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FOOD COMPOSITION AND ADDITIVES

Indirect and Direct Determination of the Casein Content of B
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The classic methad for determination of mitk cassin
is based on precipitation of caseinat pH 4.6, Précipl-
tated milk casein is removed by filieation and the ni-
frogen content of either the precipitate (direct casein
method) orfiltrate (nontasein nitrogen; NCN) is deter-
mined by Kistkdahl analysis, For the indirect cagseln

maethiod, milk iotal nitrogen (TN; Method 381.20) is
also determined and casein is exlovlxted a8 TN mi-
rius NCN, Ten laboratories tesied $ pairs of biind du-
plicate raw milk materials with a casein range of 242~
3.05% by both the direct and indirect casein methods,
Stalistical performance expressed in proteln equiva-
ferits (nitrogen x 6.38) with invalid and ouflier data re-
moved was as follows: NCN method (wi%), mean =
0.762, 8, = 0,010, sp = 0.016, repeatability relative
standaret Geviation [RSD) = 1.287%, reproducibiifty
relative standard deviation (RSDR) = 2,146%; indirect
casein mathod (Wi%), meah = 2,585, repeatability =
0.015, reproducibiiity = 0.022, RSD, = 0.5350%, RS0y
= 0.841; divect casein method (with), mean = 2.575,
$; =0.015, sp = 0.025, RSD: = 0.597%, RSDA =
0.988%. Method performance was acceptable and
comparable to.similar Kjeldahl methods for deter-
mining nifrogen coptent of milk {Methods-991.20,
961,21, 991.22, 991.23). The direct casein, indirect
casein; and noncasein nitrogen metheds hive besn
adopled by ACAC INTERNATIGNAL.

Ik casein determnined by the Rowlind protein frac-
onation scheme s defined as proteins that pmc;piw

] A tate at pﬂ4»6 {1, 2). The amount of 1tact casein 1s.a
fumction of both casein synthesis in themammary gland and the
proakdown of casein that can ocenr-as a reslt of the activity of
native milk protesses (primaily plasmin) and snierobial pro-
teases. The extent to which casein breakdown produets precipi-
tdte at pH 4.6 or remain solubde is o function of fragment solu-
bility (3). Casein a8 fercentage of total protein (based vn total
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mitrogen deteratination) have becn repotted between 73-79%
for raw, continingled itk from dany processing plant storage
taitks {4-8). The range for nudk from farm bulk tanks and inds-
vidual cows i% wider (7, 8).

The dairy industry has a strong gconomiic interestin casein,
because both the. amount of Intact casein and the degree of ci-
sin breakdown have o signficant impact on the quality of
dairy producis and the processing charactesistics of milk. For
exgmple, casein quality influences the heat stability of milk,
gelation of UHT products, and the yield, ffavor and texture of
dairy products such as cheese and yogurt (9). The sompatic cell
component of many payment programs 1s based on the refationstip
between somatic cell counts and casein{30), Atelevaled somatic cell
counts, there 35 en dncrease in roilk proleolytie achivity and a come-
sponding decrease in the amonnt of intact casein (11, 12).

Automated methods make the determinationof scrpatic cell
cownts. converdent, fadt, and refatively inexpensive, However,
sornatic cell counts rexain only an indirect indicator of proiein
quality, Other factors such as stage of lactation, breed, parity,
season, rogion, and health history can effect both plasmin ac-
tevity and the casein content of milk (3, 13~16). Widespread
adepuon of casein testing would be expected if a reliable

“quick andeasy” casein test was developed. Anumber of meth-
ods utilizing mid-infrared milk analyzers fiave been described
{17-19), although they are not routely used because of vari-
ous methodolegical Timitations.

Thetlassicmethod for determination of milk casein is based
on the Rowland milk protein fractionation scheme (1). Thie to-
ta nitrogen (TN) content of milk and the nitrogen in the filtrats
(noncasein nitrogen; NCN) after casein precipitation al pH 4.6
are-determined by Kjeldah! analysis. Casem is calenbated asthe
difference befween TN and NCN {multiplying nifrogen by 6.38
10 expeess the resulls on a proiein basis). There s academic
conttoversy as to what exactly constitates “casein,” 48 some
casein proteolysis products may be soluble at pH 4.6 and some
nonrcasein nitrogen cotponents imay be-trapped with the pre-
cipitate. However, the Rowland definition of casein is generally
accepted as the reference method m the commerdial dairy m-
chistry and has been reliably used since the mid 1900% as a
varable in.cheese yield prediction formulas (13). The curment
International Dairy Federation (IDF) procedure {2) for detenmi-

pation of mitk casein is based on the Rowldind procedire (1),
EXHIBIT
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The AGAC describes 2 procedures for casein determination
foosely based on the Rowland procedure, but they suffer from
methodological problerms and we are unaware of any laborato-
ries that currently use either method snceessfully Both meth-
ods are similar to the Rowland procedure, in that they involve
precipitation of casein followed by Kjeldah! nitogen analysis.
Method 1(927.03 A; 20} determines the nitrogen content of the
casein directly by instracting the operator 1o trangfer all the pre-
tipitate onto filier paperand then place 1t 1nto a Kjeldabl flask.
However, it §s vidually mopossible to guantitalively transfer
precipitated casein this way, due to its stickiness and adhesion
10.glass. Thus, the results from this method are variable and low.
Method 0 (92703 B-C; 20) meastres the mivogen content-of the
filteate, but it requires & warm temperatine incubation {50°-60°C)
which is less Sian optimarn for the precipitation of cascin, and no
correction for the volime of presiplisie is used.

The inclusion of an updated vession of the Rowlind procedure
a5 an Official AOAC method would be of valie given the relave
disuss of, the cmrent AOAC casein methods and the general pe-
ceptance of the Rowland procedure as a neference method for ca-
sein deterrnmnation by both the TOF and the U 8. daixy industry.
With these goals in mind. the primary objective of the present
study was to describe the method performance of an improved and
modificd verson of AQAC Metbod 92743 B-C (method T; 20)
for the indiect determination of wilk casein by Kjeldah] andlysis,
based on the classic Rowland procedure (1) and the crirrent JOF
method (2). Additional objectives were 10 modify and improve
apon ADAC Method 92743 A (method T, 20) for the direct detor-
wgation of millk caseint by Kieldahl anadysis, and conpare both
the test resulis and method performance to those deteromned for
the indircet casein mcthod. The direct casem method has the ad-
vantage of requiring 1 rather than 2 Kyeldahl analyses corpared
with the indmect casein method

Preliminary Work: indirect Casein Mothod

The proposed Indirect casern inethod m this stady is based on
the classic Rowland procedure (1) and was designed to armonize
procedural details with the corrent TDF method (2). ks this proce-
diire, cascin is precipitated at pH 4.6 vsing acetre acid-and sodivm
acetate, The NON in the filtrate iy measared by Kjeldahl nitrogen
antalysis. The TN of the fest material 4s also determined and casein
{N x 638) is caloalared as the differonve between the TN and
MCN. Fhe performance of the TN Methed 991,20 has been de-
seribed previously (21, 22). Thas, fhe preliminary work for the
mdirect casein method founsed on the NCN method.

Differences between the proposed NCN method and the
TOF method (2) Include temperatures of sampling and menbs-
Hon. The proposed NCN procedure spetifies that the test sam-
ple be tempered 10 38° £ 1°C bofure weighmg the fest portion,
fnstead OF 20°C used in the IDF procedure. The temperature of
38°C s the same a5 that used for mest milk testing procedurcs
(including TN), and 15 necessary o nwelt the fat gnd obtain a
representative sample. The temperaloee specified in the IDF
method is historicatly based because milk testing i the eatly and
raid 1900°s was all conducted at 20°C. Practical experience and
n-house testing indicated that analytical results for NCN are sins-

lar if mulk is wesghed at exher 20° or 38°C (assurmng the fat is
in soluton). Thus, for consistency with the other AOAC Kjeldabl
methods for milk (22~25), the proposed NCN proceduze specifies
that test sannples he mixed and welghed at 38° + 1°C.

Both the IDF (2) and Rowland procedure (1) specify that
approximately 75 mi of 40°C water be.added 1o the test por-
tion, and that the fask be monbated at 40°C for 10min after the
addition of 1 mi, 10% acetic acid. However, this 18 very incon-
venient becanse virtually all water baths for tempering in aumilk
testing laboratory are set af 38°C. A number of experiments
were conducted to investigate the effect of water and incuba-
lon temperature ranging from room tempesature 1o 40°C. Test
results were similar regardiess of the temperature vsed. Use of
oo temperature was rgjected because it represented a signifi-
cant deparmze from the IDF-and Rowland procedure. Howevez,
we.considered it pracgical and destrable to specify 38°C instead of
40°C in the proposed NCN procedure because the 38°C tempera-
ture s more congistent wath curreit water bath tempiratuzes,

The prnciple bebind the NUN procedure is the precipitation
of casein al pH 4.6, However, when acetie acid is first added o
the milk and water, the pH decreases 10 below 4.6. The pH
approximates 4.6 once the sotivm acetate is added, Thus, pre-
cipiianon s tebhnically conducted at a pH lower than pre-
scribed. Farthermare, pH will vary aceording 1o the conditions
of precipitation {e.g., temperature, milk composition) §o pre-
cise pH controf cannot be expected when fixed amounts of ace-
tre acud and sodrm acetate are added Repogrezing this, seme
researchers perform casemn precipitation by direct zddition of
aceuc acid until a pH of 4.6 is avhieved, as indicated with an
electrode. This approach vields casein test valyes that may dif-
fer from those achueved by separate additions of acetic acidand
sodhim acetate (Payl Pagoin, Vneversity Laved, Quebec, Can-
ada, persohal commurication). We belfeve this approach 15
valid and encourage futther method developrment in this direc-
tion. However, our goal is te-deseribe and charscterizi the per-
formance of thetraditional Rowland approach as currently-used
in AQAC Mettiod 92703 B-C {20) and IDF (2). In this case
the mesufts of the methed defipe cagein for cominmercial puir-
poses. Which method is scientifically correst (fixed pH ot fixed
avid) is & oatter for future yesearch, a3 15 the question of which
protein and protein fragments actbally it the definitich of edseln,

The IDF NCN procedure {2) mstructs the user to add 1 ml.
10% acetic acid, wait 10 min, and-then add 1 mL IN sodium
acetate. We attempted combining the acetic 4cid and sodtum
acetate and adding it as a single 2 mi. feagent addition. The
consistency of the precipitate was different than that obtdined
ubing the standard procedure and imtsal trials indicated the ca-
sein resoits with the combined rengent were slightly different
than those obtained psing the standdrd procedure. This ap-
proach was not porsued further.

Volime Correction Facitor

Avolgme correction factor 1s used % correct the final meas-
ured nitrogen value for the decrense in volume that occurs
when the pH 4.6 precipitate {casein and fat) is removed from
the filtrate
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The IDF methodnses a factor of 0.994 in the NUN eguation
to correct for the volume of the pH 4.6 precipitate in the
100 mE volumetsie flask (2) Rowland (1) defermined thits fac-
tor experimentally by measuring the precipitate yolume of ac-
tuad samples, and denved the equation:

Factor= 1 — (011 x F/100) + (007 < C/100)

where F and ¢ are the percentages of fat and casein re-
spectively.

The factor { 994 was calculated assenung molk with an av-
prage 3.7% fot and 2.6% cogein conlent. Historically tus single
factor his been appled to the analysis of all raw, whole milk
materials rogardiess of compesition becanse differences in the
{actor doe to normal variation in milk composition bas 2 fela-
tively ingfenificant impact on NCN determination, For exgme-
ple, in the extreme (und rather frnprobable) cases where 4 factor of
0,996 (assaiming 2.7% fat and 2.2% casein} or 0.991 (assuming
6% fat and 3% casein) might be used, the difference in caleulated
NCN {x 6.38) would he only 0.004% protein {catcalated based on
2 10 g test porfion and titraton volumes of 4.2 and 0.1 mLO.IN
HCE. for the filtrate and biank, respectively}.

Approaches other than the Rowland factor are possible. One is
a ditect ¢alendation assuming the precitale volume equals the
weight of the precipitated protein and fat, as is done in the non-pro-
tein nitrogen Kieldah! method (AOAT 99121 23). Asecond ap-
proach 1S based on the sterie exclusion of serimn protews with re-
spect to casein micelles which takes into goecount that not ail the
solvent present i availible to serum protefng 26). However, if the
assumptions azre the same 45 with the Rowland factor, then the
sesults wsing the direct caleulation are sirnilar to the Rowland ap-
proach, while the steric approach yields NCN values that average
approxipately 0.005% protein lower. Grven the small magnitude
of difference berween the calculated results nsing the different ap-
proaches, e Rowland factor {e.g., 0.994) was selected for the
proposed NCN mefhod becanse ithas the historical advantage and
is cprreptly accepied by te TOR

Preliminary Work: Direct Casein Method

The direct castin miethod 45 hased on the same principle as
the indirect method, exeept that the nitrogen costent of the ta-
sefn is directly determivied Thiy is done by precipstating the
casein directly in the Kjelduhi flask, followed by Kjeldahi m-
trogen analyss. The AOAC describes a siimilar direet caseln
method (927,03 A, method I; 20), but that procedure instracts
the user to wansfer the caseth precipitate from a beaker onto
filter paper, and finally into a Kjeldahl {lask. This 1 virtnally
impossible fo accomplish quantitatively because precipitated
vasein Is very sticky and adheres to plass. The mechanics of
precipitation in the proposed procedure were modeled affer
those successfully developed and desenbed for the direct pro-
tein nitrogen Kyeldahl method (AOACT 991.23; 24, 27).

A8 gtest portion is used in the direct provedure, rather than
10 g us in the NCN procedure. A 5 g mst portion yields a pre-
cipitate with a nitrogen content within the worksag range of the
method. Unlike the NCN procedure where casein precipitation

is conducted at 38°C, no tempersturs comrol 15 uiilized in the
direct casein procedure because temperature control 15 unprac-
tical with Kjeldahl flasks and tobes. Furthermore, cooling to
26°C is unnecessary i the drect procedure because 1t js not &
volumetric determunation.

In the NCN procedure, casem is precipitated from 10 g ik
after dilution with approximately 75 mll water followed by the
addition of 1 ml. 10% acetic acid and 1 ml. IN sodium acetate
When all volumes were reduced proportionally for the direct
procedurg {accommodating the 5 g milk), casein values were
consistengly higher than for the mdirect method Subsequent
experiments determined that some NCN was “trapped” in the
precipitate. The amount of NCN in the precipitate could be ma-
nipulated by controlling the volume of the sofution in which pre-
cipitation was conducted--the greater the dilution volume the
Tower the apparent casein content by the diréel meéthod. The inds-
seet caselty test results ageeed with the dirsct casein test nesults
when the preecipitation volume For the direct method wos approxi-
mesely 75 mlL. The final volumé proportions for the direct method
svere designed fo bopractical (round mumbess, single water addi-
tom), yield shombar results to thowe achieved using (he mdirett pro-
cedire, and maintamn the sarme acetic acid and sodinm seetale con-
centration during precipration as used i the NCN procedure.

Casain Stabiiy

The measured casem content of milk is affected by both
milk handhing and storage (ome and temperature). There i nor-
mally very little casein breakdown in good quality saw roulk.
However, preliminary work has indicated that the measured ca-
sein content of milk decreases with fine, even in good quality
milk with refagerated storage.

In order 1o diterrrane the magnitude of this decrease, the casen
content wag mnediately dewonnined on 5 fresh raw tulk milk
tank: matetials with low somatie cell counts (<200 X 16%). The
unpreserved milks were then stored at 4°C over a 4-day period.
Test samples of the 5 materials were tested daily for casein. The
results are shown in Figure 1. Compared with the fresh milks
(Day ), the casgingontent degrensed an avernge of 1.6% by Day 4
fordhese jow somatic celloommit milks, The magnitade of the ime-
dependent decrease may be larger for, ingh-somatic cell count or
high bacterial count roilks. Senyk et al, G2) observed that prote-
olysis, zs indicated by tyrosine value, increased over Bmeeven in
pastenrized mulk stoved at 6,7°C and preserved with potassium
dichromate, aod the ameount of protedhysss increased with increas-
ing somatic cell count (12}

While the determination of casein breakdown over time was
done en a limited sumber of samples, the resulis were consis-
semt with the observations of Benvkeet, al (12} and it seems rea-
sonable 1o conclude that changes in the casein contert of milk
may oceur even under refrigerdted storage. A note o this effect
is included in hoth the direct and indwect casein procedures.

Ftteot of Heat Trealment on Measured Casein

Heat treatment of milk, such as might ovenr during pastenr-
zativn or drying, Tesulis m an interaction between whey and
casemn proteins (28)..As a result, the easein content of wilk ap-
pears to increase with the severily of heat treatment because
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Figure 1. Chahges in porgent caséin in raw milk stored at4° C over 4 days.

whey profon precipitates along with casean. Thus, neither the
direct nor indivect casem methods are suitable for accurately
detenmining the casein content of heat-treated railk.

Collaborative Study

Each of 10 laboratories fecerved 2 scts of 18 raw milK test
sarrsples (9 pairs of biind duplicates per set). Otie set was used
for the tnduect casein tost and theother for the divect casein test.
The test samples were coded with zndom 3-digit nunbers,
Codes were different between and within sets, and analysis or-
derwas randomized for all Jaboratorisy and methods

The 8 testmatorials word fresh, raw mitks collevtedon a-single
day (Sunday) from individual farms and coramingled herds. Bach
test mtterfal was cold split (4°-6°C) on Monday by mixing, pour-
ing imo a Jarge plastic container; and agitating-oontoupusly with
a motor doven stimer while the wilk {approximately 35 mL) was
drawn from a spout diveetly into precoded plastic vials (Capitol
Vial, Inc., Fulionville, NY). The test samples were refrigerated
immiediaiely afler splitting. Splitting uniformity was verified by
checking the fat and protein content of the first, middlé, and last
vils of each material using a Dairy Lab 2 midkinfrared milk ana-
tyzer (Foss Hledtric, Hillerod, Denmark).

The test sample vials, wrapped ja plastic bags and sealed
with tape to proféct them from water cohtamnation, were
packed ‘on wet ite and Shipped to individual laboratoties by
overnightair delivery, Test samples anived at the laboratories on
Toesday, Arrival temperature of the milk was verified as <4°C by
each Jaboratory.

‘Test sanple preparation vwas spécifiedt so that all Isboratories
prepared the same materials by both methods on the same day.
Test samples were prepared-to the polnt whers they were inthe

Kieldahl flask (or mbe) and the copper sulfate, potassium sul-
fate, and sulfuric acid had been added. The same 5 materials (in
blind duplicate) were preparsd by all laboratones on Day |
(Wednesday) and the remaining 4 matenals were prepared on
Day 2 (Thursday). This avoided the confoundmng offect of ea-
sein depradation over time. Kjeldabi analysis was conducted
within 5 days of preparation,

Forms were provided for reeording raw data, test resnlts,
antl comments ghoit eaeh individual test sample. Additionally,
2 questionnaire was provided. Information, such a5 test mate-
rial arival time, apparaius andl reagents used, actual testing
conditions daring andlysis, and vefification of Kjeldah! recov-
ery, was réquested 1o help assure that analysts followed all de-
tails of the procedures.

988,05 NMongasein Nitrogen Content of #ilk-—
Kjeidahi Methodl

First Action 1958

(Applicable to fresh raw milk. Noncasein nitrogen content
will increase with milk storage time due to casein breakdown
even at 4°C, Noneasein nitrogen content of heat treated milk
will be artificially low hecause of whey protein denamration.)

Cantion: See Appendix B, safety notes on HlSO04 HC, fum-
mg acids, NaOH, ethanol, acetic acid and use of eleotrical
equipment,

Method Performance:

(ealoulated on a protemn equivalent basis: nitrogen x 6.38)

= 0.010; 55 = 0.016; RSD, = 1.287%; RSDy = 2.146%; 1 =
0.028; R = 0.046

(ealonlated on a percent nitrogen bdsis)
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50=0,0015: 55 = 0.0026, RSD, == 1 287%: RSDy, = 2.146%:
r= (L0043, R = Q0072

A Frinciple

Casem is precipitated from mulk at pH 4.6 using acetic acud and
sodivm agetate solutions. Precipstated rmik casein is removed by
filteation. Filtrate contains the noncasein nirogen compongnts of
mitlk. Nittogen content of filtvate is determined as in 991,20,

B Apparatus

See $01.261 or 691201 and in addition:
@ Volwnetric flask—100 tiL.
(b) Vohanetric pipet-—50mi.

C. Reagents

See 991200 or 991.20) and in addition:

{a) Sodumm acetate solution.—1N (wfv), using analytical
grade sodium acetate or sodium acetate tihydrate. Prepare
IN solution on anhydrous basts. Prepare fresh weekly.

(b} Aceric acid solution.—10% (viv), use salytical grade
glaceal acetrc acid,

D. Preparation of Sarples

Mix 387 £ 1°C mulk as in 92528, Immediately prpet 102
0.1 mL mili snto preweighed 100 m volumetrio flask. Weigh.
Record to nearest 0.0001 g. (Additional samples may be
wesghed at ths point, but addittons of water, acetic acid, and
sodium acetate plus filtration should oceur within 15 min of
we1gl11ng k. This manimizes proteclytic dcgradaﬁon of ca-
sein during sample preparation.) Add 75 0.5 mL of 38°C
watertoflask Add 1 £ 0.02 mb 0% acetic actd, C(b), to flask,
stopper, and swirl gently. Tncubate flask 10 mfn fn a 38°C water

bath. Add 1 £0.02 ml. IN sodium aceate, Cfa), and swirl
mix. Cool cantents to 20°C, Bring to volume with 20°C water,
stopper, and mvert 1o mne Let precipitate seifle, Filter through
pleated filter paper (Whatinan No. 1, 15 om, N-free; or equiva-
lent) and sollect entire filtzate, Piitrate should be clear and free
of particylate mattér; if not, repeat sample preparation using a
fresh milk satople Usmg a volumetne pipet, pipet 50
(.05 . filtrate into a Kjeldahl digestion {lask (or tnbe) con-
taining potassivm sulfate and copper (1F) sulfate pentabyydrate
catalyst solution as in 991201 or $91,20K, Add spHfuric acid
as in SYL20D or 991.20K. Flask may be stoppered and di-
gested later. Digest and distill a bignk solofion (50 1 mLaoom
temperatire water, 0.5 2002 mL 10% acetic acid, and 035 %
002 mL AN sodum acefpte) eactiday &mﬁesmanaiyzed Keep
record of blank values. T blarik valugs change, identily cabise,

E Determination

Procesd as in $91.208 or 981,204,
£ Nirogen Recovery Veriioation
Proceed as in S21.20F or 991,200,
G Calerabion

Calenlate resulis as foHows:

Noncayen rdtrogen, % =
(L4007 x (V, — ¥ ) X N x 2 X 0.994)/W,,

where V, and V;, = mL titrant used for sample and blank, respec-
tively; N=normality of HCI solutions W, = weight, g, of mitk, To
calcalate noneasein hittogen on a‘pmzenn"mmv&em basis:

Table 1. Percent total protein in milk determined by the Kjeldahl 20ial nitrogen method
Laboratory
Maderjal A B 62 D F G H i N
1 33128 3512 33274 d8422 33040 33474 B.3400 BT 32348 33386
B.3242 33358 33336 3.3380 338022 3.3536 25588 38328 3.2936 3.3300
2 39383  3.9407 3.9608 3 9566 28039 39508 3.9448 38716° 39083 3.9453
3.9328 3.4268 3.9748 3.89423 9130 3.0896 B9800 2.95407 3.9302 3.9388
3 3.2539 32748 33321 3.5242 32805 33201 3E2e 23231 32080 3.38223
3.3089 32038 38143 3.3289 B.3055 3.3074 asie7 8.3185 38014 3.3037
4 2.3714 5.3449 3.3505 3 3606 43087 3.3634 3.ap31 8,3544 33165 3.3752
33780 33517 5.8728 33679 3.34268 3.3635 33668 828582 3.3305 3.3770
5 82180 32448 3.2448 3209 31017 82152 3.2745 3.2453 3.1937 3 23
B.2045 2002 3.2360 32045 31846 82984 32139 32459 33888 32315
6 3.zasg 3.3275 33244 3.5024 32624 3,8048 3.2948 3.2482 Fesoz 33182
3.2761 3.2048 3.5212 885212 A 2676 33053 348047 33002 3.2804 39125
7 32925 33040 33165 3.2051 s.2482 3.2678 3232 32835 3.2653 33102
83,2853 32682 84289 32067 32444 9.8140 32434 32852 32618 33016
B 31269 301482 AI573 3.1480 3.0928 31296 34214 31262 31154 3.1364
31302 8.1237 21279 31408 3.0871 31347 3.91250 3.1065 31108 3 1425
9 80464 3.2447 32073 3.0865 3818 32860 B.0244 8.2556 d.2002 32813
3.2448 3.2446 3.2866 32708 3.1882 3.2828 82465 32433 32879 32520

¢ Blabstical outier (éachran tést).
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Noncasein protein, % = % noncasen nitrogenx 6 38

Note' The factor 0,994 correets for volume of precipitate,
assuming raw, whole itk with ca 3.7% fat and 2.6% casem.
The factor For precipitite volume may need to e sdjusted
(based on estimated fat and casein content) i liguid dairy prod-
uets of significantly different composition are analyzed:

Factor = 1 — {0.11 x %fat/ 100) + {0.07 X % casein’ 100)

Ref: J. AOAC Int 81,763{1998).

908.07 Casein Nitrogen Content of Mitk—Kjekiaht
ifiethod—Indirect Method

First Action 1598

{Appheable to fresh raw milk. Casein nitrogen content will
decrease with milk storage tine due 1o casein breakdown even
at 4°C Cusewn nxtrogen content of heat reated milk will be
artifictally hugh because of whey protein denaturation.)

Method Performance

(calculated on a protein equivalent basis. nitrogen X 6.38)

5= 0 015; s = 0.022, RSD, = 0.560%; RSDy = 0.841%; r =
0041 R=0062

{caleulated on a percent nitrogen basis)

5 =0.0023; sg = 0.0034, RSD, =0.560%; RSP, =0.841%; 1
= (,0064; R = 00006

A. Principle

Total witrogen and noncassin nitrogen contents of a mitk
sample are determined separately Diffaience between these
2 deferminations 1s casein pitrogen content of the milk.

B. Determination

(@) Total nitrogen~Determine as in 991.20.
(b) Noncasein nitrogen—Determine as m 59805,

C. Cajoulation

Subtract noneassin nitrogen content from toial nitrogen
content of milk sample to obiain casein nitrogen. Muliiply re-
stilts by 6,38 to express casein on-a protein bass.

Refl:r J ADAC Int. 81, 763(15998),

888.06 Casein Nitrogen Content of Milk—Kjeldahi
#Method-—Direct Method

First Action 1998

{Applicable to fresh raw milk Casein nitrogen content will
deerease with milk storage time due 10 casein broakdown even
at 4°C, Cagein mirogen content of heat treated milk will be
artificialty high because ol 'whey protemn denaturation.)

Comtion: See Appendix B, safety notes on HySO,, BCL fam-
mg acds, NaOH, ethand], acetic acid, and wse of eleetrical
equipment.

Method Performance;

{calenlated on a protein equivalent basjs: nitrogen X 6,38)

fuble 2. Percent nopcasein nitrogen (x 8.38} in milk determined by the Kieldah! noncasein nitragen methed

Laboratory
Matenal A 8 cC D F G H i J
1 07669 0.7617 07810 07506 07732 0.7980 0.7833 07479 pres®  07ss
07593 07513 0.7824 67547 07710 0.7883 0.7572 05532%  068Es® 07858
2 LA® 0.8845 0piis 0.8716 08628 0,5389 osess’  oss7et  0EYE0 0.6966
A7 oes0  Dems 0§77 oBEp1 077 08187 0e180"  o877E 0en2
3 07179 0.7282 07474 67215 07556 07581 0.7147 040077 07318 0.7454
0.7341 0.7245 0.7505 07276  0.7215 07508 07530 07822°  0.737 0.7448
4 07309 07424 07818 07408 07540 07742 07522 O70§6° 07985 08177
0.7438 0.7258 0.7838 07436 07520 0.7670 0.7567 07681% 07438 o0.7681¢
5 o732 07265 07580 D7RIE 0423 0.7616 07408°  oyas® 07489 Q7521
0.7324 0 7563 0.7584 07247 07147 07608 06233’  06998° 07195 0.7513
8 07645 07716 07609 0,7534 07787 0,7843 osees® 07787 0.7592 07853
0.7630 07695 07842 7521 0.7374 0 7701 07765° 07654 0.7524 Q.7708
7 0.7209 07755 07428 07181 0.7323 0.7420 o8708% 07540 6.y200 0.7425
07355 0.7663 0.7877 0.7243 0:7856 0.7426 0.7353% 07247 07109 0.75308
B 0.6981 ovaze 07008 06829 05056 07124 ofose 06998 06876 0.7150
0.7262 0.7405 07082 05065 06094 07130 0.5%82 0,737 0.6907 0.7161
9 07876 07588 0.7578 0.7234 673579 07SE3 DYEIR  0.74BY 0.7328 0.7524
o721 0 7676 0.7583 gyaT2 060077  07EM 0.7554 07487 07454 07874

* Invalid data (did not bring volumetric flasks to volume},
& Siatistical outlier (Grubly's test).

¢ Laboratory accident {no data availabie)

¢ Siafisticat pulligr (Cochran test).
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8= 0015, 55 = 0 025; RSD, = (1 597%, RSDy == 0 988%:; r =
0.044, R = 0072

{ealenlated on a percent nitrogen basis)

§ = (H0024: sy = 0.0040; RSD), == 0 597%; RSDg = 0 988%; r
=0.0068; R =0.0113

A FPrinciple

Casein ig precipitated from mitk at pH 4.6 using acetic acid
and sodium acetate sofutions Precipitation rmust be done in
Kieldahl flask or tube The acidified solufion, which contains
the aoncasen nittogen corponents of the seenple, Is separated
from casein precipitate by filtration. Nitrogen content of casein
precipitate is determined a8 in ) 997,20,

B. Apparaivs

See 591,208 or 991207 and n addition:

(@) Pump disperisen—Cdpable of addition of 701 0.5 mL
H0.

(b} Pump dispenser—Capable of addigion of 30+ 0 3wl
buffer solation.

C. Reageris

See 991.20C or 991207 and in addition:

() Sodium acerate solution—1N (w/v), using analytical
grade sodium acetate or sodium acetate trihydrate. Prepare IN
solution on anhydrous basis. Prepare fresh weekly.

by Acetic acid solution-—10% (v/v), nsing analytical
grade glacial acetic acid,

(&) Buffer solution—Dilote 1 £0.1mi, IN sodiom acstate
and 1 20.1 mil. 16% avetic acid to 164 mb with 20°C water
Prepate fresh weekly,

O Freparation of Samples

Mix 38°£1°C mikk as o 92521 Dhnmedately place
weighed sample (5 + 0.1 mL) imo Kjeldahi digestion flask (or
digestion tube), cither by weighung the sample directly mnto the
flask or by determining the difference between the wesght of a
small container with the sample and the weight of the container
after the sample has been ponred into the flask or tbe. Record
tonearest 0.0001 g, ﬂs&}?umgmémpmser to immediately add 70
+0.5 ml H,0 1o the flask, rinsing any milk on neck of flask
into b, (Additional sarplescanbe weighed at this point, but
the.additions of acetic acid and stdimm acetate plas filtvation
should occtr wathim 15 min of weighing itk and attding water,
This minimizes protesiytic degratiafion of casein during sample
prepazation). Add0.75 £ 0,02 mL 1% aceticacid, Ch), 1o fask,
and swirl gently. Bnsire afl acid is-added 1o bulb of flask. Leave
mixture at room temperature for 10 min. Add 075+ 0.02mL
IN sodinm acetate, O(a), to Kjeldaht fask, and switl gently, Pour
mixtarg from Kjeldshl flask through pleated filter paper (What-
man No. {, 15 cm, Nefiee; or equivalent) and collect fiftrte.
{Some casem precipitate will rermain m flask and some will be
collected on dhe Glter paper. It is not necessary to remove the pre-
cipitate frotn the flask.) Filter completely before neat pour.

Tumediately after potring mixtore into filter paper (do not
let pregipitate dry on the inside of the neck of Kjeldaht flask),
use pump dispenser o 2dd 303 0.5 mL buffer solntion, O,

Table 3. Percent casein in milk defermined by the Kieldahl indirect casein nitrogen method

Laboratory
Matenat A B L9 s ¥ S ¥ { J
1 25516 25495  oB4B4 05826 25308 25404 25567 AT Na? 2 5595
28550  @5845  2S55i2 28833 25312 25653 25766 NA®2 Na# 2 5461
2 NA® 3 0562 4.0482 30850 3041 30128 Nak NAY 20328 a.0487
NAS 30618 30633 3.0706 3.0329 30219 NAY NAY BO52B 30278
3 B2 EBYED 2 5467 gEAT 28027 2 5346 2.5620 2:6060 NAT 2 5862 2 5760
25748 25681 25637 26013 25840 2.8566 2 5658 NA® 2 5643 2 6591
A 2 8515 2 8018 26A7T 25198 2 BT 2 o202 25709 NAZ 25798 NA?
248312 2.6258 25881 2.5443 2 5508 25068 28071 NAT 2 5869 Naf
5 24869 24878 24928 24703 2 4484 2.4536 NA? NAY 2 4448 24710
24721 24488 24785 2.4088 24799 DABTS NA® NATY 24701 24802
6 25344 2 5569 2 5405 2.5687 24807 25208 NAY 25185 2 5340 25320
25191 25953 25570 25691 2.5202 25852 NAP 25348 2 5380 254189
7 25626 25315 25727 25680 25130 25258 NA? 25295 26424 25677
25538 25019 25012 2 5704 2 ABBS 25728 MAL 25605 2 B518 2EHS
8 24308 2.4010 2 3474 24661 23973 24175 24262 24269 24278 24214
24070 23852 2.4197 2 4440 2.8877 24217 24088 23805 2 4201 24254
9 25068 2.4859 D.5304 25631 25087 2.4872 2 5099 2.4964 25088
25217 24770 2.5083 2 5434 NA? 2 5687 2491 24965 24985 24349

" Not avallable {mmi:d {NCN data).

* Not avartabie (NON statistical outiier).

? ot avallable (NCN faboraiory acsident),

7 Not avaslable {invalld NCN date and TN statistical gutber).

[ e -

L
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Table 4. Percentcasein in milk determined by the Kjeldahi direct casein nitrogen method

Matenal A
1 2.5362
2.6320
2 30291
3.0341
3 2 5549
2 5644
% 2.5952
25937
5 24514
2 4591
& pegstreed
2.5204
7 28224
25283
8 2.3568
23770
g 2.4748
2.4858

B

2 5500
2.5578
3.0077
30259
2 5645°
2.4608°¢
2.4237°
2.5739°¢
2.6194°
256007
2 5205
25371
2 5200
25068
2.3957
2.4121
2 4840
24843

G
R.5797
2.5723
3.0398
30804
2.5771
2 5368
2 5462
2 205
2.6026
2 4858
25980
2 5358
2 5497
26651
2421
24305
2.5039
2 48862

25775
2 5845
30478
3.0510
25814
2.5905
26220
2.6495
24687
25008
256
25670
25764
25827
2.4363
2,4408
2.5249
2 5308

Laboratory
E F
248777 25210
225574 2.5245
2 pB847 30180
120887 B.02k2
229074 25472
2 4247% 25455
258807 23930
2587857 2.5765
208807 24418
247247 2 4454
25493% 2.5053
2 50387 25204
1.0742¢  2.538%
2 28647 25163
125027 2.3957
2 36042 23943
203037 24807
107547 24807

2 5473
25614
3 0238
3.0138
2.5686
2 5500
28277
2 5926
24623
24704
2.5230
25057
25359
26426
2 4131
24066
2.4861
2 4860

25018
2 4887
30035
25823
2,5386
25875
2 5859
25706
24283
24513
2 87238°
2.5084°
25288
25184
24652
2.4082
24718
2 4629

J
2 BeE7
2 5481
30536
3.0637
25763
2.5658
26152
28108
2.4846
2ATET
Zha8d
2.5158
25447
25495
23959
2 4250
24262
24866

# taboratory accldent
* Statsheal outher (Cochran test)

to Kieldah! flask, nnsing any precapatate on neck of flask down
into bulb. Swarl t0 mix Pour mixire onto same filier paper
after firstfiltration is complete, and combine filnates (use saine
side of flask neck for all pour overs to reduce orea to which
precipitate cap sdhere). Immedbately rinse neck of Kjeldahl
with additional 30 £ 0.5 mL dliquot of C{e), switd to wx, and
filter through same filter paper after second filtration is oMM~
plete. Add filtrate 1o previons 2 filtrates, Filtrate shounld be
elear and Tree of particulate matter. If partreulates appear, re-

cycle filtrate throngh same Glier paper or repeat test, Clear fil-
trate can be discarded,

Remove filter paper after filtration and filter pdper has
dried slightly. Bnsure no precipitate on filter paper is Tost.
Pauch filter paper at top and twist sidos and boiton to form
oblong shape, If any precipitate remains on either inner or outer
lip of Kjeidahl flask, wipe with filter paper so precipitate ad-
heres to filler paper. Drop filter paper into Kjeldahl flavk, Add
potassiumn siifate, copper (1) sulfate pentahiydrate catalyst so-

Table 5. AOAC statisticaf parameters by test material for percent fotal protein in milk determined by the Kjeldaht

total nitrogen method
Statishc

Matertaf Data No oflabs Mo oftesis Mean, % $n R8D. % REDR % r R
8 alt 10 20 3.1265 0.0087 00480 0.3098 0.5743 0.8271 00503
5 all 10 20 3.2157 0 0076 G187 0.28606 0.5798 00243 00522
9 alt 10 20 3.2497 0.0076 00272 0.2824 0 8358 00211 GO0
7 alt 10 20 32825 o140 0.0283 04274 08615 0.0893 0072
6 alf 0 20 3.3008 0.0096 0.0204 0,2923 08191 Q0270 00572
3 all 0 20 33086 D.00B4 00145 0.2552 0.4301 00236 0.04G7
1 all 10 20 33268 0.6089 0.0178 0.2069 05353 00198 0 0489
4 &l 10 20 8 3583 0.0131 0.0218 03808 0.6587 0:0368 D08
2 all 10 20 3.03854 D.o204 0.0230 5176 05849 00570 00644
2 outher removed 8 18 39379 00692 00183 023828 0.4639 00256 00512

Grand mean” 3.3454 0.0038 00210 02043 0.6276 0.0278 0.0594

2 Grand mean velues were caloulated using only material data wl;ere aither no statistical outti&rs wore wendified (mategiais 1,8,4,5, é" 7,8 anE
9) or with outiiers remaved (matenal 2). Grand material mean was calculated by averaging All other Siatistical riedns wete calcuizted from

the stjuare root of the average of the squared deviations
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Table 8. ADAC statistical parameters by test material for percent noncasein nitrogen {(x 6.38) in milk determined by
the Kjeidahi noncasein nilrogen methad

Material

[ S - IR T R e i e B

Data
alt
all
all
outher removed
alt
outher rermoved
al
outlier removed
il
oiillier removed
all
outhier yamoved
ail
vuther rernoved
afl
otithet removed

Grand mean”

* Grand mean values x;«ese cateﬁ!;xteﬁ using only materal data where erther no stafishcal outhers were wentified (malenals 3 and 8) or with

No, of fabs No of tesis  Mean, %

- py

(o R v o i s o « IR o QR < TR v B & o

s

~ W o

20
18
18
16
18
16
20
18
18
16
20
18
18
16
16
14

07071
07367
0.7344
07379
073565
0.7417
07456
47481
{75586
0.7810
80,7648
Q7677
¢ 7850
07726
8871
0.8912

07616

5

060085
0 oIat
0.0174
00102
00322
0.0128
018
0.0062
0.0136
0.0074
0.0197
0002
0.0100
0.0078
0 020G
0.0087

0.0098

Stahsiic

[ U S F—

0165
Dotz
ooz19
poise
00322
0.0157
g ot7d
00144
&0215
00150
00200
004188
o o270
00144
0.0280
0 0240

0.0183

1.2033
17748
28638
18850
4.3732
1 7260
15892
08286
1.8008
0.0829
25821
132758
13088
1.0078
2.2600
1.0885

1 2868

RSD, %

REDR, %

2.3309
1.8329
29776
22860
43732
2070
28279
1.8204
28417
1.8971
28100
17658
3.5250
18628
8.1564
26857

2.1481

r

0.0238
00366
00488
0 Gess
D.0801
00358
00332
00874
0.0381
0.0207
b.os53
0.0288
0.0280
0.0218
00561
oozv2

0.0277

]
0.0461
00399
00812
0.0472
0 03
0.0440
0.0486
0.0402
0801
00420
00585¢
00877
Q.0755
0.0403
0.0784
0.0673

0.0482

outhers removed (matedals 1, 2, 4, 5, 8, 7 and 8). Grand material mean was calcufated by averaging All other stabisical means were
calculated from the square root of the average of e sguared deviations

Iution, and sulfuric acid as in 391200 or 991.20K. Flask
may be stoppered and digested later. Dhgest and distill 2 blank

{including filtér paper) each day that sanples are analyzed.
Keep a record of blank values, If blank values change.

identify cause.

E Delermination

Proceed as o 991.20E or 991261,

E Nirogen Recovery Verification
Proceed a8 in $91L.20F or 991 20M, except add filter paper

to all recovery fiasks.

G Calculation

Calenlate casein nirogen. in milk as in 991,206,
Ref.: J AOAC Inn. 81, T63(1998).

Table 7. AQAC statstical patarmeters by fest material for pereerit casein in milk determined by the Kjeldahl indirect

tasein nitrogen method
Btatistic

Matenat Data No, of labs No oftests  Mean, % S B H8D, % RS8Dg % ¥ R
8 alt 10 20 24194 001387 0.0211 05846 0.8710 0.0382 00530
5 al 8 16 24717 BOYrY ooi77 07160 05,7160 0,0496 0.0456
9 alt 9 18 2.5076 € 0088 0.0248 0.3002 0.9907 0.0275 00686
é all g 14 2 5932 00132 0 0455 05209 0.7704 o0871 0.0546
7 all ] 18 2.5498 00171 0.0294 0.6707 1 1530 00479 5.0823
1 all 8 18 25571 00111 00174 0.4558 06795 0.0312 0 0487
2 Hit g9 18 25714 0.0168 00188 0.6530 07514 00470 o827
4 all 8 15 26084 o77 0.0235 0.6783 0 o012 00485 D.0657
2 alt 7 14 3.0468 0.0102 0.0207 0.8344 06800 0 0285 00580

Girand mean® PEB47 D 0145 0.0217 D 5601 0.8412 0 0409 00515

et

7 N stalisticsl outliers were identified. Grand material rhean was calculated by averaging. All other statistical Means were caTcmated from th;

styuare root of the average of the sgwared deviations
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Table 8. ADAC statistical parameters by test materlal for percent casein in itk determined by the Kjeldahl dirset
casein nitrogen method

Stlatistic

Materia Data No of fabs No oftests  Mean, % 8, Sp R8D, % R8Dg, % r 1]
8 alt g 18 2.4087 00744 D 0241 05987 10000 D403 0.0674
5 alf B 16 2.4805 Q.0178 0,0510 07182 2.0561 0.0500 0.1428
& outhers removed 7 14 24648 5.0%06 00251 0.4288 1,087 {0288 00704
9 aff 9 18 24821 £.6311 0.0368 1.2464 14778 00870 0 1051
& all 2] 18 2.5189 0350 0.0412 1.8910 16342 0.0981 04153
6 outiiers removed 8 18 25286 0.0144 0.0150 0.8679 0 7800 00402 0.05831
7 gl 9 18 25428 0.01186 00245 0 4544 G97s 0324 0.0696
1 all 8 16 2.5467 60073 0.0285 0.2876 1.1832 00208 0.0808
3 al 8 16 2.5549 0,0285 00307 1.1168 12019 00799 0.0860
3 outhers removed 7 14 DEBID 0.0%27 .01 0.4852 0 7489 00358 0.0536
4 all 8 16 25837 0 Q200 00521 1.5488 2.0085 o 121 0.1459
4 ouihers removed 7 4 28072 £.0148 0.0250 0.5687 05800 00415 0701
2 ah 8 16 3.0288 L0081 00212 0.2663 08995 0.0226 00583

Grand mean® 25754 0.0154 0.0254 0.5671 0.9875 00435 06719

o Grand mean values were caloulated using only matsvial data wh;are a&lwaer no-statistical ontliers were identified {matestals 1,2, 7, 8 énd g or
with cuthers removed (materials 3, 4, B, and 8} Grand matenal mean was caluulated by averaging. All other statistical means were
calcutated from the square root of the average of the squdred deviations

Results and Discussion laboratory A was tmavailable due to an accident and the data for
. i the first 5 materials from Isboratory H wese uwvalid becanse the
Laboratories reported amino acid or ammomum sulfafe 1 youmetric flasks weze not brought to volurae (Tible 2 and 6).
coveries between 98,3 and 100.9%, which are within methed o5 e remaining data, 6 Cochran and 1 Grabb's outliers were
specifications of 208% (22) Sixlaboratories (A, D, E. G B D jgensified. One of the Cochran outliers (laboratory I, muate-
used block digestors with steam distillation and the temaining 41 4y ocenred in a Iaboratory with traditional Kjeldiahl equip-
4 Jaboratories used traditional Kjeldahl equipment. ment, while all ofher outhers were from leboratories using
“The data for the determination of total, nericaseln, fnditectea-  plock digestors. Indirect casein was calculated only when the
semn and direct casein nitrogen, expressed as protein equivales — gay fiom both the TN and NCN were acceptable (i.e., noJaboratory
(N x 6.38) are preserited.in Tables 14, respectively. Method per-  gevidents, invalid or oufher data), and no statistieal outiers were
formance, with and without statistical outliers removed, 18 pre- identified when outlier lests were rup (Table 3 and 7).
seted in Tables 5-8. The total amosnt of invalid and outlier data No data were available for the direct casein test for the first
was within acceptable limits for eollaborative studies (29). 5 materials from laboratory G due to a laboratory accident (Ta-
Only one statisticat outlier (Cochman, kiboratory H, material 2)  bles 4 and 8). All the direct casein data from laboratory E were
wasidentified for the TN method, seflecting that dil of the labora-  identified as invalid becanse the tdim Wwene dlearly unreasonable
tories have extensive experience and routinely ronthe TNmethod  and the laboratory reported problems with crystallization after
{Table 1 and 5), For the NCN method, data for material 2 frome digestion. Of the remaining data, 4 Cochran outliers were iden-

Table 9. Comparison of method performance statistics for determination of total, protein, caseln, noncaseln, and
nonprotein nitrogen by Kjeldahl analysis

Method performance statistics?

ACAL method e - - -
numpber Method Grand mean 8 Sg H8D, % B8Dg % r R
291.20 Total nitrogehn 3395 0,014 o7 0.385 0.504 0038 0,048
991.22 Protein nitrogen, direet method 2 995 0.008 0,021 D285 G702 .024 0.059
981.23 Protein nitrogen, indirect mathod 2,976 0.014 0.639 0,483 1.058% 0.040 0.088
Current study Casein tutrogen, nditect method 2585 0,018 0.022 0.860 G841 0.041 o.082
Current stugy Casem mirogen, direct method 2575 0.018 0.025 0.597 o988 0044 0.072
Gurrent study Nengcasein nitrogen 0,762 Q010 0016 1 287 2.148 0028 0 045
991.21 Nonpretein nitrogen 0204 0006 o012 2817 5707 8016 8033

@ Mean, s, 5, 1, and i expressid as protein equivalents, wi% {nitrogen x 6 38).
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Table 10. Mean percont protein by material defermined by the total, noneasein, indirect casein,and direst casein

nitrogen Kjeldabl methods

Mmenai {% protem)?

P S R—— . - Grard
Method 1 2 3 4 5 6 7 8 8 mean
Total nrrogen A3268 30879 33006 33583 32167 33008 3.2825 31265 32497 33454
Noncaselin nittogen Q7728 08812 {7367 O 7510 07417 07677 0.7379 0.7071 0.7481 37616
Casemn nitragen, ndirect
methiod 2.6571 30468 25714 28054 24717 25332 25486 24104 25078 2.5847
Casen ritrogan, direct
mathod 2 5467 3.0286 2 5610 28072 24648 25285 256428 2.ADB7 2.4021 28754
T Difference between intirect and direct.cadein
0.0104 0,0182 Got4 -00098 Q0068 {0046 00068 0.0127 0.0165 0.0093
indlrect cagain mi:ogen as 8 % of totat mtmgen
76.88 7737 7770 77 58 76,84 76,75 TT&T 7788 77.16 T7 26

JRE—

2 Material means detemmed f:om tie co“abcsrat;ve studles of the mds\ndu

tified. Three of theseoutiers were from Laboratory B {materials 3-

5y amd close ingpection of the daba suggests that the cause may lave
been fest sample mixup rather than procedurat eror.

Lirfew Tegression Indicated no significant (p > 005) rela-
tonship between grotein concentration and method perform-
ance for any of the method statistics determined for the total,
indirect casein or direct casern nitrogen methods {Tables 5,7
andd 8) There was & significant rélationship between protein
contentration and both sz and R for the NCN method, primar-
ily due to the slightly latger reproductbility standard deviation
determined for material 2 (Table 6).

Table9 corapares the staistical perforanees of the Jndivect ca-
s¢m, direct. casein, and NON methods with the Kyeldahl nrrogen
ntetheds for raw milk that Bave pmwausiy been coltahoratvely
studied: TN'G91.20 (22},&113&&1::0!&21 nitrogen 991,22 (24), indi-
rect protein niteogen 991.23 (25); ponprolgin nitrogen$91.21 (23),
ardered from high to low protein. The’ TN method theoretically

presenté maximun ithievable precision because there is.essen-
tidlly 7 test sample manipulation other i warming and weigh-
ing. Theone exception s the NPN method, which hasthe potential
for better absolute repeatability because the procedure uses 0.0IN
HOY nstead of the 00N HCL as the titrant.

The repeatability standard deviation and ¢ value were very
similar for the metlods thit use-a 01N B titrant (eag.; all but
NPN). Reprodueibility standard deviation and R value were also
very comparable, although the reproducibility of the protein, ca-
sein, and noncasein mtrogen methods are slightly greater than that
for TN due fo the additional pregaration steps and/or multiple
wnalyses. RSDs increased with decreasing protein Jevel, as ex-
pected. Overall, performance of the indirect casein, direct casein,
and noneasein nitrogen methods compared favorably with the pre-
viousty studied methods and within expectations for the protein
levels meastired. The performance of the TN method inthe prosent
study (Table 5) was similar to that determined in the originat col-
laborative stody of the method (Tible 9; 22),

al methotls,

Tables 58 present mean test restlts Torvach of the methods
studied from low to high protes, but the order of the materials
iy not necessarily the same among methods, Acomparison by
material isshows m Table 10, Withthe exception of matesial 4,
the mdirect casein results were higher than the direct casein
results, averaging (.01% protein greater (p < 0,05). This small
bias would be refatively insignificant in routine application
considering other factors that can influence the casein test. Tt is
possible that the bias between methods might be eliminated by
farthermodification of the dilution voleme during precipitstion
in the direct casein procedure, However i1 15 the authors” opaie-
ion that the potentisl for asmall Improvement m accuiacy was
not enpugh fo jostify pursemg this approach at this fme, A
sirilar biés has been obsetved for the indirect and direct pro-
tein pittoger methods, except that the Indirect protein method
averaged (.029% Jower than the direct method {(Table 9; 27).

The Infiréct casein nitogerr method is ponsidered the “ref-
erence” méthod from a historical perspestivé, Cdsein nitrogen
{indirect) as a percent of TN'is cajendated in Table 10, and av-
eraged 17.26%, with a range of 76.75 1o 77.70%. This range of
caseinitrogen 28 a percent TN is typical for good quality com-
soingded raw rdk $4--6).

Coflaborators™ Comments

Proliléms noted by eollabiorative study paticipants occuinred
prisparily in labomstories using block  digestors, The
NOCN flask/tnbes tend to foam during digestion. Foaming can
be controlled by starting the digestion on cool bursers and di-
gesting at a low heat setting until white smoke appears (22).
Thas extends digestion time, however, and crystallization may
oceur after digestibn if there is not enough residual sulfuric acid
left {resulting in nitrogen loss). This is especialiy problematic
for Block digestors becansi beating of the whes cannot be indi-
vidually controlled, exvessive fiung aspiration rates can result
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in the removal of 100 much sulfuric acid, and-the amount of
sulfuric acid 1nitially added 15 kess than that used in the trath-
tiogal Kyeldah! system (20 mb as epposed to 23 mi.). Block
digestor conditions can be optimized for NCN digests but re-
quites more effort and attention on the partof the operator com-
pared with the traditional system,

Stmilarty, orystalluzation of the diredt casein digests after di-
gestion was obsetved by sorne laboratories using hlock diges-
tors. Foaming was generally not a problem, but the extea or
ganic matter {due to the Sker paper) can resoltin an insufficien
amount of sulfuric scid left at the end of digestion if digestion
copdrtions and aspiation rate ure fot optimized. Again, block
digestors reguire more effort and attention o obtain high gual-
ity resuifs compared with a traditional Kjeldahl system.

Hecommendations

The Associate Referee recommends the following:

(1) The new method for determination of the noncasein
nitrogen content of milk he adopted official first action,

{2) The new mdirect method for determination of milk ca-
sein content be adopted official first action 1o replace ADAC
method 11, 927.83 B-C.

{3) The new diroct method for determination of milk casein
content be adopted official first action to replace AOAC methtd I,
927.03 A, as an alternative to the indirect casetn method.
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