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CHAPTER VI
Activities of certain milk enzymes in relation to
period of lactation and dietary fat intake.

Partial purification of alkaline phosphatase,

Breast milk has been known to possess a number of
engzyme systems such as lipese and esterase (Arshavskii,
1940 Freudenberg, 1951; Jacqmain et zl., 19523), acid
and alkaline phosphetases (Chanda, ef al., 19561 Vitiu,
1946; Stewart et al.,, 1958, and Belvedy, 1960), lysozyme
(Fleming, 1932; Rossenthal et al., 1931) and xzanthine
oxidese (Belvady, 1960: Owen and Hytten, 1960; Bradley
end Gunther, 1960), It has been suggestad that enzyme
systems normally present in humen milk may coﬁfribute 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 abo&enenzymeésuch as lipase, esterase, and
acid and elkaline phOSphafases which are believed to be
involved in fat metaboliém. Variation in the same with
period of lactation, dietary fat intake, and fat
Supplementation were also studied. One of these enzymes,
viz, alkaline phosphatase wess partially purified and

charscterised,
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‘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 in milk

e et

Linase: Iipase was estimated by essentiallv the seme
method as that of Biosonnas (1948). The assay mixture
consisted of 2 Tween 20, 1.5'm15 phosphate buffer, pH 6.8,
200 jpmoles; milk sample, 0.2 ml; pbenolphthaléin (in
alcohqj, 0.04%, 0.3 ml; and water to 5,0 ml, This mixture
was incubated at 37° for two hours. The blank contained
boiled ehzyme in place of the fresh enzyme. The reaction
was stopéed by adding 5.0 ml of absolute alcohol, the
mixture warmed in a water bath, and titrated against
0,01N NaCH.

A uﬁit‘of enzyme activity is defined as the amount of -
enzyme which under fhe described assay conditions,
liberates an amount of free fatty acidf that would be
neutralised by 1.0 ml.of 0,01N NaCH.

Estersse: iEéterase Qas estimated by essentislly the same

method as that of Harrer and King (1941). The 2ssay mixture

consisted of ethyl butyrate, 2,0 ml: phosphate bﬁffer,
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pH 7.2, 100 pmoles; 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 éarmed in a water bath, and titrated agesinst

0.01N Na0H,

e

A uhit of enzyme activity is defined as the amount of
enzyme which under the described assay conditioﬁs,
liberates an amount of free fatty acids that would be
neutralised by 1,0 ml of 0,01N NaOH.

Acid and alkaline phosphatase

Acid and alkaline phosphatases were determined
essentially by the method of Morton (1955). The assay
mixture consisted of sodium B glycerophosphate, 100
micromoles; either ace?ate buffer, pH 4.4, 200 micromoles,
or borate buffer, pH 8;6, 100 micromoles, the former for the
assay of acid phosphatzse 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% trichlorcacetic acid.

The blank was treated with trichloroacetic acid without

incubation. After removing the precipitated protein by
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centrifugation, the inorganic phosphorus in the supernatant
was determined by the method of Fiske and Subbarao (1925),
A unit of enzyme activity is defined as the amount '
of enzyme which causes the liberation of 1@ pg phosphorus
in 20 minutes,
Bartial 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 (reéidual). The three léyers were sepexrated
after centrifugation and tested for enzyme activity. The
fatty layer was treated with butanol before testing as
the enzyﬁe has beén suggested to be present as a
lipoprotein complex in the case of cow's milk(Morton 1955).
The supernatant fraction (4) was found to show maximum
activity (Table 2Q>and was used for further purification.
A1l '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
precipifate formed was removed by centrifugation at 4,800 X g
for 20 minutes and dissolved in ,Q1M 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 precipiﬁate formed seperated. by centri-
fugation at 4,800 X g for 20 minutes and dissolved in 0.01M
borate buffer pH 8.8 to a final volume of 20f ml. (Fraction D).
The different fractions were dialysed for 4 hours against _
«002M borate buffer and eésteé:fbr enzyme activity.

The protein content (N Xf6.38) of the original
enzyme preparation was estimated by the micro-Kjeldahl
metinod and that of the different fractions by the modified

method of Warburg and Christian (1952).

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 phospéatase there is a decline
in engyme activity aftef the }irst ménth of lactation
after which the values‘remﬁiﬁifairly steady throughout

the period studied.
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Activities of lipase, esterase, acid and alkaline phosphatases™

in human milk at different stages of lactation

Lactation period in months

Enzyme $
Below 1 1.3 3-8 6=12 Over 12
_(10) (10) (10) (10) (10)
Lipase 6257 5870 5643 5580 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.



Table 25 shows the effect of dietary fat on the
fat as well as lipese, 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 alkaliné phosphatase. on the other hand are
respectively 0.39, 0.86, and 0.84; all of them being
statistically significant,

Tables 26, 87, and 28 show the effects of dietary fat
supplementation (studies detailed in Chapter V) 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
lipese, 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 hsnd and the
activities of lipase, esterase, and alkaline phosphatase
on the other.

The vields of alkaline phosphatase and the degree

of purification . achieved in the different fractions are

84



89

. °dnoxd yoee UT £408fqns JO Joqunit ayjz 83ROTPUT sessyausaed oyl Ut mnmpawq mna'©
: *gI0XI0 PITPUBLS UQITH sUeom 88 USATE sanTBA oUL x

Ba+ La¥ og¥ 82 *0F L*oF : o (3T)
S06¢ OTOV 2209 eb v 68 GEI=gl  oTTradend yjanoy
€2+ L3¥ ve¥  ©6B°OF o° I+ -~ (oT)
T98E gzee 2€09 o8°% 19 BL=0% eTTgIEND PITUY,
237 ¥ 2T $T°0F © e°1f UeT) L
] 829¢ _188€. . @os8 . 08'%.. . - og-sg  oTIazend puoodyg
£a¥ 12¥ 83+ + . w80 T 9°IF (o1)
082¢ olee To%S ety .. aT 82-8 aTTaaEND 9821y
sseqeydsoyd T 00T/3 * :
BUTTeNTY esBIaq SY asedTy ¥TT!w JO uesy efuBy @ eNequUYT 287
1USLUO0D Ao 1 pIedaX yITIA
Tw 00T Xod saTun owizuy aeg £ep/8 eMvautl Axeqerq UOTE0TITSSETD

$T6A9T 387 NTTW pue LIB3eTp
03 uoYlgeTed UT HTTW usmmy UT *ommpmz@mogm SUTTEYIE pUe
gz °Tqey

‘ogBI0n 5o SosedIT JO SoT1TATIOV



86

. *dnox8 yove uT sqo8fqne JO JIoqunu oYl 83eDTPUT sosolaURARd 1l UT SIOqUNMOUT, #*

. *UOE & JIOJ pouTequUTem SBM TSAST UOBRYH
*fep/ud oz 03 QT sem s3delfqns oyl UT uorqeaUsweTddns aloJeq oYBIUT 38T TERTITUT Y] @
*Tw Q0T Iod s3TUn JO SswIs] UT possaXdxT

og+ g5+ 65+ og+ Te+
20as 0608 3vos 8¥LS go6g 254
gzt 83+ 82+ o0& oe+
€339 860G 1v9oS SvLs 8068 ge
QBT 22% 62+ 83+ 82+
G038 129G 9899 8948 6968 151
gaF 0z¥ La¥ Lax ga+
€128 09%9 gvvs ©88% oLLS ST
vaT 28¥ g2+ 62+ 65+
0zes 8LTIS . Otis - 802g 8L8S g
3% gg¥ o gE ] - EF Y
6228 g00s 100G ¥G0S o828 0
e (9) (s) (s) ) - (9)
: UTWEg TAS ‘ 8
(uotryequ Ute3oxg+ UTWe3 TA+ uTeg0Ig+ Aep Iad
~omsTddns oOf) 18 1ed 184 9eg ¢vﬁm§mﬂamam
- - - o B
“dnoxd toxquon sdnox2 uotjejuemsTddug el

vorgsqusnerddng 98I BUTSELIOUT Y TM FTTW mowhuﬁbﬂpom osedTT SY3 UT UOTIBTIRA

08 °14q®%%



87

acw .

*dnox8 yoes UT s3oefgns JO Jaqumu oUy3 298OTIPUT gosayauaded - uL UT SI8quUMU OUT
syaUom ® JIOJ POUTB]UTEW SBA TOAST UdBy

*£ep/8 oz 0% Q1 sem s3o8lfgns 8yl ut uotqaequsmeTddns axoJeq o¥EQUT 28I TETITUT aYL @

*Tw 00T ¥od sjTun JO SmIay uT possaxdxy

S - o~

12+ et gz - ge¥ ca¥
Lo1E $6LE T0LE 098¢ ST8e =i
var pat yar PF - pa¥
gg81e orse 8128 $98¢ £38¢ ge
gg¥ 'gg¥ 3+ s $at+
-~ P8I 608 TOLE oG8e $88e ez
e+ oBE-- et ea%. gz .
£8Ye TC98 128¢ gese geoe ST
Bo+ 2o+ 23+ T2+ B2+
oL1e ¥ere - geee - 9lEe TPEe g
22+ ez¥ ) 22+ 12% : 0z
og81e _ ¥00€ o 6t1e 002§ €€2¢ 0
% (9) (s) () (s) (9) :
uTwey TA+ , g
A&OHQmpa UTo20I I+ UTWey TA+ ute30rd+ . £fep xad
-swsTddns Of) ) aeqd 184 - q8g 9ed wmzmﬁmﬁQQSm
o 2
dnoxg ﬂonugmo sdnoxd uorqequsmeTddng ¥l

uorgegusmerddns 38y BUTSESIOUT UYITM NITW JO _A3TATIO® oseislse olj UT UOTIBTIEA

™~ L2 °1qeg



83

*dnexd yoes ul sqoelfqns JO Jsqunu oyl 83BOTPUT sesolpusded -ui UT SISQUNU OUT sx
*yuow e I0J paouTezuTEuW SEMA TaAeT Udwy

*£ep/8 0z 03 QT sem s3oofqns ayj Ul uolgejuoweTddns oI0Jsq o¥BRUT 38Y TBTITUT oYy @

sTuw 00T Iod saTUN JO SwIse] UT possaxdyxy «

- -

13+ vaT L3¥ va¥ vaT
290g gtoc 8£9¢€ gsle ~TE8E 54
6T+ €3+ ¥aF eg¥ ¥aF
£008 - 339¢ ¥9oe T9.€ Lese ge
0g¥ I8+ eag¥ ¥ s
go0¢e STog ozoe TA 7R e78E o8
0z¥ ga¥ va¥ 3a¥F 8+¥
080¢ 8oEL e ¥8ve 499€ ST
03¥ 81F a7 08F 3%
2408 163¢ L81e 6928 135472 g
¥ 61+ 13+¥ 0z+ ST+ S
280¢ 8680¢ e80e 3L0€e 8L0¢E 0
ok (e) - (s) (e) (3) (s)
UTweq TA+ 3
(uotreqU uteloX g+ UTuR TA+ urejoxd+ Lep aed
-omeTddns Of) 981 aed 18g aen ®mzma®ﬂmmsm
dnox3 toaguop sdnozs uoyyvquemstddng el

uorgejusweTddnsg 38F SUTSRSIOUT UITM HTTW JO ,£1TAT108 sseqeydsoyd sUTITEH[e SY) Ul UOTIBIIEA

82 °1dwl



89

summarized in Table 30. The specifiec activity of alkaline

phosphatase in fraction;D ié seen to increase more than

12 fold over that of fraction 4, but this increase is

accompanied ~by‘ a loss of more than %%}é in total activity,
Studies were‘made on the effee¢t of varying the

following factors on enzyme activity with fractlon B as

. éngzyme Source, |

Enzyme coneentration: The effect of varying the enzyme
concentration is shown in Table 31 and Fig. 7 from which
the enzyme activity'is seen- to be proportionzl to enzyme

concentration.

Substrate concentration: The effect of varying sodium B
glycerophdsphate concentrgtion is shown in Table 32 and
Fig. 8 from which enzyme .activity is seen to increase with

sodiuulﬁ'glycerophosphate concentration.

{

pH: The effect of varying the pH of the reaction mixture
is shouwn in Table 33 and Fig. 9 from which the optimum pH

for enzyme activity is seen to be 8.6,

Buffer _caoncentration: 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 upté 100 micromoles,



Alkaline phosphatase activity in different fractions of milk

Table 29

Enzyme units

Percent activity

Whole milk - 4105 100
Supernatant 2875 70
Fat layer 1010 24
(After butanol
treatment)
Table 30

Partial purification of alkaline phosphatase

Purification Total Total Total Specific Yield

step volume protein units activity

ml (mg) units/mg

S protein

Fraction A 30 492,0 840,0 1.70 100
Fraction B 30 212,0 798,0 3,30 o4
Fraction C 30 72,0 720,0 10,00 86
Fraction D 30 27.6 615,0 22,0 73

4o



Table 31

E,ffecﬁ of enzyme concentration

Enzyme added Activity units
(ng protein) -
1.80 : 6,52
3.61 12,83
Te22 24,80
2,00 . 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

225 ~ 38,30
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‘Table 33
Effect of pH

pH ; Activity units
7.6 8.73
840 14,60
8.4 21,30
8.6 | 25,80
8,8 - 24,80
9.2 24,45
Table 34

Effeédt of buffer concentration

Buffer added Activity units
(micromoles) .
25 | 10,43
50 | 15,63
100 | 24,50
150 28.94‘

200 | 22,63

o
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Period of incubations The effect of varying the period of
ineubzstion is showm in Table 35 and Fig. 11 from which the
enzyme achivity is seen to be proportional upto a period

20 minutes,

Ingubstion temperature: ~<The effect of varying the incuba-
tion temperature is shown in Table 36 and Fig. 12 from
which the enzymé a¢tivity 'is seen to have an optima

temperature of 379,

Magnesium acetate concentration: The effect of varying
magnesinm acetate concentration is shown in Table 37 and
Fig. 13 from which the :enzyme activity is seen to increase
with the amount ofuﬁagnesium acetate upto a concentration

of 60 micromoles,

Perind of storage: The effect of aging on the activity

Y

of enzyme was studied by storing it in test tubes at ~108°.
The tubes were removed at regular intervals and the enzyme
activity sssayed. 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 helieved to play a role in the



Table 35
Effect of period of incubation

94

Period of Incubation Activity units
(minutes)
10 12,70
20 ’ 25.20
40 ) 26,10
60 25,80
90 23,70
Table 36

Effect of temperature

Temperature:of :Incubation Activity units
oc
a5 ' 12.82
30 22,45
37 26,30
45 ‘ 8.40

50 5,36
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Pable 37

Effect of magnesium

Magnesium acetate added Activity units
(micromoles) .
20 . 3 15,60
40 20 030
50 25,80
60 26,60
80 ' 24,20
100 ’ 23,90
Table 38

Effect of aging

Period of storasge  Activity units Lloss (%)
days , .
24460 0
20,42 17 .
i0 ' 14,23 48
15 10.18 89
20 8,40 66
25 - 5.80 78

30 ' : 2@30 99
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digestion, assimilation, end metabolism of fat, and their

relation to the fat c?ntgnt Sf”milk which may perhaps
contribute to some ex%ent towards the superiority of breast
milk over other foods. l

The observation that alkaline phosphatase activity
declines with the progress of lacbation is in agreemenﬁ
with that made by Belva@y (1960). The vositive relation
observed between fat and alkaline phosphatase contents
of milk is in line with the finding reported by Stewart
et a1l (1958),

Iﬁ its activationlby magnesium, the enzyme resembles
thet purified from cow's milk by lorton (1953). However,
the optimum pH of 8,6 found in the present case differs

from the value of 9,85 reported by Morton for cow's milk,

SUMMARY

The activities of lipase, esterase, end 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 remsin steady t}}ere after. They were found
to show a positiveirelation to dietary and milk levels
of fat, ‘

Alkaline phosphatase from human milk Was partially

purified and characterised.



