's •l method) and desalted samples of human milk, but no 
phosphate was found. This result f:uggests that the deproteinized and desalted samples 
of human milk do not contain any amount of inorganic phosphate or sugar phosphates. 

In conclusion, it seemed probable that (c) would be m.>st likely to occur. 

2. The Possibility of Coexistence of Oligosaccha,ide-like Substance(s) in Human 
Milk Serum besides Lactose. 

Methods 

Desalted and deproteinized samples of milk sera were analyzed for sugar content 
by Bertrand's method 6l and by an throne methods), and the values obtained were 
compared with each other. 

Results 

As shown in Table 8, it is apparent that the values obtained by anthrone me­
thod are higher than those by Bertrand's method and that the differences between 
them are inclined to become less in order of human colostrum, human milk and 
cow's milk. It would be reasonably expected, therefore, that human milk serum, 
especially human colostral semm, contains a small amount of oligosaccharide-like 
substancecs) which can react with anthrone reagent to produce blue color, after be­
fog hydrolyzed by the strong acid. 

Table 8. Determination of Sugar in Milk by the Two Methods ; Anthrone 
Method and Bertrand's Method. 

Number of Sugar Content (Average) Difference 
Kinds of Milk 

Samples Anthrone (g/dl) Bertrand (g/dl) (g/ di) 

Human Colostrum 12 1.16 0.96 0.20 
Human Milk 9 1.02 0.90 0.12 
Cow's Milk 5 0.73 0.64 0.09 

3. Existence of N-containing Substance(s) in Human Milk Serum besides Protein 
and Free Amino Acid. 

Methods 

Nitrogen contents were determined by the micro-Kjeldahl method on· the desalted 
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samples of human milk serum, after being proved to be negative to ninhydrin rea­

gent. 

Results 

As shown in Table 9, milk sera of various sources contained a small amount 

of N-containing substance(s) besides protein and free amino acid. It is of special 
interest that human colostrum contains the substance(s) several times as mucr as 
cow's milk. 

Table 9. Nitrogen Content of Desalted Milk Serum Determined 
by Micro-Kjeldahl Method. 

Nitrogen Content 

Human Colost- Human Milk Cow's Milk 
rum (mg/dli (mg/di) (mg/di) 

1 30.0 12.6 4.5 
2 27.0 10.2 5.0 
3 25.8 9.6 5.0 
4 27.0 9.6 4.5 
5 23.4 9.6 5.5 
6 24.0 6.5 4.0 

Average 26.2 9.7 4.8 

4. Paperchromatography of Milk Serum. 

Methods 

For. materials, pooled human milk sera were con1ensed under reduced pressure 
and dried. Hydrolysates of milk sera were obtained by hydrolyzing those materials 

with 0.5N~H2SO4 for 6 hours at 100 °C. Paperchromatography 12• 13) was performed by 
ascending procedure, using Toyo-Roshi No. 50 and No. 51 for filter paper, pyridine-1-
butanol-water (4: 6: 3 v/v) as solvent, and ammoniacal AgNO3 and Elson-Morgan's 
reagent 13) (para-dimethylaminobenz-aldehyde) as color reagent. 

Results 

( I ) Milk Sera. 

As a preliminary experiment, unhydrolyzed milk sera of various sources were 
analyzed by :paperchromatography. .On the paperchromatograms of human colostrum, 
human milk and cow's milk, in all cases, the spot of lactose was detec~able constant-. 
ly. Furthermore, besides the ~pot of lactose, two spots were detected frequently in 
case of human colostrum, rarely in case of human milk and none in case of cow's milk. 
Of these two spots, one spot was identifi_ed as. fucose, however, the other spot could . 
not be identified. The unknown spot was located under the spot of lactose and con­
sidered to be the reducing substance(s) of higher molecule than lactose. 

( 7 ) 
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(2) Hydrolysates of Milk Sera. 

Paperchromatography of the hy­
drolysates resulted in the spots shown 
in Fig. 1. 

In case of human milk or human 
colostrum, six spots were detected, 
among which five spots were identified, 
from the top downward, as fucose, 
glucose, galactose,, giucosamine and 
lactose. The lowest spot was always 
observed faintly and had the same Rf 
as the unknown spot of unhydrolyzed 
human milk serum. The spot of lac­
tose was not always detectable and very 
faintly, even when it was recognized. 
The fourth spot was confirmed as glu­
cosamine by its Rf and development 
of pink color with Elson-Morgan's rea­
gent. On the contrary, raw cow·s 
milk revealed only the spots of glu­
cose and galactose. No spot of fucose, 
glucosamine, lactose or unknown was 
detected. It was, therefore, supposed 
that human milk or human colostrum 
contained a small amount of oligosac­
charide-like substance(s), which liber­
ated such sugars as fucose and glu­
cosamine when hydrolyzed. 

Cow's Guide Human 
milk strip colostrum 

& 
Human milk 

Q Fuc 0 

8 8Gl 
Gal 8 

QGls 0 

QL 
,-, 
' } ·-
0 Un -

known 

Fig. 1. Paperchromatogram of Hydro­
lysates of Various Milk Sera: 
Ascending procedure. 
Solvent; pyridine-butanol-water. 
Color reagent; ammoniacal AgNO8 • 

Fuc = Fucose, GI= Glucose, Gal= 
Galactose. Gls=Glucosamine, L= 
Lactose. 

5. Total Glucosamine Content of Milk Sera and it~ Refution to the Specific Rotation. 

Methods 

For the determination of reducing sugar and glucosamine, Nelson-Somogyi's 7) 

and Rondle-Morgan's 14) methods were respectively used. As it was well established 
that reducing sugar interfered with the Elson-Morgan's reaction, all samples were 
diluted so as to contain 1 mg. of reducing sugar and determined on their gulcosamine 
contents, using the standard curve obtained by the known amounts of glucosamine 
to which l mg. of reducing sug'l.r- was added. The colorimetric measurement was 
made with an Evelyn's photoelectric colorimeter, using filter No. 515 or No. 540. 

Two designations are used as follows : Free glucosamine means glucos?.mine deter­
mined on the unhydrolyzed samples, and total glucosamine means glucosamine deter­
mined on the hydrolyzed samples with 0.5N-H2SO, at 100 °C for 6 hours, over which 
time no increment of glucosamine is observed even if hydrolysis is continued. The 
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difference between free and total glucosamine, therefore, means the amount of· gluco­
samine, which exists in combined state and is liberated by acid hydrolysis. 

Results 

( l) The amounts of free glucosamine contained in raw cow's milk, human milk 
and human colostrum were all less than 5 mg. per 100 ml. 
(2) As seen in Table 10, the amounts of total glucosamine in the hydrolysates of 
cow's milk sera were less than 20 mg. per 100 ml, whilst human milk sera, especial­
ly human colostral sera, contained a larger quantity of total glucosamine. 
(3) The obvious correlation was observed between the [a]0 of various milk sera and 
their quantities of total glucosamine. The coefficient of correlation was -0. 78 (Fig. 2). 

400 

0 
0 

0 

300 .. 
0 

"'t:l ....... 0 
IOI) 

e 
41 0 

C 

200 i-e 
"' rn 
0 
u 0 
::I 0 

(,:) 

100 .. 
A 

A 4 A 

i AA 

' 
,._. 

plus 10 ° 20 ° 30 ° 40 ° 50 ° 60 ° 

Specific ·Rotation 

Fig. 2. Correlation between the [a]o of Various Milk Sera and their 
Quantities of Total Glucosamine. 

(0: Human Colostrum, c,, : Human Milk, •: Cow's Milk.) 

Table 10. [a]D and Total Glucosamine of the Hydrolysates of Various 
Milk Sera. 

Reducing Sugar [a]o Glucosamine Average of 
as Glucose Glucosamine 

(g/dl) (plus, in degree) (mg/di) (mg/di) 

4.5 56.0 
4.5 57.3 less than less than Cow's Milk 4.3 54.1 
4.3 55.2 20.0 20.0 
4.4 56.7 
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7.6 54.8 81.6 
6.Q 45.0 33.6 
6.2 45.2 24.0 

Human Milk 7.2 52.5 36.0 
6.0 49.0 40.8 
8.5 45.4 57.6 
8.2 44.1 48.0 
8.9 47.7 55.2 

5.8 31.3 220.8 
6.5 38.5 354.2 

Human Colostr-
5.8 43.8 330.2 
6.1 45.5 159.8 
7.7 15.6 273.6 um 
3.5 37.6 146.4 
5.0 21.4 339.8 
7.7 33.6 248.6 

6. Isolation of N-containing Oligosaccharide-like Substance(s) and its 
Microbiological Activity. 

Materials and Methods 

47.1 

259.2 

The pooled samples of human milk sera were desalted by ion-exchangers, con­
densed under reduced pressure and dried for storage. These samples were fraction­
ated by the method essentially similar to that described by Kuhn & Gyingy 20, and 
Whistler & Durso.22

' That is, the dried material was dissolved in water, stirred with 
charcoal (Norit A) for 1 hour at room temperature, and after washing the charcoal 
with distilled water several times, it was eluted with 20 % acetic acid. The fraction 
eluted with 20% acetic acid was adsorbed on the Carboraffin-Celite column (Darco 
G-60 and Celite No. 535) and the column was eluted with distilled water and etha­
nol of various concentrations. 

On all the fractions of each step of this process, determination of reducing 
sugar and of total glucosamine, estimation of [a] 0 and paperchromatographic identi. 
fication were undertaken. The techniques used were the same as previously men­
tioned, except that hydrolysil:! for total glucosamine determination was carried out 
with N-HCl for 15 hours at 100 °C and [a] 0 was calculated basing on the dry weight. 

For the bacteriological exam1nation, the regular strains of L. bifidus isolated 
from the feces of healthy breast-fed infants were inoculated into Plotho's medium 23> 

Table 11. Composition of K-medium. 

Lactose 

Casein Hydrolysate 

Pepton 

Yeast-extract 

Cystine or Cysteine 

Salt-Mixture* 

Water 

PH 6.5-6.8; 

3.0 g. 

LO ml. 

0.5 g. 

0.05 g. 

0.02 g. 

0.5 ml. 

to 100 ml. 

Autoclaved for 10 min. at 120°. 

( 10) 

* Salt-Mixture: 

MgSO,i, - 7H2O 

FeSO,i, • 7H2O • 

NaCl 

MnSO,i, • 2H2O 

1.0 g. 

0.5 g. 

0.5 g. 

0.337 g. 

Dissolved in 250 ml. water. 
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or K-medium, the composition of which is shown in Table 11. The growth of L. 
bilidus was measured by production of acid, the amount of which was estimated by 
titration with N / 10 NaOH and expressed as ml. of the consumed alkali to neutralize 
the acidity produced. 

Results 

( l ) Fractionation of Human Milk Serum by Charcoal. 

As shown in Table 12, the values of [a]D appear to decrease in proportion to 
the increase of total glucosamine and to the decrease of reducing sugar. This sug­
gests that the low specific rotation of human milk serum is concerned with the 
amount of N-containing substance(s), which contains glucosamine as one of the con­
stituents. 

(2) Fractionation of Charcocd-Elute by Carboraffin-Celite Column. 

Table 13 shows the properties of each fraction eluted from Carboraffin-Celite 
column with ethanol of various concentrations. The levorotatory fraction was success­
fully isolated by elution with 30% ethanol. The reducing sugar of this fraction 
showed the lowest value (approximately 16% of dry weight) and, in • contrast, the 
total glucosamine revealed the highest value (approximately 18% of dry weight). It 
was, therefore, concluded that human milk serum contained a small amount of le­
vorotatory N-containing substance(s), including glucosamine. 

Table 12. Fractionation of Human Milk Serum by Charcoal. 

Human Charcoal- Charcoal-
Fractions 

Milk Serum Filtrate Elute 

Dry Weight ( g. ) 2.485 2.186 0.222 
Volume of Solution ( ml. ) 25.0 25.0 12.5 
Concentration ( % ) 9.940 8.744 1.770 
a (at 24°) (plus, in degree) 3.77 3.73 0.20 
Reducing Sugar : 

as Glucose ( g/dl ) 8.60 5.00 0.39 
as Lactose ( g/dl ) 12.30 7.30 0.57 

[a]~• (plus, in degree) 37.9 42.7 11.3 
Glucosamine: 

Free ( mg. ) 0 0 3.1 
Total ( mg. ) 84.0 29.0 32.5 
Free/Total ( % ) 0 0 9.5 
Total/Dry Weight ( % ) 3.4 1.3 14.6 

Table 13. Fractionation of Charcoal-Elute by Carboraffin-Celite Column. 

Eluting Fractions Aq. dest. 

I 
5%- 15%- 30%-

Ethanol Ethanol Ethanol 

Dry Weight ( g. ) 0.663 I 0.595 0.979 1.367 

( 11 ) 
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Volume of Solution ( ml. ) 

Concentration ( % ) 

a (at 24°) (in degree) 

Reducing Sugar : 

as Glucose ( g/ di ) 

as Lactose ( g/dl ) 

[a]~' (m degree) 

Glucosamine: 

Free ( mg. 

Total ( mg. 

Free/Total ( % 
Total/Dry weight ( % 

Guide - A. Fractions 
strip by charcoal 

50.0 50.0 

1.326 1.190 

+0.16 +0.07 

0.30 0.24 

0.44 0.35 

+12.0 +5.9 

6.2 5.3 

77.0 68.0 

8.1 7.8 

11.6 11.4 

B. Fraction 
by 

Carboraffin -
Celite column 

Fuc 0 0 00 0 
GI 

Gls 

l;al 

L 

8 
0 

0000 
I I I I 
I I 1 1 

I I 
1 

I I 

' I 

. . . 
1 2 3 

,,.... 

4 

00 
II 0•1 I - l 
t I 
'f 
I I 
I I It 
• I I• ,, .. 

1 

, , 
1 I 
1 I 
,1 
,! 

2 

, . 
~ 

J 
t 

3 4 

25.0 50.0 

3.916 2.734 

+0.12 -0.07 

0.49 0.22 

0.70 0.31 

+3.1 -2.6 

5.9 7.7 

138.0 240.0 

4.3 3.2 

14.1 17.6 

C. Hydrolysate 
of the 

fractions 
by Carboraffin -

Celite column 

0000 

§§§§ 

1 2 3 4 

Fig. 3. Paperchromatogram of Fractions Obtained by Charcoal or Carboraffin-Celite 
Column and of their Hydrolysates. 

Ascending procedure. Solvent; pyridine-butanol-water. Color reagent; ammoniacal 
AgNO,1• Abbreviation; same as in Fig. 1, except the following. 
Part A: 1. Human colostrum, 2. Filtrate of charcoal, 3. Wash water of charcoal. 

4. Elute by acetic acid. 
Part B and C: 1. Elute by water, 2. Elute by 5%-ethanol, 3. Elute by 15.%-etha­

nol, 4. Elute by 30%--ethanol. 

( 12) 
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(3) Paperchromatography of Each Fraction. 

The Paperchromatography of each fraction, which was eluted from charcoal and 
Carboraffin-Ce1ite column, resulted in the spots shown in Fig. 3. As seen on the 
figure, lactose was removed by the treatment and the last elute from Carboraffin­
Celite column with 30% ethanol showed only the faint spot of fucose and the slow­
moving tailing spot(s), which was possibly attributable to the reducing substance(s) of 
higher molecule than lactose. The paperchromatogram of the hydrolysates of this 
fraction revealed four spots distinctly, which were identified as fucose, glucose, galactose 
and glucosamine. This evidence indicates that human milk contains a reducing substan­
ce(s) of oligosaccharide-like nature, which is composed of at least four monosaccha­
rides mentioned above. 

(4) Change of [a] 0 of Cow's Milk Serum by Addition of the 30% Ethanol Fraction.,· 

The fraction eluted with 30% ethanol from Carboraffin-Celite column was added 
to cow's milk serum in various concentrations and the [a]n of the serum was mea­
sured. 

As shown in Table 14, it was confirmed that cow's milk serum revealed the 

[a]0 to be nearly equal to that of 
human milk serum by adding 30q,{, 
ethanol fraction in concentration of 

approximately 4 % to original milk. 

(5) Bifidus Activity of the 30% 
Ethanol Fraction. 

As indicated in Table 15, when 
the fraction eluted with 30% ethanol 
was added to the culture media, re­
gardless of anaerobic or aerobic culture, 
L. bifidus showed a marked increase in 

Table 14. [a]n of Cow's Milk Serum, 
when the 30% Ethanol Fraction was 
added. 

Amount of the Fractiou added [a:]o 

to Original Cow's Milk (%) (plus, in degree) 

26.7 21.7 

4.0 44.3 
2.0 46.4 

1.0 49.5 

0.25 52.0 

contrast to the control group. In other words, this fraction possessed the growth­
stimulating activity for L. bifidus which was isolated from the feces of breast-fed 
infants. 

Tgble 15. BifHus activity of the 30% Ethanol Fraction. 

Acid Production (ml.) 
Culture Media 

Strain 1 Strain 2 Strain 3 

Plotho 30% EtOH-Frac. 16.25 15.15 16.05 
Control 8.45 7.75 8.15 

Anaerobe 

K. 30% EtOH-Frac. 14.25 14.85 15.90 
Control 8.25 7.45 8.05 

Aerobe K. 30% EtOH-Frac. 14.20 10.25 11.50 
Control 7.75 6.85 8.25 

( 13 ) 



86 

DISCUSSION 

In 1939, Malyoth n stated: "Man findet in der Literatur verschiedentlich an­
gegeben, dass das Verhaeltnis von a-Lactose zu ,B-Lactose in der Frauenmilch zu­
gunsten der ,B-Lactose weitgehend verschoben sei, waehrend das Verhaeltnis in der 
Kuhmilch sich gerade umgekehrt zeige." But, there is no concrete proof on the a­
,B equilibration state of lactose in milk, and it is interpreted that his statements 
mean only a speculative opi~ion to support the experimentally better influences of 
the administration of pure ,B-lactose than a-lactose to bottle-fed infants. 

In 1949, Habild 2) denied the existence of the factor in human milk which in­
duces the equilibration of lactose to shift toward ,B-side, since no mutarotation was 
observed on the aqueous solution of lactose, even when the filtrates or dialysates of 
human milk obtained by various methods were added to it. Moreover, he observed 
that no mutarotation occurred after milking in case of human milk and also of cow's 
milk, and concluded: "In frischer Frauenmilch kommen a- und ,B-Lactose im glei­
chen Verhaeltnis vor wie Lactose in waesserigen Loesungen. Auch in ganz frischer 
Frauenmilch laesst sich ein vermehrter Gehalt von ,B-Lactose nicht nachweisen." 

According to my study, also, in which the ultracentrifuged fraction or depro­
teinized and deionized filtrates by various methods were used, milk serum of various 
sources did not show mutarotation after milking. So, regarding the mutarotation of 
milk, I c~me to concur with the Habild's opinion. However, it is not reasonable 
to conclude that lactose in milk exists in the same state of a-,B equilibrium as m 
aqueous solution, only because no mutarot,1tion was observed. The reason is as 
follows: 

Generally, the specific rotation is defined according to the following equation : 

[aJ = ax 100 
n cxl 

Hence, for the determination of [ a ]n, it is necessary to evaluate a and c (Z is 
known length of the tube used). Futhermore, the equation is applicable to a solu­
tion of one substance, and when two or more substances with optical rotation coexist, 
the observed a is a sum of rotation of coexisting substances. Substances without 
opitical rotation, too, are able to have some influences on the value of a, when they 
exist mixedly. Therefore, even when no mutarotation is observed, the equilibrium 
of lactose may be shifted toward p-side, if any substance( s) which can fix the acetal­
OH of lactose molecule on p-configuration coexists in the solution. Inversely, even 
when lactose in milk exists in the same equilibration as in aqueous solution, the 
apparent [a]n may be different far from that of lactose in aqueous solution, if 
strongly levorotatory substance(s) coexists even in a small quantity. 

Under these circumstances, it is not reasonable to assume that lactose exists in 

the same state of equilibrium as in aqueous solution, only because no mutarotation 

is observed. The similar objection is applicable to Sasaki's a) work and it may be 
unreasonable to determine the a : ,B ratio of lactose in the deproteinized filtrates of 

( 14) 
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milk without evaluating the sug•n content, unless the evidence that the filtrates do 
'not contain any substance except lactose is give 1 

From the foregoing point of view, milk of various sources were skimmed, de­
proteinized and deionized by various methods. The optical rotation and the sugar 
content of the filtrates were determined and the values of calculated specific rotation 
were compiued with each other. It was found that the apparent [a]D of milk sera 
of human origin was significantly lower than that of cow's origin. 

According to literatures, in 1931, Polonovski and Lespagnol 1°) reported that 
human milk contained, besides lactose, two other glucosides which were designated 
as allolactose (6-[p'-d ga1actosido]-d-glucose) and gynolactose (levorotatory, N-contain­
ing substance), and in 1953, Gyorgy and Kuhn et al 16•17•1R• 19•2'•11> isolated the N-con­
taining polysaccharides ([a]~"= -10° to -40°) from human milk and indicated that 
those were the essential growth factor for L. bifidus var. Penn. to which the name 
of " Bifidus Factor" was assigned. 

Then, the cause of this lower [a]D of human milk was investigated, and as it 
was assumed that human milk contained, besides lactose, oligosaccharide-like sub­
stance(s), it was tried to isolate the substance(s), which was not yet purely separa­
ted, but was proved to be composed of fucose, glucose, galactose and glucosamine 
and to be levorotatory. This oligosaccharide-like _substance( s) could induce the appa­
rent specific rotation of cow's milk to shift toward ,B-side to the extent nearly equal 
to that of human milk by adding it in concentration of 4% to the original cow's milk. 

The substance(s) was also proved to have growth-stimulating effect for L. bifidus. 
These facts suggest that the substance(s) is rich in the component(s) of the bifidus 
factor described by Gy:·rgy and Kuhn et al. 

In conclusion, the apparent specific rotation of human milk serum is signifi­
cantly lower than that of cow's milk, and this low specific rotation is at least in 
part due to the N-containing levorotatory oligosaccharide(s) which is composed of 
fucose, glucose, galactose and glucosamine and is possibly identical to one of the 
bifidus factor(s) described by Gyorgy and Kuhn. However, the state of a-,B equili­
bration of lactose in milk is not yet clarified by the present work and it will remain 
unsettled until the method to obtain lactose fraction of milk without changing the 
original state of a-,B equilibration is found. 

SUMMARY 

It was observed that the apparent specific rotation of human milk serum, es­
pecially of human colostral serum, was significantly lower than that of cow"s milk 
or aqueous solution of lactose in a-,B equilibrium and was rather invariable and 
thermostable. Further investigations revealed that human milk contained a small 
amount of N-containing oligosaccharide-like substance(s). This substance(!l-) showed 

a rather marked degree of levorotation and was composed of fucose, glucose, galac­

tose and glucosamine and would be the most causative factor for the low specific 
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rotation of human milk serum. Unexpectedly, it was further confirmed that this 
substance(s) would possibly be the same as the component(s) of "Bifidus Factor" 
which was isolated from human milk by Gy5rgy and Kuhn. 
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