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A DuPont Business ---m 

Dockets Management Branch 
Food and Drug Administration 
12420 Parklawn Drive 
Room 1-23 
Rockville, Maryland 20857 

Citizen’s Petition 

. ..I. 

Protein Technologies International, Inc. (PTI), is the largest 
manufacturer of isolated soy protein (ISP) in the United States, supplying ISP 
to manufacturers of a wide range of value-added conventional food and dietary 
supplement products. Under the Nutrition Labeling and Education Act, these 
food manufacturers must provide nutrition information to consumers, 
including information about the protein content of their packaged foods. 
Current regulations rely on a single complex method for calculating protein 
content in food that involves the use of toxic chemicals because it was the only 
method espoused by the AOAC International (formerly the Association of 
Official Analytical Chemists) ten years ago when the regulations were first 
proposed. Since then, AOAC has adopted another method of measuring 
protein. PTI submits this petition to request that the Food and Drug 
Administration (FDA) amend 21 C.F.R. 5 101.9(c)(7) to provide for the use of 
any method of calculating protein content in food endorsed by the AOAC 
International. 

I. ACTION REQUESTED 

Petitioners hereby respectfully request that FDA modify the 
reference to the method of calculating protein content, found at 2 1 C.F.R. 
5 101.9(c)(7), i.e., “the appropriate method of analysis as given in the Official 
Methods of Analysis of the AOAC International (formerly the Association of 
Official Analytical Chemists), 15th ed. (1990),” to read “the appropriate method 
of analysis as given the Official Methods of Analysis of the AOAC International, 

., 17th ed. (2000).” , 

II. STATEMENT OF GROUNDS 

In many instances throughout its regulations, FDA relies on the 
AOAC International’s designated methodologies for calculating the content of 
numerous substances for compliance pu.rposes, including the nutrient content 
of foods. AOAC International standards are recognized among the scientific 
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community for their reliability. Analytical methods proposed for inclusion in 
the Official Methods of Analysis are subjected to eight or more laboratory 
collaborative studies conducted according to internationally recognized 
standards. The results receive rigorous scientific review. Once a method is 
adopted by AOAC, it is published in the Journal of AOAC IntemationaE and 
compiled in the OfficiaE Methods of Analysis, which is updated annually and is 
currently in its 17th edition. 

At the time FDA promulgated its regulations establishing the 
method for determining protein content for purposes of nutrition labeling, FDA 
relied upon the then current AOAC methodology for measuring protein content 
as set forth in the 15th edition of the 0fficia.l Methods of Analysis. L/ FDA 
should continue to rely on the most current AOAC recommendations regarding 
nutrient calculations. The agency should not be forced to rely on outdated 
methods of analysis or be limited to those methods recognized at the time the 
regulations were drafted. Therefore, FDA should amend its regulations to 
provide for the most efficient and effective methods as recognized by the AOAC. 

A. Method Required Under Current Regulations 

Current regulations direct manufacturers to calculate the protein 
content of foods using any method approved by the AOAC’s Official Methods of 
Analysis, 15th Edition. The only method approved for use for human food in 
the 15” edition is a method referred to as the Kjeldahl method. This method 
involves use of a mercury catalyst, a dangerous chemical. 

The use of mercury is potentially hazardous. Mercury is corrosive; 
its salts are toxic and humans can be harmed through ingestion or inhalation. 
Individuals required to conduct nutritional testing using this dangerous 
chemical are unnecessarily exposed to health risks. In addition, mercury 
disposal is complicated and very expensive. For example, landfill disposal of 
mercury is prohibited in the United States, so waste must be sent to an 
approved recycler/reclamation firm for disposal. 

The Kjeldahl method also requires long analysis times. Because of , 

the long wait for results and the use of dangerous chemicals, most laboratories 
have abandoned the.Kjeldahl method. :. ._. _- _ .- . 

-I/ 21 C.F.R; § 101.9(c)(7). 

-2- 



B. Other Methods: The Combustion Method 

The more recent editions OfficiaE Methods of Analysis have allowed 
for an alternative method, the Combustion method, also known as the Dumas 
method, to measure protein levels in some human foods. The accuracy and 
reliability of the Combustion method has been widely adopted by responsible 
laboratories and is supported by scientific studies. These scientific studies 
demonstrate that the Combustion method may be used in lieu of the Kjeldahl 
method with no loss of accuracy or reliability. We have attached key studies 
that demonstrate the comparability of these two methods. 2/ Yet, FDA 
continues to recognize only one method. Since another safer and reliable 
method exists that has been accepted by the scientific community, FDA should 
permit its use for measuring protein content. Petitioners, therefore, request 
that FDA amend its regulations to permit the use of all methods for measuring 
protein content specified in the most recent edition of the Of$cial Methods of 
Analysis of the AOAC International, 17th ed. (2000). 

III. ENVIRONMENTAL IMPACT 

.,)., 

The action requested by the petition is not expected to have a 
significant effect on the quality of the human environment and is subject to 
categorical exclusion under 2 1 C.F.R. 5 25.30(i) because it is a technical . 
change in the regulations. 

21 See Attachment A: Wiles et. al., Routine Analysis of Proteins by Kjeldahl 
and Dumas Methods: Review and Interlaborato y Study Using Dai y Products, 8 1 
Journal of AOAC International No. 3, at 620 (1998); Berner and Brown, Protein 
Nitorgen Combustion Method Collaborative Study I. Comparison with Smalley 
Total Kjeldahl Nitrogen and Combustion Results, 7 1 JAOCS No. 11, at 129 1 
(1994); Bicsak, Comparison of Kjeldahl Method for Determination of Crude 
Protein in Cerea! Grain and Oilseeds w.ith -Generic Combustion Method: 

.: _... Collaborative Study, 76 Journal-of AOAC International-No. .4’at 780 (1993); 
King-Brink & Sebranek, Combustion Method for Determination of Crude Protein 
in Meat and Meat Products: Collaborative Studies, 76 Journal of AOAC 
International, No. 4, at 787 (1993); Tate, Determination of Nitrogen in Fertilizer 
by Combustion: Collaborative Studies, 77 Journal of AOAC International, No. 4 
at 829 (1994): ‘. ’ 

-. . . ..A 
_ _ 
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Iv. ECONOMIC IMPACT 

An economic impact statement under 21 C.F.R. 5 10.30(b) is not 
required at this time. 

* * * * * 

The undersigned certifies that, to the best of their knowledge, this 
petition includes all information and views on which the petition relies, and 
that it includes representative data and information known to the petitioner 
which are unfavorable to the petition. 

Respectfully submitted, 
Protein Technologies International, Inc. 

+&j-&J&~ q!~ 
1 

Katherine Harris 
Vice President and General Counsel 
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FOOD COM-ON AND ADprrrVES 
n. 

ROU~~IR~ Analysis of &ot&s by Kjeldahl and Dumas Metbe& . ‘- 
Review and hterlaboraiory Study Using Dairy Prodi’ 

&mtG.WdlersandI~ILGw 
New Zeahd Dairy Rexarch Institute, Private Bag 11029, Palrnerston NaFfh, New Zealrind 
RClUtRCRrssLlxc 
New Zealand Da@ Boa& PO Box 4 17, Wclfingto&‘irSew tiIand 

The lCjek&hl ad Dumas (combustion) Methods 
wlwe compared in 11 laboratoh analyzing wn- 
gbles of milk, skim milk met, whole milk powder, 
whey pf0teln ccnrcentfa& infad iOtmul8, Ca%?itl, 
ceseinate, 2 reference cmpounds (glydne and 
EDTA), and a secondaq refcwnce skim milk pow- 
dec The oomparison was conducted by using hter- 
Mtiondstandarclswbefeappll~~lmsans 
were 8.618 g WlOO 0 by tha K@dahl method and 
8.610gN/l00gbytheDumasme2hod.Noev&lence 
was found for a consistent bias betwwn meVrod6 
thatmaybe!~conctKninthetr;adingotdaiiyp~ 
duce. A review of more than IO r&ted trials re- 
veaied a lack of exwse~us ‘m the bias between the 
2 methods, suggesting that differences In method- 
ologyand isouses of SystenMc error may be Con- 
tributors FCS sampies containing >2 g Wilt00 g, the 
Dumas relative qeatabilii and reproducibilii 
standard deviations were consistentfy about 0.35 
and 0.75% remy. whew153 the cormqxN- 
ing Kjjthl Values declined generalty with N co* 
tent and were slgnizicant!y Iarger. The Dumas preci- 
sion chwa&wistics may be dw~to the dominance 
of l.eco maiyRrs in this t&Is. and in m@t 0th~ 
rec6mt ttbls, rather tti$n an Inkent methad attfib- 
ute. Protehl determination methods tar d@iiry pi& 
ucts need Uo be reviewed and updated. The Dunrag 
method weds Coda Alimentarius status as a ret- 
agnizzd tf+ mrzthc&. 

he traditional (manual) macru Kjeldahl n’&ul is tf~ in- 

T terMionaJ reference method for detetmining tofal nib 
gea m) or crude protein- However, with very little rime 

rck atdyze large number3 of zatnpio. comtnefcial Uora@ries 
no longer use mannai methah routincly. ‘II= gene& Kjeldshl 
mexhai has bm~ automated LO variouls dqrees in varioti pm- 



Ebeling (13) 

Sweney and RexrDad (16) 

Bellomc~nte at at. (2) 

Slnveney (101 

Hansen (14) 

Smith (12i 

King&ink and Fabranek (81 

Blonde1 and Wan (41 

Elisoilk 9) 

Buokee (5) 

0 aun and Oede rcq (6) 

FrWer (17) 

Sachen andlhiex (16) 

Anlmat ilsedeluffs (lQ0B) 

Skim milk@WlW (1983) 

ltdanf formulas and a variety 
of lood comrnodiaies (r@871 

Animal @dsfufla (1989) 

Animal feedstu~ (1969) 

220dhisrse samples in do&& (IQQl) 
< 

Meal products (1993) 

t3tcmd ProreIns (19QS) 

Gmlne. cera~ls. and oil seeds (1993) 

Malt. batiey. 2nd bger { 1994) 

011 se& (19B4) 

Liquid milk (1995) 
oasly products ( 1905) 

Daly producls (1096) 

Cellulc\sic samples (W07) 

Pooled mean 5.7ti5.77 (-0.0) 
8 

’ 5.8815.83 (0.9) 

., .’ 

Pooled rrteenB.6VB.58 (0.35) 

Fine; 47.6947.4 1 .(O.S) 
coarse: 31 .82/31~ (1.0) 
Kjeifoss (pooledm&an, 2.6) 
Kjelbc (pooled m&an, 4.4) 

In If cakzgorles, oaLegdlymf3uu 
ranged from 4,OW.B8 (1 II) to 

3.W4:Ol (-0.5) 
15.7815.6911.0) 

4% albumin: 40.5W49.73 (2.?) 
il% alixmln: 19.77/%X12 W.8) 
Po&dmean 25.23/25:18 (0.2) 

(W&i& edd results e@uti but 
lysine-HCI lncftided) 

Barley: I R2W ,415 (0.9)’ 
l&k 1.720/1.866 (2.0) 

(Sunlbwer seed, 1.8) (Swbeen, 3.7) 
(Ems depetded on seed type) 

0.56~0.528 (6,7) 
Positk94 and increaslng wilh 

hlgh TN oontW 
Milk: 0.54810,644 (2.6) 

SkJrn rnikpowder: 5.76&63 (2.3) 
(Hay, -3 lo 7-j 

Ten leboratorieg using Cotamen 2QA N analyz@% Aoetanilkle used as 
retemm3, Seven teed samples in dupRx&. 

Collaborative European tfid to set European Comrnunn’ly reference milk 
pr&in standard. (Used mute’* rspllties.} Kjddahl essays parformed 
wihcu!sfatyst. 

Slngle L6co ItWument. Used lyslne-HC1, fryplophan, and EDTA as 
reference egms. Cu KJeldaM catalyst II&. 

Singe insbwnonl (Ctio Elba Dumas analyze.‘) comparison. Kjaldehl 
amye performed with Cu catalyst. 

Used clc&y matched pairs. CoUabornhz U.S. trial. Kjeldahl aseeys used 
Hgcal~, Ail 9 Oumas in&uments WTII L&o. 

Single Lex inelrumeti. Examined etlscl of nil&e = scu!me of bias, 
Kjelfoss used HQ cat&% and block d@&or ui?+ezi Se ca(alyst. 

Silo inslrwneM, iwhow compatisoo ot Fobs-Heraeus Macn, N with 
Kjslfoes (uslrq Hg catatyst). Nine refefe~e melerWs uti In Macro N. 

Used closely malched pairs. Kjeldahl as%ys performed with Hg c&alyst. 
U.S. tomparlson, 

Sin@e laboraWry using LOCQ FP428 and Tecator Kjeltec lntirum~ls. Used 
TBcelw Kjenab S5 catatyst. Relenrnce rWerials not rszporWJ, 

Used closely rnalched paih. U.S. comparison tih9 Oumas irtsi~merrts in 
7 labcxatohs and 3 K@ldab:intWmenes (u&g HQ catalyst). 

UK comparison wilh 20 Dumaa and a rnhiut~ of 17 KjeIdahlMJetfow 
in$lwmsnb. (Wrd IS0 5725 WI no vsIerertc-e compounds reported.) 

In-house multi#Wument comparison, (Used nkoWc a&d. c&&e, and 
ammotium plollPene sulfanate a3 referencs aunpourds.) Kjeldahl assays 
wti cam CNalysl. 

Sir@ laboretory and Dunas Instrument (Leco FP-428) comparison. 
Us& ckrsely matched p&s, Comp3rhon U.S. ldal using m;tlnly sea, 

mafyrers. Kjeldahl asseys perlonned wiIh Cu calatyst. 
Comparison I.&g 30 laboretories. Fallowed IS0 5725. Tyrvsine used as 

dl~&bn teocwery chedt. KjeldaM ca\atysl nol reported. 
7 hree laboratories using Leco instrumeots. Bias depetrdsd on sample 

porc&y and ooduded air. K/eldahl catest nor repo#d, 



me I>umu irW-urnznrs also were 95 up z~nd cdib& a~- 
cording tcl m;mufaclurers’ instructions. Siu &or&&~ widh 
LX0 instvumenrs us4 8 fum;iac tcmptmruti of 950°C: one lab 
(Ed 801)“c. -i-h? bC0 hStl”UmnL~ WY’e 0~aie.d w;xh m oxy- 

gcn prvfile of either medium-high-high or high-hi&hi&. The 
Fa+H~zus instrument was opzmtcrl with u L’umacc tempcr;l- 
WC of 1 U2O”C. 

The Inbcarnries were requesti lo vcL-ify cfrc pcrforrll- 
ance/calih~n of their insuunlents according to tbcir ZKZ&- 
ilbd standard procedurcf prior to analysis of Vial samples. 

On rrz&pC of 8 set of samples, Iabaratorics wccc’ ukc4 to 
pehm 6.mpliutc x..~~ys OC each nlaterial on each inslrumcnr 
KjeIdahl assays wen txnducted occorcling to IDF nMods 

(3_224)- Dumas ways we conducted acmrding to rnc&cds 
spzcifti by insaumem mar~uhc~r~~. Panicipanrs al.so wcx 
a&cd lo pezfornr 6 re+k moistuti dekrtninariclns of the 

dairy powdem. W&t-e p&sible. mcrirture determinations WC* 
prxhrad concurrently with the: TN assays, using drz 102°C 
lYvcnw lefirenu: mcmod cs). 

fl a laboratoiy wits un&le to compktlr: IhC se& af assays 
in one by, it WM directed IO repeat the glycine and BDTA tit- 
uence assays and to an-dy;u: rhr: dairy products in the following 
sequence u) avoid the possibility that all low-protein samples 
WCS-C analyzed on one day and 4111 high-pro& samples were 
ar&yz& on the other, with the possibility of in&y bias in- 
f’hcncily rhe (aq~lts: day 1: Glycinc. EDTA. whole rt6 Ik, SMP, 
whole milk puw&r (WMP}, casein; day 2: Glycine. EDTA, in- 
fant formula. caseinate, whey protein concecluate Cwpc). set- 
on&q r&nzncc pow& 

finally. the New %aland Dairy Research lnsriruk per- 

f&m4 nitrate and &ite azzuys on cadr of the dairy products 
tif.wx&y tu kc: ~mxlmd of chc U.S. Envinxnncnttrl Prvtcctior~ 
Agency (26). 

Ifxfrf.men&i 

Table 3 summa&es the. instruments of pzuticipating 
laboratories. 

stalistical W*: SmiRg for Ouiiief3 

The process hr delermining oudiers involved the fdOw- 

ing steps 
(I) Resuks were scrwd for oudying l&um~orks by UE 

Cochfan kq (testing fur khc homoppteity of innal*rdoV 
vm). This ax-&md until no more dm 2r9 of the I- 
&had- &&&xl (19). Aql%all&wdoC 1% was use4i. 

(2) FW htxu~uics idZntifi in (1). Chubb’s sin&c a& 
double tests were applied (also tit the 1% level) to zinc 
wlxxhx the ourliers of any of rhe outlying labo~VXieS wem 
due to Mated (i.e, l or 2) outlying values (20). The outha 
analysis &v&d from ~I)F I 3se (19) mind ColJowed LSO 5725 
2 (20) &m DF 135B lquira rejection of dl ob~rWk+l~s 
fmm aft outlying l&oratory. not just a singk *pant V&e 

ht fight lnw-e PI-O&C in cditx, There were mm ~V~US 

examp)e.s wl~~e single &,wc~t values in~la@d rW vatibifity 

used in rhe p&r tfiL 
(3) For laboramy mzm15 (i-e.. for LL pticuk prtiuc0. the 

mbb’s single and doubletess wereuuod LO tlWrmir~t whether 



Table 3. Laborator‘ks participating In cornparis and their instruments 

-mw *WaM (Model) (Catalyst) Dumac (MOclel) 
-. .-. -- .~_ _- _- --. PP. 3- -- 

NZDG, Te AwamuIu No s&able equlpmenf 
NZM;. Haucapw K.puoss (1tcz10) {l-f&l) 

NZDG, bhitoa Nofiuitable eQuiplnen1 

Tui MiIk Products Ltd., hangbum Eluchi (45 digeStI unit; 323 &till&iOn Wit) (CU) 
%i blii I’m Ltd.. PPhiatua * Qetlurdt cvapadesr 6) (Cul 
Nwbhld coaper;tbive Dairy co. w., tiuri Gerhardt (vaoodest) tCu1 
Ktw~ Deinrx IA.. Hawera Bud+ (435 digest&n unit 425 distinatlon unit) {CU) 
M4f OuaIity Mmagw. Auddand @ax- (I-lo) tt-rs1 
Grayson Laboratories Lrd., Auckland Gefhacd\ (Vapadst’2) (Cu] 
New Z&akmd Dalfy ReGsarch IMitute ,. Kjelfoss (16210) (Hgl 
Agricu#ure Vi&&, Ky&am f)& -0. V&ala &a&i (435 d&&ii yin; 323 dittillstlon unit) (CU] 
-- s-y.- .- -.- -- 

Leco (FP42e) 
Lea, (W-428) 
Lea, (Ff’ 428) 

No 6UitaMs equlpfnerlt 

Laoa (~-4281 
Leoa {Fw2l3) 

h58-4-i~~U6 (Macro N) 
Lecu p-428) 

Lx0 (Fw2B) 

kca w-) 
Leco (FP-mI) 

--- 
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by stz&kil muming was ah affected. Values for this sample 
also we.re excludcLL 

Scrutiny of SMP results of laboratory 2 *vealed that in- 
advent substitution of the ShlP sample by the secondary 

--.., refance StvlP had occurmd. Accordingly, these SMP re- 
./ :*& suits were excluded. 

h-tories I (Kitlfoss). 8 (Kjdfoss), ad 10 (Buchi) *- 
ported Kjcldabl TN recovtiw fxwn WA in the qe 85.6- 
%A%, substantially hrr thm the means from other laboxaf+ 
rics, which averaged ~99.5%. In a p~~vious aial we conducted 
(21). whore we also used EVE4 a6 a Gfercuh m We 
found that some labo~~.~G (notably those using KjeJfos in- 
struments) eqpuiencbd difficulv in obtaining thorough digesm 
tion of this martial On, the basis of this CxperienW we ex- 
duded ~XW FDTA resllltv hm cahhtian of the overall 
IS-l-Amem 

C)vertdl, about 8% of &TN Jesuits hcUing the fefa 
materials) were excluded for the v&us XWWIS noted above. 

Wh~e~~~~onoftheseconid~a~saysof nfm 
eompoundq all Gnd merhod compzuisons wrx made with a 
dzun pool of at least 44 results for ef& r&hod. With he excep- . . 
tion of EDTA, each pool contint conuibutim h at least 
8 laboratories. 

Mcof removal of oculi~, file oved pmkd man for 
Kjehh~ assays of the dairy pmducs ww 7.374 g N/100 g. 
Wah indusion of the 2 re.fe.reWc ~rnpzWIdS. it was 88 IS g 
N/100 g. OuTw;polldinR V&OS for the Dumas assafl were 

-.. 7346 and 8.810 g WOO g- Ratios of rht: Dumaa means CO the 
Kjeldahl rncaos wz 0.9963 marl 0.9992, reqecri~Iy- These _ >,.: 
mchs cw be corn* with the cornqonding raw ti 
tl.lalx$ bdose removal ofoutliers, of8-w5 g Pum g oc,jckhrhl) 
and 8317 g N/l00 g (Dmus), giving a Durn&Kjekiahl ratio 
of 1.0012 The pookd means (both wilh and without oudiers). 
standard deviations (exclusive of outlie& and numti of LIC- 
ccptcd asps for jndividual WII@% arr: tin in l’hblt 4. Re- 
sults of a &way ANOVA comphon of merho& (by labora- 
toryandm~alsoartshownin?%ble4.Methoddiffatnces 
wcm significzmt only for milk, hhnc formula, WMPand WFC. 
Estimaepf Kj&iahl and Dumas RSD, and RS& are shown 
in~ble4andptoGdinEigurc!~ 

bhak d nicrioe concenrrations tn The dairy GUUpk?S are 
shown in %ble 5. Calculated recovcrh of N fern ~&ZIWX 
maxsids am shown in T&le 6. 

Compariscw of Rest&s with Thase.ofCWwt Et& 

Difference betwe4zn results of Dumas and Kjddahl meth- 
ads a-z pJotRd in Figure 2. We chose to plot sqiuately ti 

j man V&KS for WA atld @y&16 otXaincd on days 1 ti 2, 
CAS I&S pmvidd M insight into hc likely day-to&y vari;\tior~ 

that were oxpericd in instrument &b&wm 
~compjxison,in~~~3,weploccedIhcmainresul~ofpre- 

1, viousstudicsonaGmilart.s&. 
,J It is evident that our findings diier significandy from most 

&owly published work in 2 imwt resptcts. We find no 
JignifEant cv*ce for a positive ths rowafd the Dumas 
method; neither do we fmd a tendency for he bias to incwse 
vile pmdn conccnuarion. WC also note tht this vial covers a 



g74 
56 i 

xl 

$" 'i 

Figure 1. Comprisocr of KjeIW and DumaS 
p&ion characZefl$ti~ reWive repefhtablllty and 
fejDfod~I~lty standard deviaticme, Key: +. Kjeklahl 
repeaUb!lii; 4% Kjeldah! reproduclbllty; 0, Dumas 
B; a, Dumas fwpducl#llty. 

. 
range of TN values (0.5-18.6 g N/100 @-WI protein con- 
tcnrs ran&g fhn 3.5 glln0 8; (whole milk) to 924 j#lOO g 
(caseinslte+thmt is broader thm in most plwious cornpa& 
sou.Ihe0wallpictnresu~estsalttckof~L~g 
the varim ISal. of a consisWnt tmd in thc,rdntionship h- 
[ween the nbctbods, implying ttm some stifles Senot b&g 
ctmtrollat arkqwly de &cse comparison trials. - . . 

Fwrc 1 show the bchevior of k estim of RSD, md 
RS& hr both nwhak For the Kjekiahl method tiyting 
milk, RSD, (0.65%) and RS& (1.9%) values ate considenbly 
graucr than those ddamincd by Barbam et al. (27; 0385 uxl 
0504%. respectively) but close to those rgxured. by Grappin 
and Honvitz (Zg; 05 1 and 1.02%, ~specrively). The eYiliarz- 
pa&d vallues rekite strictly to milk nnd wuc otinob under 
bmal collabofacive tial conditions. On the other hand, our 
sxmplc~ weft analyzed muthely in txmnwrcial kWD&CS 
and wee not accmkd my aptxid I-x&mmt. 
’ The possible e#ccc of wikning the scope of the Kjel&i 
me&d from mii to cther dairy samplc~ is sugged by the 
incftllsc in RX+ whcs hr inht fOmw!a WMP. d SMP. 

WMP 4.7 <l’ 

SMP 4.9 <l 

31.5 4 

casein- ’ 122 4.1 

SOdium CaSdtW~ 4.9 <l 

ln~n~kmub 13.5 cl 

. .-- a- 
l Draec(able limit. 1 uda. 
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Flgure 2 Dlt)erence between Dmas and Kjjtdanl 
methods (this work). Key: *, all data Including outlieq 
* data extluding outilers. SampLss: 1, mlL; 5 itint 
formuh; 3# WnAP; 4, SMP; 5, secorldary referen* SMP; 
6. E0TA 1 end WP9 & caae*~tc; (days 2): 7, casein; 9, 
10, abb (days 1 and a. 

The dative prccition of the Kjeld&I me&& rended to im- 
prove as the TN ctmentracim kmxad. Tn conmq the lb- 
map method gave almost unifwm RSD, aad RSh vale 
(&out 0.35 ctnd O-75%, xespeuivcly) for ;In SBmples with >2 g 
NIiOO g. -hey wee typically less than half the corrwpclndiig 

_ . . . ‘Kjckhbl values, and the difkrences in vzriMity were signif% 
i ant in mhay instanoes (I;mitx shown in ?ablc 4). -l-he Ihmas -..s- 

RSQ and RsI& valwzs cqnpare veqr favombly wifh thy te- 
. . . pmal by Sweeney (lo; O,S9 and l-1 5%. ~+&4y), although 

Sweaney’s sagplts were nrrirntll f&dsruK~ that would have 

The suubr;raariylly higher RSD, and RS& values from tie 
Jhnms method for milk may- have been due to use of lnco 
quipmcnc rhat wu canfigur&l for Sampling of Solid maKerials 

of N-including br,qh organic and inozanic plus dis-dved N --I... . ..-- ..- .* I . ._- ..,.-. 
and occluded qmosphwic N-m expecti to be mncau~-by 
the Dumas me&d. Niaxes and nit&es w tbc I- common 
firnw of inmanic N th( the Ollmas method is likely to dctccr 
in kods and feedstuffs. Many plank material% preserved meats. 
and some ws of cheese tm contain levds of either NO; or 
NO: chat coild clcvzxe IN dues by UK Dumas method I&- 
ti\n to the Kjddhl methcxL Nitrate levels as high s XXI0 pg 
NO& (wet btiis). dich mapod to abut 0.07% N (wet 

basis). ha% lxcn found in .wrne q$.abltx (29). An inotg=k 
N level of this or&r rholrki molt in a signifi&nl syst-tic 

difference bctwti methods. D&d samples, w asays cx- 
pr& on a &y basis, would nsuh in cvcn ~;renkr absoiul~ 
differences tmtween m&o&. 

3 -(J-. .-. r- - .-. . ---I 

2 0 5 10 l6 20 
MemnTN-(ONhoOp) 

Figure 3. Compacison of mean blasss rep& in 
other trials. The rays from the o&in correspond to 
Increasing relative biases b&wcen the methods of 0, 1, 

and 296, respectlvel$ Legend: 1, SMP (1); 3, cereals (3); 

4a and Ub, blood albumin (4 and 20% solutions; 4); Sa 
end !jb, barley and melt (5); 6a and 6b. sunflower secA 
and soybeans (6): 7. milk (7); 0, meats (a); 1Oa and lob, 
animal fwds (1 nun and 0.5 mm grind, 10); lla and lib, 
milk and SMP (17); 12, dairy products (18); 13, aninral 
feeds (13); 16a end Y 64 hay without and ~iu1 sample 
pellethtlon (16); this worR, d&y pralucts and 
reference compounds. 

Hansen ( W) reported up to I- 14% N as NOfi in pl;mc sun- 
pies uwl b examine mahod bi;\s. oven at such high IeveLs of 
NOi, no cum&ion wizh method bias was found Wezncy and 
Rexroad (IS) reponcd hat (xte of rflcir sampks conrahal 
0.19% N w NO; but it accounted mly pniy for thy an~~ml~us 
meIb6d bixs hund wih this samde. These findinns LW9Sf 



Wtb the exception of Sweeney and Rexrod (1% Hansen 
(14). -and When and Thiex. (16). none of tic XWUIX of pub 
li$& mmperrima (l-13) report4 levels of NO~ or NO; in 

their samples- Where NO; or NO; levels ilre. ncmnul in dairy 
pmd~, this ~yst~tic ercorhztween t.he 2methodti would be: 
insignificant. For -1% a milk containing 5 pg NO& 
wonld give rise to a N ooncentmtion of 1.12 cl.glg, which is 
aquivalenr a0 O-07% as milk pmcein. Only when a product is 
contmminared sign&an@ with NC& or Nq at levels gfaef 
than 150 pg,/g (in toti of the 2 anions) would ti dilfclence 
ktween rnethodc become .cignificant (S.OOS% N DUIXLU - 
Kjekiat~l). The NO< and NO; wnttations in samples used 
in this trial are &cwn in Table 5. AU are su&LIyltidly less than 
lW)L&lg; thus, negligible bias tisultid from this potential 
sour02 of enus. 

??efeme Compounds 

, 

-.. 

_ . . 

choice of nzference compounds (cryptopban, phenacb, md 
lysinc-HQ) IO verify digestion of organic N in the Kjeldahl 
merhd This scar&n-l has heen supdecl hy JDF 
2OB: 1993 (23); which offers a choice of only uyptqhan and 
lytint+HCl. This change brings IDF 20 into line with the recov- 
ttry ~~rifk&~n prmxd~~~ .q&fierl in AOAC Officio 
Mcthd 91.20 (30). Despite these requirements, latitties 
in this t&l u& a raricxy of cmnpo~nds to verify rizcouay pef- 
fonnRn@ of ttir Kjcl&hI insmnments, inch!ding ttyproprh;rn 
(3 hbx), tiG!irk: (2 hbs) an8 lysinc-I-Cl, nicotinic acid, 
rris(hybonymethjl) amino me&* &tine, and 3 sWcr&iry 
rtskence WMP (one lnh etch). kzpxtive of the caqnunds 
used. in ail cases, laboratories acbievsd the rquircd >9B% N 
recovery thresboId sp&fied in the stanc&ds (22 23.30). In 
ixiditian, one lat~~arcwy used ammcGum sulfate to verify dis- 
ti11iltit.m pcrfmancc. 

At the time of the aial, no st;mdaxd III&& was available for 
operation of Dums instruments for anlllysis Of daily *LS. 
Only after complezior\ of the vial did a draft provitial slwct- 
ard become wailable from the IDF (?I)_ EDTA findepcndtnr 
of rhe EDTA suppli~xl in the trial) vas used as a pcimary refa- 
er&e-amhund to c-all&Me the Leco itW-un\ents according to 
mwufacn.t&s recommendations. 

Use of reference compounds in merhod compari~n hals 
differs widely. Some trials note the LBC of reference COm- 
pounds, but present no N rerovw resulty for either the 
Kjeldahl methad (4.6, l&14) orboch me.&& (5,162. We are 
inclinal KI plaw kss wiight on the results obtairted in such 
cases. Ocher trials repimed m&s fom using a variety Of 
Kjcltil rtxovery 01 digestion vtification compounds zmd Wf- 
pence m&i& Bcllom~te: at al. (2) IL. acetnnilide and at- 
topine; Sweeney 8t Rexmad (15) uied lysine-HCI, uyptophy. 

as aid King-Brink and Sebranek in both of their bialv (8, 18). 
Ri.crak (3) UGXI nicminic tid. IysiineHCl. and t~yptuphan a[ 
some Iaboralories in their Dumas insmiments; Dal,ln ad &. 
cler~q (6) US& nicodnic acid. glycine, qnd ammonium ptnh- 
ene sdfcmate: and Frir~er (17) used ty~o&e. Hansen (14) U& 
nicotinic acid followed by 8 reference ainino acids to c&m 
the bx. Ammonium sulfate, nicotink acid, and acct&li& 
were used to cmiinn performance d tbc KjcifWi. and & 
Kjeltec analyzer was calibrattd with ammonium oulf&. 
Ebdhg (13) used aceranilide, Sachen and Thiex (16) sran& 
d&d &eir Lzco with uric acid (subsequmtly replaced with 
urea) tid checked calibmticln with ly.sinc-HCI and a r&cm 
~l~.cafsample.Smidr(12)usedaylardc;rcidu,calibnterhe 
lJo.s+tkracua Macro N ins-t and t&A p&or&~ 
with 9 reference compounds. The divefsiry of c&bra& p 
cedurcs and referen* agents suggests that gWt43r use of. anl 
s;tandardizr~ti~r\ iI\ the U.W of, refe.rcncc and ncov~ry vcrifica- 
tion aids would facilitatl: comparison of diffmenr trials. 

Lysine-HCI and uyptophan are specified z& alt~~~arivc di- 
g&on validation compounds in TDF 208:1993 (23) tu~c 
AOAC99120 (30). However. r-1 unpublished mults bl 
Dutch ettcm suggest that when used in the block digestim 
proced~ these 2 comp0onds may not be equivaltlll as diges 
tian verification agents (32). The l3arch results OW-Je 7) sug 
gest that lysine-HCI. is 1~ eatily c.lig~ than tryptopban 
even at a block cempernmre of 4WC. (Further details of digcs 
don conditions were nor qorte4 and only one result with tryp 
tophdo exceeded comfwably the 98% ~VCT threshold. 
The difliculty with &tit&g WisfiXtoq N recovery from ly 

sine-HCl when used in block digesters using Cu cyst is -r 
&orated by data published by -or (33) for rhcir Kjel~ 
autosanpler syskm. A&x&ding to rhe data, even after 60 mi; 
digwticm, mew N recovery from 6 ~pli~ate~ is only 9O-(Y8 
compared wirh essentially 100% with 3 Hg wtiyrt and 30 mi 
digestion. The data also show N IIXO~~CS of 8348 for lyk~ 
1 ICl w-id, Se ad Tl mtalysrs and 60 rnin digcrtion (lhe long‘= 
time reported). B~CWXZ block di#l.ion is cusrtn@ the rno! 
c~m)y used ver;iioi&f tie Kjeldebl method in CO~EMD& 
~ubc-mt~cs, the mprtu~ dificuIc;U in GXXW~~~W N fmm 11 
Gm-l&j hip&h{ ~0-6 @ing the equivalence Of flf 
em compounds and the interpretation of recovCry ITSJ~K 

Table 7s Repm-bd N reCovefk with typtaphan *nd 
lysineLHCl in block digesteFs= -. 

Oigcstbn tiw. s 
Euack digesw 
Wnperarure, “C Ttyvtoohan .Lysi”ew 

410 87.4 918 

410 97.0 89.6 

410 98.1 07.1 

425 99.2 89.9 

425 97-A 90.5 

425 90.2 90.7 

F his&n 10 &&&ih mncsc rmul~ was given by RIKILT-Da’-Ot 
Wageningen, The N~~h&nds, and we are gmtdul lar lhew 
-^^-....M:~~ 
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Both KjeWhl adds (TDF 208: 1093 Pm 1 dad 2, and 
AOAC 991GbI) rq uire >98% N recovery for campIe digestion 
(23.30) during mzdvxl Mon. N -very in any Kjeldahl 
insuumenl thar jusr satisfies this Iimil implies tie polcntial for 
a nemcive bia of up to 286, relative to ti true N conr~t of ti 
refenx~ce sarupk. If aDumas instrument in the same lab4iatory 
is &ibrated co artin 100% N recc~cry. then an appaent da- 
tive has mn d3c 2 instruments of up to 2% would manifest 
&elf. The upfrr my in ITguns 3 mpre9znrs a 2% relative bias 
txzxwen ti methods. Scv~7al resulPs in orha uials are very. 
close to this bias level (da@ poinw 4a, Sh, 60, 1 Ia), a few ex- 
ceed it (data poink 6b. 7, 1 Ib. lea). but most arrz well within 
this limit (data points 1,3,4b, 5n 8. lOa, lob, 12.16b; mostly 
umsistent with a dative bias of &out I% and rhown by the 
middle my in Fig= 3), This distibtion suggcsr~ that a num- 
ber of Kj&lahl instrumu&i in some ot‘tk% trials wefe opr&- 
iug with b&y 4quate digestion CIP N ‘tcov~~, Thir conclu- 

tiion r&f-s the ncxd to report rht N recovuy fmm a 
SWMi&d ~62 of reference compounds Co kililate inwhon 
of dissimilar nsyultx 

Rok3 of J?eferwce Compouncis 49 /nterpfe~lion of 
Published Thl Resutts 

,’ 

In Mrne ebls, r&rence compounds petformed 2 mles. 
They Were usd to verify pe6cmance (or trueness> of rfpc 
Kjeldahl system (as reqh-ed by the stan&rds), and in me 
crwli, the Kjeldahl pefformance vtificacion msulu were in- 
cluded as part uf the basis to ccunpxe the 2 methods by per- 
forming a conwponding set of assays in the Dumav in&u- 
menu on (be same ma&i& This at fuse sight appears 
desirable, but care is required. Some important questions can 
axbe. lf the N recovery rzrification criterion for the Kjclclahl 
inethnd is nM met-qGally when 2 rcfcrence colI~gOUn& 

,. C., 
. . 

. . . ..d I’ 

ti used aad an instrument f&s to meet the criterion for both- 
.chould Kjeldahl rcsulcs Gbr other samples from tF;ls inslrument 
be used in rhe ovez-all method comparison? & should the M 
of char insuument’s resulti be rejecxxi? It is appzuxnr horn pub- 
lished E&S of cri& &at either appmach un be taken. 

one view is fhac rht dklity of all sample ass3y.s C-oin &Il in- 
Stturncnt is ptentially Susp3.3, if the njcovery criterion is not met. 
T&al c+tiott of all fe?jllts fbm the instrument nuf fultilling the 
method recovery v&cation mite&n would bc~sti!ied as a prc 
Cmtiorl. apd we wil1 dl this Vihkl the precau tionq appmach 

Tht o~hcr view is ti even if (hc Kjeldahl recovery verifi- 
cation criterion is not mtl cults of cn.Wirl~ assys could Still 
he valid ifir iL asiud lhal referenti compounds are apprecia- 
bly harder to dig;esc than the samples analyxd. Thus the refer- 
encc compounds urc lrcated as il worst ~a.*. $Jqiic our reser- 
vations regrtiing tie mbusmess of this ;lppnxch, we will call it 
tfreopfimi~dc ~mption. However, if the assumption is nor valid 
(i.&., yumplcs in fact xc not &iva~cAy dig&) and Ihr: Durnrrs 
ptrfbmmce is .M.isfacrory, 3 merhai biu hxvlrnes a certainty 

Ihc precautionq ~pprdilch irsclf is not inherently robust. If 
nxovefy \lcri&z&on is verforrncd wirh an qcnt that is easily 
digested (e.g. glyciae) wd the swzovery criterion is nq ir rlcleq 
not follGw xkzes&ly that ensuing srrmples for rrwtine or trial 
analysis would lx xiequacely d&red. In this case. the credi- 

bit@ of’xsults maybe no wtir than if the optimistic hump. 
rion hnd ken adoped in cmjuncthn with diffrculc-lr)-digca 
recovery vcrificath compotinds. However, by following the 
stnndard method (i.e., by using hypt~phhn or lys,inc-HCI), iI is 
assumed th;it the specified rtcclvuy Yerification compounds in 
the standad have been ,selected for their ~&mess relating to 
he fahgC of materials irlcli.t&A for an.QGS Ihd is prescrib& in 
the scope of the knrxlnrd mcthad. (Despite the rpntcx3 diffti- 
ences noted b&u=n rhe digestibility of lysine-HCI and trypro- 
phan 1,Tkble 71. eik may he adequate for recovery vcrificzt- 
tion clepding on the m&od’s scope.) Thus Ilrc: ptx~udonq 
npprod is most sc!curc when it is adopted with strict a&- 
ence to the mchod vdication prvrcedures laid down in the 
rclcvant stanw method. 

A more s&le aspexzt of the optimistic assumption is irnc>oiI-- 
rant when rhe same tine acids uyd w recovery verifictiion 
agcncr occur in rt)c prolcin substrates Included in the triial (e-g, 
IysineHCl, hyptophan. tytinc, ;yld glycine). ‘The pmhlem 
with rhiJ xvumprjon and the use of these compounds is that, if 
rhcre is i:~co~llplc~ digestion of the rcfttizw &no acid at the 
rccwecy v&kation stage. then as cnnstituenrs ofrhe paweins 
in the l.riJ samples. rhhe is the possibility of incomplete diges- 
don in rht .mples as well. Consquently, the KjeklM results 
could vary between mmples a~ the: tine acid profiles vary and 
the results would have a propensrity to be bias&d below the Du- 
nlas results. An inconsistent biu could app~-- 

Results of Swee~y (IO), Bi%ak (3), and King Brink ond 
Sebmnek (8,18) zmd our own unpublished results show that 
Kjzldxhl inmmentr: hrve geater difficulty in recovering N 
Born nicolinic acid t&r from cirher lysirrc-HCI or ayptophan. 
Sweeney (10) nocd fhat 5 of 9 iabozifories obrain~ low 
Kjeldahl nxoveries from nicorinic acid and rhat 2 of the 5 aho 
obtained low recowefi~ fn;,m lysinc-HCl. Accorcbgly. tkti 
2 labxatories had their Kjeldahl rzxults ejected from further 
an+lysis in Sweeney?4 trial. This appears to be an Cxamplc of 
the precauurionnry uppromh. and we have no reservations re- 
garding Ihe overall resuk 

Biscak (3) uc;Ed a combined appnmh in which results from 
3 @c.Mahl in.slrumcnts wctc camp&Xl wifh WiUlt% from 3 DU- 
mas instruments. The psdk h b0r.h nicotinic acid and lysine- 
HCI were included dimly in the nklhcd cotnparison How- 
ever, bccauw of low rccuveriti reparred for nicorinic acid. 
2 overall rruxn biases were quo& 0.25% prolcin (Dumas - 
Kjeldahl) u/i& -‘the nicotinic acid resuDs inclutkl and 
0.05% protein (Dumlls - Kjcldahl) witi ~hc nicwnic acid I+ 
hxiults remove& We think the limited number of K$khhl I&-xc- 
tories, comr with the UuA nAc of the recovery compxlnds (dis- 
playing mixed Kjcltil effkacy). is L71uv.z for some COcIWnI. In 
this trial. stamnmts ofthe overall biz< with 2nd withall inclusion 
ofnicoGnic~idmulWsu~est~~eekillzrl~of~the~rinli~ic 
“sump& and the pncnutionxy approxh hnvc been ZkWd 
with the read0 ;Ible to weigh their inf&&xccs *xcord&ly. 

K$+ink snd Sebnurk {X) .ceem to have doped a !esS 
rigorous approach. Six of 12 Kjjddahl instruments failed 10 
r?chiev’c 986 recovc~ vcril‘ication with rlicvrtinic acid and 5 Of 
the same 6 failed to achieve ~oway verifiction for iysirte- 
lICI. Dcsnite ;rDQhxhn of Cinlbb’s sirrulc end double feSZS tid 



2 bMs hSW0 Of 1 blank bc mn by car;h lubomoq in & 
lxahn-iitivc xtudy. becau.e 1 W blank value would 
bias all the result5 tiom a Iabrx-iitory.” This appr~& appears 
IllOE SOUnd. and in fUWIt eafla~w Qih, it is sum 
that re~ultx of blanks fbr Wh mtrhod & repond aonggih 
0tbe.r performance verification results. 

Interpretation of Methods 

McKenzie (34) no&d pzuticuk+ rhe need to cnuurc t.hc w.- 
rect @jestion -qxmtuc when using the block digestion pro- 
axbe, %+!ing f-hat “-- &spite the sa-ong ftxomrnendarion, in- 
dwi the’mandnmry med. to measure the tempenture of the 

digestion mixm, many tiera even in the 1990s still meas- 
ure rhe tempenhrre of the digestion Mock.” Recovery of N 
iivtn refercnoc rmrtui& by the bIo& &gestion proce&e 
ncltad ark by Duti fcscarche~~ (32) gives &II iUustrmion of 
tk temperature dkt (Thble 7). Barban d al. (27) noted that 
diffmnoes in line vofwe can result in diff&renax in block 
ImqmWc. Difhmccs that appear bctweenPxts2and 3 of 
DF 20B: 1993 (23) hdw add to the porrncial for di$creaces 
in digestion. Pal-t 2 sratcs; ‘*Arm the liigw clears (cleat with 
light bhx-pn oolor) continue digestion at 410”-4WC for at 
ICZKU 1 IL Duing this period the sulfuric acid must be b&g.” 
Xrl contra% dig&on conditions are more vague in Pxrt 3 them 
in Pout 2, with the method scoting: ‘7hnsfe.r the digestion tube 
to the dig&an hl&c, sd tit tbc Wrnptxam specified by $e 
munofxturer . . . Digest the sar\lple for the period specified by 
the manufwwrer aI+ the block-n0rmally 40 ruin . ..*’ No men- 
iion is &de in part 3 of&y need for the mirlurc to clear or for 
the mixfun: to boil. ~IICI-C is a need fol ptcr consis~y and 
c!arity in defting digestion conditions. 

The trial folloulcd prindpally l.DF 2OB:1993 F%ut 2: Macn) 
Bluck-Dig&on Method (23) for the Qcld~hl ~~ssays. ‘IT& 
Mod is validated for detetinntion of ~JE protein conat of 
milk. However, the prcx&ure defcriW in Prm 1 (LmdiLional 
methd) and Part 3 (scmimicm ,yapid mucine cnedud using 
blcck digestion) of this standard mtes: The w de- 
scribad in Part 1 of this IntemationaI Standard may, with slight 
mwJiGcaiior~, ~YS used fw the Qwrminstion of the nitrogcncon- 
cent of a mnge of milk products,” Roducrs including milk pow- 
dtr &inunecl, whole. or fat fill@. whey pt~dcr, whey protein 
u>namMq ice c~ctll~~ ~ICGXT, WI 6xam * Ii& in dx an- 
nex to Pans 1 and 3. Casein and -inate anz not included. ISI 
contrast, Part 2, as well as AOX 9!JlZl(30), has no annex for 
a modi fiul jn-ucahrc ihat cxkuds (In rned~~ to my sub- 
other than milk. ‘The AOAC me&o& for dtiezmining protein 
cement of dried milks (Method 93029; 3s) and rha N c~nht 
of chase (MCOIOJ 920.123; 36) ejch specify a sample tic and 
u/i&out further de&s p~,&he rhti Method 91.20 be fi4- 
lowed. NO ~&ZICIKC is cited in iithe.r method jUst@ng the 
linkage of rhe annalysis of dvese or milk powti Lu &at of a- 
We tilti nm fhal the o~r.ion of KjelfW imlrumefits dm not 
fall soidly within the scope of any of these Stan*- 

Our m is HOW h phm, “wIr?k slight modifimim” 
might he interpreted ti t&t its consequen= ai\: in method 
comparison trials or routine analysis of cl& @UC&. samfle 
type and &To, m&stun: r;ontcnl, and fat COnml cm all fl- rhe 
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&ica&y of Kjcldahl d&z&on. The mOdih& procedures given 
in tic mneKes of IDF 2W provide adjuatmenrs to rhe method 
hs sarnp~e size, adjMmatts co some extent for waft contcnr, 
and specific trdjusonents PO; fat conmt thal LUIT absent in 
AOAC Mdd.s 95O29 ancf Y20.123. With the w~~epti~n of 

milk and WMF’, we avoided d&y producl?c with high moisrure 
nnd fat b~cls in the trial. 

. 

--.-, 
j . ..“.. -’ 

The diffcznces in stop: and technique, which are revcalcd 
by clo$& txaminariou of chc ‘Kjeldabl nM& SUUI&U&, will 
have an effect which is uncle, on this comparison and o&s 
involving dairy pruducts. liowever, we acknowledge that the 
Dumas method bar yet to he suhjec.ce.~ to the W dqree of 
scrutiny as rhc KjekIahI method to cnsm char i& perfannance 
is validated properly for the rage of samples analyzed. 

Commerw2il Gmdfmtions 

--- ‘I 

Protein analysis L: required for a veq wide range of anitnal 
and’ huma nutrition produds. Con~acrual ~peci&xions in 
many commercial Mans. as well x the tic&l t.0 meet 

,_ spxified pr&in revels for the purposes Of Commoaity classi- 
fication and dctcrmination oi tiffs. duties, and qwas in food- 
shffs subjexx to intektional trade. demand ti the pmtin 
content mu% excc& a m.inimum value. Lk3nonsu~tion ol 
compliance with a s;pacifi& protein threshold by using the DU- 

mas me&nd, to an agux3 level of Slatistkal confidence, will 
depmd on the bias avyociati with the instmment and its prc- 
&ion &arikcteristiw. relative to Be inkm&mtlly nrogniz& 
Kjtldxbl meshd. The riruation i3 more cotnplcx when batch 
inhomogcnci~y is taken into account. 

With the cmenf emphasis on libenlizing international 
track, c&&ics are irMwingly having to adopt intcmarional 
covenz~lg relating to ageed quality systems xnd swndarrl tcs. 
ing methods. f;Or protein detenninstion, tht Kjeldahl methtd is 
sp?dfid for a WI-&Y of fooduuffs in FACMWIIO Codcx hli- 

mentim xmbda (37 j as the refertncz m~thhod Despite hse 
rquiremenrs. and a~ noted earlier, rhe rrMirion;d m crnul- 
ual) KjeldaM method is seldom p~timed in modem --- 
cial lab~rarorics baause the numbers of samples fi aadySis 
are too large RIM Mamtary health nad safety re&ujoos m 
&coming more sev@re. Allhrugh the semiaucomalcd blak&- 
gt%.i~ Kjeldahl ~KO&UR is used widely (and al.~ the Kje]- 

fogs instrunxnts), more and more I&om[oricg tuc using Dum< 
inscrumeaxs. The numtxx of published comparisons in $le kct 
10 JkXra suggests hat resohtkm of the Dump-Kj&ahl bias 
quation and &it respaetivc precision characttsx~sti~ iy a con- 
plex t&&al and statistical cask. Adoption of the Duma tech-. 
nique as an ofTick AOAC or TDF method for analysis of dairy 
pmhrcts, tiff wugh cslucntial, would 116t completely resolve tic 
issue because thequdon ofbias and, with iL &uh over pi. 
fication compliant could still arise, Accenting Ihe DUW 
mcthodCodc.x A~~~IIWX~LJS T&c III recognirlon (38; i.e., ag yl 
dtcmatire apmvti nxrhod that may he used for control. in- 
spection, or regulatory purI>OSes) for N determination in a wi& 
range cd foodsMs would tice pdy the uncertainty sur- 
rounding the Urlo~CiaI use of Dunriw .malysfx. 

Given sufl?cicnt ob.uElvations. a stari&+ comparison brat 
tweeo 2 methods will almost jt7cvitably IW~SII a f@ifknr 
bias. However. tirn a commcrcid pc~tivc, such differ- 
ences might be quite immattial. Therefore. once all the rele- 
vant variables affecting the me&c& have been adquately con- 
trolled, fintlie~~ compdsonu will not rtv& any more us&l 
information. Instead ad&ion is required on what level of bias 
(u~tcmaincy) can be accepted by the parries involved. Erami- 
Ntrirm of rhe resuks in F&u-es 2 and 3 suggcxt~ rhat a relative 
bias of under 1% or + 0.05 g N/100 g (whichever is the mnrr. 
severe crition) sppwS 10 be achievable ;md could bz treilted 
trs negligible, givak that &ny bias is Ngugbly as much a failing 
of the Kjeldahl mclhtd a< the T)lJmRS mew- There is the pot- 
sibility, with the ut;c of appropriate la&tory quality ~CMUX-I~ 
proctsdures and wi& further improvemenzs in insuument de- 
sign and operator training, tit the&~lirr;irs could be reduced. 
and pzrhrrgs halved. 

Conclusions 

A compariscm of protein analysis instruments in 11 Iti& 
t&es analyzing 8 dtiry prcxlucrs and 2 pure txfer\?nce com- 
pounds fjs no evidence, fnr a significanr ~er&~ dSrcnce 
becwecn the 2 mtrhods ~hti wouid k of cxmccm co most d+ 
pn~ucc vaders who r’ace wnmturrl obligationr tid on 
crude protein content. This resulr z~pplics au066 the r+e ofJTJ 
fcvcls in the sample (0.54 8.6 g N/l Q0 g)- Cornpzuison oflh& 
tesuk vd.h those of prkous srudies sug@s Wt a conunsus on 
the reladOMhip betwen rhe 2 rntdds has yer to cmagc. 

For srn-np~es containing >2 g ~100 g, cfic DMIRS SD, atuJ 
fUDR esfim;rles were iudepcndenr of prokin cvncenrntion and 
wee con~is~~~~rly aWuc 0.X Md 0.75%. nxpdvelyq The CM- 
responding K.jeldabl values tended to deck as be pn)tcin 

concentration incree+ wvtn2 lesv consistZri1 z1s ;I mdt. afd 
vxrc at leasr lwicc 3s Iar-ge. 
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! Protein Nitrogen Combustion Method Collaborative Study I. 
’ 3 Comparison with Smalley Total Kjeldahl Nitrogen 

and Combustion Results- ,. ,, 
David L. Berner* and Janet Brown’ 
American Oil Chemists’ Society, Champaig?, Illin& 61826~&9 

-i 
I --. 

::. 
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During l!Xl3-1994, a collaborative study of the determina- 
tion of the nitrogen content’of oilseed ineals by the nitro- 
gen combustion method was conducted among 24 labora- 
tories in seven countries for the analysis of cottonseed, soy- 
bean (two samples), peanut, canola and safflower (two 
samples). These meals were also analyzed by the 
CuSOJl’i02 Kjeldahl method (O/E&Z Methds w Re- 
commen&ed Pruckes of the America Oil C7t,emi&s9 
Sb@/, 4th edn., 1989, Mefhod B& 4&O) in the 1993-1994 
Smalley Check Sample Program Oilseed Meal Series 
[Brown, J., LNFORM 5.640 (19!94)]. Some participants used 
commercial nitrogen combustion instruments. In the 
Smalley Program, CuSO,/TiO, Kjeldahl analysis gave 
nitrogen values that ranged from 0.05 to 0.13% lower than 
values obtained by the combustion method in the col- 
laborative study. Nitrogen values obtained by the combus- 
tion method on an optional basis in the Smalley Program 
were generally lower by 0.01 to 0.03% than nitrogen values 
obtained by the combustion method in the collaborative 
study reported here. 

KEY WORDS: Copper &fate, copper sulfate/titanium dioxide, 
Kjeldahl, mercuric oxide, nitrogen, nitrogen combustion, oilseed meals, 
protein nitrogen, seed meals, TKN. 

, In 1987, because of increasing concerns about the disposal 
of mercury waste from the mercuric oxide (HgO) Kjeldahl 
method for total Kjeldahl nitrogen (TKN), the American Oil 
Chemists’ Society (AOCS) adopted a copper sulfate 
(CuSOJ-catslyzed Kjeldahl method, AOCS Official Method 
Ba 4b-87 (1). The CuSO, Kjeldahl method was not satisfac- 
tory for two reasons: In comparison with the HgO Kjeldahl 
method, C&O, gave a negative bias for protein and it re- 
quired a longer digestion time- .- 

In 1990, to identify a more satisfactory Kjeldahl method 
and any bias associated with both it and the CuSO, 
method, the AOCS Examination Board initiated a com- 
parison study, coordinated by Examination Board Chairper- 
son Richard Benson, of three Kjeldahl methods: HgO, 
C&O, and CuSO,AO, (“mixed catalyst”). In the study, 

- +x laboratories analyzed a total of 380 samples of soybean 
meal by the -t$nee Kjeldahl methods. The results of this 

--: -. study -(2) i&licated- that, in c&@arisbti with the HgO 
~et&c$,. CuSO, and the CuSO,ASOz mixed catalyst gave 
protein negative biases of -0.25 and -0.17%, respectively. 
The CuSO~pLFO, mixed catalyst gave a digestion time close 
to that of HgO and less than CuSO,. Based on this study, 
the CuSO,/TiO, method was adopted in 1990 as AOCS Of- 
ficial Method Ba 4d-90 (3), and it became the official referee 
method. In a later study by Falk (4), the CuSOJTiO, 
method was used to determine protein nitrogen in cotton- 
seed and cottonseed meaL In that stud% when collaborators 
used the catalyst and sample weights specified in the 
*To whom correspondence should be addressed at AOCS. P.O. BOX 

s....’ 3489, Champaign, IL 61826-3489. 
- !C!u.rrent address: American Dairy Science A&ciation. 309 W. Clark 

St., Champaign, IL 61820. 

method, a more satisfactory digest was obtained with 30 
mL sulfuric acid All AOCS methods for determining pro 
tein nitrogen with HgO and CuSO, were declared obsolete 
((‘Surplus”) in 1991. 

The Dumas nitrogen combustion method offers savings 
throu@ reduced time, chemicals and waste disposal, and 
it e-a&s-the use of hazardous chemicals. Coupling the 
&mas method with appropriate computer software and 
standardization techniques gave a viable alternative to the 
traditional Kjeldahl method for determining protein nitro- 
gen. In 1987, the Association of Official Analytical Chemists 
(AOAC) conduqted a collaborat$ve study (5) in which the 
Dumas nitrogen combustion method was compared with the 
AOAC C&O, Kjeldahl method (6); the two methods corn- 
pared favorably. In 1989, the AOAC conducted a collabora- 
tive study (7) in which the Dumas nitrogen combustion 
method was compared with the AOAC HgO Kjeldahl 
method (8); in this study, the combustion method gave 
results that were higher for protein nitrogen by +0.040/o. On 
the basis of the AOAC study (8), the AOCS adopted the 
combustion method as Recommended Practice Ba 4e-93 in 
1993. The method was not adopted as an AOCS Official 
Method because of insufficient data for oilseeds and oilseed 
meals. Bicsak coordinatsd a collaborative study (9) in tihich 
the combustion method was compared with the HgC 
Kjedahl method. In that study, the combustion method gave 
results that were higher for pmtein nitrogen by +0.04%. 

EXPERIMENTAL PROCEDURES 

During 1993-1994, we coordinated an international col- 
laborative study of the Dumas nitrogen combustion 
method that included 24 participants from seven coun- 
tries. The purpose of the study was twofol&, ‘lb determine 
the variability associated with the analysis of oilseed 
meals and to determine the bias of the combustion method 
vs. the CuSO, Kjeldahl method. In the study, the sever, 
oilseed meals analyzed for nitrogen content consisted of 
cottonseed, soybean (two samples), peanut, canola and saf- 
flower (two samples). The meals were from the same lots 
of oilseed meals analyzed by the CuSOJIXO, Kjeldahl 
method, AOCS Official Method Ba 4d-90 (3), in the 
1993-1994 Smalley Check Sample PmgraoL One soybear 
meal and the cottonseed and peanut meals were submit- 
ted as blind duplicates. The meals were ground to a par- 
ticle size of approximately 0.7 mm in a Herringbone 
grinder. 

Participants were permitted to use commercial nitroger 
combustion instruments but were requested to note thr 
instrument used. AOCS Recommended Practice Ba 4e-92 
(3) was suggested as a general procedure For a nitroger 
standard, participants were given 2-amino-Whydroxy 
methyl)-1,3-propanediol or [tris(hydroxymethyl)amino 
methane] (“TRIZMA?), 99.92%, containing 11.56% nitro 
gen, obtained from the National Institute of Standard: 
Testing (NIST) (Gaithersburg, MD). Duplicate =dYSe: 
were performed 



Collaborative study samples were analyzed at approx- 
imately the same time as the Smalley samples. In addition 
to performing the required nitrogen analysis by the 
CuSOJI’iO, Kjeldahl method, Smalley participants ana- 
lyzed the Smalley samples by the nitrogen combustion 
method on an optional basis. 

Smalley results were statistically ‘analyzed with’ the 
dBase computer program developed by-Richard Benson 
at Cargill (Minneapolis, MN) (unpublished results). 
Outliers were removed at 13 sigma (approximately 99.7% 
confidence limits). The Smalley results were verified with 
a SuperCalc 4 program, developed by one of us (DLB), to 
give mean values and reproducibility values Sa and 
RSDa [%CV (coefficient of variation)], after removal of 
outliers. No repeatability values could be calculated for 
Smalley results because duplicate analyses were not con- 
ducted in the Smalley Program. For the statistical 
analysis of the collaborative study results, International 
Standards Organization (ISO) procedure 5725-1986 (AOCS 
Procedures M 1-92 and M 4-86) (3) was followed, through 
a Lotus program supplied by David Firestone, to give 
repeatability (S,, RSD, and r) and reproducibility (Sa, 

TABLE 1 

RTSD, and R) parameters. The accuracy of. the three 
computer statistical programs was confirmed by analyz- 
ing data with known statistical constants; all three pro- 
grams gave the same values. 

RESliLTS AND DISCUSSION 

Statistical analysis and comparison of the collaborative 
study results with those obtained for the same sam- 
ples in the Smalley Check Sample Program are sum- 
marized in Table 1. Individual analysis of blind duplicate 
results for cottonseed, soybean and peanut meals, col- 
laborative study sample pairs 2-7, 1-6 and 5-10, respec- 
tively, showed no significant ,differences, so the results 
were pooled. The bias found for the nitrogen combustion 
method vs. the CuSO,/TiO, Kjeldahl method is shown in 
‘&ble 2 (10). 

In comparison with the CuSO,/TiOz Kjeldahl method 
[AOCS Official Method Ba 4d-90 (3)], the nitrogen com- 
bustion values from the collaborative study were higher 
by 0.09%, while the Smalley Program gave values for 
nitrogen that were higher by 0.07%. In the AOAC study 

Statistical Results for an International Study of the Protein Nitrogen 
Combustion Methoda 

Samples6 

A B C D E F G 

Number of labs 
after outliers 

Determinations, n 

Outliers 

Smalley, combustion 
(nitrogen, %) 

Smalley, Kjeldahl 
(nitrogen, %) 

Collaborative study, 
combustion 
(nitrogen, %) 

Collaborative study, 
combustion 
(nitrogen, %) 

Repeatabilitf 
S, 
RSD, 
r = (2.8 X S,) 

Reproducibilitf 
SR 
RSD, 
R = (2.8 X S,, 

24 24 24 24 23 24 23 

92 

2 

6.61 

91 

3 

7.85 

91 

4 

8.22 

47 

0 

7.86 

45 

2 

7.20 

47 

0 

3.33 

45 

2 

3.35 

6.55 

6.62 

7.77 8.12 7.78 

7.88 8.25 7.89 

7.88 8.25 7.89 

0.05 0.03 0.04 
0.60 0.39 0.46 
0.14 0.08 0.11 

0.06 0.07 0.08 
0.81 0.80 0.97 
0.17 0.20 0.22 

7.13 3.29 2.36 

6.62 7.21 3.34 3.32 

7.21 3.34 3.32 

0.06 
0.85 
0.17 

0.03 0.04 
0.37 1.25 
0.08 0.11 

0.05 
1.47 
0.14 

0.07 
1.04 
0.20 

0.04 
0.60 
0.11 0.31 0.17 

0.11 0.06 
3.23 1.70 

- aTwenty-four laboratories participated, each analyzing 10 samples of oilseed meal and 
obtaining two values (except for samples A, B and C, which were submitted in duplicate 
and for which four values were obtained). 
%&mple key: A = cottonseed meal, collaborative study samples 2 and 7; Smalley sam- 
ple 9. B = soybean meal, collaborative study samples 1 and 6; Smalley sample 1. C = 
peanut meal, collaborative study samples 5 and 10; Smalley sample 7. D = soybean meal, 
collaborative study sample 8; Smalley sample 4. E = canola meal, collaborative study 
sample 3; Smalley sample 3. F = safflower meal, collaborative study sample 4; Smalley 
sample 5. G = safflower meal, collaborative study sample 9; Smalley sample 8. 
‘Statistical parameters relate only to percent nitrogen values obtained in collaborative 
study. 
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TABLE 2 

Comparison of Nitrogen Combustion and CuSOJI?iOz 
Kieldahl Results . 1 

Combustion Kjeldahl Combustion’ 
Meal (nitrogen %) (nitrogen %) - - (bias). 

Cottonseed 6.62 ..6.55 . ’ 
. . , - ;-- 

to.07 
SOybeSll 7.88 7,q7 +0.11 
Peanut 8.25 8.12 +0.13 
SOYbean 7.89 * 7.78 . +0.11 
Canola 7.21 7.13 , +0.08 
Safflower 3.34 3.29 +0.05 
Safflower 3.32 3.26 t-O.06 

“Average bias +0.09% nitrogen; +0.56% protein, based on factor 
of 6.25. 

I 
I. * 

(7) in which the nitrogen combustion method was com- 
pared with the HgG Kjeldahl method, the nitrogen com- 
bustion method gave values for nitrogen that were higher 
by 0.04%. 

The AOCS study (2), in which the CuSO,/TiOZ and 
HgG Kjeldabl methods were compared by six laboratories, 
analyzing a total of 380 samples of soybean meal, the 
CuSOJISOZ Kjeldahl method gave protein values that 
were 0.174% lower for protein (0.03% lower for nitrogen) 
than the HgG Kjeldahl method. 

Thus, at lea& part (0.03% nitrogen) of the 0.07 to 0.09% 
bias for nitrogen observed, when comparing the 
CuSO,/TiO, Kjeldahl method with the nitrogen combus- 
tion method, may be due to the use of the CuSOJI’i02 
mixed catalyst. The remaining bias (0.04 to 0.06% 
nitrogen) is close to the 0.04% bias for nitrogen observed 
in the AOAC (7) and the Federal Grain Inspection Service 
(FGIS) (9) studies, which compared the nitrogen combus- 
tion and the HgO Kjeldahl methods. 

.In the FGIS collaborative study conducted by Bicsak, 
recoveries of nicoti& acid, lysine-HCl and tryptophan 
were 100.53,99.74 and 100.29% of theoretical, respectively 
(9). The FGIS study gave an average bias of +0.04% for 
nitrogen with the nitrogen combustion method vs. the 
AOAC HgG Kjeldahl method. A cause for the positive bias 
associated with the nitrogen combustion method is 
sometimes attributed to “nonprotein nitrogen,” possibly 
from the presence of nitrites (nitrites would not be 
digested by the Kjeldahl method). A contribution by 
nitrites has not been documented. The most likely ex- 
planation is that the nitro‘gen combustion method is more 
efficient (9). 

Based on this study and.previous AOAC (7), AOCS (2) 
and FGIS (9) studies, we conclude that for the deter-r&a- 
tion of protein nitrogen in ~ilseed meals, the nitrogen com- 
bustion method will show a +0.07 to +0.09% bias for 
nitrogen when compared with the CuSOJl’iO, Kj&JaH 
method-and a +0.04 to +0.06% bias for nitrogen when 
compared with the HgC Kjeldahl method .This bias is 
most likely associated with the greater efficiency of the 
nitrogen combustion method. 
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U.S. Department of Agricuhure, FederaI Grain inspection Service; Quality Assurance and Research Division, 
PO Box 20285, Kansas City, MO 64 195 
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, 

Seven laboratories participated in a collaborative 
study to extend the applicability of the AOAC ge- 
neric combustion method for determination of 
crude protein in animal feed (990.03)‘to include de- 
termination in cereal grains and oilseeds. In the 
study, method 990.03 was compared witfi the 
AOAC mercury catafyst Kjeldahi method for deter- 
mination of protein in grains (979.39) and crude pro- 
tein in animal feed (954.01). The study also evalu- 
ated the effect on the results of fineness of grind. 
For determination of crude protein in grains and oil- 
seeds by the combustion method, standard devia- 
tions for repeafabiIi an4 reproducibility ranged 
from 0.10 to 0.37 and from 0.25 to 0.54, respec- 
tively, and rektive standard deviations for repeat- 
ability and reproducibility ranged from 0.77 to 
237% and from 1.24 to 3.158, respectively. The 
combustion method was adopted first action by 
AOAC International for determination of crude pro- 
tein in cereal grains and oilseeds containing 0% 
2O%nitfogen. 

jeldahl nitrogen detemkation has been the stand& 

K-Pro method for over iO0 years for determination of crude 
tein in a wide variety of products. During this time, 

the ztnalylid chemist has endured its long analysis tunes and 
use of hazardous chemicals-The Dumas method, a combustion 
procedure, is another lOO-year-oId method for determining 

.^ ‘(i 

"2 

Submitted for publication May 30.1992. 
l%is report was presented at the 104th AOAC Annual International 

Meeting, Sqxmber lO-14,1990, New Orleans. LA. 
Theree otnuuudation was approved by the Gemad Refetee and the 

ComnrititconFoods11andwasadoptedbytheOfficialM~BoKdof 
the Assciation See “changes in Official Methods of AnalysiT (1993) 
J.AOACIn~76JadFebissu~ 

Themention of firm names or trade products do& not imply that they 
are cndocsed or recoramended by the U.S. Dept of Agriculture over other 
fktns u similar produits not mentioned. 

crude protein. The method does not use hazardous chemicals 
or require long analysis tunes, but it has not been as widely 
accepted as the Kjeldahl method. Modem advances in ekc- 
tronic instrumentation and computers have improved the capa- 
bilities of the Dumas method, making it faster, safer, and more 
reliable than the Kjeldahl method. In the improved Dumas 
method, nitrogen freed by pyrolysis at high temperature in pure 
oxygen is quantified by a thermal conductivity detector. 
Equivalent protein is calculated from the nitrogen value by a 
microprocessor. Analysis time varies from 4 to 11 min depend- 
ing on the sample size and the instrument model. 

A generic combustion method for determination of crude 
protein in animal feeds was collaboratively studied by 
Sweeney (1) and adopted by AOAC as method 990.03.(2). The 
present collaborative study was conducted to compare 990.03 
with the AOAC mercury catalyst Kjeidahi methods (3) for de- 
termination of protein in cereaJ grains (979.09) and determina- 
tion of crude protein in animal feed (954.01). The purpose of 
the study was to extend the appkability of method 990.03 to 
additional products. 

The generic description in 990.03 allowed use of 3 different 
brands of equipment. All equipment had to meet the perform- 
ance criteria in that rnethd Three manufacturers were repre- 
sented in this study: LECQ Corp., Perkin-Elmer Corp., and 
UK, Inc. 

The study also included samples to evaluate the effect of 
fineness of grind on results. 

Collaborative Study 

The experimental design addressed systematic error (inter- 
laboratory bias), precision (within-laboratory repeatability US- 

ing blind duplicates), and accuracy (recovery of ~IIOWII stand- 1 
ards). Three protein concentration levels (s-113%, 17-23%, 
and 3540%) were selected to represent the total range of pro- 
tein found in the products bekg considered. Two different 
products were then selected from each concentration Ievel. 
From these products, the blind duplicates and the sari@@@ for 
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Table 1. Samples used in collaborative study of combustion method for determining crude protein in =?a[ grains 

and oilseeds 

mfl level Batch (type) Sample ,, Estd protein, % Screen size, mm Description 

1 1 

2 

2 

2 

3 1 

2 

Reference standard 

Reference standard 

1 

, .6 
‘, 

, -‘A6 

25 

35 
35 
35 
35 

12 

22 

40 

40 

4 

11 

20 

20 

27 

29 

. . . 
23 

23 

28 18 

30 18 

5 

17 

.13 

15 

13 

13 

13 

13 

21 

24 

17 

17 

7 

20 

12 

12 

2 

10 
i - 3 

18 

9 

23 

19 

26 

9 

9 

71a 

71d 

8 

14 
. 

96= - 
96a - 

1.0 

2.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2.0 

1.0 

1.0 

1.0 

2.0 

1.0 

- 
- 

.s0ytK?arl1 

Soybean 2 

Canola 1 

Cartola 2 

Sunfkwer 

Wheat 1 

Wheat 2 

Barley 

Corn 

Sorghum 

Nicotinic acid 

LysiwHCI 

a Calculated equivalent protein. 

the alternative grind comparison went chosen. Two chemical 
reference materials were also selected for analysik. The total 

sample set was designed to provide l$ closely matched pairs 
(Table 1). 

992.23 Crude Protein in Cereal Grains and Oil-seeds 
Generic Combustion Method 

First Action 1992 

(Applicable to cereal grains and oilseeds containing 0.2- 
20% N, % crude protein, for wheat and its products = N X 5.70, 

% crude protein, for other cereal grains and oilseeds = NX 
6.25) 

Method Performance (estimated % crude protein): 
_ Soybean, 35 and 40% 

s, = 0.29; SR = 0.47; RSD, = 0.77%; RSDR = 1.24% 
Canola, 20 and 23% 
S, = 0.19; SR = 0.39; RSD, = 0.87%; RSDR = 1.79% 
sunflower, 18% 
S, = 0.37; SR = 0.54; RSD, = 2.00%; RSDR = 2.94% 
Wheat, 13 and 17% 
~,=0.15; SR = 0.27; RSD,= 0.99%; RS&= 1.74% 
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Table 2. Effect of fineness of grind (1 vs 2 mm) on collaborative results for determination of protein (8) in soybean, 
wheat, and corn by combustion method 

A..-’ 

Lab.’ 

1 

2 

3 

4 

5 

6 

7.1 

7.2 

7.3 

Screen size 
lmm 

2mm 

Soybean ,. ,, Wheat Corn 

N Mean $0 Mean SD Mean SD 

4 ‘, 34.76 : _ 0.32 13.10 0.16 8.74 0.18 
- 4 -.I 35.Oi _‘- 0.48 13.38 0.50 8.96 0.48 

4 . 35.63 0.43 13.50 022 9.10 0.16 
4 34.94 : 0.19 13.43 0.31 9.07 0.21 
4 34.84 0.40 13.13 0.16 8.72 0.08 
4 34.55 0.34 - 13.37 0.13 9.14 0.15 
4 35.53 0.39 13.51 - 0.15 9.03 025 
4 35.52 0.40 13.6s . 0.15 9.48 0.14 

’ 4 34.94 $3~78 13.41’ 0.30 9.05 0.27 

18 35.27 0.43 13.51 022 8.95 0.25 
18 34.88 0.56 1327 0.30 9.11 0.33 

l Laboratory 7 reported results for 3 diierent analyzer brands. 

Barley, 12% 
qzO.27; ~,=0.40; RSD,=2.13%; RSDR=3.15% 
Corn, 8% 
S, = 0.10; SR = 0.26; RSD, = 1.15%; RSDR = 2.88%’ 
Sorghum, 9% 
S, = 0.23; SR = 0.25; RSD, = 2.57%; RSDR = 2.84% 
Lysine-HC1, 96%’ 
S, = 0.36; SR = 0.72; RSD, 7 0.38%; RSDR = 0.75% 
Nicotinic acid, 7 l%* * - - 
S, = 0.32; SR = 0.83; RSD, = 0.45%; RSDR = 1.18% 
*Calculated equivalent protein. _ 

A. Principle 

Nitrogen &ed by pyrolysis and subsequent combustions at 
high temperature in pure oxygen is quantified by the& con- 
ductivity detection. Equivalent protein is calculated 

9. Apparatus . 

Any instrument or device designed to measure nitrogen by 
combustion provided that it meets system suitability require- 
ments, E. 

(a) Funu2ce.---Capabie of maintaining minimum operat- 
-. ing temperature of 9.50” for pyrolysis of sample in pure (99.9%) _ : -Oxygen. Son@>ysteniG may’require higher teniperatures. 

(b) Isdldion sjlstem.aapabie of isolating liberated nitro- 

gen gas from other combustion products for subsequent meas- 
urement by thermal conductivity detector. Device for convert- 
ing NO, products to N2 or measuring N as NO1 may be 
required and included in instmment. 

(c) Detection syslem.--Xapabie ofinterpreting detector re- 
‘Sponse as % nititigen w/w. Features such as calibration of 
standard material, blank determination, and barometric pres- 
sure compensation may be included. Any required calibration 

must be based on theoretical % nitrogen in pure standard or- 
ganic material such as EDTA 

(d) Grinder.-Capabie of grinding sampIes to pass No. 
20 sieve. 

(e) Analytical balance.-Accurate to 0.01 mg. 
(f) Barometer.---Hg type, readable to 0.1 mm. 

C. Reagents 

(a) Accuracy standards-(I) Nicotinic acid.-99.9% 
minimum purity. (2) Lysine-HCl.--99.9% minimum purity 
(tryptophan, 99.9% minimum purity, may be substitited). 

(b) Gzlibrarion srandards.--EDTA, 99.9% minimum pu- 
rity, or other suitable standard of equal purity. 

0. Samples 

Grind samples to suitable fineness (determined for each dif- 
ferent material analyzed) to attain 9.0% relative standard de- 
viation @SD) for 10 successive nitrogen determinations for 
that material type. 

RSD, % = @/IV) x 100 

Table 3. Analysis of variances for soybean, wheat, and 
corn (w.ti protein as dependent variable) due to model, 
laboratory, and fineness of grind effects 

Statistic Soybean - Wheat Corn 

Av. protein, % 35.08 13.39 9.03 

R-square 0.61 0.55 0.58 

Root MSE 0.387 0.222 0.226 

f-value 
Model 0.0012 0.0054 0.0024 

laboratory 0.0036 0.0267 0.0033 

Grind 0.0057 0.0033 0.0423 
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Table 4. Collaborative results for determination of crude protein (%) in cereal grains and oilseeds by Kjeldahl method 
g55.04 and generic combustion method 

LaboftHO~ 
--__ ------ 

“---i 

. .._..’ 
1 3 5 2 4 6 7 

Samplea Kjel. Comb. Igel. ,&mb. Kjel. Comb. Comb. Comb. Comb. Comb 

8 9 . 

Comb. .Comb. 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 
15 

16 

17 

18 

19 
20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

20' 

34.7 34.7 36.0 35.7 34.9 34.9 
8.8 8.7 9.0 9.1 8.7 8.8 

8.6 8.6 9.0 8.9 8.7 8.8 

20.6 20.4 21.4 21.2 20.7 20.7 

13.3 13.2 13.6 13.5 13.2 .13.2 

35.0 35.0 35.8 35.8 35.1 35.1 

12.4 12.5 13.0 13.0 12.6 12.6 

95.5 95.4 96.6 96.1 ' 96.1 96.2 

8.5 8.6 9.0 9.0 8.7 8.4 

8.7 8.7 9.1 9.1 8.7 8.6 

20.6 20.6 21.3 21.4 20.4 20.4 

40.0 40.9 41.8 41.7 41.3 40.9 

12.8 12.9 13.6 13.4 13.1 13.0 

95.7 95.5 96.4 96.0 95.9 95.8 

13.0 13.0 13.3 13.3 13.1 13.0 

34.0 34.3 34.8. 35.0 34.4 34.3 

13.5 13.3 13.9 13.8 13.3 13.3 

9.0 9.0 9.3 9.3 9.1 8.7 

62.5 71.0 65.7 70.8 71.3 71.3 

12.6 12.6 63.0 13.1 12.6 12.6 

17.1 17.0 17.5 17.4 17.0 16.9 

40.4 40.5 41.1 41 .I 40.4 40.6 

8.8 8.7 9.0 9:o 8.8 8.6 

16.8 17.1 17.6 17.6 17.0 17.0 

34.9 34.9 36.0 36.0 35.0 35.1 
69.0 70.9 66.0 71.1 70.9 71.4 
23.0 23.0 .- 23.9 23.7 23.1 22.9 
18.5 18.8 19.7 19.6 18.0 18.3 
22.6 23.0 23.6 23.6 23.1 22.9 ’ 
18.1 18.2 . 18.8 18.6 18.1 17.7 

34.8 34.9 34.8 

8.6 9.1 9.2 

9.7 8.9 9.1 

21.1 20.8 20.7 

13.6 13.6 13.3 

35.3 35.2 34.7 

12.9 13.0 12.8 

96.3 95.5 94.3 

9.1 8.6 8.9 

8.7 8.9 9.0 

20.7 20.5 21.0 

41.7 41 .l 40.4 

13.6 13.5 13.3 

95.7 95.3 94.9 

12.6 13.0 13.3 

35.5 34.7 34.1 

13.7 13.6 13.6 

8.9 9.4 9.3 

69.8 69.5 70.4 

12.5 12.3 12.9 
17.3 17.3 17.3 
41 .o 40.8 40.2 

8.9 9.2 9.0 

lj.2 17.2 17.3 

34.4 34.9 34.7 

69.0 69.3 70.7 

23.3 22.3 23.0 

18.6 20.1 19.4 

23.2 22.8 23.4 

18.1 17.4 18.8 

a See Table 1 for sample descriptiori. 

35.7 

9.0 

8.8 

21.0 

13.4 

35.6 

13.0 

96.0 

8.9 

9.0 

20.9 

41.6 

13.6 

95.9 

13.4 

35.0 

13.7 

9.4 

71.6 

13.5 

17.9 

41.8 

9.1 

18.1 

35.9 

71.4 

24.0 

18.5 

24.0 

18.5 

35.8 35.1 

9.3 8.8 

9.5 9.0 

20.9 20.8 

13.9 13.2 

35.9 35.9 

13.6 12.5 

95.4 93.6 

9.4 9.1 

9.5 9.0 

20.9 21.3 

41.8 41.0 

13.6 13.7 

95.5 94.8 

13.6 13.1 

35.0 34.5 

13.7 13.6 

9.6 9.4 

71.6 71.2 

13.2 12.2 

17.4 17.7 

41.0 41.1 

8.8 8.9 

17.6 17.2 
35.5 34.2 

70.7 71.4 

23.8 23.0 

18.2 17.9 

23.8 23.4 

18.0 17.9 
- 

where s = standard deviation, N = mean % nitrogen. 
E Calculations 

- 

._ -.-. .I 
: ‘-. -. 

,. 

Some materials may require analysis of larger sample sizes 
to achieve this precision, depending on fineness of grind at- 
hined. 

. 
E.. System Suitabhy 

For wheat and its products: 
Crude protein, % = N x 5.70 

For other cereal grains and oikeeds: 
Crude protein, % = N x 6.25 

. . 
System eqiipped&in B(a)-(c) must &et or ejceed minis, 

.Ref.: J. AOAC Int (1993) 76, July/August issue: 

mum @xformax‘e'specifiicatidns asfolloWs: .. 
(I) Capable of measuring nitrogen in mater@ containing 

Rksults and Discussion 

O-2--20% nitrogen. 
(2) Demonstrate system accuracy based on 10 successive 

determinations of nitrogen in &otinic acid and 10 successive 
determinations of nitrogen in lysine-HCI or tryptophan. Means 
of determinations must be M. 15 of respective theoretical vaJ- 
ne& with standard deviations 10.15. System accuracy must not 
be tested with same material used for calibration. 

Seven laboratories participated in the study. One laboratory 
used 3 different brands of combustion nitrogen analyzers; 6 
laboratories used the LECO@ FP-428 model nitrogen analyzer 
(Leco Corp.). Although 8 laboratories were originally con- 
tacted to analyze the samples by the Kjeldahl method, only 3 
were able to complete the Kjeldahl determinations for the 
study. Laboratories that used the mercury catalyst KjeldahJ 
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Table 5. Comparison of laboratory averages for 
determination of protein (%) by combustion method 

Samplea Av., Klcldahl Av., combustion Kjel. - Comb. 
- 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

lgb 

20 

21 

22 

23 

24 

25 
-. ‘- . . 26’ 

27 

28 

29 

30 

Average 

Averageb 

35.19 35.16 0.03 

8.83 8.95 -0.12 

8.75 9.00 .- -0.25 

20.89 20.84 0.05 

13.36 . 13.44 -0.08 

35.30 35.39 -0.09 

12.67 12.88 -0.21 

96.06 95.41 0.65 

8.73 8.89 -0.16 

8.82 8.95 -0.13 

20.77 20.85 G.08 

41.03 41.24 -0.21 

13.17 13.41 -0.24 

96.01 95.47 0.54 

13.12 13.13 -0.01 

34.38 34.70 -0.32 

13.54 13.58 -0.04 

9.10 9.22 -0.12 

66.49 70.78 . -4.29 

12.75 12.78 -0.03 

17.18 17.36 -0.18 

40.66 40.90 -0.24 

8.87 8.90 -0.03 

17.14 17.36 -0.22 

35.31 35.06 0.25 

68.62 70.65 -2.03 

23.33 23.22 0.11 

18.75 18.83 -0.08 

23.09 23.35 -0.26 

18.34 -- 18.15 0.19 

28.01 28.26 -0.25 

25.18 25.23 -0.05 

a See Table 1 for sample description. 
’ Kjeldahl analysis of nicotinic acid (samples 19 and 26) showed 

significant difference from theoretical; results for those samples 
were eliminated from calculation of the second set of averages. 

I .  method and also had a nitrbgen analyzer and were willing to 
participate in the collaborative study were extremely diffkult 
to locate. The collaborative study by Sweeney (1) established 
a statistically sound correlation between the Kjeldahl methods 
and the combustion method. Because the purpose of the pre- 
sent study was to extend the applicability of the combustion 

. _.. method, the Kjeldahl data were not essential for validation. 
The sample set (Table 1) consisted of 1.5 matched pairs of 

blind duplicates toestablish the within-laboratory repeatability 
of the method. The samples were ground with a 1 mm screen, 
and 3 of the samples (soybeans, corn, and wheat) were also 
ground with a 2 mm screen to establish whether any significant 
difference existed due to fineness of grind or particle size. 

The moisture content a.nd oil content of cereal grains and 
oilseeds contribute to the difficulty in grinding these types of 

~nethd for feeds (m.03) would necessitate predrying of the 
ccrcal grain and oilseed samples, thereby adding excessive 
sample preparation time. Sample size also becomes a critical 
consideration as the nonhomogeneity of the sample increases 
because of the nature of the material and/or the fineriess of 
grind. The size of the ground sample analyzed must represent 
be sample as a whole. For these reasons, I.0 and 2.0 mm 
screens were chosen to prepare the samples on an “as-is” basis. 

Using the calculated P-values for each type of grain tested, 
there appears to be a statistically significant difference due to 
grind effects (Tables2 and 3). The types of sampIes used in this 
study are very homogeneous when ground with a 1 mm screen, 
with the.exception of sunflower seeds, which re@& addi- 
tional care in blending (after grinding). Different pr&ucts 

grind differently with the same size screen. Therefore, guide- 
lines must be set for grinding each type of product. The tradi- 
tionaI 1 g sample was chosen for the Kjeldahl method to de- 
crease the variance of analysis due to sample variation and 
grinder effects. All but one of the combustion models tested 
accept sample sizes of at least 200 mg for the types of samples 
studied. merefore, the recommended requirements for deter- 
mining an instrument’s precision were based on the following 
criteria: type of sample, fineness of grind, and sample size for 
the individual laboratory and the particular brand of ana- 

lyzer used. 
Three different brands of combustion analyzers and 2 dif- 

ferent models of 1 brand of instrument were used in this col- 
laborative study. The manufacturers’ recommended sample 
sizes and analysis times varied considerably from instmment 
to instrument. In general, the sample size is proportional to the 
analysis time. The manufacturers’ recommended sample sizes 
for the products tested were 20 mg for the Perkin-Elmer@ (Per- 
kin-Elmer Corp.), 150 mzf& the LECO, and 500 mg for the 
Heraeus@ (UIC, Inc.). A comparison to determine whether any 
significant differences exist between models due to sample size 
was not incIuded in this collaborative study. 

Results are shown in Table 4. A general observation is that 
the combustion method gives slightly higher protein results 
than does the Kjeldahl method. An average difference of 
-0.05% protein was obtained by comparing the Kjeldahl val- 
ues with the combustion values (Table 5) after discarding the 
nicotinic acid data (poor recovery of nicotinic acid by severai 
laboratories skewed the data). The combustion method.data 
from the performance criteria procedure using standard refer- 
ence materials (Tab& 6) showed a standard deviation for 10 
analyses by each of the 9 laboratories of 0.03 for nicotinic acid, 
0.02 for lysine-HCl, and 0.02 for tryptophan (2 laboratories). 
Data in Table 7 demonstrate the accuracy and precision of the 
combustion method in determining the nitrogen content of 
a sample. 

Recommendations 

1 recommend that the scope of the generic combustion 
method for crude protein in feeds (990.03) be extended to in- 
clude cereal grains and oilseeds. I also recommend that the 
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Table 6. Performance of combustion method for determination of nitrogen in standard reference maedaIs 

Analysis NO. Nicctinic acid, av. 8 N Lysine-HCI. av. %.N Tryptophan, av. % N 
,. ,- 

1 li.49. .. 15.28 13.77 
2 -11.47 I 1529 13.74 

3 ,. 
‘. 

‘, 11.44 15.30 13.78 

4 , 
- x- 

i _. il.48 15.32 _ 13.74 

5 11.42 15.32 13.72 . 
6 11.43 15.28 13.76 

7 11.42 1528 13.73 

8 11.37 15.27 13.76 

9 11.43 15.31 13.79 

10 11.40 . 15.31 13.74 

* No. labs 9”’ 9 2 

Av., % 11.44 15.30 13.75 

SD 0.03 0.02 0.02 

Theoretical, % 11.38 15.34 13.71 

Kjeldahl method for determining protein in cereal determinations of nitrogen. RSD, % = (SD/mean % N) x 100. 
grains (979.09). Some materials may require analysis of larger quantities of the 

I further recommend that the following be substituted for material to achieve this precision, depending on the attainable 
C(3) when method 990.03 is applied to cereal grains and oil- fineness of grind. 

Seeds: 

‘.\ 

_I 

A suitable fineness of grind must be determined (for each Acknowledgments 

different material analyzed) to achieve a precision which gives 
a relative standard deviation (RSD) of 52.0% for 10 successive I thank the following collaborators for their contribution: 

Table 7. Statistical summary of collaborative results for study of combustion method for determining crude protein 
in cereal grains and oilseeds 

Sample Description s, SR RSD, 96 RSD,, 8 
-x ‘- -- 

l&6 

16&25= 

12&22 

Average 

Soybean 

soybean 
Soybean 

4&11 

277&29 

Average 

Canola 

Can0l.a 

288430 
..- 

Sunflower 

Wheat 

wheat 

Wneat ‘. 

7820. 

2810 

3&18a 

Barley 

‘Corn 
Corn 

9823 Sorghum 
,. _ 

.,, 6814 
“..’ 

19&26 

Lysine-HCI 

Nicotinic acid 

026 0.44 

0.52 0.57 

0.32 0.49 

029 0.47 

020 029 0.95 1.39 

0.19 0.48 0.80 2.06 

0.19 0.39 0.87 1.79 

0.37 0.54 

0.17 022 

0.21 _ 0.27 

.- .’ ‘0.14. .. _ 0.31 _. _- 
.i. “o.15 ~. .’ 6.27 . 

0.27 0.40 

0.10 0.26 1.15 

0.32 0.33 3.50 

0.23 0.25 

0.36 0.72 

0.32 0.83 

0.75 1.24 

1.49 1.62’ 

0.78 1.20 

0.77 1.24 

2.00 

2.13 

2.57 

0.38 

0.45 

2.94 

1.63 

2.02 

f-.78 

1.74 

3.15 

2J3a 
3.66 

2.84 

0.75 

1.18 

’ 2 fflm adnd Rent rlts nnt I IS& to calculate averarre for this samole tvne. All other crain and oilseed Sam&s around to 1 mm. 
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.--.. Combustion Method for Deth-xnination of Crude Protein in Meat 
,.& and Meat Products: Collaborative Study 

meltmdThecombus!ionrne3hadurasa~first 
act&h by AOAC IntematiotlaL 

C 
0mbtISti00 methods for pm&n ana1y.G that IT&W ni- 
trpgen at high kmpetatutes and quantitaca the nkvgcn 
by thamal amdtiti~y were shuwu IO te a &maxkai 

altetnative to the classical Kjeldahl me&al (1,2)- Sevml dif- 
fem3Mnunufaruren cmedy provide hstrumertts that meas- 
ure nifmgen in mea *arKi meal pllduc~. ?Icz cor11b&oJJ 

IIBXM has inhm adv~nlages over the Kjeldahl method in 
~6f~(abaut3minperSmpk)andhedomfkm 
a.mcsnaaacB acid and bnse sod tie mescury catalyst. 

Although the txunbustioo method was m&d and ado* 
far pro& andy& of materi& such m aknd feeds (2,3), it 
was not appmvcd f(or meat and mat prcduct.s- Bccaaw an al- 
ternative CO the Kjeldilhl m&d is nfg~~~ interest to the ITKS 
industry. a colhbo&ve study of the combustion merhod for 
tneaandrneat~cfswasiniflafed. 
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T&It?& Data fw co(la@mve study on cruda pdeh (Sk) detennih In meat w -t prpdU* W AOfic 
K@tdahS (K) method and a ulmhstlon (C) nw?hod 

. ..;z 
.* 

._, 1 x’ 
N-v --- -. 

Pair No. 1 2 
---- -- 

3 4 5 6 7 8 9 10 11 --------- 12 -- --- ----- 

1 377 

741 

K 
C 
K 

C 

K 

C 

K 
C 

K 

C 

K 

C 

K 

c 

K 
C 

K 

C 

K 
C 

K 
c 
K 
c 

K 
C 
K 

c 

I( 

C 

K 
c 

K 

C 

K 

c 

K 

C 

K 
c 

K 
C 
K 
C 

l&a 16.19 16.06 17.06 16-17 18.64 18.54 16.80 16.50 16.53 16.33 16.32 
16,48 16.72 If.10 16.74 16.62 1630 16.02 16.91 16.88 16.15 17.58 W.56 
1a.25 16J31 10.63 t&W 16-G' v-05 1723 Ifml 17.13 t6.83 w3.60 l%BQ' 

1736 17.41 17.61 16.M 1674 1632 17.18 17.50 17.38 16.55 17.71 16.61 

2 414 

573 

2oA6 2Q38 20.02 21-w 19.49 20-39 20.68 
2025 2059 20.31 20.40 2on 1932 20.50 
lfm9 17-02 raw. IQ% 1894 1 em 18.20 

181.71 18.96 1e.ab 16.41 18.88 le.78 r929 

19.31 !kO.Zl 2Q.00 19.99 

18.56 2R.65 20.26 20,03 
w.25 18% 18.40 m.39 
18.44 l&Q!3 19.52 10.61 

3 165 

622 

f9.73 19.12 1958 20.33 ?a95 1963 e6.57 1953 19.3a IS.71 19.36 

19.3s 19.90 ZO.OQ 19.44 1953 1959 2o.oe 10.05 19.62 19B2 21.12 

19.77 19.56 1823 2030 w.io 19.m 19.74 I9.H ma3 19.72 19.38 

18.44 19.84 XX68 19.62 19.51 19.59 19.97 19.u l&M 20.m 20.31 

A 
; :. 
I -. : 
.: -..’ _- .. 

430 

946 

ia71 18.76 
1868 19.cu 

W-44 18.2Y 

10.6B 18.36 

38.44 18.46 1x02 
17s 1954 18.72 

ra5a 17.79 18.05 
lb.37 1925 l&6% 

5 A71 

759 

ia81 18.00 la49 lg.78 ia76 lw 

18.54 19.06 I%.87 If3.63 18.61 16.13 

m25 78.30 17.63 iase m-36 ie-4x3 
law 1821 if,30 19.16 lB.47 i&l4 

ll.css 1144 ll,g$? 1182 1t35 11.49 
11-61 Jr.78 11.06 lf.08 11.73 11.33 

jl,$5 r1B ll.at? 11.e 11.66 11.32 

Il.63 11.74 1l.s 11.4!3 llS1 11.22 

11.n 

11.79 

1204 

if.68 

11.32 

11.89 

Il.76 

11.74 

ld,7S 
11.18 

lo* 

la.&3 

13.46 Il.65 
1203 1215 

109% 11.03 

11.4'5 lY-09 

6 238 

582 

11.19 

11-m 

12.12 

1208 

1136 
Il.69 

Il.53 

il.@7 

11.06 

11.S 

1l.S 

11.7% 

1126 

il.78 

12.03 

1210 

11.55 

Il.90 

11.87 

11.94 

11.72 

11.74 

11.54 

11.7s 

1*.&9 

11.81 

12.1s 

7219 

11.27 
llS! 

11.76 

11-76 

7 183 

935 

11.70 

1216 

11.97 

11.78 . 

l3.4f 

13.30 

x&e:! 

13.55 

13.19 1913 13.M 

13.6% 13.61 1331 

13-33 13.44 13.37 

'13.88 13.54 13.66 

1330 la.51 12.86 13”40 CL42 13.33 

1325 14.19 180% 13.83 14.26 lb86 

13-46 1968 12.75 1323 13-e f3.31 

1392 13-46 I294 13s 13.71 13.37 

0 434 

7zl 

lo.90 1049 10.76 10.67 lo-96 1w3 10.51 
lQ.69 10.98 1003 io.fxJ 1OBB 10.83 lOs8 

Il.68 II.44 1136 11.64 11.40 ir.u2 .llS? 

11.45 1l.W 11,s 11.34 11.46 11.4 11.5% 

10.69 

9l.S 

*1.63 

11.65 

1033 
10.85 

lY-53 

ll.%% 

10.80 

11.16 

11.40 

12.06 

-. 9 
:. 

637 11,62 
11.53 

11.63 

(2.10 

w3 

198 

5fxJ 

118 

777 

11.60 11.50 ml2 11.42 11.41 11-11 

11.40 It.%7 11.42 11.23 11.54 Il.38 

13.94 33.58 13.S3 1355 Ii-60 1335 

%?7 13.88 13.74 1X42 13.76 1x35 

14.65 14.82 1512 l?il6 14.34 14.98 

14.55 14.78 14.66 14-78 I447 14.e 

1467 la.75 1429 15.16 14.87 14.45 

14.66 14.08 14-76 14.92 14.73 14.40 

11.69 

11.63 

t3.69 

13.66 

13.63 13.41 

13.70 14.14 

1128 1125 

1217 l!.iM 

1356 1357 

13.05 13.52 

IO 14.16 r4m 14.80 14.50 

15.W 14.56 14.52 14.95 

14.99 15.35 74-70 14.70 

lS50 15.0% 34.83 14.98 

11 17.04 l&B1 16.98 17.45 ll3.67 16.5l 

16.01 17.27 1724 lf.13 17.44 16.96 

16.50 16.69 1623 1682 ~6.!TiO 16.$4 

1652 18.82 16.62 17.16 16.73 TfS6 
,. 

17.27 17.13 l&OS lB.9f.J 16.84 
17-14 1?.45 I%.%% 16.87 17.41 

16.22 17.61 16.00 16.46 10Ier 

16.66 1731 16.19 16.33 16.91 



: sample bbo~bry 
-- --.--- ------ --- 
psir talk 1 2 3 4 5 6 7 8 9 10 11 12 
------- -.- -- ..‘, -- 

.x ::; .i 
-w&SC 1% 364 K 173s 17.12 16.92 17.01 17.54 17.M w-Q4 17.60 17.06 If-44 1726 37-01 

C 17-08 1786 17.6a 16.00 18.03 17.11 17.42 10.05 17.01 17.44 t72O i7.53 
629 K 1y.05 l&Q4 lt.38 17.72 16.82 1848 17.10 1723 16.50 17.60 16.91 16.99 

C 17.04 1730 16.84 1846 17.00 17.71 16.95 17.27 16.58 17.12 17.Al 17.12 

13 2% K 19.83 19s 1956 2029 19.08 t!M mA.9 18A2 la81 le.48 la96 i9m. 

C le.@1 lQ.59 l&?-e 1851 19.70 1935 10.62 19.7'9 19.56 IQ-14 1995 18.47 

299 X 20.49 20.44 20.08 2137 20.89 20%) .20.41 Z?fl.64 2025 20.16 t%@!i 20.27 

C m.fs3 20.92 ~a.74 2t.a 20.48 20.86 20~33 21.10 20.06 20.33 2u.s 20.57 

14 513 K 1549 ,Stjfi 1525 16.12 1634 15.14 1121 W53 E-i81 15.41 15.17 rS.ba 

C f!i.lS 1582 1565 15.42 15.36 15.10 15.62 1416 15-M 1553 15.86 1584 

as6 K la.10 13.m 12.31 13.a 1273 1249 12.53 1245 1231 13.09 1257 12.s 

C 12.N 1323 1298 12.93 t2?7 11.84 13-37 1306 12M l3-f76 x3-24 13-09 

15 647 K 14A4 1430 ldao 14.55 1454 M20 14.00 1424 13.81 13.97 14.52 1417 

C 14.39 14.4s 1w 14.10 14.19 is-w 14.40 l&W 1944 1433 1.5.w 14.A 
.: 841 K 19.69 19.19 19.14 20.34 19.43 18.75 18.36 19.63 19.56 19% t&99 19.16 

c lQ.24 l&a7 19.51 1926 19.21 lB.%l 19.72 19.47 19kxi 19&Y 1950 19.41 

___I_- ----.m -- -m- -- 

Thepafonnanccrrcsdngoftbe~ticmmetbodbytbe 
cOllRb0nUW showed rh all lhttia gmchmed well in 
comb&ion analysis of ~rmdard nidinic acid and lysinc hy- 

-_ 

1 1132 0.13 15.34 a.04 

2 11.31 0.00 1522 O.lTc 

3 11s 0.05 15.~ ofi 
.- ~4 11.42 0.M 1633 oxI 

._ 5 0.05 1529 O-03 lpl3 

6 11.30 o.ra= 15.32 o-63 

7 -t1.49 0.03 15.96 0.02 
a Ii-46 OS 16.2.2 O-02 

9 1139 o.az 15A4 0.02 
10 1126 Qa3 15.aec 0.12 
11 11.40 0.01 / 15.37 0.05 

12 MA1 0.10 15.28 0.06 



.,:..::f 

: -: 

. ...” 

w@kw Cdnbustion 

0 11m 0.19 022 1.75 2.cR 

5 1146 0.26 as2 241 2.84 

6 11.72 0.27 027 228 228 
9 lZ-54 0.16 020 13 1.!33 
7 13.36 an 022 0.02 1.a 

lb 14.00 027 0.32 l-90 223 

10 14.72 0.30 0.30 2p 2.07 

15 16.m 029 0.13 I.75 1.89 

t 16.76 022 0.37 129 222 

11 10.77 om 0.4 237 237 

72 17.13 024 O-37 1.40 2.16 

4 l&42 OS 0.34 1.77 188 

3 19.60 022 0.39 1.11 t.99 

2 19.41 038 0.49 I.69 253 
19 20.a2 0.a 0.42 t.63 2.11 

%?6 025 0.38 2.10 3.35 
11.50 0.14 020 123 2.50 
7i.m 0.38 o-1 e 1253 7.53 

1264 hi 6 027 t23 2.14 

Kui9 029 0.33 2.14 24% 

14.26 025 0.37 1.75 2s 

1422 O-12 024 0.79 1.80 

16.63 0.35 0.36 2m 212 
te.Bo aa3 OAl r&!i 2A3 

16.99 028 036 l&I 2.14 

17.40 0.34 a43 1237 249 

M.!iO 0,41 a46 223 2.47 

19.76 6.12 0.26 0.60 T.32 

16.04~ -025 020 127 iA 

20-18 0.33 a-36 tm $27 

We Chauk the fOliowing coIkcIxmttmx 
C. Anthony and R Johmm, GenemI Mills. Inc., Muureqpk 

Iis, MN 
,. 



-a 1 

P 

3 

4 

5 

I3 

7 

8 

9 

10 

11 

12 

1s 

$4 

15 

czhera! 

16.54 

17.07 

2a1a 

lW33 

19&l 

IQ-50 

le.58 

lB.25 

11.!51 
il.40 

ll.sa 

V-66 

19.32 

13.41 

10.74 

llA4 

1130 

13.57 

14.86 

1479 

I?&3 

16.49 

172a 

1630 

1959 

20.44 

1543 
1274 

1423 

19.38 

I!%9 

. l&W 

17.111 

20.37 

18.91 

19.77 

lQ.Ips 

18.0 
18.35 

1169 
11.48 

IfBy) 

11-B 

13m _ 

13.58 

10.93 

11-59 

11.62 

1356 

14.a 

lU% 

17.18 

16.79 

17s 

17.P 

19.59 

20.77 

15.64 
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Determination of Nitrogen in Fertilizer by Combustion: 
Collaborative Stu 

~~~ Dcpartmcnr of Agriculture, Division 0s Plant Indu&tGcs and Consumer Services. General CYhemistry Labtw, 

Springfield, IL 62794-928 1 

CuJlxborahxx: H, A@- R Bis& B. crcpin; R C&no; G. Cunan; M. plock; P Glib; 8. Jinkx; D. f-c P. Kane; Be 
Karrfinan; ‘W. L,ungm&, S. hl.uU& R IWmmm; N. Newk~n; J. Nichols; L Nuzzo: B, Oberq R Oe&ingha&; Y Pa& M. 
&leg f! Ransdell; 8. San&q B. SRYIW, R. e, M. Soltys S. Spaex D. Stiwell; A. Sr John; D. Storc?r; K. Sw;;msoo; M. 
WUXkll 

Fourteen W.mratories partkfpated in a co!labora- 
tive Stud)f ta compare aMties cd AOAC modified 
copper catslyst KJeldshl method, 978.02, and the 
generic ambustlan mM, 990.03, to ana!yza the 
nitragen content of lertlllzef materials, Combustion 
analyses am mot@ time @fflCi@~ rIlO@ 8CCurate. 
and less haratdou6 than Kjeldahlana+e~There 
Were 3 tiifkrentm of instrument&M invdved 
in the coilaborative study: (I) Leco FPd2B Nitrogen 
Determhator; (2) Perkin-Efmer 2410 &sits II Nltm 
Qen AW=r; 69 CZwhsl&a 1500 Series II Nitrogen 
Analyst. Thirty sampks of f@ilii conlalnlng l- 
67% N included 2 ACS grade standard material: 
ammoniwn rWat& kory 35-f&% N; and dicp 
andlmxkk, thsory 66Ji4% N. A diammonium plxos 
phate an4 urea mbrture (3 + 1; 1.0 mm grind) and 2 
ACS gr%destan&rd mate&Is of ammonium nitrate 
and ammon!um sutfate wefe supplied for repetWe 
mmbustbn analyses. Overall method performance 
of the combustion metJmd was at least as good as 
the modifkxl Iqeiciahl method. ~lllty stat+ 
ard deviation (Sj values for the cambustton 
nmlhod ranged from 0.09 to O-34 v6 the modified 
&ddahl methocI rSnge cd 6.M49: reproducibility 
aadmd deviion (&) valrr~-for the combustion 
mettuMrang&dffomO.19t0l.Mvsthprangeof 
w.57’ for the mtdlfld @bhl mettrod. The 
Brand mean was 2O.m% for the combrcstion 
mettrod, and #)-Tq% for the modii Kjeldahl 

method using various tkrtkers. The average 
ran- of s, end % for the methods w-, respec- 
lively, 0.17 and 0.29 for the combustion method, 
and 0.19 and 0.54 for the modified K]eMahl metnod. 
7% method was adopted first z&ion by AOAC IN- 
TERNATIONAL. 

he 

T 
introduction of the AOAC combustion method 

!M.O3 (I) for the enalysea of pro&~ confenr in feeds 
hay prompred Sntdy to hJ~n&od3 10 analytc the nitfe 

gtm couwnr of other agriculaual materiaJs. For over I00 years, 
the Kjckbld metha& hwc been the only &kid quantiwive 
means for dd.ztcnnining the nirrwt cwtent in fcnilizm Now. 
dire m rpoph;rr;caed ccrmbustion technology, combustion in- 
sCnunenh can paform analyses v&hour the danger to rhc 
workex and environment 

Kjeldahl analyses expo? the analyst to eltica1 and tin 
hazards. Thcy are e.xpen&ve, time-coaxw&g, and difficult to 
pehrm. Use of combustion inr;aunonlrariOn eliminates all 
rhese problems. WhRl mhg a combustion instrument. it is not 
nu%ssaly to aent.e any swdard ar reagenr solurions, and Ikfe 
is no concern over dispanl of toxic chemiutl by-pmduc~ from 
WCC chealical tedmiql.lec;.. l-here are only 4 .p6llrce?: of CrcoT in 
the cornbust& technique: (I) cextiftcatiott of the stand& ma- 
ted used for CalibrntiOn of the instrumenr; (2) analytical bal- 
fua UpCn tn weigh lhc sample; (3) operator proficiency in 

weigh@ Sunpk and hqnzhg analylical tesub and (4) in- 

sttummt Wdiity. Ftiy, it takes 9 rnin to tiyrm: a ferrilixr by 
am- melhod and the immlmena can operate m- 
cauy. 

fibbcdon andyad 27 bdmplcs and 2 standard materi- 
als (1 duplicate) by the cc~~~bttst,i~n method and by the mod- 
fied Kjelbhl me&xl The solid smple WC included 2 di%xnt 
sample matrixes of differem grinds ( 1 .O nuu and 0.5 rftxfii to 
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Since some lihtamies did not perfoam the modified 
.. KjeldahI method ruutinely, only 12 a~llatrllrators RJXIII& w 

sultafordlismebaod. 

99%13 Slim (T&al) in Fertiitzers-Combustion 

(Applicable IO dc~intinn of l-67% total tiisogtn con- 
ttzntinliquidandsotidfertil&matesials) 

Methd i%xfw 
Liquid and solid W 1 W-33.99% N 
~=0.11-026;s,=0.16039;RSD,=0.~-10.99%:RS& 

= l,ls-13.80% 

A Ptiraa@e 

f3. A&rqxvarus 

: pollndsli~timI~kfuii~~v&tiN~~- Ochercorn- 
.-- 

b&ion byprpducb: must be isolati eitkr through gas chrtx 
matogsaphy or chemkti scrubbing. Ccmtainiig combustion 
Chamlxrgpble of maintaining minimum tern-of 950” 
for libetari0n or r&rogen fmrn sample when high putiry 

‘- -I.. ; ‘(99-99%) onygen is introduced infd chamber, either as aliquor 
> 

..J OC IIS Carrier g3.c. Containing thermal conduaivity detector ca 
pable of &lazing Nz gx~ liberated from combustcd sample. 
mtaining micx-oprocessarcapable of calibrxing irxxmmenta- 
tion with standard ~E&IWXX mme.rial;.subn;lcdng nitmw irn- 

C. start&d Rslgrence Mar&& 

A tiru’ftid reference mtltainl of % nitrogen content giving 
deteclor m in m analytical range a~ fertilizer sgmplc 
to be analyzed is nccs~~ f0tamu-m analytical test&s. Uric 
scid should be obdncd fmm bhhnd Instirute of Stan&& 
and T’hnology (NISIJ for compnrison and meztwcmc of 
reference l-nahals oblaioed film lutIa!30tlto2L standani op- 
emthg jxomdwe ahodd include uaxkly crosschcrk 0ftk~~ 
standad maurials. Use NET &n&d Itcfemnw Maurial 
(SRM)ro~~instnunem~db~yzm:forni~a~~- 
tm of 0th rckznoe ma0aials using irtsttume~~~ pii12e 
as in E. Oher primary standard maufi& for innrumenl cali- 
bratiortmaybeuacdifnitmgencontentisv&i~byMST 
SRM. Empt fomdc acid (whichliites HC$f W~U&WCXI), 
dry Mere!= ma(uials 2 h at IWbefore UT. St- reftm.mx 
matesials in desiccator. Suggesrzd fefaence maaids: 

(3) UGC acid (3323% N);--Cilinical grade. 99.7% purity 

(SRM No. 913, NET. Gaim, MD). 
(2) Arwntim~ul/are /21-20% N).-99.999% prig (cat 

No. 20450-1, Aldrich Cbanid Co.. Mitwaukee, WT. is suit- 
able). 

[3] Amwwnim date (35-a)% N).-99999% purity (Cat. 
No. 256064, AMrich Gemi& Co., is suitile). 

(4) Ammoniwff CM&&+? (26.1HG N).--+.W% purity 
(Cat. No. 32637-2, AIdrich chemical Co.. is suitable). 

System mw TV c--pbft of meeting or exwz&ng rhc fol- 
lowing minimum perf- SpCCifiatiMS: 

(1) Analflcal system must be able &?txtCasurr ninogen in 
ftrGliLer n.wGaLs containing 147% PI, 

(2) Aauracy of system musr he dcmonsbrated by Mom+ 
ing 10 ouoeossivc de- ofamglonium sulfale stand- 
ard and 10 succetxiive &m of ammonium nitaalc 

Slandard. Mean of 10 dekzminaliona for reference ma&t-iais 
mwt be within f 0.20 units of wipective Thwreticd values. 
Standard &via&ns must be GOJO% N fca ammonium nitrate 
andso,lo9bNfor Lltrlmhum sulk standards. 

(3) Grind ferClk samples w timble fixncsp to give rela- 
tive SIAI&XI &+cion @SD) 11.0% for 10 ~~cce85ivc: nitr~ 
grin determinations. Moismrc cment of solid fert.iXiir sampk 
must be Sara before and after grinding to ensure cornx~ ana- 
Iyticd nsulr 

Follow m;\nufacruref ‘9 Qco Ilmlerldatians for safe opcmtion 
of ;asmmenr; da CO MSDS for safe handling of chemicals. 
Ventil~lc etihaust gas IO appropriate fume reInovA system. 
For solid (but nat tiquid) refelcncc ma&xii& or f&l& Sam- 
ples. add al least 4~ SUII~IC wight of powdered (use IIIOITX 



Place inshuraent mfacnuer’l: rkxxunmendcd weight of 
fettilhr sample into appmpriate Container. Dia~ous 
~maybeusedtoadsosbliqoid~!iarsambes.Addpow- 
deredsucrpsewhen rtecesq Cwe E). Calibm instrument 
withreheWenWeria&suchasUricacidbefIIreaMyzhgf~ 
lilizersam*.~for insmma&anaiWmand 
chemical reagea failure by 3naIyzhg inmmeut system blank 
periodically during 88mple analyaaa Xnatase in blank value 
iudicates Aemkal reagent failure of iftcomplet8 combustian. 
Rewlibrate immxme~ with RfeFence matea wlltmevcr in- 
8tnment ptmiumm change sisnificantly as noted by change 
in analylical time sequen<z fa cxlmpld alldyes. Alwaya 
check for t~cz~ct caliWo~ and r~~&ite. if necessary, 
whencvcr-t’ssealtdcombuscionsystmk~posed to 
atmosphere. 

Ref.: J- AOACht. 77,829(1994). 

Table 1 gives a clescription of W samples, the type of grind 
doneonlhemateriakandhowthetnar&dwaschlvactcfizDd 

. . far statistical t&uiacions. 7%~ sarc$e set irxluda~~ 4 solid 
bled duplicales, I liquid blind duphcate, 5 solid Youden pairs, 
2 liquid Youdea pah, 3 indMdual SUMS. artd 3 individual liq- 
uids. Eleven of Be fmilfm3 were ground with a 1.0 mm 
scrcen,andSdtheferrilizersweredouble-@witha 
05 nwrt screen 4 Brinkmann Ultra CenuifagaI Mill (Model 
ZMf)witha 12tahr0t4xwasusedfun(Inqti 

Dicya&iami&(TXYD)wasclxxenductoitsusein~ 
W.mo. R-. ifbSr5mCorp~paivats ccnmmhcaci~. May 

~. 1991b.AU duplicate s+tnples were takm uw of th& SIUZX cun- 
. : ^ L--:: _ tab hnd-sent in p+-~ IO the ~+WWWK 

AmmMiufbnit%ewassescmindu@a~for~to 
- tk same mite&l used in the eofn~ feptidve dyscs. 

However. the ammonim hit&” ardyzcd hlituliy was not 
dried. vhik the-same ammonjcm, niw used for calnbUti& 
repetitive analps wms to be dried by afbz coltaborator at IOX 
for 2 b before analyges. 

.,F’ 
Tktbks 2 and 3 contain the nw dam far all 30 smples. Ta- 

ble 2 contains the ax&us&~ methad zux+ical results: Ta- 
ble 3 contnim the modifii Kjcldnhl method (1) an+tic;ll se- 

87-04 tiyl-9 

45-o-o single 

SO-Q dupb(e 

3+@0 Youden 

32-o-o sir@3 

2R-O-0 duphre 

21-o-o Y&n 
18186 dupkab 

i$8-a YOU&Xl 

14-37-l 1 duplicak 

12-12-12 Ytin 

11-52-O duplfcaae 

10-34-O YClUti 

lo-330 Ybuden 

824-o Youdan 

7-22-5 shgle 

6-24-24 i&-t@e 

910-311 tigle 

1-347 bbuden 

ncule 

1.0 

rmni? 

1 .o. 0.5 

me 

none 

l-0, 0.5 

lb 

1 .o. 0.s 
1.0 

ROW2 

none 
none 

none 

1.0 

none 

1.0.0.5 



,- -. 

18-46-U 

l+%-OB 

ll-52-oA 

ll-S&OB 
143%11 

14w-11 

U-&7 

1+s7 

2100 

21a 

lfHl4 

1s8-0 

q-12-12 

12-12.12 

460-o 

GZ4-2d 

Id 3(.8!3 24.76 34.80 34d2 346.73 38.42 34.94 34% 32.12 33.57 34.40 34.05 35.01 3459 

na sun 20-87 3501 34.54 M.71 35.30 34.68 34.69 31.40 34.19 34.91 3531 3d-85 34.73 

na 86.38 s6.41 

1.0 342a 17-74 

65 ad.31 25.47 

1.0 17-a 17.79 

1.0 17.41 14.69 

0.5 10.93 11.18 

a5 10.99 1219 
1.0 14.01 16.01 
1.0 13.98 12.02 

1.0 0-m o.tw 

0.5 1.11 O-83 

1.0 21.10 2223 

OS ITo&3 21Ao 

1.0 18.12 24.84 

OS 17.84 1758 

1 .o 11.05 1206 

0.5 12.10 12.73 

1.0 4553 da99 

1.0 6.49 6.39 

66B.Bl 6.569 71.06 a.15 68.40 67.81 66.22 68-43 66.70 86.81 66.60 
35.89 33.01 3Ao5 33.58 34.91 30.67 X3.55 34.45 33.56 3uo 33.59 
sl.93 3a.n w36 94.42 CM31 30.72 33.79 34.39 33.57 34.05 3424 
1793 17.83 1831 17.81 17.52 17.58 17.74 17.45 17.88 17.86 l?.eS 

$7.77 17.81 18.07 17.89 1761 17.47 17.67 1758 17m 17.81 10.12 

11.11 11.16 1127 YOS 10.82 10.55 17.14 1o.m lON7 11.19 11.30 
11.41 1lB 11#78 11.12 10.75 10.69 1128 10.9% llh 11.13 Il.46 

13.70 13.95 14.14 43.78 14.00 13.91 19.90 14.12 14.13 14.0% 14.39 

13.97 13.77 13.91 14.04 fS99 14.07 13.76 14.01 13.80 1453 13.95 

1.30 I,06 l.f4 l.Q7 0.97 0.93 1.00 0.60 0.80 0.95 1.00 

1.22 1.13 1.37 1.18 031 1.13 0.88 0-W la2 1.1s 1.a 

21.116 2087 21-Z 21.m 20-m 21.06 2?.1# 21.10 21.27 21.08 21.@ 

20.62 ZOAS 20.87 20.94 21.08 21.02 20.74 20.82 20.96 20.91 M.e3 

18.06 17.92 18.17 18.11 18.10 le.09 17.90 18.10 17.91 lme 17.90 

17.69 17.76 10.Q3 17.29 17-m 17.83 17.72 17.75 17.71 17.70 17.84 

11.76 Il.@2 1243 11.60 11.79 11.76 11.67 11.89 12,Ol 11.76 1231 

11.98 11.87 12.45 11.83 1201 71.81 11.86 12.0~ 11.93 lax 11.37 

46.12 45.76 46.80 46.09 45.43 45.13 45.6% 45.50 4621 46.04 6.07 

6.07 6.54 6.63 e.52 B.31 6% 6.55 6.55 6.3s 6.49 6.07 
- 

UguidMiliirs 
-. -. PC____- 

1WQA na 1205 Il.27 ll.Bs 11.78 lls$ f2Goa 1210 12.01 f2.26 11.95 11.98 12.?4 11.91 12.53 

1tKwQa na 8.76 10.14 9.72 9.75 923 10.18 6.w 9.00 9.83 10.05 9.69 Q-92 9.59 7'57 

lb3 2iYO m43 2Kt.w 29.16 20.84 30.30 2&90 2m8 29.09 28.63 28.76 3l.M zmo 2894 

na 28.m 22as al.79 WI8 28.96 2x20 2!3.(16 29.10 28.78 29.15 a.97 2s).45 a.02 28.60 

lJAus@o na 3195 21.71 31.88 SZ?W 31~M 33.50 31.83 31.95 32.W 31.tT~S 31.70 32S3 31.81 31.92 

lo-560 rta 9.46 8.83 9.25 9.01 9.09 9.14 edil 9.45 9.01 9,17 9.70 9.16 8.90 929 

%z?+i rm 785 7.47 7.eo 7.19 7.89, 7.52 7.56 7.75 ‘1.74 8.99 7.62 7.38 7.50 7.55 

e-244 118 7.12 721 7.20 729 729 7.88 7.14 f.16 7.25 7s2 4.80 73-0 6.47 725 

3-lmu na 4-12 3.40 4.12 3.15 3.52 5.27 3.77 4.14 5.n 3.77 7.08 4.07 322 3.55 

Average lQ.591 17% 19.555 ?9.402 19&O 26.190 19.5f+l 18.495 19.112 19.362 19.509 19.567 1QA.B 19.49.S 

fhMioIl 14.W 13226 14.529 14.580 14373 15.272 id.tll 14.509 14.150 14.593 14.466 14.552 14.612 14.522 

-- -- I --- 

.- 

An -ktenSng observation can be made about a cof tabotam- 
vvhosc me&f& Kjeldahl &a did not fall wit&n tlae 95% crm- 
fidcnce inteenal C&bxator 6 had 26.7% af rhe analyricsl w 
suits as outfkc3. This was a rider hii ptfcenugc; however. 

this collabomlor had paid tie AOAC guidelines estiblished 
for coltab0z2toor clinli0Uiurl. This COllvbnlOr had problem 

--_-.. 
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’ Table 3. Co~iaborative study reSUltS for nitt’Ogef’l in fertilizers by the modified Kjeldahl method 

Grind, 
Collaborator 

sample mm 1 2a 4 6 :7 8 9= 10 lla 12 13 14 

Solid fertilizers 
- 

-.a’ 

Std: 
NH.,N& 

Std: 

NH4N0, 

Std: 
dicyan- 
diamide 

34-o-o 

34-o-o 

18-46-OA 

1846-08 

11-52-OA 

11-52-08 

14-37-71 

14-37-11 
.__' .-. 

. . . . . . ..:.._ l-3-57 
._ :- 

I" l-3-57 

21-O-O 

21-o-O 

18-8-O 

18-&O 

12-12-12 

12-12-12 

46-0-0 
I . . . . 6-24-24 

_’ 

‘, 

, - *- 

34.79 35.25 -34.86. 34;49 34.17 nab 35.05 32.38 33.75 15.92 33.36 34.57 34.23 

na 35.02 34i4 35.03 33.61 34.50 35.19 30.24 34.80 21.40 34.68 35.10 34.76 

na 66.75 

1.0 34.30 

0.5 3422 

1.0 17.64 

1 .o 17.48 

0.5 10.93 

0.5 10.89 

1.0 14.00 

1.0 14.01 

1.b 0.91 

0.5 1.01 

1.0 21.06 

0.5 21.01 

1.0 18.30 

0.5 17.66 

1.0 12.03 

0.5 12.15 

1.0 45.67 

1.0 6.48 

66.80 66.32 

33.94 34.25 

33.24 34.51 

17.77 17.85 

18.23 17.55 

11.45 11.10 

11.07 11.01 

14.24 13.99 

14.36 14.11 

1.04 1.01 

I.15 1.07 

20.98 21.00 

20.86 20.95 

la.39 18.10 

17.06 17.73 

11.61 12.02 

11.86 11.96 

45.14 45.66. 

6.63 6.51 

76.56 65.22 66.52. 63:Ol 66.12 63.88 64.46 67.10 66.66 
36.17 ,,33.62 34.34 27.06. 3435 21.92 33.86 34.40 31.99 
28.10 ' g3.78. 34.9 30.79 34.39 22.51 34.14 34.21 31.69 
17.40 '17.71 17.63 17.03 17.65 17.03 17.66 17.60 17.89 
18.00 17.44 17.81 17.47 17.80 16.76 17.78 17.75 17.96 
11.17 11.29 11.17 10.96 10,91 10.59 11.04 11.10 11.31 

11.78 11.32 1129 11.09 10.81 10.39 11.34 11.01 11.39 
13.91 14.04 13.92 13.67 13.95 13.17 13.80 14.18 14.09 

13.60 13.95 13.91 13.48 14.01 13.04 14.52 14.17' 13.99 

1.03 0.90 0.71 1.17 0.95 0.08 0.93 1.00 1.02 

0.96 1.05 0.90 1.20 0.90 4.85 0.98 1.11 1.06 

'20.60 26.89 21.08 20.60 21.01 32.91 20.79 21.05 21.03 

22.68 20.51 20.79 19.46 21.10 19.72 20.70 20.59 20.74 

17.42 17.76 17.75 17.87 18.05 16.68 17.75 18.30 17.97 

17.46 17.57 17.56 17.16 17.77 16.,80 17.25 18.00 17.78 

11.67 11.75 11.61 11.04 11.91 11.65 11.66 12.00 11.94 

11.20 11.67 11.63 11.54 12.03 11.09 11.67 12.94 11.82 

47.26 44.69 45.68 43.28 44.95 44.39 45.18 45.70 46.09 

7.35 6.56 6.65 6.27 6.32 6.07 6.42 6.64 6.47 

Liquid fertilizers 

lo-34-OA I-la 12.06 12.37 12.06 12.00 12.12 12.35 11.97 12.11 1125 12.14 12.05 12.29 

lo-34-08 na 9.77 10.28 9.76 9.93 10.04 10.16 9.80 9.82 9.44 9.92 10.01 10.14 

28-o-o na 29.21 29.71 29.75 27.89 28.57 29.34 28.41 28.82 21.73 28.76 28.99 29.40 

28u-o na 28.79 29.50 28.90 25.52 28.96 29.36 28.85 29.50 21,38 28.81 28.95 29.42 

uAN32-0-0 na 31.88 31.92 32.01 30.81 31.37 31.63 31.50 31.40 21.80 29.71 32.05 32.20 

10-30-O na 9.49 9.71 9.40 8.80 9.09 9.29 8.62 9.40 7.45. 9.15 8.76 9.34 

7-22-5 na 7.86 7.80 7.75 7.49 7.71 7.78 7.71 7.65 6.92 7.53 : 7.79 7.82 

8-24-O na 7.15 7.50 7.26 6.79 7.26 7.13 7.09 7.20 6.58 7.28 4.70 7.41 

3-10-30 na 4.15 3.55 4.13 2.06 4.06 '4.02 377 4.12 3.64 3.55 7.10 3.96 

19.56 19.60 19.59 i9.46 19.32 19.56 18.46 19.45 16.70 19.23 19.63 19.46 

14.29 14.22 14.26 15.38 13.96 14.31 13.20 .14.16 12.45 13.90 1429 14.12 

‘_ 
.: Average 

k&ion 

' Cokborator'~dataexcludy$ 
..- b Notapplicable. 

.' : '-. 
. ..^ 

, . ‘, 

Whh anal&s of & standard materials and the ammonium ni- 
hrue fertil&er. 

_. . 

” ‘fable 6 presents the statistical differences between the 
rnethcds after eliiination of outtiers. The combustion method 

.:. has an S, equivalent to or lower than the modified Kjeldahl 
i&method for all but 8- solid and.3 liquid materials. The combus- 

method gives an analytical result closer to the theoretical 
dogen in DCD (theory 6664% N). The average 

results For the combustion methods were higher than 

_ .the modified Kjeldahl method in 52% analyses of solid mate- 
rids and 67% liquids. There was a significant difference in the 
average analytical result for the UAN 32-O-O liquid (Student’s 
t-test verification), (5), which can be contributed to incomplete 
digestion by the modified Kjeldahl method. The combustion 
RSDu averages were 0.30% lower for solid materials and 
0.5 1% lower for liquids. 

Table 7 contains the statistical parameters of both methods 
for blind duplicates and Youden pairs. The combustion analy- 
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34-O-O 

10460A 

184608 

lls2-on 

11-5243 

7651-11 

'14-37-11 

l-357 

ris57 

2l.Q-o 

2w-o 

7t3-64 

l&&Q 

12-12-12 

w-12-12 

.fk24-24 
--- 

MC -34363 

na 9.743 

nil I¶?.301 
1.0 34.142 

OS 33276 

7,R 97.694 

I,0 ll7no 

OS 61.173 

a5 ll?2@4 

1.0 119.987 

1.0 1 a.wo 

11) 0.940 

05 1.ow 

1.0 mw 

OS 27.me 

1-0 17333 

025 17.884 

1.0 11.843 

025 lwJsJ7 

1.0 45.853 

1.0 iMo2 

OS7 1.59 

0.479 1.38 

5.30 

l.Rn 3.6 

2127 639 

0.151 0.85 

0206 1.13 

0.140 1.26 

03X3 2m 

QYlO 0.79 

0243 7,74 

0.099 10s 

0.075 7-47 

0.150 0.78 

OS6 3.12 

a290 la2 

0227 1.29 

hl70 i.44 

R.480 4m 

0.743 !63 

0239 4.!3 

Lwidleruii 

34.336 

34.409 

6e.m 

33.620 

33.617 

17.701 

17.107 

11.003 

11.106 

13.984 

1luse 

0.9n 

l.lo!I 

2maR 

2a-am 

l&US? 

17.727 

11911 

11.945 

a.760 

8.516 

O.BO6 

1.014 

'0.813 

1929 

1.017 

0.750 

0205 

0.199 

0.240 

0.178 

0203 

0.151 

0.?36 

aim 

O.lSl 

0.004 

o-143 

0.155 

0.083 

0.341 

0.148 

na 

ne .” 

na .. 
; 

na 

na 
m 
na 
M 
M 

i.zisi 

9.950 

28.970 

-2a.69R 

31 ASI 

9.101 

7.709 

a9crs 

4-726 

0.116 

0.149 

0.546 " 

1219 

o-783 

0.2m 

0.128 

QW 

12% 

0.98 

1.50 

l.BB- 

4.25 

2.W‘ 

ZBB 

1.67 

12.24 

31.46 

12053 

9.a 

2aaxl 

28.975 

3i.m 

9.213 

7368 

6-m 

4.157 

0.163 1.60 

0.662 6.86 

0.4?D 1.49 

0234 0.81 

0.;126~ 0.71 

0.218 2.36 

0.273 3.61 

0.603 lL50 

1.06!2 25x3 

The repmdudhili~y srandml devhcion (sn) for the combus- 
rionmethod wassrnaIlerrhnor~drothenrodifdKjeI~ 
imhodfor67%of 18smpkseTIisisprimuilyduc~lrrb>- 
malyvatiatioflinYjeldRhl~anldiffererrtu~in 
Icjeldahl~ibnaThe~v.vcragcpoolsdS~~ds,f~the~ 
bwimtmh0dtneO.29aalO.17.mqxxziwly.Ikse average 

standad deviations &I a poled RSD, of 1.4096 and RSD, 
ofO.$Z% for the mge of 147% nitrogen conlen in fertilizers. 

Table 8 pmscnu the hsmmems used in his study, and sta- 
htical cahlatiens of the 10 cansdcurivc: rc+.ive COmbN- 

tion amtlyses. Only 38% of the collaborators achiewd m aw- 
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34-@0 
l&4661\ 

W-M-OB 

11-52-OA 

11-52-08 

14-3741 

14-37-11 

la-57 
1367 

21-w 

2m-o 

lEM-0 

18-8-O 

12-12-12 

12-12-12 

na 

1-O 

0.5 

1-O 

1.0 

0.5 

0.5 

1-a 

1.0 

to 

O-5 

11) 

05 

IA 

O-5 

1-o 

0.s 

1.0 

1.0 

8 
9 

a 

9 

9 

9 

9 

9 

9 

8 

9 

0 

8 

9 

9 

8 

0 

a 

0 

6&lU 

3k142 

3w23 

17B94 
17.730 

11.113 

ll.aM 

13.887 

13.968 

a.969 

1.004 

2op9 

20.788 

17.839 

17.8&l 

11.843 

11.766 

a5.453 

6509 

f.!!i9 11 

O-60 11 

1.33 11 66.611 

3.15 11 123.888 

2.74 11 34.0!30 

0.85 12 17.701 

1.13 12 17.707 

126 11 11.044 

270 12 ll.ltK 

0.79 11 13.994 

l-22 12 13-w 

539 11 0.947 
7.47 11 l.OtUl 

0.47 11 21.041 

0.99 12 2Q.889 

1.62 12 ia. 
129 11 17x7 

1 A4 11 ll.w!j 

3.31 12 11.945 

1.02 12 45.760 

1.72 11 Q.486 

3637 
34.781 

0.43 123 

0200 0.69 

0.443 0.07 

0.483 1.37 

0.302 Ok0 

0.159 0.90 

0205 1.16 

0.145 1.32 

0240 2.16 

O-i?8 1.27 

0.119 0.06 

0.117 12.40 

0.098 m3!5 

0.070 033 

0.151 0.72 

a.084 0,67 

O.M? 0.32 

0.096 0.81 

0.083 0.70 

4341 0.74 

0.103 1.59 

risuid& 
-- *- 

1&34-4-M 

lO-S# 

so-o 

20-04 

llANs?40 

10-3&O 

7-22-s 

8-W 

3-10-m 

12.131 

9.850 

28.970 

29.088 

31.&9 

9.191 

7.709 

7.185 

3-756 

0.116 

0.149 

096 

0291 

0.461 

0.128 

0.182 

O-712 

as 11 12.010 0.1!27 1.06 

1.w 11 961% 0.13fJ 1.41 

1.80 11 29.913 0.312 l.cu3 

1.00 11 28.975 0.254 0.01 

1.46 11 31.923 0.150 0.47 

2.80 11 9.160 0.162 I.77 

1.67 11 7.621 0208 274 

2.53 11 7.197 0300 4.17 

18-98 11 3.881 I 0.571 14.67 

ageWithinthestaMFpxihWmfiortiammonium~ 
bwM%ofrhccW wutEhbklOlIlCCttbeUi~Of 
the Ilzpalbiity SW dcViati~ Edudiig collabara- 
car11,thecouabonudaswhichdidrparfallwirhintbestated 
aituionoflhcnlethal~ dg~My99%of 
theammtimni~.Cdlabdlatatrllobtained9O%recover)l 
caused by not adding enough slxK)sc to Wnples. I-ts 
which use oxygen welusively as the eamicr gas during the 
combuslbn prcbxss mu.% hnvc at least ;14 + I do (w/w) of 



Mb 

l-a 

M 

iA 

05 

1.a 

1.0 

O-5 

0.5 

1.0 

1.0 

1.0 

0.5 

1.0 

0.!5 

1.0 

03 

1.0 

0.5 

l-0 

1.0 

36.336 w363 -o&27 0.906 

34,499 34*74a 5244 1.014 

66.739 67.301 -aYi2 
zm.62a 34.142 5.522 
33617 3x76 02541 
17Jol 17.694 0.W 
17xJ7 17.730 5.029 
ll.CKEI 11.113 5.110 

.11,106 11.204 -Q.om 

13.Qw lh987 0,001 

13.098 14.030 5.as2 

am 0340 0-W 

1.109 l.ooA 0.105 

21.060 20-946 O.llA 

2oaeQ 2f.ur0 -0.l19 

rw32 17.933 O-099 

77227 17.666 0.063 

11.911 11.0A3 O-068 

11.945 ns97 0.048 

45.7lw 45.653 0.707 

6.518 6.6QZ 5.094 

-,--.----m--------m 

Gquiifefliiizers 

XWQA n% 

1044UEt tia 

na 

28-W na 

uAJ43240 na 

1MQ-O fm 

7-22-5. na 

na 

S-1040 M 

12053 l&W -0.078 
Qm2 mm 43le 

29.oos 28.970 0.033 
2a.976 2&390 0.285 
31.973 31.451 O.tiZ? 

9.219 9.191 aoz2 
7.!xa 7.709 -0.141 

6.961 6.909 0.072 

4.157 A.120 O&?Q 
.: 

‘.. : : 

: 
: 

..:, 
,_ : :- 

‘. 

--.._, 

.J 

;’ 

vmssiblc (0 obtain good analyf+l resuhs using amall sample 

0547 

0.479 

3.5se 

1.077 

2127 

0.151 

0.200 

0.140 

oas 

0.110 

0243 

O-099 

0.075 

0.159 

a.658 

0290 

a227 

0.170 

0.480 

0.7A3 

0.299 

OZ.59 

0.53$ 

2% 

2.84 

-2.855 0.92 
5.04e 346 
-1.110 9.01 

0.000 Q-so 

o.oos 1.16 

0.059 1.81 

5.08 216 

o.ca3 1.27 

a.wJ 7.45 

0.052 15.50 

0.081 1227 

~a35 a45 

5-505 0.72 

-a206 o-47 

-o.u?s OS3 

-o.calS 1.30 

-0.396 0.70 

-a.402 0.74 

-0.151 228 

159 

1.38 

5.30 

3.15 

639 

0.85 

1.13 

126 

270 

0.79 

1.76 

1054 
7.47 

0.76 

3.12 

la? 

129 
1-M 
4.m 

1.63 
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5.Qit5 OS 4.25 3.44 
5.557 0.71 2x3 --1x3 
5.w6 238 2.88 -o!z 

O‘MS 3.61 1.67 194 

-0.063 11.50 1X&t -0-74 

-0,229 25.73 31;46 -5.73 
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34.74 
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0.10 0.13 050 O.&J 
a09 8.18 0.54 1.03 

a13 (8.13 O-70 ,'. o-7Q 
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0.13 0.13 1.13 113 

a.11 0.23 037 204 
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0.74 

0.49 054 
023 0.36 

o-14 0.16 
ate 0.18 
0.11 OZG 
0.W 0.14 

027 OS 
0.17 024 

0-S 
0.06 0.09 

d3 
- L63 
1.43 1.58 
0.85 la5 
0.85 038 
184 144 
0.64 l.as 

0.65 0.90 
224 3.69 

1.51 213 
4.53 

8.22 6.04 

- 31.97 - 023 - 0.71 31-45 - 0.78 - 243 

28.89 0.31 0.34 ills 1.18 29.10 0.31 0.33 1-m 1.15 

10-3& la91 0.11 0.13 O.flQ 121 11.04 0.07 0.13 [x66 121 
1oa-o 
aIld8-24& 8-18 022 024 2.71 285 8.22 413 02 1.64 243 

742-b .7.57 - 027 - $61 7-71 - a13 - 1.67 

3-two 4.16 - 1.07 - 2573 A13 - 1.30 - 31-48 
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0.142 0.414 
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0.626 1.968 I'. 
0.373 1.077 

0.03-r 0,104 

0.079 0.227 

O-141 0-W 
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21.121 

21333 
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2l.m 

21.339 
21.114 

21.199 

21Be 
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21.250 
21.115 

m98P 

0.063 0.301 

0.148 0.698 

0.069 O.S9 

aa38 0.278 
- - 

0.026 0.124 

0.074 0.3!50 

O.ti 0.310 

0.m OS%? 
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24.086 
25.178 

a.102 a.400 
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am 1.47l 

0.104 0.411 

0.083 0330 

0.154 0.w 

0.101 0.721 
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0.282 1.136 

0.424 1,790 

02u9 0.830 

On tlW basis of dU.8 obtained in hi3 utudy, it b rxxxxn- 
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gem in fixtihx be idopted fmt action. 
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