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1-INTRC>DUCTIC>N 

- - - - - - - - - - - - .. 

Analytical methods are the builders of 

the scientific data. Rapid and simple methods, though 

a ' little less accurate, have bee n more frequently used 

than the sophisticated instrumental and time consuming 

classical methods. The rapid methods become more 

important for the analysis of perishable products like 

milk and some of the milk p coducts during 

standardization and processing. 

Among the other constituents of milk, 

minerals especially calcium and phosphorus are equally 

important as nutrients in the human diet. They also 

influence some of the Physico- chemical properties of 

milk, concentrated milk and some milk products. Sindhu 

(1985) reported considerable increase in heat stability 

of concentrated buffalo milk with the addition of 

optimum quantity of monobasic sodium phosphate solution 

in milk, whereas some of the unconc entrated buffalo milk 

samples were destabilized. Sindhu <1909) further 

reported that a required quality of Channa for Rasogolla 

making can be prepared from buff a lo milk by modifying 

Lhe salt balance of the milk. This · indicates that it is 

essential to know the concentrati~n of major minerals, 

especially of calcium and phosphorus already present in 

the milk before doing such modifications. 

The estima tion of calcium and 

1. n 1111' I k d nd 111 j I k produ ts is very phosphorus f t·equen t 
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during research and teac hing. It may gain importance 

during processing of milk, because for better quality 

and/oa· hon t 11 Labi 1i1.y u( mi 11< Jl\U nomo of milk pruJuct 1~, 

not only fat and SNF of milk are required to be 

standardized, but calcium and phosphorus may also, if 

rapid methods of their determination are available. 

The existing methods of calcium and 

phosphorus determination, either are iaborious and time 

consuming or they require costlier instruments and 

chemicals. Majority of the instrumental methods are 

based upon the techniques such as molecular absorption 

spectrometry, flame photometry,atomic absorption 

spectrometry. However, these two elements can also be 

determined by classical chemical methods. But none is 

used as platform lest for the det e rmination of calcium 

and phosphorus. 

In order to develop a simple and rapid 

method for the determination of calcium and phosphorus 

in milk, a chemical property, oxalate effect on milk, 

has been used. Des Raj (1991) observed oxalate effect 

which states that II a phenomenon of decrease in 

titratable acidity of milk is observed when neutralized 

l t · dded to i' t The decrease in the potassium oxa a e is a · 

acidity is different for milks of different a nimals and 

P
ropotional to the concentration of Ca (PO) content 

3 4 2 
of milk at the neutral pH". 
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Using this property a simple titrimetric 

has been standardized for simultaneously 

determination of calcuim and phosphorus. The estimation 

is carried out in conjunction with acidity test of milk. 

It needs double titration for acidity determination, one 

before and one after the addition of potassium oxalate 

solution to the test portion of Lhc milk sample. 
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2.REVIEW OF LITERATURE 

--------- ---------- -
A great variety of analytical methods 

are available for the determination of calcium and 

phosphorus in milk. Most of them are based on the 

techniques such as molecular absorption spectrometry. 

flame photometry and atomic absorption spectrometry. 

Many chemical methods are also available for the 

determination of calcium and phosphorus. The various 

analytic~) methods available in literature have been 

reviewed in the following paragraphs. 

2 • l . .METHODS OF CALCIUM DETERMINATION : 

2.1.1 EDTA- Method 

The method develop~d by Schwarzenbach 

(1946) was based on the complex formation of alkaline 

earth metals with ethyl e ne- d1amine tetra acetate 

(EDTA). This principle has been used by many workers for 

blood serum and other 
ahcl. l)Y' a~ 

biological materials (~~c ~. 

ChengA 1951, ~-1-~r +.9-4-Q). llnwever the method was 

applied to milk by Jenness (1953) and Van Der Have 

(1954). Jenness (1953) titrated calcium with 

complexone in a solution of milk ash and in milk 

serum. Complexone is the disodium salt of the amino 

polycarbortic acid ethylctte -dic1htirie tetra · al:~tic <H:itJ, 

1iq 1 ~" iil . llll:-H-H11 1 1~ 1~~r111~~ wJl. lr 1: i1 I · 1 . 1~111 Ml·~l~de: ~uu~ uc.duui· ltHUi 

eomplexeY which are water 1:11duble. 

Under the conditions of his experiments the phosphat0. 

ion interfered with the titration and had first to. be 

eliminated with the aid of an ion exchanger. Van det· 

Have <l954) estimated calcium by titration with a 

soJuLion o( "Complexune 3" ul:!in<J Eriocht·ome black 'I' an 



5 

indicator wilho11t the n"ce.00 1. ty of i · · t " th 
'- <JO e lllllll <l lfl 9 • ~ 

an 

phosphate. Thie compl c · on c 3 iu .. duo a s a lt o ( e lhylenc 

diamine tetra ace tic a cid. 

Borus - Bo s zorme nyi and Kovacs Cl970l 

determined c alcium in th e ash o f the s a mpl e s o f both 

vegetable and animal origin. The ash conte nt was 

dissolved and precipitated as oxalate 

conventional way. The precipitate was dissolved in cold 

nitric acid without washing and the s o lution wa s then 

litrated with an EDTA solution using phthalein purple as 

indicator in presence of masking agents. Generally it 

was 0.4 to 2.0 mg or even 5 ml of acid solution. The 

calcium contents of milk and bones could be determined 

by direct complexometric titration without precipitating 

calcium as oxalate. 
-and. Kos; cw :, ( 

Kindstidt A(l985l improved upon the above 

method, in which 2-3 gm cheese was ashed, dissolved in 

dilute acid and the calcium chloride was back titrated 

with ethy@i.am i ne tetrace t ic acid using hydroxy naph t ho l 

blue as indicator. The samples remained fr ee from 

turbidity and the titration end point was recognised 

easily. However, a portion of magnesium of the sample 

was also measured. Kama 1 ( 1960 l eliminated the 

interference caused by the phosphate ions in this 

complexometric titration by a dding the disodium ~ a lt o f 

acetic a cid to the ethylene dinitrilo tetra 

system and back titrating the excess with 

standard solution. 

c a lcium 

Bird ct al Cl96ll combined different 

EDTA- methods for determination of calcium. They US€:d 

th d for the removal of prote.i· ns an1l ~he Ling's me o · 
i 
I 
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phosphates by the potassu i rn metastannate. E'lashka's 

indicator Erich bl k rome ac S.E. was used for the 

determination of calcium. Although recove ries were 100% 

Lhe procedure was not conve nient. Defore c a rrying ~at 

the actual ED'l'A titra tion, Sirnik and Za<Joze n <t9i3> 

diluted lOml milk with twice the amount of distilled 

water to 100 ml and added 3ml buffer ( 5 N KOH i n 6.6% 

Potassuim cyanide solution pH 13 was used for the 

r,.urpose) • Then lOml of this diluted milk was brought to 

50ml with double distilled water. A sma ll quantity of 

indicator which consisted of .1 gm calcium, 1 gm 

charcoal and lOgm of potassium chloride was added. 

Grillo and Munao (J.98.9.> used calcon instead of the abovn 

indicator in the EDTA titration. 

Pearce (1977) observed that when 

Eriochrome black 1' or cal c on were uaed aa i n<li r at.orR 

reaul ts wc-n~ hi9he r tlw n wh e 11 p,1t tone a11<l fU: ed~r' e 

ind i cators we re used. Bu8 zo rme ny i a nd 'l'erne ro <1977) 

carried out back titra tions with excess of EOTA to 

estimate calcium. lloweve r, Pearc ~e <1977) showed that 

direct titration 9ave more reliable results and that 

erroneous values for calcium may be obtained unless pll 

carefully adjusted. Boszormenyi (1971) modified the 

conventional titration with ED'l'i\ solution in tha t tlrn 
J 

possibility of the precipitation of calcium a s calcium 

hydrogen phospha te CCaHPO > wa s avoided by adjusting thn 
4 

calcium co nc en t r a tion of t he tit r a ted solut ion to <0.3 

mM and precipitation of Mg(OH) 
2 

was avoided by 

adjusting the pH to 10.3. Phthalein purple was used as 

indicator. 
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Chaplin (1904) developed a pl! s tat­

method <used to assess end point>. The method wa s a 

modified one be1' ng d t 5 5 use a - pH . . • replacing EDTA 
I I I 

COTA <trans - 1,2 - diarnino cyclo he xane - N,N,N, 

by 

N, 

tetra acetic acid) or BAPTA [ 1,2-bis (2-aminophe noxy) 
I I 

ethane- N,N,N , N , tetra acetic acid]. The complexing 

agent was added continuously from a syringe pump wo rking 

at 60 ml/hr and flow rate measured on a chart working at 

a slow speed of lcm/min. Thus distance on the chart 

paper was converted into volume and calculations made. 

Although the method gave accurate results it involved 

the used of expensive instruments and chemicals. 

Cardwell et al (1991) described a flow 

based analysis method, discontinuous flow analysi1:1 was 

used for the determination of total calcium in drinking 

water, milk and wine by titration with ethylene glycol 

tetra acetic acid. The titration can be cycled 

continuously with a cycle time of about 1 min. This can 

be carried out with a ~ingle sample or with diff ren t 

samples using an autosampler. The method for water and 

wine was simple highly reproducible but for milk a back 

kitration method was used because of the complex matrix 

of 
that 

the sample. Alvarez Jimenez et .al (1988> 
without ashing of milk titration could be 

proposed 
c a rried 

out after precipita ting out the p rotein by aa li c yll~ 

acid. Kondrat'ev (1975> suggested the use of Trilon D 

(EDTA tetra sodium salt> as titrant. 
&- ' 

2.1.2. ~ctrophotometric Method 

'!'he spec trophotometric met~wd wa ~ 

b k I t gives accurate results bt1t developed long ac · 

f Xpens ive instruments. involves the use o e In this 
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method sodium me t. a v il n ac.J.1 t~ and Rodium molybda tc arn 

added to nitric acid solutions of the ashed samples. 

Added molybdate and v ~ nad a te r e duce interference of 

phosphate in calcium analysis and calcium is determined 

at 422.7nm. 

Lovachev et al (1973) used the method 

for calcium estimation in butter. ~ Dry ashing of the 

nitric acid extract of butter was carried out and colour 

developed in the usual manner. Ramirez - Munoz (1975) 

used Beckman Autolam Burner!! and Beckman Model 495 

Spectrophotometer. llowev e r there was interference duP. 

to phosphoric acid. ThiR inte rference was reduced by 

selection of a suitable burner position and addition of 
and (lda9 i.-r ; 

500ppm strontium as suggested by OnoAe-t a!. (1976). They 

also found that removal of proteins with trichloroacetic 

acid was adequate and that ashing was not necessary. 

King (1977) used rapid quanbtaLive x-ray epectromc tr .1c 

method. However,they conclu<.J e d lhat it was uneui.Lable 

for moist foodH .rnd food1:1 wi t h hiqh Sll <J <lr c onl e n t . 

Flame emission spectrometry was carried 
a l'.d. Bloo l"t\ 

out by NollerAe-£ a-1. · (1978) for milk and milk products. 

But emphasis was placed with regard to preparation and 

handling of apparatus. 

Dasson cl aJ. < 1900) used a car le 

microvolume sampling valve with Lwo identical sample 

loops. Analysis was baae d on the reaction l ' between 

calcium and cresolphthalein complexone in a 2- amino -2-

methyl propan 1- ol basic medium. The colour 

developed was measured at 580 nm. 
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al'\d ~ edti. 

E 1- Sh a a r a wy " ( 198 2 ) gave an atomic 

absorption spe ctrophotomet r ic me tho d Rutiabl e for large 

number of 8a mplea for cal ci um e sli.mation. S.tmp l cs weri~ 

dry ashed, silicates removed by hydrochloric acid and 

effect of interfering ions like phosphate etc. were 

minimised by additon of lanthanum. Perkia- Elmer and 

varian Techtron machines were used. 
and \farga · 

Sarudi ,,_ (19B3> 

further elaborated the procedure, the solution of ashed 

samples were vaporised in air or acetylene flame and 

calci'um determi· ned at 422 7 G b t 1 . . mm. or unov e a • (1985) 
, 
' used discharge voltage of 6-7 kv in a box at low 

pressure for the purpose. 

Rapid and direct determination of major 

minerals in raw cow milk by multi-channel inductively 

coupled plasma emission specbometry was applied by 

Takahashi and Sutoh (1990) . Pneumatic atomization of 

aqueous milk solution was c arried out. However i n the , 

subsequent year ( 1991 l they obi:wrved that atomization 

resulted in poor or no absorption of sample solution. 

To avoid this liquid detergent was inserted after every 

two milk samples. Fagioli et al. (1991) used plasma 

atomic emission spectrometry in carbonaceous slurries of 

samples. They obtained good results. 

2.1.3. Ion Exchange Chromatography 

The method was developed by Christianson 

et al. (1923). In this Method total calcium 

extracted from milk as EDTA compl e x. The extract was 

injected in the column. Shim pack IC-CI cation exhangc 

column was used with 4 mM tartaric and 2 mM EDTA (pH 

3.41) mobile phase which disrupted the EDTA - Ca as 
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an<t U~a 

Complex. MuldoonAe.t a-l. (1 96 8) analysed raw, pas teurised 

and sterilized skim milk by the cation exchange resin 

method developed by Christianson ' 
et al. (1923>. Later 

Yagi et al <1989) carried o ut simultaneous quantitation 

of both calcium and phospho rus in the cation e xc ha nger. 

2.1.4. Flame Photometry 

Ammonium molybd a te and an ammonium 

buffer are added to a s o lution of milk salt. The 

photometric determination is then carried out at 554 nm. 

Sarudi (19,3) used the same method but with a new 

clarification agent. Milk was first deprotenized by 

Zn[Hg (SCN) ], the clear s e rum r.ontaining calcium waR 
4 

then treated with ammonium thiocyanate and mercuric 

chloride. Then flame photometric determination was 

carried out. 

2.1.5 Potassium Permanganate Titration Method. 

In this method milk is first treated with 

trichloroacetic acid to remove proteins and fat. Then 

calcium is precipitated in the form of calcium oxalate 

with the addition of ammonium oxalate. This calcium is 

then dissolved in sulphuric acid and titrated agair_~t 
I ' 

standard KMnO solution. Various workers precipitated 
4 

lhe calcium from milk serum as calcium oxalate under 

various conditions. 

Ling et al. <1936) removed proteins and fat 

from milk with 10% TCA. The filtrate was neutralised 
I 

with ammonia a n<l reacidifi e d with a cetic acid. Ammonium 

Chloride was added and the ca lcium precipitated from hot 

solution with solid ammonium oxalate. After allowing it 

to stand overnight the precipitate was filtered, washed 



11 

wi t h hot wa ter a nd fin a lly tiLr."l t c d w:ith N/20 KMnf4-

It- . after d · 1 · t iaao v1ng t ie p1·ec ipitatc in ho t sul phuric 
acid. 

Verma and Sommer (1957> carried out analysis 

~nd undertook to d stu y the amounts of c:alcium an<l 

phosphorus in samples of commerc ia l milks. Di stribution 

of constituents into solubl ~ a nd insoluble f ration s was 

also studied. The same study was conducted by Ananta 

Krishan (1941) in Ass's Milk. Van Slyke and Bos Worth 

( 191f) studied :ca }Po /z in milk using the Pasteur 

Chamberlain filter. Kay (1952) precipitated the proteins 

and fat by means of ro ll o ida l ferric hydro xide. 

La ns Lr ip (19 36) used pier i c .tc i d prec ipi tat ion whereas 

Sanders (1937) used TCA. Ling and Anantakrishnan <1940) 

and Verma and Anantakrishnan (194~) used rennet 

coagulation. 

Davies and White (1962) concluded that 

calcium can be determined primarily on strict adherance 

to prescribed conditions for precipitation of calcium. 

H Calcium oxalate precip~tates at p of about 4 and the 
++ 

ratio of c 0 to Ca in the precipitate should be 1:1 
2 4 

according to I<o l tho.ff and Sa ndell (1946), that this 

ratio should be 1 : 1 is important as the permanganate 

titration measures the oxalic acid derived from the 

calcium oxalate. Kramer - Tisdal! i1950) modified the 

method and calcium oxalate prec ipitated from neutral 

solution but this resulted i n low values for calcium to 

~~erived from the permang a nate titration. 

6 Lo <i' · 'o51 ·~'.~ 
N. D R 1. '.(·! • sepa rati on of cal c ium from phosphate ions 
IV\ 11 t'1 At :< !,! • • 

~ hange resins and determination of cat;vwn exc 

·~~~t.lil~~ ' eluent were attempted in milk by ~he 
calcium 

method 

by 

in 

of: 
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lkl . . Y. 
Ma <1 .t. ~. <195 3 ) .The. ppl i.c a tion of i o n ex chanl_J e waR 

however time consuming especially in milk samples where 

pre removal of proteins is necessary to avoid 

precipitation in the exchange column. 

It was stated by Fresenius (1868) that 

f>recipitaion of calcium oxalate was always contami.nated 

by magnesium oxalate. It was therefore, necessary to 

dissolve the precipitate in hydrochloric ac'd 

reprecipitate calcium oxalate with ammonia. Dut Richar'ds 

(1931) showed that under certain conditions a single 

precipitation of calcium was sufficient. Fisher (1928) 

showed that magnesium oxalate was not precipitated from 

~upersaturated solutions, if a slight excess of ammonium 

oxalate was use~ 

2.1.6. Miscellaneous Methods 

Khramov et al. (1983) described the procedure 

for the application of the Bio - test - Calcium Kit 

involving formation of red orange colour on reaction of 

calcium with 2- hydroxyaniline. The method was used for 

milk diluted with water in 1:10 ratio. 

Keogh an~ Kennedy <1903) measured calcium 

content using a Radiometer F2112 electrode in different 

types of milk. 

Joe et al. (1968) described a method using 

Technicon auto-analyser. Samples analysed for calcium 

determination included whole milk, skim milk and 

chocolate milk. 

Mutzelburg ~ t al. <1980) described a fast 

method of estimation of calcium, in which the Pierce 

calcium rapid stat Kit was used. They compared 
; 

rest. l ts 
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of this me thod wit h the ox late precipi tat ion met hod.The 

mean values were significan Lly h ig her from the o xalate 

mcll1ud. 

In Russia GajduseK (1975) gave a formal 

titration method. The content of calcium in milk was 

calculated according to a formula 59.05 + 17.44 x where ~ 

x 1S the difference between milk acidity and acidity 

after adding oxalate. In comparison to chelometric 

analysis the maximum error was + 10%. It wa s thus 

concluded that the method cou ld usefully be appli e d for 

determining approximate calcium levels in milk for 

cheese making only. 

2. 2 • Methods of Phosphorus Determination 

2.2.1. Fiske and Subbarow Method : 

Phosphorus is estimate d till today by the 

method of Fi Rke and S11bb.:n o w ( 1925 l. The method ii:! b .:uwd 

upon the colour reaction of phosphorus with ammonium 

molybdate and measurment of the blue colour 

Spectrophotometrically at 660 nm or using a red filter 

in colorimeter. -In a modification of this Pena (1931) 

also utilized ammoniµm molybdate as a colour developer, 

i~terference were precipitated with trichloro acetic 

acid. Caimi (1959) adapted the Fiske and Subbarow 

procedure to milk by warming the sample after co lour 

development and before deve loping c olour intensity. 

International Dairy Federation (1967) 

described the Fiske and Subbarow method for phosphorus 

determination in milk. 10 ym milk ashed, dissolved in 

hydrochloric acid suitably diluted and treated 

with perchloric acid. Ammonium molybdate was u sed to 
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develop colour. Tl t ' l 1e op · 1c a density of the colour.·d 

solution was measured ~sing red fllter. Bedessem ~t al. 

(1970) use<.l the H.1me method bul carrie <.l out dry " shing 

of the sample. Pien (1969) discussed that dry a shing was 

better than wet rniner.:lli s..i lion.BlS . (1901) des<..:ril>e d 

similar method in which to the ashed sample solution HNO 
3 

and Na NO 
3 

are added and percipitates filtered. The 

precipitate was dissolved in standard alkali. d an . 

titrated with standard acid solution. 

2.2.2. Spectrophotometric Method 

The principle of the spectrophotometric 

method is almost similar to tha t of the Fiske and 

Subbarow method except the use of different chemicals 

and determination of optical density at wavelength other 

than 660 nm. Jager <1970) carried out photometric _ 

determination of phosphorus. Samples were digested witl1 

lhe help of perchloric acid. Ammonium molybdate and 

ammonium vanadate were used to develop colour which was 

measured at 660 nm. Linden et al. <1971) slightly 

modified the method of phosphorus determination. 

Ammonium molybdate was added in excess in the reaction 

and the phosphomolybdic acid formed in acid medium was 

quantitatively extracted with methyl iso-butyl ketone 

and determined at 313.26 nm. This gave results which 

agreed well with the Fiske and Subbarow method. 

The International Organisation for· . 

standardisation (1974) prescribed the use of Sodium 

molybdate hydrazine sulphate reagent and the 

molybdenum blue was measured at 700 nm. 
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King (197~) de t e rm i ne d phosphorus by x-ray 

fluorescent spectrometry but t he method was c o nsid e red 

unsuildbl e · for mu i sL f uucfa JllU ( u uds wil h hiyh 

c on ten l • Op ..1 r i na •. ind lls ti me nko ( I '>79) uae cl .:.imido l for 

colour development. In 1907 a new standard which 

supercedes the IDF standard (1967) was given wherein 

milk after dry ashing or wet digestion was treated with 

molybdate - ascorbic acid solution. The molybdenum blue 

was measured at 820 nm. 

Takahashi a ~d Sutoh (1990) gave a new rapid 

and direct method of determin<i tion of major mine rals in 

raw milk by multichannel inductively coupled plasma 

emission spectrometry. In this method approximately 2 gm 

of milk was made upto 50 ml with water and atomized, but 

this resulted in poor or no absorption of sample due to 

contamination of atomizer with milk. Hence the sa:me 

workers ~1991) improved the method by passing liquid 

detergent in between the alomi.zer after every two 

sampl e s. 

2.2.3. Miscellaneous Methods 

Among· the several methods studied Sirnik 

and Za9o2.el'\ h d · h · h 2 ml mi· lk ~1973) described a simplest met o in w 1c 

was wet ashed with 5-6 ml H SO 
2 4 

Selenium Catalyst) 

and 10 15 drops of cone . IINO or 30 % H 0 • 
J 2 2 

After 

cooling t.h~ c on te nt R w<'rt~ n<' 11tr.1l i zed with et .1ndan) NaOH 

~ nd reacidif ied with HNO • ... 3 
10 ml o f a 1:1:1 mixture of 

vanadate solut i on, molybd."l tc s o lution ~ind HNO we re 
J 

t · measurment wa s carried out at 400 added and photome ric 

nm. Although the method was simplified but it was time 

consuming. 
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Gorbunovtl~ll903) gave a electron dischargr! 

emission spectroscopy method which measured phosphorus 

at p.p.m. levels. 

Laskey el al. (199Llandlysed milk samples for 

phosphorus on centrifugal analyser. This was done 

without ashing or digestion and was a semi automated 

micromethod for simultaneous analysis of calcium and 

l>hosphorus. 

From the above review of lite rature it is 

evident that the available methods for the determination 

of calcium and phosphorus either are very time 

consuming or involve costlier sophisticated instruments. 

If each and every milk sample is to be analysed for 

calcuim and phosphorous, it is essential to develop a 

rapid platform test for their estimation. In the 

present study QJ'l attempt has been made to standardize a 

rapid method for the simultaneously determination of 

calcuim and phosphoro~s in milk. The accuracy of th~ 

results obtained is sufficient to recommend the method 

for routine analys~s of milk samples for calcuim and 

phosphorous. 



------
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----------- ------
3. MATER.IALS AND 

------------- --------
METE-JOOS 

3.1. MATERIALS : 

3.1.1. Milk Samples 

The samples of cow milk, buffa lo 

milk und toned milk 11 we re co eel «'u fr om t he (~ x pe r tmc nt.-. I 

Dairy of the Nati o na l Da iry He s e .. Hch Inst i tu t e, l<n rnill, 

fu1· Jn.:ilyBiH. 

3.1.2. Reagents 

All the r~gents used in t he study were 

of AnalaR or GR grade except, other2wise stated. For th~ 

preparation o f reagents gL.ls!:> distil led water wa s used. 

(a) Calcium Solution 

Weighed e xact ly 12 .5 gm anhyd rous Ca CO 
3 

and taken in a 500 ml bea ke r. To this added a bout 300 nal 

glass distilled water and treated with dilute 

hydrochloric acid. The c 0ntents were neutralised and 

Lransferred to 500 ml volume tric flask and made the 

volume with distilled wa ter. This solution contains 

calcium 10 mg / ml. 

( b) Ph_os.E.h.9_rus Sol utio ~ - - : 

Weighed exac tly 20.7324gm of disodium 

hydrogen phosphate (Na HPO . 211 O ) in a 500ml beaker. 
2 4 2 

To this added aboul 300ml glass distilled water and 

neutralised with N/10 NaOH. The contents were 

transferred to 500 ml volumetric flask and mad e th~ 

volume upto the mark wi th d i stilled water. This 
-

Rolution contained phospho r11 s 10 mg/ml • 
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( c ) Saturated Potaaeium_ Q~ l a _t e Soluti o!!_ 

The !-la tin ; it c d so I u t i. o n o f pot ri s s i um 

(I\ C U ) 
2 2 4 

N / l 0 N..i Oll. 

(d) N/10 Sod ium llydr o x i J c 

(e) N/10 Hydrochloric Ac irl 

(f) 15 % Trichloro Acetic Acid Solution 

Cg) Ammonium Oxal a t e Sol11Li (l n : Satur a tc:d 

Ch) Ammonium llydroxid e s iluLi 1111 

Th e con,_'1c e n L r..i t e tl .:immon i a so 1 ut i o n was 

diluted with water in 1 : l r a t io ! v/~ ). 

(i) Dilute Hydrochloric Acid Solution 

The concentra ted hydrochlori c a c i d wa s 

diluted with water in 1 : 9 ratio (v/v). 

(j) N/10 Potassium Permanganate Solution 

Prepared s toc k s o lut io n by J l.sso l vi ng 

~ngm of Po t as sium pe nna11~1 h1 l. e i11 ..i litre of Wd l t::1· by 
0 

heating to 7 o - ·a o c . i 1 o ml of th e stock 

so 1 u t i o n w a 8 tr a rU:> (en· c d i n u n c I i I.: re g rad u d t e J ( 1 ask 

and made upto t he m<J 1·k wi t h w .. 1te r . 'l'he normali t y o( Lhe 

solution was c hecked a ga insl N/ 10 o xalic acid. 

( k) Di 1 u t e Su 1 ph uric Acid__;_ 

Concentrated Sulphuric acid wa s diluted 

with water in l : 4 ratio ( v / v). 

( 1) SN Sulphuric Acid 

( m ) P e r c h 1 o r i c A c i d 6 0 ·~. 

( n) Ammonium Mo l ybdate $ ( 1 .lu tio n 

oisso.lve d 2 .5 gm o f ammonium molybdat • ~ 

in glass distilled water and volume made upto 100 ml. 

(o) l-Amino-2-Naphthol-4-Sulphonic Acid (ANRA}: 



29 • 2'1qm n f .1nhyc1rnuR NilllSO O ... of : • 10m 

ANSA and lgm of anhydrous sod i um sulphite (~ .=i SO ) wa!'l 

grinded and k t · 2 3 ep in a <"' on ! pl ace . l\t the t· im <" o f -c h< : · 

experiment 2.5gm o( reage nl was dissolved in lOOml glass 

distilled water and used fresh. 

(p) 10 % Trichloro Acetic Acid Solution (TCA). 

3.2. 

:I.2.1 

METHODS OF ANALYSIS 

Estimation of Calcium 

3.2.1.1 Reference Method ~ 

Calcium was determined by the method 

given by Verma and Sommer (1957) as described below in 

brief. 

10 ml milk was taken in a clean dry 

beaker and 30ml of 15% trichloro acetic acid solution 

was added. The contents were stirred and kept for 5 

min. Filtered the contents using Whatman No . 4~ filter 

paper. 20 ml of the filtrate was collected and 10 ml 

saturated amrnon1um oxalate was added. It was made 

alkaline using ammonia liquor and few drops of 

concentrated acetic acid added to neutralise excess 

ammonia. The contents were kept undisturbed for 3 hrs. 

and then filtered through Whatman no. 42 filter paper, 

times. Washed the precipitate with hot water six 

Discarded a ll the washings. Checked the washings with 

calcium solution for absence of ammonium oxalate if 

· ·t t appeared then washed again with nlas~ white prec1p1 a e ~ ~ 

distilled water. Dissolved the precipitate in dilute 
0 I 

sulphuric acid and titrated in hot (80 C) with N/10 KMnO 
4 

to a permanent slight pink colour as end point. 
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Calculation.!!_!_ 

Total calcium i n mg/100 ml milk wa s give n by V 

x 40 wh e r e V was tli e v• .:. lume J. n ml o f N/ 10 l<Mr1U W:H.: d. 

4 

3.2.1.2.New Rapid Method 
• 

To 10 ml milk taken in a 100 ml bedker or a 

china dish, added 1 ml of phosphorus solution and 

litrated with N/10 NaOH to phenolphthalein end point. To 

this 0.5 ml of neutralised potassium oxalate solution 

was added and kept for two minutes. The developed 

alkalinity was back titrated with N/10 HCl to the sam1~ 

end poinl. Cal c ium i n milk W;.J B L' .. .dcul aLc d b y ni u1 Li plyi n 9 

the volume of N/10 HCl used with a fa c tor 80 and 

expressed as mg/100 ml milk. 

-=-
3.2.2. Estimation of total phosphorus 

3 • 2 • 2 • 1 Reference Method 

Fiske and Subli,1 row me thod (192 5) wa s uae u 

wi.1.h ~1 i ~·1h L mo di.fi c;1I i1>r1!-I o1 s f o l lowH : 

One ml of milk was t a ke n in 100 ml volume tr ic 

flask and the volume was made upto the mark with 

distilled water and · mixed well. 

1 ml of this solution was pipetted out and 

poured in 100 ml Kjeldahl flask. 2.5 ml of SN H
2
so

4 
was 

added. IL wus slowly h e; lf _ ,~d ove 1· a gas uurn1~ 1·, t o avoid 

bumping gla s s bead s we re a I so <1ddcd. Wh e n t he co nte ntfJ 

of th e flask bl a cke ned, 3- 5 dr·ops of 60% pe rchl oei c ac i d 

was added and aga in heate d till fumes of perchlori c acid 

ceased. After cooling 2-3 ml of distilled water wa ~ 

added to the flask and again heated till all residual 

perchloric acid fumes escaped off. 



After cooling, approximately 5 ml 

distilled water was added and shaken. The contents 

transferred to 50 ml volumetric flask. Kjeldahl 

was repeatedly washed w i l h <JLISR cl is ti 1 1 eel w...il 

washings collected i. n volumetric flask. 2 ml of 

solution of ammonium molybdate and 0.1 ml of 

21 

glas!l 

were 

flask 

r and 

2.5% 

ANSA 

reducing reagent were added and volume made up to th<! 

mark (50 ml) with glass distilled water. Samples were 

kept in boiling water bath for about 7 min. to get 

maximum colour development. A blank determination was 

also performed with all reagents except milk samples anJ 

lhen cooled. The intensity of the colour was measured at 

660 nm in Spectronic-20 (Bausch and Lomb> against 

blank . 

Calculations 

Total phosphorus in mg/100 ml milk is given 

by p x 10. Where P is the number of µgm of Phosphorus 

d . t th O D as determined from the correspon ing o e .. 

standard curve (Fig. 1>. 

Preparation of Standard Curve For 
Total Phosphorus 

28.7324 gm of di sodium 

phosphate (Na H PO . 2H O with molecular weight 
2 4 2 

waR wei<Jhed ,1r 111";it1~ly ;1r1<l I r .rnRterred to 

hydrogen 

177.99) 

r;oo ml 

fl k It W .• u dissolved in glass distilled volumetric as • uu 

water nd the volume ma d ~ upto the mark. 5 ml a 
o f this 

solution was taken in 250 ml volumetric flask and volume 
. . 

made upto the mark with distilled water. This was th<! 

stock 

· For 

h · ch contained 200 mg phosphorus/ml. solution, w l 

further dilution 5 ml of the stock solution wa ~ 

further diluted to 250 ml. This solution cont.;. i.ned 4,ug 
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2 

·. 

4 6 8 10 12 1 E: 

Concentration of Phosphorus ( µg/ml) 
I! 

Fig. l: Standard curve of total Phosphorus 
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PhosrJho n1 ~ / 111 I • ·1·1 I 
11 s w.i s I 11· wu 1·k 1 ng so Jul .i.c111. 

l;o 1· Lh t:: l>I . ·p.:i r d l i o n o f s t a nd a rd 1: ut·ve, 

0 t 0 • 5 t l. 0 I 2.0, 2.:>, 3 .0, 3 .5 a nd 4.0ml o ( the . 

standard solution of phosphorus was taken in different 

lOOml capacity Kjeldahl fl as k. These corre sponded to 

0, 2, 4, 6, 8, 10, 12, 14 and 16 ;igm of phosphorus 

respective ly. 2.5 ml of SN H SO was add c J 1n each 
2 4 

flask. One to two glass b1~a ds wer e also added t o a vnid 

bumping and the flasks we r e heat ed over the burne 1· til 1 

white fumes sta rtedcomi ng~.ut The rest of t he procedure! 

followed was same as 1n 3.2. 2.1. The standard 

curve between the concentration of phorophorous <µ9> 

against O.D. was drawn (fig.l) 

3.2.2.2 New Rapid Method 
( 

To lOml milk take n 1n a lOOml bea ke r or 

China dish added lml of ca l c ium solution a nd t i Lrate~ 

with N/10 NaOH to phenolphthalein end point. To this 

0.5 ml of neutralised potassium oxalate solution was 

added and kept for 2 min. The developed alkalinity was 

back titrated with N/ 10 llCl Lu the same enJ · point. 

Total Phosphorus in mg / 100 ml milk was calculated by 

I I r N/ I 0 llt· t lJ.L'"ll \·-Jl. ti1 i.I f.11 : Lor of mu l Li plying L w v u u111 c u .,, .... • 

46. ~,) 

3 • 2 • 3 . Estimation of Inorganic Phosphorus 

3 • 2 .3.1 Reference Method 

Fiske and Subba rew <1925) was used with a 

minor difference. 

o.5 ml ..Jf milk was taken ind cleetn dry 

k l o • r..) m 1 o f I !l 'h 'I' C /\ so l u t i o n w d s cl cl d u 1 c1 r 1 d lOOrnl bea e r. 7 

The : I, r 1.:< • i I> i L. ii • · \v . 1 s .:.tnd Im I l) f' t h1 : 

I in t.1111>1 i<· . 11 <· in 50ml filtrate w.is t .1 <e n vol11111 e tr1 •. 
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flask. 2 l m of ANSA r educ i ng r eagent we r e aclded 

respectively a nd co nt e nts mix ed t horoughly. Th e volume 

was made upto the mar~ with glass distilled wat e r and 

mixed. A blank determination was also done in the same 

manner using lml of 10% TCA instead of the milk 

filtrate. After 30 -+· 2 min the reading of o.o. was 

taken aga inst blank at 6GO nm 1n spectronic 20. The 

ugm of inorganic phosphorous wa s calculated from the 

st.nndard r. 1JrvP (f j<J .2) 

_Calculations 

Inorganic phosphorus in mg / lOOml milk 

is calculated by P x 4 where P is the µgm of phosphorus 

as noted from the standard curve (fig.2) • 

..-a. 
Prepa~ion of Standard Curve for 
Inorganic Phosphorus 

for this purpose 0, l, 2, 3, 4, 5 a nd 6 

ml of the working solution o f phosphorus was taken in 

different volumetric flask each of capacity 50ml. lml 

of 10% TCA solution was added in each flask. 2.0 ml of 

2.5 % ammonium molybdate solution and O.lml of ANSA 

reducing reagent was made Upto the mark with glaRH 

distilled water, mixed the cont en ts by inversion and 

kept undisturbed at room t emperature for 30 ± 2 min. 

3.2.J.2.New Rapid Method 

lOml milk taken in a lOOml beaker or 

China dish was neutralized with N/10 Na OH to 

phenolphthalein end point. O.Sml of neutr a lized 

potasium oxalilte add ed ~nd dPv e lnped illkalinity wnR ha , k 

titrated with N/10 HCl to the same end point. The 

inorganic phosphorus was ca 1 cu l a ted by n1'u l t i.pl ying the 
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MILK 

l 
Ca __ t--P .___________,l 

Pi 
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-~ 
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WITH 
0.1 N NaOH 

l 
ADDITION OF 

0 • 5 ml 
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K C 0 
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1 
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0.1 N NaOH 

t 
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l 
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l 
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Flow diagram of procedure for Calcium and Phosphorus determination 
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volume of N/10 HCl used with 41.33 and expressed as mg 

of inorganic phosphorus per lOOml milk. 

The new rapid method for the determination of 

calcium, total phosphorus and inorganic phosphorus in 

milk <lre nol Lhree di((erenl me ll1od8. They <.1re only 

one wilh <l minor differ e nce J8 explained in Lh e fl ow 

diagram (fig.3) and can be foll owed simulatane ous l y. 
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------

.. . 

RESOL.'I .. S AND 
DISCUSS I ON 



------- ------ ---------4 • RESUI..TS AND DISCUSSION ------- ---- -----------· 

4.1 OXALATE EFF~C'.!:_!_ 

The tit~table acidity of fresh milk is due to 

milk const i tuents h ' lk sue as mi proteins , ca lcium, 

phosphate, d i ssolved c arbon dioxide etc. During 

t i trat ion o f mi lk wi th N/10 N,10fl s olution th e no rma l PH 

of milk is raised t o 0.1, lh0 phenolphat ha l ei n end 
++ 

point. At the neutral end point the soluble Ca and 

HPO precipitate as depicted in the following reaction: 
4 

++ 3Ca + 211PO ---4 

4 

+ 
Ca (PO) + 2H ----(i) 

3 4 2 

If at this stage neutra liz ed pota ssium oxal a t e is added 

Lo the above neutral contents, the whole mater i al turns 

alkaline 

Ca (PO) 
3 4 2 

+ 3K C O 
2 2 4 

)3Ca C 0 
2 4 

+ 2K PO ----*(ii} 
3 4 

(neutral) ( in excess) CPPt) (alkaline) 

The produced alkalinity lS due to formation of f{ PO. 
3 4 

If K c 0 is added to test portion of milk bef or~ 
2 2 4 

titration, the decrease in acidity in reaction ( i) was 

found exactly equal to a lkalinity produced in react i on -

(ii) The alkalinity was determined by titrating 

the content against N/10 Hydrochloric acid. 

In an experiment milk proteins were acid 

precipitated and the filtrate was neutralized. The same 

alkalinity was produced in the neutral filtrate when 

potassium oxalate was added. Similarly in a nother 

lo ml milk was ashed and ash was dispersed in experiment 

10 ml water and neutrali zed . On addition of po t assium 

oxalate same alkalinity was produced as in milk sample. 

This indicated that the decrease in aci'dity in milk or 
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alkalinity produc ed in ne11t r a l milk on addit i on of 
potassium oxalate was du e to reaction of calcium 
phosphate with potassium o xil late. To prove this model 

reactions were carried out us in<J ne utral CaCl .lnd 
2 

Na HPO solut jons. 
2 4 

3 CaCl + 

2 

( neu. ) 

The product 

3 Na HPO---> Ca (PO l + 

2 4 3 4 2 

(neu.l ( neu. l 

6 Na Cl + H PO 
3 4 

<neu.) (acid i c) 

of the reac t ion became acidic wh i ch 

neutralized with N/10 NaOH. 

II PO + 2 NaOB 
3 4 

--~>Na HPO 
2 4 

+- 2H 0 
2 

neutral) 

was 

On addition of neutral potassium oxalate to the neutral 

content of the above reaction m¢aterial, the alkalinity 

was produced • 

Ca (PO) 
3 4 2 

+ 3K C 0 --~~3Ca C 0 + 2K PO 
224 24 3 4 

(al Im line) 

1' he a 1 k a l i n i t y a s d c I. e mi i n c d lJ y t i t . r a ti n y the c 0 n ten t 

with N/ 10 HCl wa s f o unJ to be propot iona l Lo the 

Ca (PO) content in the reac tion mix ture. 
3 4 2 

4.1.1 Factors affecting the oxalate effect 

4.1.1.1 Concentration of potassium oxalate 

Neutralized. saturated solution of potassium 

oxalate was added in the neutral reaction mixtures at 

lhe rate of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 

1.0 ml per 10 ml milk Th e alkalinity went 

· upto 0.4 ml level and beyond that it remained increasing 

constant. rt indicated that potassium oxalate present 

in 0.4 ml solution was sufficient to precipitate whole 
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of the calcium in t he mi..lk samp les. llowe ve r i.. n .:ill thn 

determinations 0.5 ml pota ssium oxalate was used to k e ep 

the oxalate content in excess. 

4.1.1.2 Concentration of Calcium and Phosphprus 

reversible. 

The 
-++ 

reaction between Ca a nd HPO 
4 

Therefore, either ca lcium or phosphorus 

.rs 

not completely precipitated as Ca (PO ) • Hence it was 
3 4 2 

essential to add ph<fphjate in excess to the test portion 

of milk to react whole of the calcium whil calcium was 

~ to be determined. Similarly calcium ions were added in 

excess to react the phosphate completely when 

phosphorus ·was to be estimated. 

Model reactions were conducted between 

calcium and phosphorus solutions. To · l ml calcium 

solution <10 mg I ml ) taken in beakers,0.25, 0.5, 1.0, 

1.5, 2.0, 2.5 and 3.0 ml phospho rus solution <10 mg/ml) 

were added. After neutralizati o n of the conte ntH 0.5 ml 

potassium ox a late w~s Jdded in each beaker. The 

alkalinity deve loped was found to increase wit h the 

increase of volume of phosphorus solution upto 1.0 ml 

and after that it r~mained co~tant as shown in fig. l.A. 

The excess additon of phosphorus beyond 1.0 ml caused 

the reaction t~ecome very slow and the end point not 

achieved rapidly and clearly. Under such conditions 

especially while analyH i ng milk enmplee l ea s tjuan ti ty 

of phospho rua !:301 ul ion (e ven 

react whole calcium content. 

U.Srnll waa euffic icnt l • J 

In another experiment to 1 ml phosphorus 

solution (lOmg/ml, Q; 5, 1.0, 1.5, 2.0, 2.5, and 3.0 ml 
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C <.tl c i.um 80luLior1 <LO 1119/111 ! l wen: .tdde d a nd neut1-.-il isc.:d. 

The ff t e ec on the a lk a linity p r oduced o n additio n o f 

potassium oxalate, wer e shown in fig . 1. D. Tbc _ 

alkalinity increased with the increase o f calcium 

solution added up to 2 . 0 ml and beyond that it remained 

constant . 

From the abov e disc 11ssion it is eviden that 

for c omplete reaction of ca l ci um almost equal amo unt 0( 

phosphorus should be present in the reaction mixtu re 

whereas for c omplete reaction of phosphor u3 double th e 

amount of calcium is essential. Therefore, for the 

determination of calcium or phosphorus in milk in th ~ 

present study, the above approximate ratios have been 

maintained . In case of calcium determination 1 ml 

phosphorus solution ( 10 mg/ml) was added to 10 ml n1..dk 

portion whereas, 1 ml calcium solution ( 10 ng / mll was 

added to 10 ml milk while phosphorus was to be 

determined . Although milk also contains calcium and 

phophorus but those may not be in the required ratio to 

xeep the contents of one ingredient in excess whil~ 

n~tP.rmining the other. 

4.2 STANDARDIZATION OF RAPID METHODS : 

From the above discussio n it has been 

established that the decrease in titratab le acidity of 

milk on addition of potassi um o xalate or alkalinity 

1
·

1
, the neutra l milk co ntent on addition o f produced • 

potassium o xa l ate a r e correlated with calcium and 

phosphorus r.ontentH. In order to f ind OU . 

f 10 1-9 tl1<· foll ow 1no exper iments corr e .l .:iti.on .ic ~ - :1 

carri ed ou · 
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4. 2. 1 Determination of calcium correlation factor 

Four s o lut1'o n ~ of c ~c 1 
y u we r e prepared t o 

2 
cal c ium 50 100 150 d 20 10 riil I I dO 0 mg / 100 ml. 

c.:on tai.n 
t­

o f each 

Holution was taken in 4 bea ke rs separately a nd 0.5, 1.0 

1.5 and 2.0 ml of phospho rus solution ( 10 mg/ ml) wer0. 

added to each beaker respec tively, so that each beaker 

contained calcium and phosphorus in 1:1 ratio. 

Jfuwever, maximum quantity <2 ml) of phosphorus could be 

added in each , but r eaction r ~te l owered. T.e conte nts 

of each beaker we r1~ neutra l ized wi th 0. 1 N Na O! I a nd 

then 0.5 ml of pota ssium ox a la te solution was added to 

each beaker. The alkalinity of the contents was 

determined by titration against 0 .1 N HCl and 

expressed as number of ml of 0.1 N HCl and termed as 

"titre value". The co rre la tion f ac tor was calcu l at ed by 

dividing the mg o f ca lcium I 100 ml of the solu ti<• n by 

the titre va lue . The result s are presented i n ta bl e 1. 

The correlation factor for calcium varied 

slightly from 80.6 to 79.7 corresponding to the 

concentration of calcium from 50 to 200 mg/100 ml. The 

average value of th~ factor was calculated to be 80. 

Therefore, for the determination of calcium in milk, the 

titre value of 10 ml mi lk, sample should be mult i plied 

facto ~ '00' a nd the resulta nt va lue wil l be mg of by the • 

calc i um per 100 ml o f mi lk. 

4. 2. 2 Determination of inorg a nic phosphorus 
correlation factor : 

! 

Four different solutions of 

prepared to contain phospho rus 50,100, 

Na HPO 
2 4 

150 and 

were 

200 

mg/100 ml. 10 ml from eac h so l ution we r e t .1ken in . 



~ 

I 

TABLE 1 

Determination of facttor of titre value for calcium 

estimation using model solulion of Ca Cl a nd Na llPO • 
2 ') 4 

--------------------------------------------- ·-----------
Calcuim Content 
(mg/100 ml) 

(a) 

50 

100 

150 

200 

Titre Value 
(ml of N/10 HCl) 

( b) 

0.62 

1.25 

1 • n n 
,, 

2. s 1 

Averag0. factor 

Fac tor 
(a/b) 

80.6 

80.0 

79.0 

7 <). 7 

-------------
= 00.0 

---------------------- ----- -----------------------------
* Mean value · of 4 replicales. 
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_different beal d - <ers an 4 ml calcium solution (10 mg/ml) 

were added in each beaker. The contents of each beaker 

were neutralized and o.s ml potassium oxalate was adde<1 
1.n each beaker. The developed alkalinity <titre value ) 
was determined a nd corre lation factor for phosphorus 
was calculated in the same way in 4.2.1. The as 

results have been given in table 2. 

The value of the correlation fact o r for 

i.norCJanic phosphorus v.lri e d slightly from 41..66 to 

41.15 as the concentration of phosphorus varied from 50 

to 200. The mean value of the factor was calculated to 

be 41.33,Hence by multiplying the titre value of 10 ml 

~ample by the factor 41.33, the inorganic phosphorus 

content in mg/ 100 ml of sample can be calculated. 

4.2.3 Determination of Total PhosPbor~~ 
corre1arron;aetor , 

1 n 4. 2. 2 lhe : in o r ~Flnil.: phosphorus haH b(!e n UBeU 

in the model reactions, whereas, in milk, total 

phosphorus includes both inorganic and organic 

phosphorus. Most of the organic phosphorus is 

associated with milk protein's and little l. n 

phospholipids. To determine the total phosphorus 

correlation factor, the total phosphorus was estimated 

in various milk samples of cow, buffalo and toned milk, 

by Fiske and Subbarow met hod and the titre value by the 

new method. In the new method, to 10 ml milk 1 ml 

calcium solution ( 10 mg I ml) was added to keep the 

calcium content in excess. After neutralization of the 

contents o.5 ml of potassium oxalate was added and the 

developed alkalinity (titre value ) was determined by 



TABLE - 2 Determination of factor of titre valu e for 
inorganic phosphorus estimation using model 
solution of C'.1rl2 il ncl Nri2HP04 

--------------------- ----- --------------------- ----- ----
Phosphorus Contents 
(mg/100 ml) 

(a ) 

Ti t· !"<.! v d 11H_"' 
(ml 1 ) f N /1 0 llC l ) 

( b) 

ra c l1 i 1· 
( ... / b) 

--------------------------------- -- -----------------
50 1. 20 41. 66 

100 2.42 41.32 

150 3.64 41.21. 

200 4 • (3 6 41.15 
-------·------

/\ver .. HJ'~ Faclor - 41.3.'! 

"' Mean value o[ 4 replicates. 
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titrating against 0.1 N HCl. The correlation factor waa 

calculated by dividing the total phosphorus (mg/100 ml> 

with titre value. 

The results p r e sented in table 3 revealed 

that the me.:rn va lut!S o f 1.h • co t· r e l a tion fac l o t· LI\ a l I 

lhe three types of milk s a mples were almost same (46.5). 

Therefore, for the determination of total phosphorus in 

milk, to 10 ml test portion of milk 1 ml calcium 

solution (10 mg/ml) was added to keep the concentration 

of calcium in excess and then neutrali zed. After 

addition of 0.5 ml potassium oxalate, the titre valu~ 

(ml of O~l N HCl required to neutralize de\.-0.oped 

alkanlinityl obtained was multiplied by 46.5 to get the 

total phosphorus in milk. 

4.3 CHEMISTRY OF THE NEW RAPID METHOD : 

In milk about one third of the calcium exists in 

soluble form and the rest of total is associated with 

globular milk prot~ns, attached by electrovalent 

bond. Wherea s,a large par t of the total phosphorus of 

milk exists in inorganic form and the rest in organic 

form. Most of the organic phosphorus is covalently 

bound to proteins and traces to phoepholipids • 

4. 3. 1 Derivation of Calcium Factor : 

Calcium and inorganic phosphorus of milk 

during neutra lization of t he mi lk.react to form Ca (PO) • .,.-.:;:::a::~ 
3 4 

Wh e n i. no t· ~J i lrl i c pho Htiho ruH w.11.-1 a dd nd to m i.L k i n 

Lhen the ca lcium e l ec trovd .lently bound to 

may also be depleted and converted to Ca (PO) 
3 4 2 

neutral point of phenolphthal e in <p
8 

8.3). At this 



TABLE - 3 Determination of factor of titre value for 
the estimation of total phosphorus in milk. 

-------~--~--------------------------------------------------------
Milk Sarr.ples Total Phosphorns 

by Fiske arx1 Sub­
barow rrethod 

(rrg/100 ml milk) 
(a) 

Buffalo 
milk 

CON milk 

Toned milk 

93 - 130 
<112) 

78 - 112 
(100) 

85 - 121 
<104) 

Titre Value by 
new i!ethod 

( ml of O.IN HCl) 

(b) 

2.04 - 2.80 
( 2.408) 

1.66 - 2 .42 
( 2.151> 

1.82 - 2.61 
(2.236) 

Factor 
(a/b) 

46.42 - 46'.57 
( 46. 51) 

46.28 - 46.98 
( 46.49) 

46.36 - 46.70 
( 46. 51) 

Averase factor = 46.50 

-----------------------------------------------------------
Values in parentheses are the mean values of 10 samples in each case. 
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stage wh e n neutrolized potas Hi um oxalate was duded, 

lhe milk content s becam~ alkaline aR depicted by 

following reac tion 

or 

Ca (PO) + 
3 4 2 

(neutral) 

2Ca (PO) + 
3 4 2 

3K C 0 -----..3Ca C 0 + 
224 · 24 

2K PO 
3 4 

(neutral~ (neutral) (alkaline) 

6K c; c 0 __ _.,.)> 6Ca c 0 + 4K PO 
2 2 4 2 4 3 '1 

It means, per 2 mole of Ca (PO) 
3 4 2 

present at 

the 

the 

neutral point, after addition of potassium oxalate, 3 

mole of a monobasic acid were required to neutralize 

tripotassium phosphate to lower the pH to the same 

phenolphthalein end point, as shown in the following 

reaction 

4K PO + 3HC1~-~>3KC1 + 3K HPO + K PO (pH 0.3> 
3 4 2 4 3 4 

: .. Out qf 4 moles · of K PO , only 3 are neutralized upto pH 
3 4 

0.3 the neutral end point of phenolphthalein. To 

prove it, a buffer mixture consisting of KCl, K HPO and 
2 4 

K PO in 3:3:1 molar ratio was prepared. 0.8% solution, 

3 4 
corresponding to nearly lOOmg of phosphorus per 100 ml, 

was prepared. The pH of this solution was found to b~ 

exactly 8.3. 

~herefore, on addition of potas si um oxa late, 

per 2 mole of Ca (PO) , 3 mole of HCl were required to 
3 4 2 

neutralize the developed alkalinity • 

Hence ; 

2 Ca (PO) = 3 HCl 
3 4 2 

or , 6 Ca = 4P = 3 HCl 
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therefore, 3 mole or equiva l e nt of llCl = 6 c 
1 " " " " " 2 Cc.t 

= 2 x 40 

::- 80 g of cal. 

Let V ml milk was taken for the titration and v ml of 

N normal HCl was used to neutralize the developed 

alkalinity , then 

1000 ml of I N HCl = 80 9 of c.:1 lei tun 

V ml of N nonn"ll HCl = (OONv/1000) CJ of calcium 

Therefore V ml of milk contained calcium = 80Nv/1000 g 

and 100 ml " " " = (80Nv/1000) x (100/V) g 

= (8 Nv/V) x 1000 reg 

= 8000 Nv/V ID3 

if 0.1 was the normality of the HCl and 10 ml milk was 

used for test, then u 
i 

100 ml milk contained calcium = 8000 x O.lxv / 10 mg 

= 80v mg. 

The formula deduced well resembled with the formula 

calculated from the experi~mental data (table.!) 

4.3.2 Derivation of Inorganic Phosphorus Factor 

Refer again 4.J.l, that 

6 Ca ~ 4 P = 3 HCl 

therefore 3 role or equivalent of HCl = 4P 

1 " " " = 4/J p 

·4 x 31 
= -------

3 

= 41.33 g phosphorus. 
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Simil a rly proceed i ng t he de r i v..tt i on a s i n VdSe o f 

calcium <4.3.1) the i no r ga n i c phosphorus content pe r 100 

ml milk = 41.33 Nv / V mg. If N/10 HCl was used for 10 ml 

test portion of milk then inorganic phosphorus = 41.33 v 

mg I 100 ml milk. 

The derived formula was exactly the same a s 

C ill cu la tf~ d fr om t he 0x pPri mP nt a l da t a (Ta bl (~ r 2) 

involving the reaction be t ween inorganic phosphorus 

calcium. 

and 

4.3.3 Derivation of Total Phosphorus Factor 

At the normal pH of milk (6.6 to 6.8), the 

-calcium and phosphorus exist in milk in soluble as well 

as in colloidal forms. l\bout two third of the c e:dcium in 

milk is loc~ted in the mice lle, complexed wi th HPO and 
4 

H PO (Rose and Colvin, 1966) . The possib~ e compounds of 
2 4 

calcium and phosphorus may be CaHPO 
4 

and Ca ( H PO ) • 
2 4 2 

Both are sparingly soluble in water. When excess of 

2+ 
Ca is added to milk, C~1 PO lmay also be converted to 

2 /2 
CaHPO as follows 

4 2+ 
Ca(H PO) + Ca --- -2 CaHPO + 2H 

2 4 2 4 

+ 

+ 

The liberated H causes the increase in titratable acidity 

of milk. This really occured in milk when neutralized 

cacl solution was added to the test portion of milk, 
2 

the titratable acidity increased tremendously . 

Call PO 
4 

is 

neutralized dur i ng 

determination. 

• widic i n natut·e wh ic h getH 

Lhe titration for a cidity 



3CaHPO + 2N a OH - ---+ Ca ( PO) + Na llPO + 
4 3 4 2 2 4 

(acidic) ( netura 1) ( neutra 1) 

211 0 
2 

J 5 

The titrable acidity of milk was also found to decrease 

when neutral potassium oxalate was added : 

3CaHPO + JK C 0 J CaC 0 + JK HPO 
4 2 2 4 2 4 2 4 

-
I 

(acidic ( netura 1) (neulral> <neutra l> 

It means J moles of potassium oxalate were equival e nt to 

2 moles of Na OH for neutralization of 3 mole of CaHPO . 
4 

In other wo·rds ~ when K C 0 was added after 
2 2 4 

neutralization of milk then 2 moles of HCl were 

'. required to neutralize the developed alkalinity. 

therfore, 3CaHPO 
4 

or, 

= 2Na 011 = 2HC1 

JP = 2HCl 

i.e. 2 mole or equivalent of HCl = JP 

3 x 31 gm of phorphorus 
1 II II II II = -------

2 

~ 46.5 g of phosphorus 

If v ml of N norma l llCl \v<·r e U!:i C d f o r titrut i on o f V ml 

milk, then 

100 ml milk cn nt.a i nR t o t a ·1 ph1>1:1pho nu1 = 

46.5 x Nv 
= ---------- x 100 g 

1000 v 

4650 Nv 
=---------- mg 

v 

Therefore, when lOml m! lk was used for titration and 0.1 

ie ttH~ noi-m.-dil.y of 11cl, ll11.! ll 100 ml mllk c o n l.J i nH Lota l 

phoapho t·ous 
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4650 x 0.1 x v 
~ ----------------- mg 

10 

=- 46.5 v mg. 

The deduced fonnul.:i wa s ve r i. fi. cd e xperime nta lly. Sampl e s 

of cow milk, buffalo mil k a nd t o ned milk we r e ana lysed 

by Fiske and Subbarow method for total phosphorus 

determination. The titre value of 
2+ 

the same samples 

(after addition of Ca in excess) was also determined. 

The correlation factor be t ween the total pho 3phorus and · 

litre value was exactly the same 46.5 (Table 3). 

4.4 EVALUATION OF NEW METHODS 

To check the accuracy ofthe new method for 

the determination of calcium, total phosphorus and 

inorganic phosphorus in milk, the results of the new 

>method were compared with those of standard reference 
' l 
methods. 

4. 4. 1 Method for Calcium Determination 

Samples of cow milk, buffalo milk and toned 

milk were analysed for calcium content by the new rapid 

method as well as KMnO titration method. The r e sults are 
4 

The ave r.19e c .1 l r ·ium contents dete rmine d by 

new me thod in cow, buff.il o a nd t on e d milk Ha mp l eR were 

113.3, 160.9 and 121.9 mu / 100 ml rnilk,respec t i vely which 

were very 

methods. 

similar to those g i ven by KMnO 
4 

ti t r a tion 

However the difference in the result of the 

two methods in individual samples varied from - 6 to + 6, 

- i2 ·to + 10 and -10 to + 0 mg/100 ml of cow, buffalo and 



TABLE - 4 : Calcium <mg/ 100 ml) determined in milk. 

------------------------------------------~-----------------------~-----------

Milk 
sa.Irq?les* 

KMn04 Method 

<a) 

~ Rapid 
netlxxi 

(b) 

Difference 

<a-b) 

Standard 
error 

---------------------------------------~-~-----------------------------------

Cow Milk 104 - 132 100 - 128 -6 to + 6 1.2 + 3.6 
<114.5) <113.3 ) (1.2) 

Buffalo r-1ilk 140 - 198 140 - 188 -12 to + 10 -0.6 + 6.9 
<168.3) <168. 9) (-0.6> .. 

Toned Milk 114 - 132 108 - 135 -10 to+ 8 -0.5 + 5.7 
<121.4) <121. 9) (- 0.5) 

---------------------------------------~-~----------------------~--

* Safll?les analysed ir. each case = 15 

Figures given in p:il"entheses are the mean values • 
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tone d milk respecti ve ly. The hi.ghe r d i ff e rtnce of 

results in some milk samples, may be due to a little 

error in obtai ning t he cci rr cct phenolphthalein end point 

in the titration. The KMnO titration method ma y a l so 
4 

not be free from crro1·s as Send roy (1944) d i sc u ssed tli e 

conditions in which erroneously high values of ca lcium 

were obtained. However,a little practice in visualization 

of correct end point led to get accurate results iJ'. 

lhe new method. 

4. 4. 2 Method for total phosphorus det e rmination: 

To know the a c c uracy of the new mt: h d , cow, 

buffalo and toned milk samples were analysed for total 

phosphorus by Fiske and Subbarow method and new method. 

The results presented in table 5 reveal that the values 

of total phosphorus on an averag~e were comparable with 

those of reference method in cow and buffalo milk 

samples. Whereas, in tone d milk the new method gave a 

little higher result. Higher difference between th0.. 

results of two methods in case of individual samples 

(- 13.7 to 3.6 mg per 100 ml) may not be due to the new 

method only, but due to reference method also, because 

Fiske and Subbarow method for total phosphorus is 

multistep, involving digestion of milk, addition of 

' several chemicals and meas urement of colour development 

spectrophotometrically. Many workers talked about the 

difficulties. Pena (1931> observed some inte rf e rences, 

and modified the method. 

To avoid wet acid digestion, the test portion 

of milk sample was ashed .rnd the aeh w.is us ed for total 

phosphorus determination liy t he reference me thod dS well 



TABLE - 5 : Total Phosphorus <mg/100 ml) determined in milk · 

------~--------------~------~-~~-----------------------------------------
Milk 
sanples* 

Fiske and 
Subba.row method 

(a> 

New Rapid 
method 

(b) 

Difference 

<a-b> 

Standard 
error 

----------------------------------~--------------------------------------------
CCM Milk 88.8 - 107.7 

(95.7) 

P.uffalo Milk 101.0 - 139.3 
<120.2) 

Toned Milk 90.2 - 112.0 
(98.7l 

86.1- 107.0 
<94.3> 

101. 4 - 141. 8 
<121. 3) 

95.0 - 112.2 
<101.1) 

~2.6 to 4.7 
(1. 4) 

-6.9 to 4.3 
(-1.1) 

-13. 7 to 3.6 
(-2.4> 

1.4 + 2.1 

-1.1 + 3.3 

-2.4 + 4.3 

-----------------------------------------------------------------------
• Sarrples analysed in each case = 15 

Figures giv~n in parentheses are the nean values • 
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as new method. Whl' l d t · · e e r·rm1n1ng total phospbo rus in 

the ash by new met hod l he f acto r <41.33) meant for 

inorganic phosphorus was app l i ed, because wh o l e o f the 

phosphorus in the ash prese nted in inorgani c f o r m. The 

results are presented in t a ble. 6. 

Though the average values of the total 

phosphorus given bythe two methods were almost same in 

all the 3 types of milk, yet the difference in results 

_giv e n by t wo mel.h<JdH in 1 ' o1H1' n f indivi<lthd H a lli[ J,_•i:t W<tH 

higher. A little error ma y be in the new method due to 

absence of sharp end point, but major difference may be 

associated with the Fiske and Subbarow method whose 

values of replicates were not very close. More care and 

expertise was needed for following the Fiske and 

Subbarow procedure. c 

4. 4. 3 Method for Inorganic Phosphorus 
determination : 

For the determination of inorganic phorphorus 

in milk by the new method,extra calcium ions were not added 

before the titration. The native calcium and inorganic 

phosphorus of milk take part in the reaction during the 

titrations 

2+ 
3Ca + 211PO 

4 

'!'he 

+ 

Ca (PO) + 211 

3 4 2 

inorganic phosphorus by Fiske and 

subbarow method and new me thod was determined in cow, 

buffalo and toned milk sa11lples and results given in 

table 7 reveal that the new method gave on an average 

54.6 73.7 and 56.1 mg inorganic phosphorus of cow, 

buffalow and tored milk respectively, where as Fiske and 



TABLE - 6 Total phosphorus (mg/100 ml) determined in 
milk ash 

---------------------------------~--------------------------------------------
Milk 
sarrples* 

Fiske and 
subbarow method 

(a> 

New Rapid 
rrethod 

( b) 

Difference 

(a-b) 

\ 

Standard 
error 

----------------------------------~--------------------------------------------
COii Milk 85.6 - 102.9 

(96.0> 

Buffalo Milk 100.4 - 135.6 
(118 .2) 

Toned· Milk 88.9 - 110.6 
(99.5) 

85.5- 106.4 
C95.3) 

100.8 - 135.0 
<118. 3) 

90.5 - uo.o 
( 98.3> 

-8.5 to 7.4 
(Q. 7) 

-14.5 to 6 
(-0.2) 

- 5.5 to 6.7 
( 1. 2) 

0.7 + 1.8 

-0.2 + 5.9 

1.2 + 2.8 

----------------------------------------------------------------------
* Samples analysed in each case = : 5 

Figures given in parentheses are the me.an values • 



TABLE - 7 Total Phosphorus (mg/100 ml) determined in 
milk 

--------------------------------------------------------------------------------
~lk 
sanples* 

Fiske and 
SUbba.row method 

<a) 

N~ Rapid 
method 

(b) 

Difference 

(a-bl 

Standard 
error 

--------------------------------------------------------------------------------
CCM Milk 52.4 - 64.8 

(59.8) 

Buffalo Milk 64 .1 - 82.3 
73.9) 

Toned Milk 55.8 - 64.2 
<59.4) 

50.5- 62.1 
(54.6) 

1. 9 to 8. 3 
(5.2) 

62.8 - 82.7 - 2.7 to 4.1 
( 73.7) 0.2) 

51. 7 - 59. 9 
( 56.ll 

- 1.4 to 8. 4 
( 3:-3) 

5.2 + 1.9 

0.2 + 1. ') 

3. 3 .: 2. !) 

-----------------------------------------------------------------------
* Salll?les analysed in each case = 15 

Figures given in parentheses are the rrean values • 



Subbarow method gave 59.0 , 73 .9 & 59.4 mg/100 ml i n the 

same milk samples r e spective ly. The results o f both the 

methods were the s ame in case of buffalo milk, wh e reas , 

th e new me L b o d unc..le res l im.::t lec..l Lhe i no t·g.ln ic pboaplto rus .tri 

cow milk and toned milk. This ma y be due t o the reason 

that buffalo milk contains sufficient calcium (about 180 

mg/lOOml milk> · to react with whole of the inorganic 

phorsphorus. Whereas, in cow milk and toned milk the 

'.calcium contents were less(ll4 and 121 m9/lOO mll 

respectively. The ratio of total calcuim & ir1organic 

phosphorus in buffalo milk , cow milk and toned milk were 

calculated to be 2.28, 1.91 and 2.04 respec tiely. 

Therefore, due to low concentration of calc i um in cow 

and toned milk,whole of the inorganic phosphorus wds not 

utilized in the react ion during ti tra ti on. The add;t ion 

of extra calcium ions to milk is not advisable Lecause 

the added calcium not only reacts with the inorgani c 

phosphorus but af fects the orga nic phsophorus also. 

This is a little limitation of the method. 

4. 4. 4 Recovery of added calcuirn and phosph o rus 

In order to conduct recovery trials, to each 

100 ml milk, 1,2,3, and 4 ml of CaCl solution 
2 

(containing 10 mg of calcium/ml) were ad<led and ca lcium 

d t · d by tl1~ e new method and compar e d the was e ermine 

wi t h lh1• 1:;1l 1·1 1l.11<•<1 va l1 wH . 

pr e s e nted in table 8 show that the r ecove t·y •) f the 

added calcium was satisfac t o ry wi th minor diff e rence s 

from - 3.7 to 1.8 mg/ 100 ml. 



TABLE - 8 : Recovery of added calcium in milk by new rapid method 

------------------------------------------------------ -----------------·------------------------------------·--

S.No. Plilk 
(all 

Ca Cl 2 So 1 ut ion 

aoied 
!11 l 

Calciu1 Deter1ined 

Titre value Calciu1 
!all !19/100111 

(al 

Ca le llll 
Calculaed 
(19/ 10011) 

Difference 
(a-bl 
( a - bl 

---------------------------------------------------------------------------------------------------------------
l. 100 1.65 132.0 

2. 100 l. 72 137.6 140.7 -3. 7 

3. 100 i,g7 149.6 14 9. 4 0. 2 

4. 100 2.00 160.0 158.2 1.8 

s. lOC 2.10 168.0 166.9 1. l 
-------------

Mean difference = o.o 

CaCl2 solution contains :alciu1 10 ~3111. 

• I 
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For the recovery of total phosphorus, to 

each 100 ml milk, 1,2,3, and 4 ml Na HPO solution 
2 4 

(containing 10 mg phosphorus/ml) was added and the to t al 

phosphorus was determ · ned. 'I'he results obtained are 

presented in Table 9. The t ota l phosphorus co ntenl 

determined by the me thod we nt o n increasing ma n:Jina lly 

above the calculated values as t he concentrat i o n of 

added phosphorus increased. Upto addition of 2 ml of 

Na HPO solution, there was no appreciable difference. 
2 4 

Beyond that the new method estimated a li t t le higher 

phosphorus than the actual present. 

The reason for this deviation may be that the 

native phosphorus is distributed in milk as inorgcinic and 

organic phosphorus in a pa rticular ratio. If a little 

inorganic phosphorus is added to milk, it may also be 

distributed in both the forms. The organic phosphorus 

may be responsible for the heat stability of the milk, 

lhat is why in certain milk samples a little addition of 

Na HPO improves the heat stability of milk. (Sindhu 
") 4 

1905). Dul there 111.Jy be J limit lo absorb tht~ 

phosphorus in the cas e in mi c e ll e . Oeyond that the added 

phosphorus may rema in as inorganic phosphorus and 

imbalance in the ratio takes place. In the new method 

lhe titre value was multiplied by the factor 46.5 to 

c;alculate total phosphorus, which estimated the 

P.Xtra added inorganic phosphorus also,as total 

phosphorus. llowever if Lhe dj (f e rence in t- i.tr · va lw~ 

Leyond 2.41 (in case of pure milk) was multiplied l>y l!1e 

factor 41.33 (for inorganic phosphorus> and the_; 

resultant value is ·added to 112.1 (the original va lue in 



TABLE - 9 Recovery of added Phosphorus in milk by new rapiq method 

---------------------------------------------------------------------------------------------------------------

S.lo. Milk 
(111 

added 
!1 l l 

Phosphorus Deter1ined 

Titre value Phosphorus 
(11) (19/l001ll 

I a I 

Phosphorus 
Calculated 
119/ 10011) 

( b ) 

Difference 
!a-bl 
I a - bl 

----------------------------------------------------------------------------------------------------- -- ----- -· 
1. 100 0 2.41 112.1 

2. 100 2.60 120. 9 120. 9 0.0 

3. 100 2.80 130.2 129.8 0.4 

4. 100 3.05 14 i. s ua .1 3.1 

5. 100 3.30 153.5 147. 7 5.8 

--------------------------------------------------------------------------------------------------------------· 
la BPO solution co1tains PboEf&orus 10 19/11. 

2 4 

- -, 
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pure milk) then the recovery will be same as 

calculated, otherwise results will be slightly higher. 

4.4.5 Repeatability of the method 
~ 

• I 

Any i f 

repeatability is not good. To c heck the 1-e p 1:> .:i l. 1bi l ity 

of the proposed new method, c alcium and tota l ph oR phoruR 

were determined 8 times in the same samples of cow milk, 

buffalo milk and toned milk. The results of calcium and 

lotal phosphorus are presented in table 10 & 11 

respectively. 

For calcium ~ e t e rmin a tion the ti t r ~ va lue 

('rahle .10) va1·ied !·d .i. ghtly b1 ~ twee n 1.6 to 1.7, 2. 3t 0 2.4 

and 1.55 to 1.65 ml in cow, buffalo and toned milk, 

respectively, and the corresponding calculated calcium 

varied between 128-136, 184-192 and 124-132 mg/100 ml 

in the same milk respectively. 

Similarly for phosphorus determination the 

titre values (table 11), wPre almost same nearer t o mean 

valu~~ of 2.113, 2.530 ;rnd 2.0'.>(i ml in C l HH! I) ( ·ow, 

buffalo and torwd milk samplt>s 1· e ~pectively. Th e v.:dues 

of the phosphorus calcula t ed were also not appreciably 

different from the ~ean Vdlues of 90.2 ,110.0 an<l 95.6 

mg/100 ml in cow, buffalo and toned milk samples 

respectively. 

From the foreg o ing dis .. ussion, it i.s evident 

that t he met hod fur the simulLaneoUH 

determination of c a le ium, t. o tal pho sphorus and inorgLinic 

ph0Hphon1H in milk, is f.airly . .tc:curatc r.:.apJd n1t..·Lhod 

having good, i·epe .:itabil ity. For routine Lc!:iting uf 

normal milk samples for calcium and phosphorus the 



TABLE 10 

Repeatab ility of titrt value (111 and calcium content '. 19/lO~ 11 1ilkl by nev 1ethod . 

·--------------------------------------------------------------------------------------------------------------
Mo. of Replicates 

Sample Pan1~ter 

Studied 2 4 5 6 7 Hean 

-----------------------------------------------·---------------------------------------------------------------
Titre r! !ue · l. 6 1.60 1. 65 l. 60 1. 60 1. 65 1. 7 j, t I.£ 2 5 

Cow 1 i I k 
Calc1ui 128 128 132 128 128 132 136 1n 130. 0 

Titre 'i'c l ue 2.35 2.30 2.30 2.40 2.35 2.35 2.30 2.C 2. j 44 
Buffalo milk 

CalciUJ 188 184 184 192 188 188 184 19 2 18 7. s 

(' 

Titre V'1ue 1. 60 1. 55 1. 55 l. 60 1. 60 1.65 1.60 1. 55 l. 588 
Toned 1ilk 

Calcilll 128 124 124 128 128 132 128 IH 127.0 

---------------------------------------------------------------------------------------------------------------



TABLE 11 

Repeatability of titre r&lue 111) and total Phosphorus content I 19/100 11 ailkl by new 1ethod. 
---------------------------------------------------------------------------------------------------------------

Ro. of Replicates 

Saaple 

----------------------------------------------------------------------------------------------------------- ---· 
Titre Ya!~ 2.10 2.15 2.15 2.10 2.05 2.10 2.10 2.15 2.113 

Co.v 1ilk 
Total 97.7 100.0 100.0 97. 7 95. 7 97.7 97.7 100.0 98.2 
pbospi-Oru 

Titre Yahi~ 2. so 2.50 2.55 2.60 2.55 2.55 2.50 2.55 2.538 
Buffalo 1ilk 

Toted 116. 3 116.3 118. 6 120.9 118. 6 118. 6 116.3 118.6 118. 0 
Pbosplor~ 

Titre ia !i;~ 2. 00 2.05 2.05 2.10 2. 05 2.00 2.10 2.19 2. 05£ 
Toned 1ilk 

Total 93.0 95.3 95.3 97.7 95.3 93.0 97.7 97.7 95.6 
Phos~ru 

------------------~------------------------------------------------------------------ - ----------------------

. '· ..;: ~ 
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method may prove to be th e best. However, still m r r. 

work is needed to be conducted: (i) to study the effect 

of interfering elements (if any). (ii) to sharpen thr. 

end point during titration, (iii) applicability of the 

new method to r..d11lterat:cci milk samples (iv) to study 

the effect of neutralizers and preservatives, ~dded to 

milk, on the new method, etc. 



-------
CI-IA PT ER S -
-------

SUMMAHY AND 
C:<-::lN CT. ll .S TON 



--------- -----------S.SUMMARY AND CONCLUSION ----------- -----------
A rapid method of the e ~ timation of calcium 

and phosphorus in milk has heen de veloped based upon th~ 

oxalate effect. Th e factors cff e c:t i.ng the ox a late effect 

have bee n sllidied <.rncl co nd i I ions for the test ha ve· been 

standardized. The decrea s e in titratable acidi t y on 

addition of potai=;Ri11m oxaLll«' t o milk or devC'lo1m~ n t of 

alkalinity <titre value) on addition of potassium oxalate 

to neutralized milk, have been found to be correlated 

with the concentration of calcium and phosphorus 

contents of milk. 

The chemistry of the rapid method has been 

discussed and the fcictors for multiplying the titre 

values to e .d c ul;1L1• 1-.:dei11m,, innnJanic phos ph o ru s ~and 

total phosphorus in milk, have been derived to be 80, 

41.33 and 46.5 respectively. The factors were also 

calculated from the experimental data, which resembled 

with the derived values. 

The accuracy of the developed method was 

evalu,"\led by analysing 15 s a mple!:1 each o! cow 

milk, buffalo milk and toned milk. The same samples 

wert! also ~walyHeu hy the Hl.1nd.1rJ i·e!erence method~ for 

calcium, total phosphorus and inorganic phosphorus and 

the results obtained were very close to those of the rapid 

method. 

Satisfactory recovery trials, good 

~epeatability of the test, easy and simple procedure and 

no involvement of costlier chemicals and instruments, may 

tempt the users to adopt the method for rapid ana lysis 

of milk for calcium, total phosphorus and inorganic 

phosphorus, in the near future. 
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