
CHAPTER 11

Activities of certain milk enzymes in relation to 

period of lactation and dietary fat intake. 

Partial purification of alkaline phosphatase*
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CHAPTER VI
Activities of certain milk enzymes in relation to 

period of lactation and dietary fat intakeB 
Partial purification of alkaline phosphatase.

Breast milk Has been known to possess a number of 

enzyme systems such as lipase and esterase (Arshavskii, 
1940? Freudenberg, 1951; Jacqmain et aji., 1953), acid 

and alkaline phosphatases (Chanda, et al., 1951; Vittu, 
1946; Stewart et al,, 1958, and Belvady, I960), lysozyme 
(Fleming, 1932; Rossenthal et nl,, 1931) and xanthine 

oxidase (Belvady, I960; Owen and Hytten, 1960j Bradley 
and Gunther, I960), It has been suggested that enzyme 

systems normally present in human milk may contribute to 
the superiority of this food over artificial baby foods.

Concurrent with the investigations outlined in the 

previous chapters, studies were made of the activities 
of some of the above enzyme*such as lipase, esterase, and 

acid and alkaline phosphatases which are believed to be 
involved in fat metabolism, Variation in the same with 

period of lactation, dietary fat intake, and fat 
supplementation were also studied. One of these enzymes, 
viz, alkaline phosphatase was partially purified and 
characterised.



EXPERIMENTAL

A total of 135 subjects -were used in these experiments.

The samples were collected by the procedure described 

in Chapter II and analysed immediately on arrival in the 

laboratory. Several samples were pooled together for the 

purification studies. '

Estimation „of enzymes inmiik

Lipase: Lipase was estimated by essentially the same

method as that of Biosonnas (1948), The assay mixture 

consisted of s Tween 20, 1*5 ml; phosphate buffer, pH 6,8, 

200yumoles; milk sample, 0,2 ml; phenolphthalein (in 

alcohoj), 0.04$, 0*3 ml; and water to 5,0 ml. This mixture 

was incubated at 37° for two hours. The blank contained 

boiled enzyme in place of uhe fresh enzyme. The reaction 

was stopped by adding 5,0 ml of absolute alcohol, the 

mixture warmed ,in a water bath, and titrated against 

0,0IN NaOH, _

A unit of enzyme activity is defined as the amount of ' 

enzyme which under the described assay conditions, 

liberates an amount of free fatty acid^ that would be 

neutralised by 1,0 ml.of 0.01N NaOH.

Esterase? Esterase was estimated by essentially the same 

method as that of Harrer and King (1941). The assay mixture 

consisted of ethyl butyrate, 2,0 ml; phosphate buffer,



pH 7*2, 1Q0 J.imoles; milk sample, 0.2 ml? phenolphthalein in 

alcohol (0.04 #), 0.3 ml? and water to 5.0 ml. This mixture 

was incubated at 37° for two hours. The blank contained 

boiled enzyme in place of the fresh enzyme. The reaction 

was stopped by adding 5.0 ml of absolute alcohol, the 

mixture warmed in a water bath, and titrated against 

O.OXN NaOH,

A unit of enzyme activity is defined as the amount of 

enzyme which under the described assay conditions, 

liberates an amount of free fatty acids that would be 

neutralised by 1.0 ml of 0.01N NaOH. 

Mi^^M„alisa3Aflt^aSBhatase
Acid and alkaline phosphatases were determined 

essentially by the method of Morton (1955). The assay 

mixture consisted of sodium p glycerophosphate, 100 

micromoles? either acetate buffer, pH 4.4, 200 micromoles, 

or borate buffer, pH 8.6, 100 micromoles, the former for the 

assay of acid phosphatase and the latter for that of 

alkaline phosphatase? magnesium acetate, 50 micromoles? 

milk sample 0.2 ml; and water to 5.0 ml. The mixture was 

incubated at 37° for 20 minutes and the reaction stopped 

by the addition of 2.0 ml of 30$ trichloroacetic acid*

The blank was treated with trichloroacetic acid without 

incubation. After removing the precipitated protein by



centrifugation, the inorganic phosphorus in the supernatant 
was determined by the method of Flske and Subbarao (1925)*

A unit of enzyme activity is defined as the amount 
of enzyme which causes the liberation of 10p.g phosphorus 
in 20 minutes©
Partial purification of alkaline phosphatase of breast milk 

On centrifugation at 3000 X g and 0° for 30 minutes 
the milk sample was found to form three distinct layers, 
a top layer (fatty), a middle layer (supernatant) and a 
bottom layer (residual)* Hie three layers were separated 
after centrifugation and tested for enzyme activity. The 
fatty layer was treated with butanol before testing as 
the enzyme has beSn suggested to be present as a 
lipoprotein complex in the case of cow’s milk(Morton 1955). 
The supernatant fraction (A) was found to show maximum 
activity (Table 29)and was used for further purification.

All'the operations to be detailed below were carried 
out at 0°. To 30 ml of fraction A were added 6.3 g of 
ammonium sulphate and allowed to dissolve. The mixture was 
stood for 10 minutes and the precipitate obtained 
separated by centrifugation at 4,800 X g for 20 minutes. 
The precipitate was dissolved in ,01M borate buffer pH 8.6 
to a final volume of 30 ml (Fraction B).



To 25 ml of fraction B were added 7.0 g of ammonium 

sulphate and the mixture stood for 10 minutes. The 

precipitate Worried was removed by centrifugation at 4,800 X g 

for 20 minutes and dissolved in ♦OW borate buffer pH 8.6 

to a final volume of 25 ml (Fraction C).

To 20 ml of fraction C were added 5,6 g of ammonium 

sulphate and the precipitate formed seperated.by centri­

fugation at 4,800 X g for 20 minutes and dissolved in 0.01M 

borate buffer pH 8.6 to, a final volume of 200 ml. (Fraction D) 

The different fractions were dialysed for 4 hours against 

,0Q2M borate buffer and tested for enzyme activity.

The protein content X, 6.38) of the original

enzyme preparation was estimated by the micro-Jyeidahi. 

method and that of the different fractions by the modified 
method of Warburg and Ohristian il952).

' RESULTS

The activities of lipase,' esterase, and acid and 

alkaline phosphatases at different stages of lactation 

are shown in Table 24, from which it can be seen that 

except in the case of acid phosphatase there is a decline 

in enzyme activity after the first m&nth of lactation 

after which the values remain 'fairly steady throughout 

the period studied.
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lable 24
Activities of lipase, esterase, acid and alkaline phosphatases* 

in human milk at different stages of lactation

Lactation period in months
Enzyme -————~—-———————....- I

Below 1 1-3 3-6 6-12 Over 12(10) (10) (10) (10) (10)

Lipase 6257 5870 5643 5550 5615
+33 +29 +28 +25 +26

Esterase 4028 3607 3550 3490 3517
+23 +21 +23 +21 +21

Alkaline 3820 3440 3356 3370 3368
phosphatase +21 +19 +18 +19 +19

Acid 1150 1118 1076 1128 1137
phosphatase +14 +13 +13 +14 +14

* Expressed in terms of units per 100 ml. The values.given 
are means with standard errors,$ The numbers in parentheses indicate the number of subjects.



84

Table 25 shows the effect of dietary fat on the 

fat as well as lipase, esterase, acid and alkaline 

phosphatase contents of milk. It can be seen from the 

same that lipase, esterase, and alkaline phosphatase 

activities increase'with the fat content of milk. The 

product moment correlations between the fat content 

of milk on the one hand and the concentrations of lipase, 

esterase, and alkaline phosphatase, on the other hand are 

respectively 0.39, 0.86, and 0.84, all of them being 

statistically significant.

Tables 26, 27, and 28 show the effects of dietary fat 

supplementation (studies detailed in Chapter VD on the 

lipase, esterase, and alkaline phosphatase contents of 

milk. It can be seen from the same that fat supplementation 

in the range of 25 ~ 35 g.corresponding to 45 to 55 gm of 

total intake of fiat results in significant increase in the 

lipase, esterase and alkaline phosphatase activities of 

breast milk. Thus these studies point to a positive relation 

between dietary fat and milk fat on the one hand and the 

activities of lipase, esterase, and alkaline phosphatase 

on the other.
The yields of alkaline phosphatase and the degree 

of purification > achieved in the different fractions are
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summarized in Table 30. The specific activity of alkaline

phosphatase in fraction, D is seen to increase more than

12 fold over that of fraction A, but this increase is
*7 .

accompanied by a loss of more than 152$ in total activity.

Studies were made on the effept of varying the 

following factors on enzyme activity with fraction B as 

enzyme source*, __

Enzyme concentration: The effect of varying the enzyme

concentration is shown in Table 31 and Fig. 7 from which 

the enzyme activity is seen to be proportional, to enzyme 

concentration.

Substrate concentration,; The effect of varying sodium p glyceroph&sphate concentration is shown in Table 32 and 

Fig. 8 from which enzyme activity is seen to increase with 

sodium jB glycerophosphate concentration.

pH: The effect of varying the pH of the reaction mixture

is shown in Table 33 and Fig. 9 from which the optimum pH 

for enzyme activity is seen to be 8.6.,

Buffer concentration: The effect of varying the buffer

concentration is shown in Table 34 and Fig. 10 from which 

the enzyme activity is seen to increase with the amount 

of buffer added upto 100 micromoles.



Table 29
Alkaline phosphatase activity ih different fractions of milk

Enzyme units Percent activity

Whole milk 4105 100

Supernatant 2875 70

Fat layer 
(After butanol 
treatment)

1010 24

Table 30
Partial purification of alkaline phosphatase

Purification
step

Total
volume
ml

Total
protein(mg)

Total
units

Specific
activity
units/mg
protein

Yield

Fraction A 30 492,0 840.0 1.70 100

Fraction B 30 219,0 798,0 3.30 94

Fraction C 30 72.0 720.0 10.00 86

Fraction D 30 27.6 615.0 22,0 73
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Table 31

Effect of enzyme concentration

Enzyme added Activity units
(mg protein)

le80 6.62

3.61 12.83

7.22 24.80

9.00 30.50

10.80 35.30

Table 32

Effect of substrate concentration

Sodium B Glycerophosphate Activity units
added (micromoles)

50 13.40

100 26.00

150 33.40

200 36.20

225 38.30
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Fig, 7 Effect of enzyme concentration 
on glycerophosphate breakdown®

-■Sodium p» GfLVCEftca Phosphate (^ucrov-Bits )

Fig, 8 Effect of glycerophosphate concentration 
on glycerophosphate breakdown.

Fig. 9 Effect of pHon glycerophosphate breakdown,
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Table 33 

Effect of pH

PH Activity units

7.6 8.73
8.0 14.60
8.4 21.30
8,6 25.80
8.8 24.80
9.2 24.45

EffeSt of
Table 34
buffer concentration

Buffer added (micromoles)
Activity units

25 10.43
50 15.63

100 24.50
150 23.94
200 , 22.63
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Fig* 10 Effect of buffer concentration 
on glycerophosphate breakdown.

Fig. 11 Effect of period of incubation 
on glycerophosphate breakdown.
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Period of incubations The effect of varying the period of 

incubation is shown in Table 35 and Fig, 11 from which the 

enzyme activity is seen to be proportional upto a period 

20 minutes.

Incubation temperature s; ‘ The effect of varying the incuba­

tion temperature is shown in Table 36 and Fig, 12 from 

which the enzyme activity is seen to have an optimal 
temperature of 37°,

MagnesiUBl acetate concentration? The effect of varying 

magnesium acetate concentration is shown in Table 37 and 

Fig, 13 from which the ^enzyme activity is seen to increase 

with the amount of-magnesium acetate upto a concentration 

of 60 micromoles.

Period ofstorages The effect of aging on the activity 
of enzyme was studied by storing it in test tubes at -10^°, 

The tubes were removed at regular intervals and the enzyme 

activity assayed. The enzyme is seen to be inactivated 

after 30 days (Table 38),

DISCUSSION
It is of interest to note the presence in breast milk 

of enzymes which are believed to play a role in the
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Table 35
Effect of period of incubation

Period of Incubation Activity units(minutes)

10 12,70
20 25,20
40
60
90

26.10
25.80
23.70

Table 36
Effect of temperature

Temperature :of Incubation Activity units
Oc

25
30
37
45

12.82
22.45
26.30
8.40
5.3650
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Fig, 12 Effect of temperature
on glycerophosphate breakdown.

IM<jt+ Concentration C Micromoles)

Fig. 13 Effect of Mg++ concentration 
of glycerophosphate breakdown.



Table 37
Effect of magnesium

Magnesium acetate added 
(micromoles) Activity units

20 15.60
40 20,30
50 25.80
60 i 26.60
80 24.20
100 23.90

Table 38 
Effect of aging

Period of storage Activity units loss ($)
days

0 24,60 0
5 20,42 17

10 14.23 48
15 10.18 59
20 8.40 66
25 5.80 78

2 ©3030 99



digestion, assimilation, and metabolism of fat, and their 
relation to the fat content o'f milk which may perhaps

Xcontribute to some extent towards the superiority of breast 
milk over other foods.

The.observation that alkaline phosphatase activity 
declines with the progress of lactation is in agreement 
with that made by Belvady (1960), The positive relation 
observed between fat and alkaline phosphatase contents 
of milk is in line with the finding reported by Stewart 
ei al (1958).

In its activation by magnesium, the enzyme resembles 
that purified from cow’s milk by Morton (1953), However, 
the optimum pH of 8,6 found in the present case differs 
from the value of 9,65 reported by Morton for cow's milk,

SUMMARY
The activities of lipase, esterase, and acid and 

alkaline phosphatases in breast milk were studied in 
relation to period of lactation and dietary and milk fat 
levels. The activities of lipase, esterase and alkaline 
phosphatase were found to decline after the first month of 
lactation and remain steady there after. They were found 
to show a positive -relation to dietary and milk levels 
of fat.

Alkaline phosphatase from human milk was partially 
purified and characterised.


