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Changes in the chemical status of calcium in casein micelles with the 
pH of milk 

By Y.S. RAJPUT, M.K. BHAVADASAN and N.C. GANGULl 

National R~,earch Centre on Dairy Chemistry, Nationa! Dairy Rc'>carch institl.lte, Kamal,lndia 

L Introduction 
Colloidal calcil.lm pho>phate plays a significant role in the 

maintenance of the integrity of casein micelle, (I). It is well known 
that maq or the colloidal calcium phoo;phate is converted to the 
soluble form on lowering the pH of milk (2). Further, the level of 
calcium in casein micelle<; in milk from cow, buffJio amI goat differs 
significantly (3, 4). The release of calcium, inorganic phosphate, 
sialic acid and non·protcin nitrogen from buffalo c~:;.cin micelles 
on acid treatment was reported earlier from this laboratory (5). 
However, neither the extent of detachment of calcium from the 
casein micelles nor from micelles of different size in milk of any of 
the above species as a function of the pH has been reportcd so far. 
For this rcason and from a compardtive anglc, the extent of release 
of calcium from the casein miceLlcs of milk from these three spccies 
is reported here. Such study is expected to give a bettcr under­
standing of thc chemical group involved in the attachment of 
calcium to the casein micelles. 

2, Materials and methods 

2.1 Milk samples 

Pooled milk samples were collected from cow, buffalo 
and goat maintained at the Institute herd. Skinuning was 
done immediately with the aid of an Alva·Laval cream sepa· 
rator and subsequently the studies were carried out at room 
temperature. 

2.2 Preparation 0/ casein micelles 

Either whole casein micelles or the big, medium and 
small size micelles were obtained by differential ultra­
centrifugation of skim milk as described by SABARWAL 
and GANGULI (6). The micellar sediments were then 
resuspended in an equivalent volume of ultracentrifugal 
whey corresponding to its original milk volume. 

23 pH adjustment 

Either casein micelles or different size micelles suspended 
in ultracentrifugal whey were adjusted to various pH values 
between 6.8 and 4.5 with IN HCL 

2.4 Turbidity measurement 

pH-adjusted big and small size micellar suspensions were 
centrifuged at 11,000 and46,OOOg for 30 min. respectively. 
Supernatants thus obtained were carefully removed and 
turbidity measured in a Klett·Summerson photoelectric 
colorimeter using red filter. Blank was adjusted with 
distilled water, 

2,5 Micellar casein estirru1tion 

An indirect approach for estimating micellar casein on 
the basis of nitrogen distribution was used, The total 
nitrogen in milk and in uitracentrifugal whey (105000 g, 
30 min) was detennined by micro-Kjeldahl method as 
described by OSER (7). Micellar casein was calculated 
by subtracting whey value from the corresponding milk 
value, 

2.6 Calcium estimation 

Calcium was estimated by the method of DAVIES 
and Wl-UTE (8) in ultracentrifugal whey for calcium re-

lease studies, Micellar calcium was calculated by subtracting 
whey calcium value from tlle corresponding milk value. 

2.7 Gel filtration 

Gel fIltration was carried out according to IMADE et al. 
(9). Sephadex G-25 was packed in 60 x I cm. column and 
equilibrated with 0.01 M Tris HCI buffer pH 7.0, containing-
0.07 M KCl and 5 mM CaCI 2 , 10 rug acid casein (prepared 
by precipitation at pH 4,6) was dissolved in 0.5 ml of above 
buffer system with stirring for 2-3 h. pH was adjusted to 
7.0 with Tris and the sample was applied to the column. 
The same buffer was used for elution. Seventeen fractions, 
each of 2.5 ml volUme, were collected using a flow rate of 
II ml/Ju. Protein was estimated by the method of LOWRY 
et af. (10) using acid casein as standard. Bound calcium 
was calculated according to HUMMEL and DREYER (11), 

3, Results and discussion 

3.1 The extent of release of calcium from casein micelles 
with pH 

The estimated cow micellar calcium (88.9 mg) and 
whey calcium (35.5 mg) per 100 m1 milk indicated that· 
71.4 % of total calcium is accountable by th.e micelles. The 
studies on the pH-dependent release of calcium from casein 
micelles of milk revealed almost complete detaclunent of 
calcium from the micelles at pH 5,0 (Figure I). However, 
the extent of release was more pronounced in the pH 
range of milk from 6.0 to 5.0. From the calcium release 
profile with pH it certainly seems that dissociation/as­
sociation of some of side chain amino acid groups is the key 
factor in determining the micellar calcium status. The phos. 
phate group probably linked to hydroxyl group of serine and 
threonine having pK2 around 6.7 (12) exists undis­
sociated as pH drops, resulting in the release of calcium. 
The imidazole group (PK around 6.0) of histidine indirectly 
enhances calcium release as a result of protonation at low 
pH by which protein molecule acquires a lower negative 
charge. These results are in agreement with binding studies 
of DICKSON and PARKINS (13) suggesting the involvement 
of phosphate and imidazole groups in calcium-casein 
interaction in this region of pH. 

3.2 Calcium release from micelles afdlfferent size 

Dependence of micellar calcium release on pH for dif­
ferent size micelles is shown in Figure 2. Micellar calcium 
release was higher from big micelles than either medium or 
small size micelles, The difference in the extent of release 
of calcium can be attributed to the differences in the 
proportions of ~s, i3 and K-caseins in these different size 
micelles, as·casein being more in big micelles than in small 
micelles (14, IS). Further, as-casein constitutes relatively 
more phosphate groups (PK2 ..... 6,7) than any other fractions 
of casein and tituS big micelles become more sensitive to 
pH changes in tllis region than either medium or small 
size micelles. 
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3.3 ScdiJ/lC'/IIQtic!/I b(!ha~i(Jur o[pll·rre{]led micelies 

Turbidity measurement studies with big and small 
size micelles adjusted to various pJl values were carried 
out to have an idea of sedimentation behaviour of micelles 
after pH.t reatment. Figure 3 illustrates that pH drop to 5 5 
did nOI change turbidity significantly indicating neither 
dissociation of big micelles nor association of small micel­
les had uccurred hUI a ~harp fall in turbidity was ohserved 
at pI! S.O which was negligible at pH 4.5. This suggens 
tJlat lit pH 5.0 precipitation of casein starts wh.ich completes 
atpIl4.5. 
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FiguHl4: Compa,a live t lution profiles of calcium ion from caseins. 
or cow Jod huffalo milk. 

3.4 Calcium·proteill relationship 

An indirect attempt Wa.'i made to estimate micellar 
protein by calculating the calcium/protein ratio for pooled 
milk samples. The calcium (mg)/micellat casein (g) ratio 
varied from 34.0 to 38.0 and thus cannot be used for the 
proposed purpose. 

3.5 Ahedlar culcium relea~'(! from milk uf ut/u!r species 

Results in Table 1 show that milk from buffalo and goat, 
differed from that of cow in the distribution of calcium 
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between micellar amI soluble phases. The calcium ratio 
micelJu to solubl e for m was higher in buffalo milk t.!t:J11 
either in cow or goa l milk.. 

The exlent of calcium release fro m cow and goat milk 
was similar while buffalo milk. exhibited lower release 
(Figure 1) a t aU pH ranging between 6.8 to S.O. Since. the 
proportion of (l~·casein is lower in buffalo casein than in i,; ow 
(16), this could probably account for Ihe rela lively slower 
release of calcium from buffalo micelles. 

3.6 E~a/uatl()11 of bound calcium 

As the release of micellar calcium diffe red in the case 
of cow and buffalo milk, the calcium uptake by the ca,sein 
from these milks was studied . The elution profile for cow 
and buffalo casein and caJcium is shown in Figure 4 . Bound 
calcium for cow and buffalo acid casein was fount! to be 
21.9 g a tOrN and 20.9 g atoms for 10 Sg casein, respectively . 
The value of bound calcium for bovine case in is higher 
than reported by L\tADE I:! t al. (9) and lower than ZITfLE 
et at. (17). The calcium in buffalo casein micelles is reo 
latively more than in cow casein micelles (Table 1). Further 
calcium uptake by both cow and buffalo acid casein Is 
equal. Since acid casein la.cks in some of the -intera.cting 
sites (5), possibUity of more loss of these sites in buffalo 
acid casein than cow cannot be ruled ou t. 

Table I: Distribu tion or eak: ium in milk wh~y and casein 
micelles in cow, buffalo and goat 

Average eakium level' Ca. 
rml/I OO ml milk) elum 

I1I tio 
Species Milk Ultraeentri· Ca!lein 

fUlj;al whey micelles (A-B) 
(A) (0) (A'B) ( B) 

c 
~ 124.4 ± 9.38 ' 3S.5±3.84 88.9 ± 6 .]0 2.50 

Buffll lo 209.6± 6.7 9 36.9±6.S3 172.7±10.28 4.68 

Go .. 142.6t I2.31 38.5 ~ 4 .56 104. 1±12.23 2.70 

, The number of sampic5 analysed for cow, buffalo and goat was 
7, 7 and 6. respectively. 

1 Standard deviatmn . 
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5. Summary 

KAJPUT. Y.S., BHAVADASAN, M. K ., t;ANGULI, W.e. : 
Ch anges in the ch.:mical ~ t~tu s I) f calcium in Casein micelles with 
Ihe pll of milk. 1>hlchwi~~e ru;c lnl't l8 (4) 21 I -2J) (I 98l) . 
J4 Cal.e in micelles of milk (calc!u m rc!CJiiC) 

The re lease of c:llcium from cow ca~ i n mic~ lI e ~ rey ,'alcd almo~t 
complelc delachmenl o f calcium al pH 05 .0 whio.: h "'as more pro­
nounced ..... hen pH was lowered fro m 6.0 10 5.0. Decalcification of 
big micelle i wa. relat ively more than ti th~r m~dium or small si1:c 
miceUt's as pH was lo ... ·ercd. Turbidi ty ~lud lCii indic:.lkd ""u her 
db'oOciatio n of big mice!!~~ nor :.I)sociation of )mall n \icc ll~s With 
lo\\ ering or p H to 05 .5. Micdlar calcium and cawin r~tio Yar ied from 
,.ample 10 ~mple.. 

Casein micelles from bufblo milk cont:lined morc. calcium 
than either cow or goat milk. Comparatiye studies on casein mic.:l­
k s h om other spt cic5 r.:ve;r.!cd that Ihe extenl of calcium u~:ue 
from cow and goat milk W.IS similar. while b uffalo milk exhibited 
lower rch:as~. Cow and buffalo acid ca scin had the almo) t ~im i!Jr 

bind ing capacity fOr c:oklum at pH 7.0. 

RAJPL'T, Y.S. , BHAVADASAN, M.K. , GANGULI, W.C. : 
Ve~nderungcn Un chemischen lusbnd ¥on C.alcium in Casein· 
mi~elten mil dem pH''''''e rl yon Milch. ~(ilchw issensch a.it ]8 (4) 
211·213 (I983) . 
]4 Caseinmicellen von ~Iilch (Cah; iumfrC'ise lZungi 

Die F re isetzung yon Catcium aus Rindercascinmiccllen lciBte 
cine fut voUstiindige Abgabe des Calcium bei pH 5.0; dies wurde 
noch deuI1ichc. , wtnn der pH von 6,0 auf 5,0 ""rabgescnkl ,,·uld.:. 
Die Calciumabgabe grof, cr Micellen war relativ sl ~ rker ats die klelne r 
Micellen. Triibungsu ntersuehungen ze;,ten weder ein Dis~ozialion 
8' 0i)er MiceHen noch eine Zus:ammenia&erung kleince IoIicflJen, 
wenn del pH·Wert auf S.5 &e~nkt wurde. 015 Verhjltnis von 
mieellarem Calcium und C3!lCin yarherte von Probe zu Probe. 

Ca~inmicell en von Blifrelmilch enthiel lcn mehr Calcium als 
Kuh· odet Ziegenmilch. Vergleichende Untcr~u chungen yon Ca~in" 
mi ce ll ~n anderer Specie' ze igten, da1l der Grad dcr Ca1c;iumabgabe 
von Kuh- und Ziegenmilch ahnlieh 61, wahrend 8iiITeimilch .... eniger 
Calcium fre i~c tzte. Saurecuein Yon Kuh- und Bll ffel!.iure bc~en 
fUr Calc ium be i pH 7.0 fa't gleiches Bindungsyermogcn. 

RAJPliT. Y.S .. BH AV ADASAN, M.K.. GANGU LI, w.e.: 
Modificat ions ,hns I'et:lt chimique de calcium dans des micdle$ 
de ~a5~HDC par la u leur pH du Jail. Mikh"' iss~nscha fl 38 (4) 211-
21 3 (l98]). 
34 :l.l icdlC'J de cueine Olb6rat io ll de C3 1~hl1n) 

RAJPt:T. Y.S .• BH AV ADASAN, M.K., GANGUU . w.e. 
Clmbios en eI eSlado quimico d ~ ealcio ~n mieelas de ca!;eina por 
el valur pH de leehe. Milch .... ~'5"nschart 38 (4 ) 21 1·213 (1983). 
34 ~licct 3 s de casci na (lib<: racion de ~al ci o ) 


