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Fôob GOMPOSjTION AND ADDITNES

Indirect and Direct Determ lnation of the Casem' Content of M llk
by 'eldahl M trogen A'nalysp's: Collaborative S> dy

JIANNA M. Izocp and m vto Me Bztleuxo
Cpnwll Univetsity, Dgpaxtmuny of Focd Sdcrlcw Nolheaqt Dairy Food: Researeh Centfx. Tthdca, NY 14853
Jtm caàxo FzaExuNc
U.S. Deparlnwnt of Agnculturc, Toxas Milk Mdrkctingleoicev Can'ollton, 7X 75606

TM  classi/ mdhod for delennlnatitm of mixdaqeltî mtrtYell ddterminattoa) llavewbeçn z'epoued letw-n 73-79%
1: b'àe  ob preelpltat/on of mseinzt pH 4,6. Pre lpl- f*f r4M$ flfltlttnihgled tàllk frûm dtflry PYcessing piant sttlrage
flted milk qaleitt ls Omove  by filtralion and the ni- me  (4-$. Theranrofb'r nMlkfromfarm bulklànkg lmd indz-
lr4M.1tbll mnteltof eithv>r fhp predpllzv tdkecttasein vidmtl cow8 i: Nvlde.r (% 8).
methe) oztfxfpte (nonreaeeln nitrogent NCN) is deter- 'l'h: tlair,y ipdustly has a strong qconomic iaterestilz cmscin,
mined by K) alehl analysie. For the Mdlfe  @4se1n bccaus: bot'j thevamount of intact caqeln vnd th'e dçgree t)f 4:-
methpG mllkfoll nie gen (TN; Method 99120) is N/J)I bteAdp'wn ha'vû 11 sigmficgnt impuct on fhe qnality of
also'deletmije  ànd eaY n i: eealtulRte  àl TN mF dahr p,rotlccts aud the proccvssing characteristics of milk. I%r
nus NCN, Ten laboratories tfstedz pairs of bllnd d?- examp'te, casein qnaljty influepeeG tflo hcat stltbillty of rnilk?
pliemte raw milk tilz*iàls with 1 carsein rxmge of 2.42- gelation of Ull'r prodacLs, and the yieldythvor and texture of
3.45% W 1:0t14 thedirectaàd indirect oaxln mejhotb. daily yrodjlcjqauuh as cheese and ypgtu!t (9). 'Tbe4atlAtic *11
Sptistical perlorman-  expre-sr.e  ib protein G uiva- eonvmentof lwms paymezhtplxigcarnslsbae on therellonshp
Iqntp lnitfogen y; 6.38) with invaRd and otttller de* re- Ytw= xle ecsllaoneadwxeltlfll.Atel- ex> *cœll
movqdwas as loflowg; NCN mqthod (wt%), meln = eolmx thcmkq aa iacw se in mjlkpmelpe +415* nwl a corm-
:.76R, sr = tm G &s'.'z q.01A, eepeato ility eelMlvp swlïdingfjqximzktp intbewmluljofintacto.%l (1)v 1X.
A nda'4 devpa:on 4RSDr) = 4.R87%,YprodumXil1 Automaad nxthotls mate èe/etermirmtmnof srmatlocell
relâtivl étane rd d:vlatlon (RSD/)'= 2.146%1 indirect uouxlf.qmlavemiem. fltqjx and zehtivdy incx> mivtx Howtver,
cabpbn methe  (*t%j, meeah = 2.5% , rep:atability = sanatjc cd1 counts mmain onày Jtaindirectindicatorof protcin
(ko15y reprodtmibilW  = 0.022, RSDr = 1569% RSW  utgîty, otlw: faclors s'oc'h ms ytjlge ol hctation, bze/, pafty,9
= 02411 dired casein method (*t$9, mkan =2.5:.5, yeason, mgtpn, and health histov cqq effect 1:0t1) plasrnîn ûe-
sr =*.ô1B, ss = 0,œ$ R@br = 9,497% RSD,R = twkty mlt! oo cassj

.n content of milk (3, 13-t6). Widespread0
.*83.1. Melhod performan= FR.s aeceptablp and goptirm pj. cjjyta tvsfjjv woutd Ix exyectojl if .a rvtiubl:a
o mparable w sgmtlar X1vl4:lA1 mqthpd: for de r,- '. uyckaïzwrsypcwseiu yoxwxqgevalopzjklmumlserof letlst1
mpnlng nitmgen ooptetlt of 'mlpkW ethcds's#Rl.zR oxds upwng mfd-jpjc. awu mitk uno zers jjave,ham deoscrjbed@ 1

,2jy 9:1.22. *Jj2,3)s T,hezdyreet oseiny lpdlte  jmugj yjsy qropoymqtjgay usto ljtxse
zof vad-. (17-19),,#Ittàseini ahd ntmo:ein nkoqen meoods h4Q* been

pusmelhodolggcal làmitations.adop'ted hy AQAC 4NTEBNADONAL
. jomqotxj svtjaamyjpu oajjymilkcawyugs bawd'Ihe las4

on theRowlat,d miikpltlein fractiormtion sèheme (1). Theto-
1:1 aitrogen (1'N) eoptent o.fmilkrd theqàtrolûain thtf'tlttfttei1k ca

.%in determineçl h# th: Rowlïmd protein fmc- jtrogeyj; xcxl ayaqrcaAojn prwyiuuoa x plj xulvonclt@Rnntmatkm schdme is de% eil as protei:s that precipg- jjetoujxusy ujuuau yyluyuvcjxxemjstatexuttd fzxthe
tute4t p'I''f 4.6 (1 > 7). 341s o otmt ofamacr eavseln 4s a ,jx aud xcxjamjtyjyjpgygjmgesox 6

..W qtpnce Yhfeenfuncmoaof bothcasein:-pthea/sinlhcrmammaly glaqtlaadyhe rjxxre js ataderxcm expms:s (h4 rvsttlLs on a pmtzin basig).bmakdl)wn ofcttsein thatcan occurms a respltof thû atlivity of u jn q. js wmkjcontftwers'y as to what 4xactly constitlltea case ,
lmlive milk proùxse.s (p,rlmaity plgsmin) nad znkroléal pro- 6:.8

,e$11 pmtroty/s products may be solllble ut PH 4.6 aqd someteatles.n eexterttlo A icb ea iqbmakdow.n produetspreeipj- imncasein nilogen cpmptmeats may V ttzpped W h the pm-tftre atpll 43 or ztmain sohbk is a functsoaof ftttpnept sçlu- d
p/mte. llowevpr,the,Rowlanddchnition of eyejn îsgtntrtjltybility (3)

. Cdtein fL$ jitrccntage t)f total ptvtein (baqed on tptal accepsed a: tlte reference methotl m the comfheztjittllsairy m-
jxstj.y aad has teen yeliably usH  since the mid 19* 9.: as a

Sublultted fprpnblicatipn Aptember 22+ 107. Vvripble iaçh>ge yield plditztàçm fonnulas (1.2. The mtnzntTh
e tec4mmendMun *aK aprved by le Mtàtxb Ceagïtittee tmcommoaity pocaq ang eomïnod,typmtspct. aad was adopteabyxïe lnîenwtioaal Do rvdee-e tmp pv enmfzlfortlke -

ofluimv:molk B4aeoraoac. nation of mgk ca.selnisbavy ostbeRosvlznd prtzedate f1J.
EXHIBIT
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2 roccdurcsfor castzin dfztm-mmatmn 131- if nMlk is welghtxl ht eztizr C'JF or 3&'C (ttk%tîmlng the fat i:The AOAC descnbes p
loosely based oc the Rowland procedtïre, but thdy sllffer from in solutllm), Thasrfor consjstency wifh lhe DOrAOAC Kjeldahl
ttmdologkcal problcms artd w: aztt unaware of any hborato- mctllods for milk (22-72% tl)c pm .- NCN prtxttltlm srmlflesme

ries îhat cuaently use mthez method saecessfully Both metll- tllattcsl- plûqY  mixed and wdghcd at 38* :!: 1*C.
ods aresjmilar to the Rowland procrdbte, tn that they involve 80th thn 1DF (2) and Rowland procedtlrc (1) specify that
Aecipitmion of easein follovakl by Kldksahl qitrklgen analyse. apmoximnttly 75 l14L t)f 4(fC wfïter br-adfkts to tlte test por-P
Metbod 1 (9r.03+; 2()) dcfennjnes the nitrogen cont4gt of thc tlenp andthat'tlje fl>k bemcabatedat4fl@c for lone gftm'the
casoin dimctlybyins% cdngtbeomyatorto bznsibr allthepxe- addition of 1 zbr lt)% aceyioacld. Howevez, tlus Is vel.y incnt-
eipiute onto filter pajxrkmd tbfm plactt lt mto a Kjdduhl flas%. xenieutbecanse virmttlly f)1l waterbgmsfortempcring în adniik
Howevcy. jt is virttufly lmpopgble to qnatltiyatzvdy trausfer testing e bratory kv'e set at 3:eC. A number of experlrnenty
preugtxed oxsein tbis way. due to its stickiness and adhcslcn were conducted to investipate gw effect of water jmd inctlba-
tn-gho. Thusy *  ttsults from tbis metlzod.mv variabiehnd low. tios tvmpxattve ranging from tco:p tempetature fo 4()*C

. Tcst
Method 11 @z7.Om-C; 20) measttres thenyïrogen eontentof the yvsuls wemsimilar regardlewss of the ttmm rature used. UK öf
fîltcate, bta itreqttimsawefm teftmeratltfkinctlbalion (5(r-''f*@C) ryxyo temperatum waszqiecedbecanseitreprexrtetla sjgnifi-
wllich ts kss than optimum forthopredpîtation of ca.efl, andno camacyatlpve yyomthemy'-ancl Rowlan

,d proœ tq'qw Howovc
comx:tîtm forthe wlume of preèiptfztte is tlsed. wocomllereditpmqgcal au/yle/irahletp 

.* 3rcirtt4eaçlpf
n einclusjon otan updated vërsipn oflheRbwllmd ptocedum 4+ç iath: pmpfjtlxl-hëchïyjw tdmeH ur thc 38:Ct4m>m-

as Jm ömcial AOA'C rnefkotl Wonld lx$ 4 valbc rive: tbe l'elvtivô tumlsnomcomistzat w/tçurmttt watclxttlTfemlztmt4l>
.

dis-  of the tti> nt AOAC cavsein methtxls and the genepal J$t> Theysne4ple%ekîndmcNG proedllre is yhe predptatibn
eeptlmce of flagltowland proY utc tus : mfellmcû metht)d forca- of ca.?yéllakplt4

.6. flowvw rywhen attete ttdd ls first '-vhîedtoseia detelnunation by * 114 the TDF t*d the U S. thit'y îndustfy 1jlo muk Imd watet, fhe pH dexxeases to below 4.6. The PI1w
jtb tllexw goal' s ip mind. the primary osecmve of the preo*nt appmxlmates 4

.6 onc,e dàe soditlmtlçetap h added. Tlms, pre-stutly wa< ro descflY the nlethod mrformaat'z tAftm imlmwetlMd $ îuuo
s w tethujcaty conduqtcg at a pH îower than pm-t. pmtxklsctl veoaon of AOACMeX/ FZ7

.*3*.-C @elhkX1I; 2û) rjjxd
. pkrocymqjv, pHwgl v.ary according ttj the cortdltion:Kf

oç flw ilAdkeddezcnl'dnoon ofmflk cttse bY Kjeldahl ltnalysis, j recyjutiou y
-s, tempera:uye, mllk comgosibon) $o me-O Pbxse

.d o: tlm cllxtsic Rowlal'ld palcedt'tre (1) 1md tbt3 crln4mt I.DP ajj wj.  tuedamount: of ace,-cise pl'l CODII'Y clmjmtheqxpuctmethe C2). Additional objlxtttRs Were to modlfy Jznd itrtpkme jjqj am;t amd syxkum agetate arc addtfl RemgJuzmg this, sepetw n AIIACMetIII'Sd
,9Z7.M3A lMlelhodxzol forthedimctdeter- j

ujjjm ja tjj.jwt addtjîoaofrebearch:rs pprfprnl G-wem precipe tttioû of mîlk eA
x%lt4 b# 'KleldaEl tmatyfAt ArM! tdeatv IKG udk

catcd w.  unacetlc acid untll a 4H pf 4.6 is aclzîtwei.usth: test resulks Imd methtxl Performancc to those dettmm td fOr 
jjjselectmde.Thisuyproaclt#elds ca-*in test valqe,s Ratmaythe indimt,'t cltsein mcth/ . 'The dkKt clksem melhod hïk% tht gf1- f

erfmmdmse achxevqd hy sepamto eddition: of aeetîc acidxandvantage of rexpirkng 1 raèer 11% 2 Kldtlahl fmalyses k'pmparrzl 
cuyssodium acetate lpakfl Paqe , Untversity Lavci, Quebec.wltb t14e, îndlrectcasein method 

u: appmjjcjj sada, perehttl commuxicfttiop). Wo 'beli:v: 1
valiö at)d twzou4age fm4hermethots de*dopmetttin tliis *= -Prellminaw  Wprk: lndir.ept Casein Melhod j jowyv.  our goal ij todeyefibe and cllaracteriz.t the per-t on.
fonnanctyoêojelkaditiofz RhbuWlcêappro'ach 1t5 cunentlymsett

The propbe  1h41rd-4 cltem lrzthod m tbis smdy is bltsed oll ku AoAc Mef1î4d
.917.(yj lk-C (20) antl IDF (2$ In t1* cqsetlleclasslckRowlxnd prtxedttrefl) andwas deaigccktto 

w
hfîrnMllïi;f ele msuks of jhe methe dempe cagein fqr cpxzjmemi

.àl 'ppr-+qlls w'lthhe L'I> HtYIDF meitlY (2). In mlspe - posea
. 
wlljqh meyhtxj j: xqeztjgcally correct (jixtxlpll ()t ix<ra1 d'

4jjre. ca.sdn is ptetipitme Atpl'l 4.6:5$14 tztettf acldimzsfzitMn adtp is u oatter $0r fuhve rttjearcll, 11.4 ls tht qtlestien of vhkh
acee . The NCN in the fillrate is meaqsnltd byKleldahfhltmgen ysjaujjjjyjmujupao otg aLjjlàl. ly qtthgtkfmiti:: (ifcl'sein

.Pmorlnl.ysis.RhelN ljafthe testmàe ldis alsotleterminaland éasein eae myxj:x pweduye (2) mstructs the asvr yo ad4 1 mL(N x 6;3:) js cjgctylnred as the (Iiffemncc between the 7N and k( )() oja. oyj.theu ajx j ylg. Jx sjydium10% acetk gcid, waNCN
. 'rzho antv of the'l'N Method 991.721 hat ttàen dt- d xrjojupg jjm acejâc jzjd uud yodyumatetate. We altempttte lxd previously (21$ 22). 'Ilms, the Weliminary work for the u 40 z mu feagest additîon. Theatotxe anti addi.ng it a.s a s gmdirtyxcwac)ein me!W  fYtkvxf on lho NC'N mdllf)d. d

jjsram gaan matobtâinedcoMëstenty of the predpîlte wasDiffertjke4 betsve  the ptthpöGe,tf NCN metlltxl anfl the jj
j sumdjqu pyoeaurc arfd hnual trials indîca4cg tbp ca-asing :mrmùthY (2) irfclud: temmrattltes of Izmpling qnd mekbd- 

uxed xagem were Alightly di#etentsein resalts with tI)Q comtjtm
-erjw p NcN proccdum smdfies thlt thç kst sam- 

eg jng jjw syandxrjy pme ure. Thig àp.thm1 dmse obtain nsg: 1xj umpzxed to 38* + )*C btsfum wdghmg thltest pordon
, k was rjot pursued fttrther.Pmaciustead t$#20*C uSe,tl in the'fDp procdllrl'l'ht Rmlemtum t)f

3rC isutbe sameas that nse,d formtMt nklk testing procedulïtq volump tbpw-//iw Factor
(lndtlding *1N), and îs necessaty fo melt the fat alïd obtain a

1e. 'l'he tempemture SIMCUJGI in lhe IDF AvOlvme Orrectio: factorls ursed ttl correzxlhefmal 1m asummesentasive' sllmp
()t1 islibtolittaliy basedlxcallemilk tebllnglllthe elfrly''ani Qzed nitfo*en Nall)ê fbr the decreae in Nolume thtt oetulme
d 1e 's was all conducted ay 29*C.PmWca1 ev rience arld Whtn thq pll 4.6 precipiKte lcâseitl qttd fat) is remtsvexl.fmm

ln-hp4zselasttrighltlkatedthattmilv testdtsforNG llresimj- the fîltmte
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The IDF methodalses afactor of 0.994 in the N'CN equatton is condutted at 3Sç'C, no tcwmpetature contro3 ls milizftl m îtm
to corretjt l'or th4 v4lumfz of the pld 4.6 preciptate in the direct casein procedure because temperatvre contror 1$ ioprcc-
l0t) m!- volnmetric flask (2) Rowland (1) dctermihed lhts fac- tical willl Kjcltlahl flasks and ttllxs. Furthermore. cooling to
tor experimentavy by meastllit)g the prechiptate yolume of ac- 29*C is unnecessary in tbe dlrect procedore beeaust rt is not a
tual stunples, and dcnved the equation: volumetrk detcmunatxm.

ln Qle NCN procedutc. casûln isprecipltated from I0g nulk
Factor = 1 - (û.1 l x ./,-/100) + (0-W x C/1()0) aftèr ditution witlz approximately 75 mtwatar followed by the

additiou of 1 mL 10% acdlc aeid and 1 rJX IN sodium acetate
whete F and (.* arè thc percentages of fat and casein re- When tto vtzumcs wem rqduce,tl propôrionally for the direct
spettivzly. Procednre faccommodatmg tlw 5 g milk). casegn valqes were
'l'he tacqlro 994 wa: fzalculase.d gssammg rmlR wlflztm av- Onsistently higller tIIAn for the mdirect melhod subsetlucnt
3,7% fvt afld 2.6% tttmi'ft conktmtel-listoriqzqy tlus single 'Xmrimems detemaimed that some NCN wa% Yapped'' in the

çruge .fxctorhu.s lxxp annliett to the aualvsis o,f :1 rqtw. whole mav predpîtdtç. 'nx xxmust of NcN zn keprecfpstatecould l)e ma-
wialmïv.gtttxr J Js of eomposido *,n hecas: dif! 'tvences in 'Ve TzpBlztetl Y Ontrplling the vollmw oftlwsofutlonin whic: px-m4

fat4or tttte to aormal vuziautm ib milk comoosëton hxs a wqa- Cipitalit'fî M'1S tm duEtetp-dw great:f the CIiIBtiOH Yblgme lhe
tively inkgnisca,t iwpatt oa xcw dete,n ''ioton, p'orm-vgoa- lowr,ttlla appalxsntoascineostelltbyle dntztmktbcd- 'nwind.
1z w- exxmet=d-mmer#m- wablelcaqowhtxao -torl zect easei,r tesl results 'vzkxtd witla the tih:c.t case,in te-',t msult,P 
#:996 tamsuiaing 2.7% fat nra 2,2% caseia) or i).9Sn taoumir!g wbenieprxlpie onvolu- fer- wm mci- wxappmxi-

6% fatand 3% castjrï) might t)e used, thedjHerence in calctjlated mately O m1,. 'lxellnal YtllnmeilmlxlrtifmaQfortlletliraxmeme
NCN (x6z38) wouldlxoaly 0.*4% protein (t-alctllated bfksedol) 5VX  designt'd ttA bcxlmtcllcal (Tcund numbtrqz egle watcr addi-
10 g testmrtîon lmtl titralma volames of 4.2.(1 0.1 'mLt).lx tiov lvldd Simltaf Ittsultbto those achitvtll usingshkA mzimttpro-a
t'lc forthe 11lek aad blpnks reopedively). k*il' zm, and maintam thesame Jmetic acid and sfxlium açetnlzheola-

cenlzation dnringprecîpllatlon 1ks upd m tht NcNprtxeure,Appmachesotberth'm tbq Rowlart; fildorarem ssible.one is
a Jited calculation assunung thc plvcipta/ wglltae equals the ctasegy szs/vy/y
weightof mepxlpi>e proteiulfapoisdoaeh- ncla-p>
teilnitrogen Kmlaâbl methtxltAoAc *1.21) 2X.A%c(md ap- The meusured caseln contenl ()f milk is affected by both
pmaeh i: based oxj dac slerie exeltlsmaof serum pmfems wltllm- milk handhng alxl slorayet4lme and tempezatvrcl.n crc ls nllr-
qxtt 'fp easeiu auicqlles wluch takes info tfrcpunt thaî not a1l th: màlly vezy zittlo cpseio Ilrcakdown în good tpalyty raw mzlak.
solventpmsentîs o/hblot- pxte stz6l.Howevcryif lhe However, pmlinéntu'y workhas ioiicpted that om fneas!amd ca-
asyump:nns are the ex'jmc as witlt the Rowltm4 ftxqot, then the :ein content of mllk detmases wittz titre,zeven ln gothd quàtity
resuhsusilv tlxt direct agculatioa are x'irtglacto the Rowkxtf ap- i'IIk wfth mfngcrated storage.
proxch wllize thesleue apprpacllyleldsNo  3,1114> thatavcrage In orderTodkfernpne theoagnitvdeoTthis aer'yeuse. , thocasem

:appmxmmtely ().qk5% pmttin lowext Gwenthes-mall magtlitat!e content was lmmetliately dttcmlinett on 5 ftasb raw 'bulk Tnilk
ofdilereacfj lveeen theczculatcdvfesults uskg't'hq diirertnt ap- tank fmqteutds with 1ow sofnpnc cell coun? (<2(ï) x 1O. Txhe
proaehe-v, the Rowlft'nd facttx (e.g,, 0.994) %as wjected ftv $1* vnptea&erved m4'1#q were tllcn stoted at 4*C ox'er a zkday perlqd.
pmmgezl Nt2Fm/)OtI ithasth. e historical adv'zmtageanll Tesl sample.: of the 5 mattqiuls wem 'tes'tvl dail.y /or ca' e'n. 'nw
lscpzyeptly acwptellbythvmE msults are shown in Hgure 1. compared wlt'il tlle,fsesh.smîws

payol.lo- ponlotdw- iaqver4geofl.6%byDay4
Pr/liminary work: Directtase/n Metlmd e t>ûxlow- eeo:œ- ltmill-ne- xd>of t/ume,-

dvmudcutdjxwase may lvw ger lbtbo vsomauc cell fmtuxtpr
The dlrect txstin mktltw is 'bused on the samu nhciple as hiBh bacîeriY covthtmilks. Stlykctal, (12) obsm'vett tlyatlpm*-

tlm ihtlitect metllod, except thatktc nitzpgen cènpnt ot thc ya- oly-%is, *9 indlcae  by tymsinovaluesïkwyeaçed pver lime-ea'qn ip
deftï js directty determiwed 'f'hb is done by pr:cyjmtiug tlle Potenriz.eyl Ttalk.stoztd at 6.7X 1$nf1 'preserved wië mtgpaiunl
uasein dîrectly ln the Kjelzt'lAl fiask, Tollowal by Kjelde m- tlitoo'ltmtezmldlhbûmountof pptetllrs)s înc'rekvimdwkhhxa>,-
trogen abalysss. The AOAC desoibes a sihular 41r-, cltsein i:IVSOSMtiCCCPA t'Ount (14
lhethod '(927.:3A, tilkth4d 1; 20). but thaî procedbre inïtrttcts Wàileollm detennjnatkmof clsein.bmo llwltovertime pxs
tke tiser to mansfcr tlm casfe  pvtipimte from a lxtaker orlto doneon a l'lm'ltea numberof salnplesz llte-reanlts wete uonsis-
hller pvwt agd fitlally hlto a Kylda'bl fla..qk. This 1s vïftuaty teBtwlth the observations ofsenykxet:l (12) and is sèemKrea-
impossîhle to atcomplish quantîtatlvely because pfeclptated Sfmûble 1;o condudetllat clmtlges in the talein coateax of milk
caseln is very sticky anJ atlhems to yass. rrile mecspnics pf may orcureven undetrefrigeraed smrage. Anote to thkeffect
recipitauow in the proposed procedure wat vthdtlvd aftvt is includcdin botq the directfmdlndlrect tasein procedlao .p

tltoso succzssftgly devellw d aud descrtbed j'or the dlret.t pm- u ectoyyeat peatmenton vsassysa case;n
lain oitrogem Kleldahl method (AoAc *1.7,2;24.27).
A 5 gtest portionksmsed ip the,directpmzeuurw rather tlkazï Hcattreatmentofmilk, suchasmightoccurtluang pastenn-

Tû g.xs Sn the NcNproceuvtfe. A 5 g ust pomon Aielfls a pro- zztxm or towg. xesu3ts m an htocactlon bewzeeu whey autj
cipavte with anitrogcn couteptmthintu wozktkgrauge of tlte cwsem pmteins (2s).as akasnlt, 'the cxeaa coateatpfoilkas-
mnfhtuktlplikethoNcN pmced'urewlleretxsebapezipitauon pears to iucrease with the sevtrày of yeat treo&ment bveattst
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2.49
,.> - Mllk 1 -.4- Milk 2 -'K- Mllk 32

.39
--  Mjlk 4 -Fc- MIIk s2

.33 -
= 2.37 t- -2#>t=
m
* 2.36
fJ 2.35
= 2.34 n4)
Q 2 33

œ  2,32

2 3: '

2.29 Q 1 2 3 4

Days Stored at 4@C
Figur/ 1. Cha-nges M peçetlt cas%lfl In #àw mllk s'oted at4* f) pvqr 4'dttys.

wlwy protbm prctàpitàte,s along with casmo. Thus, xeitlhtb.r the Kjeliaht flauA (oJ tube) amd the copper snlfutc, potassium snl-
d,rect 'nbr ind.it'ècl casem methto  qte tuitabll fer actura*ly fkàtev altl SulfutitAddlaad beenaddedm-fhesames materials (in
determining the c'asuin eontcntnf lttaaloA aled milk. blind duylicate) wem pwpured by AIJ laboratone.q on Day l

tWndxtesdpyl and tbe remaimng 4 matevltjls werè prejxtced on
Collaboative Bmdy DV 2 ffburMayh TMS a'Ohded the confoMnding effect of ca-

sei.n dckraçlatiçm o'vhr lime. Kjeldahl analys'is was conducted
wjthià 5 d=y4 öf preparatifm.Eaelt of 10 laboratodes zvcblved 2 set: of 1 8 1'a.* milk test r

onns were provided fol' reeording luw datix tef;t resnltrk,
samples (9 paks of bliad duplicates per set). Otje set was USH

. tlnd eom'mcnls dbobt eatlll indiyîdultl ttvtsample. Addlttonally,fe *eihd!rec4ca>iz4t,t=d+eo1<for1ùd1- tcas:11st.
a questsonmpim was provided. ldormation, suc'h as test mate-'I'he tesç qamples wem cmddd with l'utltlotn 3.411$t numbetf. j avjkaj tjme

y appamtus autj xagems usetj acsual tesfingliaColkas wem dlfferontbetwevnand wifhlg 
,setq, arttl nnnlysisor- 

(jqoys tjuyjag jmjjpxj arz vekmcation of Kjeldahl tecxw-c'tmderlyas re bmiz
.eed for4ll-lxjt/mtori:: qtlrl oethod:

ety, *as rëuested to help asguze that analj/st.v folluwed al1 de-4hog tzstmatt,uutswbrûfrepshww mîlktszcalectionu,single ugsof the pzocedo.ea
Grla duylN m iadsvïhuie sv ao-o''xli he% .-
tesvtyoatqrîal - :.014 splitt/fo-..6t'clouMonlyby ' ' kmmu

' pnd agfmtingmmnfnufxsly.w'ith 99829 NDltoase'n Nitrompn Content'of MBk-iqg intpnalar>plàsticcon- erk Neldahl Mozho:
a momrdrivcn stiaer wllilgdle/nillctapploxhnxelz3s rrçj wgs
tkawn t'rom u splttt flirztlly gnto prlxxkled plastic vialp 'lcopitol

First Adion 19:8vial
, 1w., Fqjlforàville, NY). 'rhe tlq = 1/1e.: were mfligeme

irmnhsately nfler yplktting. 'splitting tmiomjity *as veritietl hy
chekinghthefàt'and ptotdn èonlent of the flzst, 'lniddly, ayd laqt (A#plicgble to fmsh tmv milk. Nonoasein nitrogen content
wal:of eachmàterial uexaDaity lwallzmîduinftaledmiknnn- Will increasq with milk 7torage tjme due fo casein bmakdown
lyzzrlnsj Elakfie, Hn/efodz Denmarkl. even at '*C. Noncasein nitmgen conten! of heat treated milk

wjll b: axtifit4zlly low e ause of whey proteip denatuption,)The teat ournple vials
, wiappcd ;1. plastfc bag: and stsalqd

wtth la
w
y to pmt*c't thbm from wàter dlltmmmatiou, wete Ctwtkm: SeCWP/7e?1#?.'#, sttfçty aolestlnHcso4aHcl, fum-

acked o'n w4t i1 :11ï1 àltlppp,d t: ittdhriduttl lahomtoîie,s by m: :XdS, Naoli ethanol. naœtic acid and use of electricglP
ight,airdelivory, Abstaamplu arrivwld'jtfl*lahw orioon NNipment.ovem

'lbesday, A%% valteznpcuuttlre ofoexmlk was veriâedas xke,Cby Mùthpd Perforlmace:
eachlabopto,r.p ttralculatefl on alvotem eqaivàlentbasist nitrogen x 6.3:)
Twste yopapamqonwass- isëd-llexllaMxrod- s,=9.010;sR = 0.016; RhsDr= 1.287%; RSW = 2.146*; ç=

pzepnreilxhoslzmuoa rialsby'boiael- s on tlie sàm: day. 0.tr281 R =ûw046
Test vamplès wereptepared'to thepointwlleo tllewere iflthe (tzculatëd orl awrcent oiizogeb busiv)
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sr = 0,œ 15: sg = û.0026, RSDr= 1 2W%) RGDU = 2.146%) bath. Add 1 :k f).02 rnla IN sodium acethtcrc-ta). wul4wirl to
v = 0.(3043, R = (1.0 '72 lnix. Cool contents to 2f)>C. Bliag yo volnnte with 2t#C water,

stopper, tmtl mvcrt to mtx- tatpremptate Mettle-Fitter thmugbA P///rX* 
leatetl fîllerpapet (w hatmas No. 1, 15 cm, Nlfrce; orequivâ-P

Caseln is pv ipiue fronvmylkatpH4-6uslytt=Gc acld and lent) ând collcc4 entire filtrate. Flltrateshmld'becle,at lmd free
soditun acetate solutions. Pzecipjfatt'.d II'I:A ca.seinis ltmoved by of pardculate maazr; if noty rcpcût samplepetcpllfalion using tt
tiltparion- Ftlœate contains lhe noncaseh Jlglmgen commmvnts of fash milk So ple Uslng a vfllmncmc pimly plpt,t 50 tk
nklk. Nieogen contentof filtrate is derezmine as gn *1.2*. 9,t)5 lnL iiïtmtp hlto a ltjeldabl digestion tlqsk (bz tnbe) ctm-

tainipg potassitzm sulfate allll (ypper (tl) sulftate penlahydrateB Apparatus 
c. pjlyst stllution us in ollopp.(* or*rzo,K Add imlTtaic t,cjd

% : 9912t* or 991.7.41=d i11 additlon: A.S in 991.29D t'r 991.2:K. FIAA m-I)/ be, Xtoppcfttl and di-k:
gejted hter Dlgest and distill a b3pztk solulion (5ö+ 1 ml.rt'x)m#) lN/zme/Tdc/ztvl.-le tSI'L
temperatta wa<  03 :k 0.02 DL 10% acetic acid, u' nd 0.5 ;l:(b) WzlM?A'eh''k'spYler.-sï)=l ..
û.()2mL 1F stdtumacee eaqlitlay xqmuplgsgtrt> dyzzd.lœ p

t2 Reagents xcord ofblaqkvalaes. W lan'k valvqîphw ej idfm. dty caism.
.9eé##12t)C or ##1.2*J mxl itï ltdditiom E ps/appypa//yp
taj sYodltmt cf-c/zye svoîtdl-on.w--js (wïv), usin,g analytital

grede spdlurn acerafe or sodfum acetate trihydcate. ptspdre *ot*  a: inA lwzf).E 013*7.2:1w
IN solution on achytk-ops basts. Pmpaxe fwsh wcekly.

E Nk#z7,://? Rseovsw /ee a#yp(b) Ace#c aeid .=/aJlpa.- 1()% (v/v). uwe a'nalytkal p'ltde
glamal ttcetlc acitt procewj as jn yofljayw or Alal)x
D. Pzepara//yp of Sa/zw/exv a g

azwastw
Mix 38> ;!: 1>C mjlk a: ia 97,5.21. Jmmedmtely ppet 10 ;l:

Calcclatc t'csultg as fotlows:Q
.1 mLmilklnto Ivewcighcd 100 m1, vpllmmtnt flnk. Wdgh.
Reco,rd to neartxaî 0+X01 g. (Addilipn'al satnpks lmty be

sodkum acetate plus filtration vhtmld occur wilhin 15 rnln of (1.4007 x (J?s - V) X N x 2 X 0.V94)ZFm
weighîng lmlk. Thi'k mmimizeg p'ofeolyfic degcadatix  of ea-
scip tluring sampl: pze

xparatiomj Add 75 :i: 0-5 TIIL of 38:%C vyhere $( and Fo = ml.titfant use,d for sammle antl bllmt', ress..pec.-wat
ertonask Add l + (),fF2 1n1- lofacettc amd, C(b)> tollask, tivelyiN=normality of HCl solution; Fm mweightmug, of milk. To

stopperrandswirlgeotly. lrlctlbute/usk lumlnûlasx cwafer calctsatellomcaseln uflrogen on pkp/mein-efjutvtdvfttbxïs:

Tablo 1. Peroeot totglaprotein 9t1 mil%determintxd by tlw Neleql)l lotal oilrogen method
t.xhomtl)ry

lsllïtttfjltl ?pk Ep 42: 1:3 1C ,2 (2k 1q J .J

1 3.3126 3.3112 u 274 34+ 22 3,319 3.3474 3J44*  64297 3.274% 3.3:86
3.3242 13358 3.31% 3,11%  $-34)22 :.3536 t: /$938 $ 3325 3-2.9.36 3.180:

2 3.91193 3-9407 (1.9:08 2 9566 7.é039 3.9508 3.9449 4).871:2 3+ .8: 3.94$3
3.9328 3-9265 3.:748 3.9423 3.9130 3-9396 3.9329 2.9540* 3.93t2 3.93:8

t3 3.2939 a3 2749 3 3221 3.:242 3 2* 5 3.3201 32215 4.+31 3.39*  3.399.9
3.3089 3 + 6 3-3143 :.3289 3.*55 ($.3:74 31197 $.3185 3.* 14 3.* 37

4 3.3744 3-3442 3.3995 t5 360: :3367 3.36$4 3.1131 3,$544 3,3163 3.3452
3 3760 3.3517 3372* @k.3879 :.3426 :,36,% 3 (*:)8 3.1682 7.1405 3.3770

5 :.2190 3-*,14: :.2* 8 tj 2O 1 3.1717 $.211$2 3.2545 3.2453 3-1937 ts 2:31
3-2.546 18-1(*2 3..2469 :1.22t%5 .3 1946 3.2284 a 21A  (' 2459 3.1998 3 2:16

6 $.2989 34.275 3.32.44 3.3221 3 %24 ,3,3(146 3.2946 3.2982 7 a%2 3.30 :
3.2761 3.2948 3-3.:12 3.371: 3 2576 3.N)5,3 3'3042 3+1Q 3.:Q(14 3 3125

7 ($.2:,2.5 3 3740 341.55 :,2@91 3.2%2 tt&'eB Ia 231.2 f.j 2836 (lkkTxs3 3 3102
:.2.693 :.2482 :4289 3 2967 12444 18149 32434 3.2352 4,2%48 3 t$016

B 31269 :1:1432 3.157$ 3.1490 KQ9R# 3.4296 1.1214 3.1262 3,1154 3.1564
3.1332 3.1237 4.1279 3-14Q: 3.*71 :.104T 3.1250 :.1,085 ;,11X 3 1425

9 3 2.464 3.2447 3 2973 3,2855 3.1.919 3259Q 3.2244 3.2566 8,22%  3.2.613
3,9448 3.2446 3.2:66 3 27û5 3.1982 3.2$28 3.2465 3243: tflqyN  ,3.2b223.

* Stalstlcal otdlîeî tcochran **t).
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Noncasein protcin, % = % noncqsmn nitrogecx 6 3* A Pdlwîple
Totz nk ogjm êmd noneasein nitrogen contenys of a milk

Note' Tbe factor 9.994 corfzee for volumû of preci/tdta, samplc atyz determjnefl separately Diffclence bztween +cse
assuming raw, whole philk with c'a 3.7% fat a'fktl 2.6% ckvstm. 2 dœ rmjnations ls casein nitwgen eontent of tlw milk.
'I'hc factor fix preelpjtate volume may need to 'be udjusted
btlged op tstlxma'ted fct and ca-btén eontent) if liquid dair.f prod- *. DOCW/N/N/'OOO(
vcûs of dgaiffcautly difxentcomposition cre analyzed: (a) ptal qfppgea.-sotermtne as jn plu.2().

(b) Notmqsnin nftmyèl-Detefmine as ln 998.:5.
Pacfpr = 1 - (0.1 1 x %fat/lffl + 4.9-07 x % q,aseir/lto) C

. Calculatlon

Ref.: J. AOAf Lnt 81,76341998). Snhtrad ntlhwltse.in tfjmken contemt from tolul nitmgen
çontvnt bf milk sampllto Qblain easea nkfogen. Multiply tw
stzlts by 6.38 to e:presg fbzwein on% protefn bazs.

998.07 Casein Nllrot':n C<mlent o'f Misk-pw.lljeltlltl .Refz J
. AtMJ hït. :1, 76341#$* .

Method- ndjred Method

99*.ï)9.ç:rein Nizrogen conlpnt of Mpk-KjeldahlFjr:t Acyion 1998 Metlmd- Dlrqct Mothpd

(Appltcable to htsh raw milk. Casein ni/ogefl contentwkn sj t Aotyou j:aars
decrevst wlth milk storage tLme due fo caseln breaàtlown :vcn
at 4*C Casem mtrogen tonteut of heat tm4te,d milk +111 1)e (Applicple to f?e

,sh raw milk Cttsein nitrogen coment wlll
artifjclally lugh because of whey pfolein denatutxtiom) gucyezjz wjt

.jj mjjk stomgp timctln: to ctjsein brcakdo4vn even
Mttthofl Perfprmance' y 4oc caseio mtmgeu jw teyjt of ktxat treatcd milk wlll 1pea .
(calculated on a prbtein equivalent b>is. nitrqgçn >: 6,38) aryifuyally higljwzyux ojxwhcy pmlem denkttyratfon.)
&= t) 015) :R = 0.022. RSDr = 0-5*%; RSDR = 0.841%9 ç= cty/yyoj)t sw AppendlxB, safety ltotes (m HzsO4. IICI, fam-

0.041; R =(.Y2 1ng acjds. N1oH, ethantg. àcetle acid, anl uV of electrical
(calevlate,d on a percem mtrogçn basis) equipmem,
.sr =9.0023; sa = 0.0(B4, Rsl/f m 0.560%; IISW  = 0.841 %; r MEC'IIIXI Perfonnauce;

= 0.0064; R =0.@496 (ealcalated bn â. pmtein equivalent basis: nilogen 74 6.38)

Table 2. porttnt Iioncaspj: nljrmven fx $.:$B) M milk determined bylhe Kjejdahl noymasele sttrog/n method
Laburatqœ

Oaterul A B G D E F @ l-l j J

1 0 ?C*  0.7617 0-7810 0.759: *.H32 0.7,980 0.7&3 0:747:# 0.7185U (1 7851
(1 '76K% 0.761Z 0.7824 û,7547 0r 10 0.7983 %7572 (1.'55:$2* 0 *80b 0.7858

2 LAQ p.*  0.4116 û-4716 Q12: 0,938$ t-8gvd :.$376* û :7% 139*
P :.4,5% 0.9116 94717 0.%91 ô.T'N 9-82.33d 0.61804 0 8775 19112Z  

, a3 0+7179 0.7281 4.74.74 6./2.45 9,7:56 f) 7M1 0.7147 0.4997 0 '/tMB :,7454
1-/341 1.72<6 Q'.7R$ 0.7276 0.4215 0,7.%3 0,7539 D Dzza :.7371 û2446

4 9,7399 0.7*/ 9-7e18 02d4# 0.7::40 4:7712 () 7522 UTQWB 9.7*5 ().8177d
0.74% 0.7259 0,7838 Q 74*  0.7529 0,7$70 0.7567 0.7$91* 0.7436 0,/681/

5 n 7.321 0 72*5 0 7620 0 7$28 (1.7423 0.7616 (j 74*@6 û.7445* D-74K9 Q-7521
24 (j 7563 0.75M 0 7247 0214/ () 7609 û 62* d tk6ggB* 4.7195 0.7513:

-73 t
6 0 7645 0-7?1: :.7*9 0.7534 ô-*Nl7 (:7843 0-4995* 9.*7787 :17592 :.7853

0.7630 0 ?695 0 7842 û :421 0.7374 9 r/91 ô--r/od 0.7664 0:7524. û.?7W
7 0.72V9 (32172$ 9.7428 t).17381 Q.732% :-7429 9a*24J 9.764D 0.7229 0.7425

() 7:r/5 0.766: *.$37$ 0.7243 1.7556 92426 0-7253d 02247 0.71*  0.7&3
A 0-6:ed :7422. 7.7099 fl t>$29 6.6956 ûll21 Q/9$2 Q-6KS f) * 6 û-Tï5Q

0.7262 0-7405 û.7082 (tB*  û,4094 9,71% 04982 ûe7l/0 :4907 :-7161
9 :.7376 0-75:8 Q.-/57; Q.7234, GT456 0.7553 () 7572 9.7467 0-?(,1P1 0.7624

0-7231 0 7676 4.758$ 0 ?272 0.69:71 () 1$41 0.7554 0.74* t) 74M 0.7674

s Invalid l-tta (did n4t brlng vtgumetric tlask,s tovolume).
i Sla 'hsth-g oullihr lGrubb's tesl).
# L'abofattry a Xide:t Po *ta qvailable)
d Statistical putltp'r (Coçhmn test).
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sr =' 0 015, sp = 0 025) RSDV = f) 597%, RSDa= 0 9889; r = (k) Buyersolptiotê v'-fxltlz 1 :k 0.1 'mL IN sodlum aeetate
0-044, R = û.072 znd 1 +0.1 zn'lv 10% acetk acid to 1(X) rftl.a with 20*C watcr
fcalculatetl rm a perctmt nifmgen bttsls) Prepate frush geeltly.
.% = OXN; sk = 0.* 40) RSD, = 0 597%  RSW  = 0988%) r

= 0.(Y 8; R = 0.0 1 13 Z2 Prepafatbn //.5'a/?7#/#.F

A. /W/r/#// Mix gjle ;l: )0C milk as fn 92:21. lomedmtdy placc
weïghrd sample (5 + f).1 mL) intb KjeldOl digbstlon flask (orC

astil is prtdpitated ft'tjm ntilk 1pH.4.6 asîng 'acet!e acid djgestjop jubel
, ajtjxy tjy wdgj,tmg tjze sumye dim-ctly lnto thcand soditlm acctate soluiong Precbplodon nwst be done in jusk or by tletewgmug the lffemncebetwtxn tlw wevgkt of à

Kjeldabl flask or tnbe 'Fhé'acidilied wlufon, whicà contattls ajj ctjnuutxwjthjltostu'pple mz thowaightof thecontttinersm
the oontasem nitzogen components oïtheswanpfez is separated sfw jjjayjjppjo Ix.tgozortyoord gnto thejlétsk br Tnbr. Rvcord
froro oasein pv ipit?e by fif:ation. Nitrogen contenl of casein to mealvst ()...c(jô1 gr Ir'tsoptuqnpdis-txmv to llnmedjatjgy a4d 70X
precipiœle is determined 2> ln 991.2:. :j: p 5 wjssso to 4)4 jwsk, rkusjng aay mijk on. neck fjf jlask

Jntob'ttlb, (AtldititwzAampllsvcobg wzigllM.at thi: point lytltR + paraAzS
thwadditons èf aeettc zeid asttsndiuo ucvtate pljs-filtration

,$'e<f991.;t1X *991.;*17 a'fidin ltdditlou: sboft4C*t%r Wtthl'll lsmilldhvdiryhhAgnlllkRqdftddikg wMer,
att e/zrea-eayable o'î addition of 70 :k (t5mL RXiS razimn- s lyt?c d - ' n of cawin duritlezallle(a) twnp p

u o prepatuudtynl.A.tldtk7sfû.œ mtz 1ô% acedcaudo cflp,toflatk,2 
.

lmd swkl gt-otly, Bnstze all gcld îs ede,d ttk bnlb of fiask- Lezwe(b) Punnp Jàîpeaxr--capable of addition of 30 â: 0 5,mL
mîxture at room tempcmtum for 14 nlin- Add 0.751 0.02 rlf=butret solution

.

IN sodtum acetaley C(t% to Kjddahl flasltr Rd swirlgently, Ponr
G Reagents mixtllm 1Tom Kle3tlàhl flask tbmttgh Pleate;l Iilter paper (+11i11-

ma1 No. 1 , 15 cnx N-fw-e; or eqkûvalentj apd coll-  R%te.
s'ee 9#1.2êC orA 1,2:J ùnd in addltlom (Scme txsem precipitàtc w111 rcmain m flatk ar)d some wsll 'bc
(1) Sodlum tzt'e?ar: .vzJ?y#/a.- 1N (w/v)x using anatytical collete  on the /1*,r4a1*.r. Itis nottlecessary toxwmovethe pïe-

grade sodfum acetate or qodiam acemte tihydratev Prepare IN clpitarc fnxb the flasx.l Filterczlmpletel.y befoze rlextpptzn
soluuon on anhydrotxs basis, Wepare fresh wexx.kly. llmzttejatejy after pouh'ing mixuve inm filter yaper (tl0 nt'yt
(b) Acelft' acid >r33tl*m.- 10% (Wv), using analytkal lelptcipjtate dry Un the inside of tt)e nec'k of Kjeldahl flaskl,

grade glaci:tl atcfic acfd, use pump disptms#r't'o gdd 34+ 0.5 mt buffer Solation, Clc),

Table 3. Perqenl oasein knmilykdetpn'nlnpd W she Kjeldals indired easeM qltrogel mephod
l ,qhkfvatol'g

Matermj A B C D E 'F G H t 2

1 2 551 B 2:b495 23444 2.6826 2.6%8 2 5494 2.6657 NA* N# 2 5535
2 6558 2,6@4/ 2.5b12, 2 K833 2 6312, 2.6662$ 2.5766 NA* ttv 2 N51

Z NA* 34562 :.0492 3 ft85: 3 5411 3 012: NAâ NAd 1.G323 3.04W
NV :,*18 :#06% 3.0706 3.0329 3 021: NAD NA# 3 0528 3 0:76

,% 2 .5769 2 5467 Z.$14.1 Z 6027 2 5:149 216623 2:6*9 NA' 2 5G62 2 5769
2 67%  :.5591 2.Y63F 2.6Q13 2.56* 2:5$$6 2 5668 &X* ,2 5643 2 65:1

4 2 6:15 2 6:12 2;6377 2.608 2 6817 2 5922 2 8709 NX 2 5798 NX
2 estllk 2.46268 2.* 91 2.:,143 2.9.M16 2.5965 2+6:7$ NAW 2 5869 NA'

5 2.48* 2.4:/8 24928 2.47:3 2.4454 2.4* 6 NA' NA* 2 4448 2 471:
à 4721 2:4410 2,4136 2.4:88 2.4799 2.:47: NA* NA* 2.47:1 2 4802

6 2 6344. 7.:559 2 6* 5 2.5*7 2.* 97 2320  NAâ 23195 2 S23tj 2*329
2.5131 2.52*  2.4370 ZSOJ 2.5202 2.6:52 #A# 2.5348 2 5380 2,6419

$ 1,5526 2.* 15 2,5727 2.* 3* 2.6139 2,5268 NAâ 2.5296 2.+24 a.'5Fr/
2.6538 R'5Q1: 2.59$2 2 577/ 2.48* 2 5723 NY 2.5605 2 V48 k 5713

: 2 :l:0: 2.4010 2 4474 24*/ 2.&973 2,41 75 2 4262 2.4269 2.4278 2+ 14
2.4074 2.$K32 2,4197 2 4440 2.% 77 2.4217 2.4268 2.* 96 2 4201 2.4,2*

$) 2.5983 2.4b59 2:5394 2,5%31 NA* 2.5037 2.4972 2 5099 2.4964 26D89
2 5217 2.477D 2..5283 2 5434 NAb 2 508/ 2 :911 2 4:66 2.4925 2.4949

i &e, avallanle lnvaffd NcN daM).
> Not pvapablû lNqN#atlstpc,y outliq/).
# NosAvailable (NcN hbûfatory aed:nt).
xf Not avadable (i?wallu NGN-dAM and -l'N xatlstr.al olmet).



r tj LYIKH Er AL . J'OURNALOF AOAC INI-GNAIKKAL VOL. 81. hX. 4, 19%

Table 4. Petcenttasein ln milk determined by yhp Kjeldahl djrect ca- in nilrogen metllod
Laberalf)ry

Matetlal A û C t7 î F G H I J

1 2 536R 2 55(2 2.5797 2 5H5 2 4877* 2 5210 LA* 2 5473 2 K 15 2 5657
2 6327 2.5578 2.5723 2 & 45 2 25572 2,5245 J b 2 5611 2 4* 7 ; 5481
291 3 Qn-l-I 3,9398 3.û478 2 9884* 3-0190 L.A* 3 0239 3 t)fz'ks (1 75362 3 0 

-

3 0341 3.0259 3 4504 3.0510 1.Q0O* 3-02:2 I-A' 3,Dl38 2 :823 3.0537
3 2 5549 2 5:46* 2.5771 2-6814 2.2907* 2.5472 LY 2.5686 2.53* 23763

2 5e44 2.46:8* 2 5366 2.5995 2 4247* 2.5455 LX 2 5690 23375 2.6658
4 2.5952 2.4237C 2 5462 2'6220 :..5889*7 2 5930 I,.A' ?.32T1' 2.5859 *u$15J

937 2 57590 2 6225 2.6495 2,'5798* 2.5765 J b 2 5.926 2.570 2.4108& 5 .
14 2 6ï94* 2,50:6 2 46:7 2.089:* 2 44.18 LX 2 4623 :.4213 2.48456 2.45 . ,

2 4591 2.:5XC 2 4869 2.57% 2,4724* 2 44$4 ll? 2.47% 2.431: 2.4787
e 2 5222 2.6205 2-538û 2.56û1 2 54930 2.5Q53 2.5916 2.52:0 2 372@ 23384

2.52M  2.5371 2 5368 2:5670 2 50381 2.5224 2,5448 2.5t$7 2.5:94* 2.5158
7 2.6224 2 5200 2 5497 23764 1-07422 2,5389 2.557.3 2+5359 2,5288 2 64-47

2.5223 2.6068 2.6661 2.5827 2 2864/ 2.5163 215903 2.5426 23134 2.$4$5
8 2.3868 2.3957 2.4211 2.4363 1 25022 2.3957 2.4163 2 4131 2 3652 2 1969

2.3770 2.4121 2 4:*5 2.4403 2 :6042 2,3943 2w4310 2.4066 2,4082 2 /.239
9 2.4745 2 4840 2.5û39 2.5249 2+0303* 2 $807 2 6058 2.4861 2 4718 2.4262

2.4658 2.4843 2 4:52 2 5118 1.0754* 2.4907 2 4973 24869 2 4629 2.4*6

/ tnvakd 4l@$': v-i7it ty l'zatlm aher dlgestlon)
* bejlzthrAtt3lyaOlde>t
t' statlstcal outhsr (Oochrap test)

to Kjêldxethl flaskv nnsipg any premphtate os neck of flask down cyclt tiltrafe tN'tm@ same filtcr paller or repmtt tvst. Clear ti1-
intq bulb. Sm rl to mix Popr mixmre onto same ftker papfx > 11, t:ml be tli6cm-ded.
aftgrirstfiltzation isxetlmpletv, andcombinefilttales (usç smhe Rrmove filter pap'er aftcr filtration mld filter pépet h4s
mde of tla%k teck torqll ptmr o'vers to veduce nrca to which drietl slightly- Bhsv e Mo pj-ecipltate on flltet papt'r is losl.
prccipftaye cttb adhere). Immedlately rirzse neck of Kjeldghl Rnch filter pgper at top and (wjst sîdes atjd botronj to :f0%
wtth tîdtlmonal 39 :k 0,5 mtz'aliquot of C(G  pwirl to lmx, and oblong shé'' ;w. Ifa'ny pzezspkatemmfins on eitherhmcroromer
filter ttjroqéh same filter paper tttter skvond filttatatm is tom- lip of Kleldahl tlaskz wipa with âlter paper so pwzipjtatt 1-
plete. Add filtzatc to previous 2 fileatcs Fillatt shotlld be heres to liltc'r j'aper. Drop 51tkr pap:: into K)%dtlû141 fltwk. Att;
cle'ar and fme of particulate maxter. lf patculates appear, ru- potassium stllljtte, copper (11) sulfatepentahydrate calplyst sts

Table 5- ASA? statlslimxl patamuets by te:t mat/rlal for perment tohl proteln lnm mtlk detKrmjn*d bys'm Kleldahl
kp'l:l nitre en methö.d

stetlstc

Materlal Dala NQ (1 labs No of tês% Mean, % sy cps R.3Dp % RSDS, % r R

8 aIl 1: 20 3.1255 û4* 97 0*189 (tY()9: 93743 0.0271 (1 (ISX
B all 10 20 3,21$7 (h Qû7â 04187 9.2$65 0.8799 0,(12,la () (1522
9 aIl 1D 20 3.2497 ().0f,76 D 0272 0.2824 (1 $358 0,92.11 0 W60
7 all 10 20 3 2825 :.91:Q :.0283 0 427,4 ûqoYlô (,.* 93 0 *792
6 a1$ 10 20 3w:*0B 0.*96 :-922)4 0,2923 0:B191 (1.0277 0 tk672
(ù a1 IQ 20 3 %096 0204 0:145 0.2552 (1.4:91 09R3: 0.0497
1 alr 19 20 :9 3263 0.*:9 4.:178 0.2* 9 0 5353 D D19g 0 (J4*
4 all 10 20 3 3583 9-0131 *+t)&18 043958 0.66:) tk'xo  09* 14
2 all 10 C0 ,3,9a64 0-0204 02230 0.8176 0.5849 () 0570 (1 (I6R
2 outller removed 9 18 3 9379 2.0092 B D183 (1 282* 0.4:19 t) 9255 0 û512

Gpnd meatd 3.3454 0.0 98 D 021û 0.2943 0.*276 0.9278 (1.9594

Q Grand meao valtlôB Wér/ (alculatYd usln9 only matefial data where elthgr no stali:tjcal oulllers Waf @ ldenlifl..- (materials 1 ,u3 y4 5; 
,% 7, 8 qndr wRh otdllel's remtppd (matenal 2), Gfand maj4jal mean was cRlcupated by averzglng Al otherNtatfstlcal n%feaàltzwéf'e wlcwuawew frcm?) C

t()e XUWO fXt Of 1hP W CIZQC Y ZP SCWZI'PY UCVRIIQIV
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Yable 6. AOAC siatlltiual pptametars.by l/st material 'for perceent noncasein nllrogen (x 628) in milk ddermined by
tbe Neldahl nonogein nitrogen method

Statlstrc

Material Data No> of labs No of tests Mearl? % sr ss RSW % R'SDq, % r fl

8 R1l 10 20 Q 7W 1 9.*085 0 0165 1.20*  2.3309 0.92:$8 0,0461
3 all 9 1 8 () 7357 () :134 () 1142 1 .'rJ48 1 .832.9 û ($366 () (479
7 a$l 9 18 0.7344 0,0174 th 9219 2.1.1458 2 9776 O 0488 0 (1612
7 outl*r r'emoved B 16 Q 7379 0,01:2 #) 0169 1 '3n5f1 2 2*6û (, 0286 0.9472
5 all 9 1,8 0 7555 0 0322 0 0322 4.3732 4.3732 0.0901 0 *01
5 otdjer pemtwed 8 1.: 0-7417 0.û128 0.0157 1 7260 2.ï170 (). (1358 0.0440
9 :!I 1Q 20 17456 2.û118 () 8174 4 6892 2 3279 (1 (832 2.Q486
9 odtier Kemoved â 18 Q 7481 9.00:2 0.:144 0.:288 1-921)4 0.0174 02402
4 qll : 1.8 47556 0,û136 50215 1.80D5 2.8417 (k()X l 02601
4 Dtldder rekmved 8 18 9-751p 0.0074 5 DJS: 19829 1 ,9971 :2207 0 D420
6 ql 10 2Q 0.7848 0.0197 0.Q2U0 2.5821 2 6100 :,:553 () 0559
5 outlle: vembve & 1: 4-7677 G.(Hû2 f.01Q5 1,32?5 1 76$* (),W %E Q 0377
1 511 9 1* 0 7660 0.4100 (1 0270 1 ',308: 3.525: j.D2N) 0.0755
1 outke'r removed 3 16 0 7726 (1-(978 0 9144 1.5075 1 $628 ().()2'l8 0,0403
2 a11 $ 16 Q 8871 0 42* 0.02& 2.2690 3.1664 tl 0561 0.:784
2 ötttll&f femoved 7 14 0:8912 0.0097 0 02M9 1,4895 2.6957 () 0272 0.0673

Gratld meaq' () 7636 0-0*8 0.01:3 J 2:55 2.1461 0,12/7 (k9462

J Grand mean valpewe'''''''vvw uJatetj using onsy Irmtonal tiata wqere e:ttter oo staîlsbqal outke-werq Sclentq'ied (malewqtsa anu ë of wllh
outjers removed tm4l hepals 1. ,2 ,4 .% ôa 7 andgl. ara/)l matetial maan was calculated by averagmg All olh*rstabyhcal m/ans @em
culctgated trom the square motbf'the avemge of theaquared devlaeon:

lution, gnd sulfunc aeid as in O IJ@D or 991.70K. Flask E m/rfpp/zz Reàoveœ Z/////sva//im
may be stoppeyefl atltl.diyvs-tedlater-Dtgest and7istilf a blank PIRCee,II .aB ân * 1.24-12 ot #KJOM, tzcept add f'lltû.r pamr
(includin: fltér pupez) eaeh flay lbat sa pltz are anzyzzd. jj yeooveyy jlasks

.t() a
Kefp a rccûrd :f Ndzzk valuem lf bla:ftk values change.
identify cause. G. Ja/szz/a/ziw

E Determinaton Caktllut,e casein rétmgml kn milk as in 991.2W7.
Refk: .â Atlzlf Iat #1. 763j1998).Pxoce,t'd ns in 11.2:E pr %1.281,,.

Tablb 7. AQAC *tam tleatputAttfelqrpbhylé< mkteriql ror pëetewt Msein ln mllk dptqrmfned hy tlw Kjvl#pljl Indirqd
m sqjn n*ogep metpo;

ftatlKtlc

Màtenal Data No. of Iabs No of tests Meanr % sr s'e RSW % RSDn. % y R

8 a1l 10 24 *.4194 0.0137 t.0211 oxsêho  :,@710 4.9382 0 0590
5 al1 : 1: 2.4717 U m77 tl :477 U.?1$Q :.7169 4.6h496 0.0496
9 all 9 16 *.5:7: 9 0098 0.0248 02922 0-9907 9.9275 0.0696
4 ak 9 1$ 2 O32 () 0$32 0 01:5 0-5229 0-77:4 0 0371 02846
T all 9 18' 2.6496 (à 0171 0,0294 0.5707 1 1580 () 0479 0.0823
J a1l 8 16 2..5571 9 0111 0.0174 ILVSY 0.6796 0.Q312 0 5487
*3 /fi 9 1% 2 5:14 7,Q1* 0.fH bB 9.:7539 Q,-/314 (tû*'rû (1.d527
4 a11 8 16 2,6084 5.01r? :.0235 0.6783 0* 12 0 04:5 9,0857
2 a1l 7 14. 3.945: f).0102 :.9227 0.3% 1 0.681)0 0 028: 5 0r>8n

Gmnd m/ap/ 2.5847 t) 0145 5.*217 9 5O1 0,8412 0 5409 0 0618

7 No ztaçsitkl outliers wers fdeptli-----ecl. Grand male/lalmeaq was ealLkulated by averaglng-All tlhe? stasistlcel mqans wefe calbvlàted from the
square root of lhe averag: of th: spuared devlatlons
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Tablp :. ADAC statistical parameters by test mutedal for perterlt easeitl in milk determined by me Neldahï dfrmct
caseln nftrogen mqthod

Statlstic

Mateel Data h1t7 of fabs No of tests Mean, % sz sn RSDr, f/e FISDR, % r R

8 al) 9 18 2.4647 0.0144 ê :241 0.5937 1 (1o*  p t)zlx  0.0674
6 alI : 16 2.48:5 0.0178 9.0510 0.7492 2.:5G1 9.05:0 0.142:
5 otltllers removed 7 14 2.4* 8 (),0196 9 0251 0.4288 1.0197 0 :296 0.7794
9 alI 9 18 2.4:21 5,0311 0.()36B 1-2464 1 4778 () ö870 (1 1031
6 aII 9 18 2.5189 û;Q35D 9.0412 1.3210 1 6342 0.0981 0.1153
6 outllers removed 8 16 2.624,6 0.:144 om 9: 0.5679 0 7600 f) 049.2 0.0531
7 qlI 9 1* 2,5428 $.Q1) 6 0.0249 () 4544 0 97/6 (h :324 02696
J aII 8 16 2.9/67 0.* 1% 0.0D 9 0.2876 1.1a32 0 02X 0.*08
1) .e1 8 16 2.&64: 0,:285 94&7 1-1158 1 2019 0 0799 0.0869
'3 outllers femoved 7 14 2..5:10 4,0127 (h.(1191 0..4952 () 7469 0 :355 0.0536
4 ap 8 16 23* 7 0 o40û 4.G521 1.5433 2,Q066. tl 1121 9-1469
xt outhëfs removed 7 14 2.6072 D.01:8 0.0250 0.5687 0 96O  Q :415 IO7OJ
2 a1I 8 16 3,428 D-0081 0.0212 0,2663 0 6995 0.0226 t) 0593

Gfand mean''R 2 6754 0.9154 IXO:..FM. :.5971 0.9875 0 0435 Q 0719

V Grrd mqan valuqs were calculated tlsmg oply material data where ellher no'datptical okdljerz were ldentjhed fmaterfals 1, 2, ?, : and 9) or
wilh outllers retno4zed (mulerials 3. 4' 6. and :) Gtan: rnalehal i'pbqfl was't:dckllAted W Avethaglng. AI other statisqical means were
calculated ftom tite zquare rool tjf th: average of lhe sqnâred de 'Mtdlons

ResuRs and Dssoussion lzifomtory A was tknavallabledve to an accidfmt ûnd l'hp data for
Ze fet 5 muteials *om lqbûraft,ty H wcre mvalid bmause the

Laboratode.N remrted amino acâ4 (yJ ammpmt!m sulfafe to- voumetric flaqla wel'e n:t bmught to volume lT*le 2 ald 6).
coveries between 98,3 and 1* .9%, whic: are wlthin rmlhotl of tke mmpining dauy 6

-(2ocbran tmll 1 Galbb's outliers were
s> jlcatlons 01198% (22) Slmlaboratcdeg (A, D, E, G.H. 1) jtjeatygext o,e of tlle cxhran otltliers thhlralory j, mate-
usedblock digcstorg with steam distilluuon ànd the remagning yu 4) jn a jabtlraory wjm tradional PaIIUIy) equip-
4 lalv atories used traditional Kjeldahl eqnîpmentx njemt

, wx)e an othc outlze,rs were frbm labomtories using
mw dalhforthe detenninsnon ofxtotalz nûrjcasqjn' indirmtm- uwk dsga ys. hditwx casejn was cpkulated only whdn '*e

sem and dir:d casein nitlogex expressed as pme  equivalenls astqjtom tojttjheo  andNcNwevlpareceptlleti.e.,no> toq
(N >: 6.38) atc#mngehttxllnlfàlzla l-*yzeaslxqïvetysvtlltxllv  a0:141,:$, jnvlgld or outler t.îgslv and so sudstical ontliexs wem
formance. with 4md wldmut statistical outlîets rempve:, 1% mre- taptisezl wlxqoutjiœlastg'wejv mp t'l:able3elk1 7).
sente hrlttbles 5-& ne tot'tl amouny of invzlfdfmd oudier (1a1 xo data wer: avggable for t'he direct cassb teost fox the ïil'st
was witllirs acteplble llmlts fortbllabomdve smdles (292. 5 materials from la:oratory Gdûe to alabomtoryrtjdent (Ta-
œ ly onestatiKcaloutlilsr tcotl= . laboratory Itmatetial 2) lgës 4gad 0. A)1 tlwe ctcaseia dAta from labomto.ry E were

wagidnr/lfled foztl+ 'lz'Nzjletllod,rezectingthatallof thzlabozz- jdendfiè,d asinvalid becausetlledâp w4mtlcllynnreayonàbl:
toA have exlensbveexperience and roktinelymnthz> methcd and thû lalmmto,ty mpôzled proslems with cry4taflizatlon after
tTAblc 1 nml 5). For tlte NCN m zlata for 'materkp 2 frbm digeksfion.of the remaihingdal 4 Cahtauot4tliets wereiden-

T4:lv 9. Co
a
mpmrlspn p, mpeod performan-  x'Mtislies for det*rmlnatlon of 'total, protein, xsein, npnm seln, and

nonprotteln nftrogen by Kjoldahl analylis
Metbpd pêrfotmance stabstsfze

AOAG method - - -- - - - - --  -- - -
nnmhex Methotl Grûnd mean sx s: KSDT, % RSDa, % r R

99124 Ttltél nltroge'n 3 395 0.014 0-917 0.385 0.5:4 0 Q38 0.948
99122 Protei: mdmgen, dired method 2 995 0.008 0,021 f) 2*5 0.7t)2 :.024 0.059
*1.23 P/olein nltrpgen, lhdirectmethod 2.976 Q,Q14 0.031 D.4.K3 1.041 û.04: 0.988
Ctlrrvr.tl stu6y Caseln blrtgent mdkect m4ttlod 2.585 0.01b (3,022 2.560 0 M 1 0.041 (1.062
Ctlrrent study Calm nlvogen, x ect method 2 575 2.013 0.025 0,597 i) 90 0 044 0.072
Ctlr/nt zlutjy Noqceeln oltfos/.tl 0.762 9 91Q 0 91: 1 2B7 2.146 (1 (1261 () (14:
:9121 NonpTdtein nltrpj*n û.204 0 *6 () 012 2-817 5.7:7 0 D16 () 033

R Mean, % sae r, and 11 eyptesse as protelh mukalents. +% (nktrogen .>ç 6 t'e1.
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Ta:l* 14q Mean percens protain by materjal determlned W the sotal, npnea-ln, indireei masestq,and dired cmsein
nitrogqn Kjeldahl methods

Matenal (% protais/
Methorl 1 2 3 4 5 6 7 8 9 mean

Total nltrogen 3-32$3 3.9379 3 3996 3 :583 û 2167 3.30 8 3.2825 3.1265 3.2497 3 2454
lMoncarsqln nltfogen 4 7726 :.8912 0 7367 0 7510 0.741/ UJZQD 0-/379 0.D F1 0,7451 () 7611
Qaseln rtitrogsn, InrkeDl
mqthod .2.5571 34468 23714 2 6064 2.471Y a 5332 2.5495 2 44 94 2.5:76 2,6847

Casem lmlrogqn, dkect
method 2 6467 3,t286 2 6610 2.6072 : 4648 2,.5286, 2 642: 2.4067 2.4921 2.5754

.. w xw

Dfffgrpnce betWei!l lbtkfed a;d dlredxflaAstlh

9..01Q4 0.9182 0,.:104 -0 0018 Q.7069 () X O  (1.DOCB 0.()1:7 0.0465 9.*93
7

Mdïrect caRth nirogen a: a .W. çf tot'al fdrogen

75-öB 77.W  77.70 77 r/8 76.84 76.75 77.67 7/.38 77.16 77 26

a vatmual oonuqewrrhik,d-irom me coqaborativo stuaesof oe irowuuat ---tilo-ll-rro

tiied. ThreepfthoseoulztawapfmmL.abortstcvBtme zs 3- Tablws 5-8 pTeictttlnentçsq xesults foruch of the qmttfods
-5)f)n(1 dow insizte nofthedu- suggests#lqtthe catutkeznay bavc stodted fwm 1pw to hig: pzotelny bm tlle order of the nmlerâa)s
bttec tèsstKmzplemkxuprathertha)j ' llml ertix is nol necessarily the ga eea tlngamethody. AacompatiBotl h:
Lid'èar TùgreBsioh in'dicutcd 40 Aignlticaut (p > f) f)5) rela- mnferial is'sholvn4s%hle ltl.-Wiilvthoexceptmttof matehal 4,,

tzùnship bowzties proteilï coucentvatlox und methe pcrfonn- the mtlirect 4laseîn. resultq werd Mghpr than the dkect cmstjîp
tmr,e for any of thc metlmd stadstks tkternuned ftlr t:e lûtzt!, resultç, a'vere ng 0.01% pmtein gteutcr? < 0,05).This4;Iml1
indirecj cwsein or dlrect ca.sem nittogen mztltods rrables 5, -1 bias would l)e mlatively insigmtkant in routine appliclmon
and B) 'rhere wa< a xigplljcant rdeqnship between proteip considerinpofher fâctorà m:t canintfltleneollle cnqty'n testltis
comentzatibn wtdbe  sR alzd R for tàe NCN metllthd, prlmar- possible that thebiàs Ytweenmethods might be elimlnptexby
ily dulto thesli/dy largerreprolluclbylity standard deviatiofl farfhermotlj#catiopof leditqdonvpl= edpJngprelpiunon
tleterminod for materjal 1 (Table 6), intlje dimTctttlzyeiaylrweda  Howkvepitlslheaqthpo' opm-
Tablev eompxvs $1 :ta111:,:.1 jG omsqnterof llw indîw  ca- io14 that 114: potenitttfor msmall impxwemcm m acv> c.y w@s

pln. dirrctcweh), lmfl NG melhtds pith Qmlgeldâhl :llmgcp not èzmtlghm ttà jus'tify ptlrsuma this apprbrh '= tlZ% lime. A
llle/hrklof'or mw mll: tlkt have 'pmvbtlky bxn eollabomtively Sitùilar bi* llttg'bee'n ob#etved forihw indirect atltl liv t pto-
smdied: 'I'N-AS.A  lzzlstsimctprofaèn fjiitogevA.l,;,z tz4'lrJnd> tdtl ritrogelf nlethpds, except that tlle indkectprottin method
vtfkrutfunpftlxlszenAl..astzsl; ponprtyijlnl/ gerlol-zltz3), avaaged (l-œwlovwe,r tbanllte dhvtt mqtlodtraby 94 a7h%
ordee  from higls lö 1ow pzte n. 'Ilw TN jrvtl)ptl theozedeally 'Theihdirkzt'qase'in .nitrpzbrr.metlmd is t4nsîde,re ,*c/jm'f-
> % mukimtjmtkhie loo' - foulxcattx'thefeîsmvtn- erence?l mitle  f4'e  akistorical perspeutlvéwcdsei? ëwogen
tia-llyi)fy Giyluyllàlemant'teauonomeN' nwanplpjonawzi#p (hdkedlps.a ptrcent qf 'IN'is calfmlated kl 'Pabl. )0,and'av-
ic.Y pneexœyEmtsR e &meiYrwhiqhhaq%emti: eraged 47.2.* , with arwmgeqf 7,6.7:t0 77.7tl%-efhismT+ of
xforaltvràlpolutejvpeatabihty tlkeprxedareuo lkûlN cvseialàitmgen vsapemento islypit/forgocu qlmlit# cöm-
Hclinvtezdof tl)t uvloNHctasytlepd- t mingledraw mtQ (+.5).
'I'hc tv> tabilgy' :1 4,*1 dbviatioM %nd r vzue wefe m y

shnisy for tl:e metllqd.s qzàt u.sel t),1N >fCI utraut texg.i a2 but Collabootorr oommpnss
NPN). Repttxlutpllity $> f.1%%/1 devlaion mxl Rvalge were a1s0
stïy commoblw although'lho mpfxxkcibilit: of fl)e p'oteîn, ea- Robl:ms noted'l/ 4ollal- hvestudypadieipants oèctftl'ed
sehszandnoncaseinmeogrnmeqlcas azslighïly gfeAttrdxn that prine y izs lâborxttolies using lyltxk digestoo, 'rh:
fpr 'IN dne fo 111: additional preyaration steps unA r mulupk NCN flas'k/tcbes tenfl to foàm durîng digestion, Foàming exm
nnnlysbg, Rs'bs increasz with decreassng pzoteitl level, as ez- be controlled by slarting tht digeshon on tcol buqters and 4/-
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