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SUMMARY

The determination of skimmed milk powder (s.m.p.) based on the en-
zimatic coagulation of the para-casein has been applied to sam-
ples of buttermilk, pure s.m.p. and compound feedingstuffs,
Interferences likely to be introduced by the presence of starch,
various proteins or whey into the abovementioned sample have been
investigated.

Accuracy and repeatability of the analytical method when applied to
the different samples are reported.
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INTRODUCTION

In order to increase the use of the skimmed milk powder
(s.m.p.) the production of which is very high in the

European Community (two million tonnes in 1979), the ad-
dition of 60 to 70% of s.m.p. in feedingstuffs is financial-
ly supported through EEC requlations (1).

Buttermilk is considered by the EEC regulations (2) as

s.m.p. to this purpose.

In addition to milk and buttermilk various proteins of ve-
getable, animal or microbiological origin as well as whey

and other ingredients are often found in compound feeding-
stuffs (3). The relatively high price of the s.m.p. compared
with the substitute products (3) can sometimes lead to incor-
rect declarations of the s.p.m. content for which financial
support is granted, the substitution being masked by the simi-
larity of certain physical and chemical properties of the sub-
stitute components to those of s.m.p.

Determination of casein, a constant specific component of milk,
offers a way of checking skimmed milk content. Several analyti-
cal methods are reported in literature i.e.: electrophoresis
(4) (5) (6) (7), immunoelectrophoresis (8), determination of
sialic acid (9) or selective precipitation of para-casein by
the action of rennet enzimes.(10)

The last analytical procedure (10), is the analytical method
of choice (3) due to its semplicity.

By the request of the "Milk Products Division of the General
Directorate for Agriculture" an experimental work has been
undertaken aiming at:

1. Application of the adopted analytical method to samples
of s.p.m. and buttermilk of known composition.

2. Test of the method in presence of some substitute products
likely to be added to feedingstuffs.

3. Test of thre method on compound feedingstuffs.

All the thesamples have been furnished by Prof. Sadini,
Milk Products Division, Brussels.
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II.
2.1,

2.2,

B,

EXPER IMENTAL ™

Principle of the method

Quantitative determination of skimmend milk powder (s.m.p.)
in feedingstuffs is carried out by enzimatic coagulation of
para-casein.

The sample is extracted with sodium citrate solution.

The casein in the extract is precipitated as para-casein by
ad justment of the calcium ion concentration to the required
level and addition of rennet.

The nitrogen content of the para-casein precipitate is deter-
mined by the XKjeldhal method (11). The quantity of s.m.p. is
calculated on the basis of a minimum casein content of 27,5%

(10) (3).

Reagents

Reagents used are of analytical grade . Use either distilled
water or water of an equivalent quality level. With the ex-
ception of the rennet all the reagents and solutions
must be free of nitrogenous substances.

2,2.1.Trisodium citrate, dyhydrate (1% w/v solution).

2.2.2.Calcium chloride saturated aqueous solution at 20°C.

Dissolve about 90 g of anhydrous calcium chloride in 100 ml
of distilled water by slightly warming and stirring. Leave
overnight at 20°C (a deposit of cristals should be formed

on the bottom, otherwise some calcium chloride should be
added and the procedure repeated),filter the liquid next day
and storage the filtered solution a well closed bottle at
20°C.

2.2.3.0,17 N sodium hydroxide.

2.2.4.0,1 N hydrochloric acid.

2.2.5.Liquid of calf rennet-standard strength of 1 : 10000 ;store

in a refrigerator.

* This chapter has been derived from the final report of the working
group on the det. of s.m.p. in animal feedingstuffs (3).
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2.2.6.

2.3,

2.3.1.
2.3.2.
2:.3.3.
2.3.4.
2.3.5.
2.3.60
2.367.
2.3.8.

2.3.9.

Reagents for the quantitative determination of nitrogen
according to the Kjeldahl method as described (11).

Materials

Current material used in laboratory and especially :
Mortar or homogenizer

Analytical balance

Bench-top centrifuge (2000 to 3000 rpm) with 50 ml tubes
Magnetic stirrer with (10-15 mm) followers

150-200 ml beakers

250 m1 and 500 ml Erlenmeyer flasks

Glass funnels of g 60-80mm

Fasg-filtering ashless filters of @ 150mm (S.S.5892 S.S.
595¢€ )

Pipettes of various nominal volume

2.3.10.Water bath at 37°C

2.3.11.

2.3.172,

pH meter

Kjeldahl digestion an distillation assembly with fittings

2.3.13.25 ml graduated burette

2.3.14,Plastic wash bottle for distilled water

2.3.15.Stainless steel spatulas

2.3.16.Thermometers

2+.3.17.Temperature~-controlled drying oven

2.4.
2.4.7.

2.4,2.

Procedure

Preparation of the sample.

Grind in the mortar or uomogenize in the mill 10-20 g of
the sample to obtain as far as possible, a homogeneous
mixture.

Dissoluticn of milk powder and separation of the insoluble
residue.
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2.4.3.

1.

3.

4,

Weigh 1,000 ki 0,002g of well-homogenized compound feeding-
stuffs directly into a 50 ml centrifuge tube and add 30 ml
of a 1% w/v aqueous solution of trisodium citrate (2.2.1.)
previously heated to 45°C; mix with the aid of the stirrer
and magnetic follower for at least 5 min.

Centrifuge the mixture immediately at 500g (2000~3000 rpm)
for 10 min. and decant the clear aqueous supernatant into
a 150-200 ml beaker taking care that no loose material on
the bottom goes over.

Carry out two further extractions on the residue,according
to the same procedure, adding the extracts to the first
one.

If a layer of oil forms at the surface, it can be separated
by cooling the beaker with extracts in the refrigerator
until the fat solidifies and removing the solid layer

with a spatula.

Coagulation of casein with rennet.

1.

2.

3.

4.

While stirring continuously, add dropwise 1 ml of a satu-
rated solution of calcium chloride (2.2.2.) at 20°C to the
total aqueous extract (about 100 ml), adjusting the pH to
644 ~6.6 with solutions of NaOH (2.2.3.) or HCl (2.2.4.).
Place in the thermostatically-controlled water bath at
37°C for 15-20 min. to obtain saline balance. It becomeg
more evident by the formation of a light turbidity.

If a precipitate has been formed, it must be removed by
further centrifugation at 1000 rpm during 5 min. and re-
moval of the supernatant without washing the sediment.

Immediately after taking out from the bath at 37°C add
dropwise to the equilibrated extract, while stirring

0,5 ml of the liquid rennet (2.2.5.).Coagulation appears
in 1-2 min.

Leave at a temperature of 20-37°C for 10-15 min.Break the
coagulum and then filter immediately when still warm

through the fast ash.less filter (2.3.8.) in the funnel,
transferring the precipitate quantitatively to the filter

and washing three times with 15 ml of distilled water.
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2.4.4. §}_ank test

2.6,

A blank test shall be made regularly using an ashless
filter paper (2.3.8.) moistened with a mixture of 90 ml
1% w/v (2.2.1.) sodium citrate, 1 ml saturated solution
of calcium chloride (2.2.2.), 0.5 ml of liquid rennet
(2.2.5.), and washed with 100 ml of distilled water be-
fore mineralization by the kjeldahl method, (11).

The volume of acid used for the blank test must be sub-
tracted from that used for titration of the sample.

Expression of results

The percentage of skimmed milk powder in the compound
feedingstuffs is calculated by means of the following
formula {10):

% SMP = N x 6,38 x 100

27.5

where N is the percentage of para-casein nitrogen and
N x 6.38 the percentage of para-casein formed from the
casein in the product, calculated according to the for-
mula in the Commission Directive 72/199/EEC of April;
27.5 is the factor for converting the casein percentage
of skimmed-milk powder.

RESULTS OBTAINED

Application of the method to samples of pure skimmed milk
and buttermilk

Four samples of pure S.m.p. (A-1,A-2,A-3 and A-4) have been
analysed ten times by the same operator on different days.
No preliminary drying of the samples was performed.

Taking into account that the maximum s.m.p. content in fee-
dingstuffs is 70%, 0.7 g sample has been used for each
determination.
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The mean values obtained (table I)for the four samples show
that an accuracy within & 0.3% can be achieved.

The application of the "t" test(ttheorz 2,26 for 9 degrees
of freedom and a probability of 95%)shows that the obtained
mean values are not significantly different from the theore-
tical value.

The repeatability of the method is 1.72%.

Using a similar procedure five different buttermilk samples
(B-1,B~2,B~-3,B=4 and B-5) have been analysed.Between four
and six replicates for each samples were carried oute. The
mean values obtained for the five samples (table II) are
ranging from 80to 89%; these values are systematically lower
than the expected s.m.p. contents (100%). It must be pointed
out that similar results have been found by other laboratories
(3) (10).

The sample B-4 is acid buttermilk. The repeatability of the
method is 1.18%.

Ash contents obtained following AOAC method (12) and total
protein contents for the investigated s.m.p. and buttermilk
samples are reported in table III,

Total protein contents are lower in buttermilk samples,
whereas ash contents are similar in both types of samples.
The fat contents in these buttermilk samples range from 6 to
8% (3).

Low contents of total proteins and incomplete dissolution of
these samples in the citrate solution (2.2.1.) caused by the
presence of the fat could lead to low results (3).

3.2.Testing of the method in presence of other substances (whey,
starch, proteins)

Amongst the possible substitute products, the behayiour of the
additions of whey, starch and various proteins to pure S.m.p.
and buttermilk samples has been investigated in order to check
the possible interferences in the analytical method for the de-~
termination of s.m.p.

o/ooe



The influence of the whey has been studied by analysing the
original sample of whey powder (C1) and various mixtures of
the same whey powder with varying but known amounts of both
Sem.p. Or buttermilk. Deviations of about I 1% rel.between
the mean values obtained and the corresponding theoretical
contents have been found when the whey powder C-1 is added
up to 60% to s.m.p. samples or up to 50% to buttermilk samples
(table IV). The theoretical s.m.p. contents of the various
mixtures can be easily calculated taking into account the
S.m.p. content of the samples (Table II).
The obtained repeatability is similar to that obtained ope-
rating on pure samples (table II).

In a similar way the behaviour of the starch addition has
been investigated. Soluble starch normally used in the che-
mical laboratories as iodine indicator was employed.

For starch contents up to 30% the deviations of the mean
values obtained for the various mixtures from their theore-
tical ones (table V) are alwvays less than 1% relative. If
the starch content exceeds 30% the results obtained are sys-
tematically lower (from 8 to 16% rel.)

In such cases the analytical procedure is difficult to be
correctly applied because the solutions obtained are always
cloudy and the filtration is extremely slow.

Proteins derived from hydrocarbons with the aid of bacteria
(F-1) or yeast (G-1), maize proteins (H-1), potato proteins
with a protein contents of 48,5% (D-1) or soya proteins with

a protein contents of 75.6% (E-1) or (E-2) were employed in
order to study their behaviour when added to s.m.p. Or butter-
milk samples.

In the case of maize or derived from hydrocarbons proteins added
to s.m.p. samples even up to 60% deviations of ca 1% rel. of
the mean values of the various mixtures from the theoretical
values have been found.

In the case of potato or soya proteins the same behaviour was
observed when tuneir contents was not exceeding 20% (table VII).
However when the contents of these proteins were increased to
30% the results obtained were considerably higher (table VII).
By applying the described procedure to the various proteins

an appearent s.m.p. content ranging from 0.31% to 1.34% was
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found (table VI and VII) . Co-precipitation of non-milk
proteins, particularly potato or soya proteins, could occur
when the addition of these proteins are higher than 20%

3.3. Testing of the method on compound feedingstuffs

In order to test the method on compound feedingstuff

samples seven different samples of unknown composition were
replicated six times by the same operator on different days.
The declared content of s.m.p. was notified to us subsequently.
The results obtained are reported in tables VIII and X .

The deviations between the mean values for each sample and
the declared content range from + 0.16 to-1.35. The compari-
son by the t test (five degrees of freedom and a probabili-
ty of 95%) shows that these deviations are not significant
for six out of seven samples (table X). However for the
anomalous sample (K-13) the deviation from the declared
content is only 2.2% rel,

The repeatability of the method based on the results obtained
for the seven samples is 1.40%.

The additions of soya protein (E-2) or whey up to 20% or
soluble starch up to 10% do not seem to interfere practically.
Indeed the deviations of the theoretical contents of s.m.p.

of these mixtures based on the declared values (table IX)for
the two feedingstuffs employed from the analytical values

are less than X 1% rel.

IV. CONCLUSIONS

The proposed analytical method for the determination of skimmed
milk powder ,based on the enzimatic coagulation of para-casein
(10) ,has been applied to samples of pure S.m.p.,buttermilk and
compound feedingstuffs. Possible interferences due to the pre-
sence of the substitute products as whey, starch and proteins
have been investigated.

With regard to the accuracy and repeatability of the method the
following results have been obtained ;

The mean values obtained on four different samples of pure
skimmed milk powder, each analysed ten times, are not signifi-
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cantly different from their theoretical values (100%), the
repeatability being 1.72%.

The mean values obtained (80-89%) on five different samples

of pure buttermilk are distinctly lower than the expected
theoretical value (100%).

Total proteins are lower (30-34% than those of the s.m.p.

samples analysed (36.6-36.8%). The proposed analytical method
could be furtherly developed to be applied to buttermilk samples.

The mean values obtained on seven different compound feedingstuffs
each analysed six times are not, six out seven significantly dif-
ferent from their declared contents, the repeatability being 1.40%.

With regard to the possible interferences due to the addition of
other products, the following points must be stressed :

The additions up to 50% of whey powder or up to 20% of soluble
starch or various proteins (maize,potato, soya, hydrocarbon) to
samples of pure S.m.p. Or buttermilk do not cause practical inter—
ferences., Relevant positive interferences have been noted if quan-
tities higher than 50% are added.

In the case of compound feedingstuffs the additions of soya proteins
or whey up to 20% or of soluble starch up to 10% do not appear to
cause practical interferences.
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TABLE I

REPEATABILITY TEST APPLIED TO SKIMMED MILK POWDER

SAMPLES

SAMPLE| SKIMMED MILK CONTENT AVERAGE | STANDARD
% DEVIATION
A—1 98.2-97.6-9707“970 8-1 0008 99070 1.85
102 43=99,7=101.5=99,4=102.0
A=2 101¢0=9947=97.6=100.3=102.8 | 100.26 1489
101.4-97.3-102.3=98,8=101.4
A4 100.,0=99,8-102.1~98,2-100.2| 99,98 1452
9844=-101.6=99,0=102,1=98.4
A""s 98.0"‘9909"‘1 01 .6"'1 0002-98.6 99.94 1.59

102,1=100,6=9844-98.4-101,.6

TABLE IT

REPEATABILITY TEST APPLIED TO BUTTERMILK POWDER

SAMPLES

SAMPLE| SKIMMED MILK CONTENT AVERAGE STANDARD
% DEVIATION
B-1 87.0-88,0-88,0~86.8 87445 0.64
B-3 90,.6-88,8-88,2-89.6 89.30 1404
B'-4 7908-800 5"81 .1-—81 00-'7907
874754 80.41 0.79

840 3“'86.4




TABLE III

ASH AND TOTAL PROTEINS IN SAMPLES OF SKIMMED MILK AND

BUTTERMILK
SAMPLE ASH N TOTAL PROTEINS
(6.38 x %N)
(%) (%) (%)
A-1 725 573 36.6
A-2 7.44 5476 36.7
A=4 7435 577 36.8
A=5 740 573 36.6
B-1 6.90 5002 32,0
B-2 9.30 5.12 32.7
B-3 7.90 5637 34.3
B-4 6.41 4,66 29.7
B-5 7.44 4.75 30.3
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Salgs- og abonnementskontorer - Vertriebsbiiros - Sales Offices
Bureaux de vente - Uffici di vendita - Verkoopkantoren

Belgique - Belgié

Moniteur belge — Belgisch Staatsblad

Rue de Louvain 40-42 —
Leuvensestraat 40-42

1000 Bruxelles — 1000 Brussel
Tél. 5120026

CCP 000-2005502-27
Postrekening 000-2005502-27

Sous-dépbts — Agentschappen:

Librairie européenne — Europese
Boekhande!

Rue de la Loi 244 — Wetstraat 244
1040 Bruxelles — 1040 Brussel

CREDOC

Rue de la Montagne 34 - Bte 11 —
Bergstraat 34 - Bus 11
1000 Bruxelles — 1000 Brussel

Danmark

J.H. Schuitz — Boghandel

Mgntergade 19
1116 Kgbenhavn K
TH. (0114 1195
Girokonto 200 1195

Underagentur:

Europa Begger

Gammel Torv 6
Postbox 137

1004 Kgbenhavn K
Tif. (01)156273
Telex: 19280 euroin dk

BR Deutschiand

Verlag Bundesanzeiger

Breite Stralle — Postfach 10 8006
5000 Kéin 1

Tel. (0221) 21 03 48
(Fernschreiber: Anzeiger Bonn

8 882 595)

Postscheckkonto 834 00 KéIn

Andre lande - Andere Lénder -

Kontoret for De europasiske Feellesskabers officielle Publikationer -
Official Publications of the European Communities -
ufficiali delle Comunita europee -

France

Service de vente en France des publica-
tions des Communautés européennes

Journal officiel
26, rue Desaix

75732 Paris Cedex 15
Tél. (1) 57861 39 — CCP Paris 23-96

v Service de documentation »
D.EP.P.

Maison de I'Europe

37, rue des Francs-Bourgeois
75004 Paris

Tél. 887 96 50

Ireland

Government Publications

Sales Office
G.P.O. Arcade
Dublin 1

or by post from

Stationery Office

Dublin 4
Tel. 7896 44

Italia

Libreria dello Stato

Piazza G. Verdi 10

00198 Roma — Tel. {6) 8508
Telex 62008

CCP 387001

Grand-Duché
de Luxembourg

Office des publications officielles
des Communautés européennes

5, rue du Commerce

Boite postale 1003 — Luxembourg
Tél. 490081 — CCP 19190-81
Compte courant bancaire:

BIL 8-109/6003 /300

Luxembourg 5, rue du Commerce Boite postale 1003 Tél. 490081 . CCP 19 190-81

Other countries - Autres pays -

Nederland

Staatsdrukkerij- en uitgeverijbedrijf

Christoffel Plantijnstraat, ‘s-Gravenhage
Postbus 20014

2500EA s'-Gravenhage

Tei. (070) 7899 11

Postgiro 42 53 00

United Kingdom

H.M. Stationery Office

P.O. Box 569

London SE1 9NH

Tel. (01) 928 6977, ext. 365
National Giro Account 582-1002

United States of America

European Community Information
Service

2100 M Street, NW.

Suite 707

Washington, D.C. 20 037

Tel. (202) 862 9500

Schweiz - Suisse - Svizzera

Librairie Payot

6, rue Grenus
1211 Genéve
Tél. 318950
CCP 12-236 Genéve

Sverige

Librairie C.E. Fritze

2, Fredsgatan
Stockholm 16
Postgiro 193, Bankgiro 73/4015

Espaia

Libreria Mundi-Prensa
Castell6 37

Madrid 1

Tel. 27546 55

Altri paesi - Andere landen

Amt fir amtliche Verbffentlichungen der Europaischen Gemeinschaften - Office for
Office des publications officielles des Communautés européennes - Ufficio delle pubblicazioni
Bureau voor officiéle publikaties der Europese Gemeenschappen

Compte courant bancaire BIL 8-109/6003/300
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