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Citizen’s Petition

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. § 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 21 C.F.R.
§ 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), 15t 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 purposes, 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 International and
compiled in the Official 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 15t edition of the Official Methods of Analysis. 1/ 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, 15t Edition. The only method approved for use for human food in
the 15th 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.

1/ 21 C.F.R.§ 101.9(c)(7).



B. Other Methods: The Combustion Method

The more recent editions Official 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 Official 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 21 C.F.R. § 25.30(i) because it is a technical -
change in the regulations.

2/ See Attachment A: Wiles et. al., Routine Analysis of Proteins by Kjeldahl
and Dumas Methods: Review and Interlaboratory Study Using Dairy Products, 81
Journal of AOAC International No. 3, at 620 (1998); Berner and Brown, Protein
Nitorgen Combustion Method Collaborative Study 1. Comparison with Smalley
Total Kjeldahl Nitrogen and Combustion Results, 71 JAOCS No. 11, at 1291
(1994); Bicsak, Comparison of Kjeldahl Method for Determination of Crude
Protein in Cereal Grain and Oilseeds with 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: Collaboratwe Studles, 77 Journal of AOAC International, No. 4
at 829 (1994).



IV. ECONOMIC IMPACT
An economic impact statement under 21 C.F.R. § 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.

Katherine Harris
Vice President and General Counsel
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FOOD COMPOSITION AND ADDITIVES

Routine Analysis of Proteins by Kjeldahl and Dumas Methos-
Review and Interlaboratory Study Using Dairy Produ

Peren G. WrLes and Ian K. Gray

New Zealand Dairy Research Institute, Private Bag 11 029, Palmerston North, New Zealand

Rocer C. Kissuine

New Zealand Dairy Board, PO Box 417, Wellingtos, New Zealand

Collahmntots: C. Delahanty; . Evers; K. Greenwood; K. Gfimshaw; M. Hibbert; K. Kelly; H. Luckin; K. McC

Momis; M. Peterzen: E Ross; M. Valli

The Kjeldahl and Dumas (combustion) methods

were compared in 11 laboratories analyzing sam-
ples of milk, skim milk powder, whole milk powder,
whey protein concentrate, infant formula, casein,
caseinate, 2 reference compounds (glycine and
EDTA), and a secondary reference skim milk pow-
der. The comparison was conducted by using inters-
national standards where applicable. Overall means
were 8.818 g N/100 g by the Kjeldahl method and
8.810 g N/100 g by the Dumas method. No evidence
was found for a congistent bias between methods
that may be of concern in the frading of dairy pro-
duce. A review of more than 10 related trials re~
vealed a lack of consensus in the bias between the
2 methods, suggesting that differences In mothod-
ology and sources of systematic error may be ¢on-

- -tributors. For samples containing >2 g N/100 g, the

Dumas refative repeatability and reproducibility
standard deviations were congsistently about 0.35
and 0.75%, respectively, whereas the correspond-
ing Kjeldanl values declined generaity with N con-
tent and were significantly larger, The Dumas preci-
sion characteristics may be due to the dominance
of Leco analyzers in this trials, and in most other
recent trials, rather than an Inherent methad attrib-
ute. Proteln detarmination methods {or dairy prod-
ucts need to be reviewed and updated. The Dumas
method needs Codex Alimentariug status as a rec-
ognized test method.

temational reference method for detenmining total nitro- -

The traditional (manval) macro Kjeldahl method is the in-

gea (TN) or crude protein. However, with very little time
to analyze lurge aumbers of samplcs, commercial laboratories
no longer use manua] methods routincly. The generic Kjeldahl
method has becen automated 10 various degrees in various pro-

prietary systems (e.g., systems based on block digestion, as
well as Kjelfoss mstruments). Such systems are used widely
even though throughput. still is limited and safety concems are
significant. _I_niulxmenm based on the Dumas (combusn:m)

S ——" " ———

wicthod are an increasingly aursciive alfernative. T T T

More rhan 10 comparisons of the Kjeldahl .and Dumas
methods for detemumngTN have been done (1-16), several of

~Which were conducted as mu‘tﬂuhora(o:y mials (1, 3. 5.8, 10,

13, 16). The range of wnplc:. analyzed in these comparisons is
considerable: cereals, grains. oil seeds. meats. brewing sub-
stances, & variety of plant material, blood serum prolein, pre-
pared foods, and dairy products, most notably milk, skim mitk
powder (SMP), and cheesc. H. Faster (17) conducted a major
trial involving some 30 laboratories analyzing samples of milk
and SMP. Also recanity, M. King-Brink and J.G. Sebranck (18)
ceportad preliminary findings from a comparison trial devoted
to dairy products. In most cases, the fiadings 10 Jate show that
the Dumas technique gives penerally higher TN values than
does the Kjeldshl method. Howcver, the differences reported
vary markedly, and litle consensus has emerged io the way of
an agreed relationship berween the methods. A summary of the
safient features of these trials i< given in Table 1.

_We repont nults of = comparison Uil conducted in 1995
involving commercial lgboratodics using a variety of instru-
meats (based on the generic Kjeldahl and Dumas methods), to
gnalyze a vasiety of dairy products covering a TN range of
0.5-14.5 g N/100 g. We huvc cxamined the precision charac-
teristics of these N determination methods in the oourse o Tou-
tine laboratory operations. We compare our results with those
of previous wials and discuss the possible causes of the varizble
bias in various trials.

Experimental

“The wia) design was based on 2 international standards: In-
temational Dairy Federation IDF 135B (19) and International



Table 1. Summary of previous compariéono at Dumas and Kjeldahl methods

Patia of Dumas meanﬁ(]e)dahl rmean in

Commenis

Study (reference) Samples (year) asivary uhits (Relative bias, %)
Ebaling {19} Animal teadstuffs (1588) Pooled mean 5.72/5.77 (-0.8) Ten laboratories using Colaman 209AN analyzers, Acstenilide used as
o , refpsance. Seven teed samplss in duphcale.
Grpirk at &t (1) Skim milk poader {1863) " 5.88/5.83(0.9) Gollaboratlve European triaf to set Europsan Cormmumity reference mil
, pretein standard. (Used muibpte replicates ) Kjsidahl assays performed
. i wilh Cu catalyst.
; and Rexroad (16 Anima; feedstulfs {( 1987) Pooled mean 8.61/8.58 (0.35) Single Laco instrument. Used lysine-HC|, ryplophan, and EDTA 28

Sweney e : reference agents. Cu Kleldahl catalyst used.

1atant {ormulas and a vadety {2-3) Simg & ingirument {Carlo Erba Dumas analyze?) comparison. Kjeldehi

Bellomente ef al. (2)
Swaeney (V0
Hensen (14)

Smith (12}

King-Brink and SebraneX (8}
Blendel and Vian {4)

Biscak 3)

Buckes (5)

QOaun and Oadlarcq (6)

Jekob eval. 7).

King-Brink and Sebranak (18)
Frister {(17)

Sachen and Thiex (16)

of food cornmadities (1637}
Animal (eedstufts (1 088)

Anirmal (eedstutts (1968)

220 diverse samples in duplicate (1881)

Mea products {1993)
Blood proweing (1983)

Grains, caresls, and ol seeds (1993}

Malt, badsy, and beer (1954)
" Ol seeds (1954)
Liquid milx {1885)
Dairy products (1995)
Daley products (1896)

Cellulasic samples (1897)

Fine: 47.65/47.41(0.5)

Coarse: 31.82/31.50 (1.0)

Kielloss {pooled mean, 2.£)

Kiellet (peoled mean, 4.4)

In 1t calegories, calegoy means
ranged from 4,0543.68 {1.8) to

-3.00/4.01 (-0.5)
16.76/15.69 (1.0)

4% albumin: 40,58/20.73 (2.1)
20% atbumin: 19.77/20.42 (-1.8)
Pooled mean 25.23/25.18 (0.2)
(Nlootinic acid results excluded but
lysine-HCl includsd)

Barlpy: 1.428/1.415 (0.9)

Mait: 1.720/1.666 (2.0)
{Sunfiower sead, 1.8) (Soybean, 3.7)
(Blas depended on sead type)

0.567/0.528 (6.7)
" Positivs and increasing with
high TN confenis

Milk: 0.568/0,544: (2.6)
Skim mi powder: 5.76/%5.63 (2.3)

{Hay, ~3167)

assays parformed with Cu catalyst,

Used closely matched pairs. Collaborelive U.S. irfz). Kjeldah! asseys used
Hg calalyst. Al § Durms insruments werm Leco,

Single Leco instrumsnt. Exarnined ellact of nilrate as sodrce of blas,
Kjelfoas used Hg catalyst, and hiock digestr used Se catalyst,

Single insirument, in-house compariaon of Foas-Heraeus Macro N with
Kjetfoss (usirg Hg catalyst). Nine reference maleridis used in Macro N.

Used closely malched paiis. Kieldah! assays performad with Hg cetalyst.
U.8, comparison,

Single laharatory using Leoo FP-428 and Tecalor Kjeilec instruments, Used
Toacalor Kjeltab S5 catalyst, Relersnce materials not reponied,

Used closely malchad pairs. U.S, comperison with 8 Dumes insirumerts in
7 laboratorias and 3 Kleldah:instruments {using Hy calalyst).

UK comparison with 20 Dumas and a mixture of 17 KjeldahiKjeNoss
instrymsants. (Used 1SO 5725 Hin ao rederence compounds repored.)
Inhouse multi-instrument comparison, (Used nicotnic actd, ghycins, and
ammonium ploluene sulfonate as reference campounds.) Kleldahl assays
used Cu/Mi calalyst.

Singls lahoratory and Dumas Instrument (Leco FP-428) comparizen.

Used clasely matched palrs. Comparigon U.S. tiial using mainly Leco
anafyzers. Kjeldahl assays performed with Cu cafalyst.

Comparnson tsing 30 laboralories. Fallowed 150 5728, Tyrosine usad as
digastion repovery chedk. Kisldahl eatalyst not reported,

Three laboratories using Leco instruments. Bias depended on sample
porasity and eccluded sir. Kjeldahl catelyst not reported.,

TR OURAT TCCON TR TIOA T IYNULWYNYAING YOV JOTYNINOL STy LY SSUM,
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Table 2. Dairy samples used o comparison

Nominal TN content,

Product gN100g
Whole milk (UHT treated) 05
Infant farmula (powdar) 20
Whole milk powder 45
Skim milk powdes 57
Secondary reference skim mik powder 6.4”
Whey protein concentrate (70% protein) 120
Casein (10% moisture) 37
Sodium casginata 145

* Based on a previous comparison Urial using 9 taboratorres and &
total of 83 assays, the wet basis mean Kjcldah! TN conterd was
6.407 g N/100 g, with a repeatability standard déviation of 0.018 g
N/100 g and & reproducibility standand deviation of 0.032 g
N/100 g (21).

Samples

The dairy products used in the trial are listed in Table 2.

Two analytical-grade reference compounds were ajso used:
glycine, minimum assay, 99.7% (theorerically 18.67 g N/100 g),
and ethylcnediaminetetraacetic ackd (EDTA). minimum assay,
99.0% (theoretically 9.58 g N/100 g). Both were Analar grade
(BDH Laboratory Supplies, Paole, United Kingdom), Samples
of reference ¢ompounds were supplied from containers sharing
conumon barch numbers and were subsampled into 50 mlL
serew-lopped plastic sample containers.

The secondary reference powder wis 4 commercia] SMP that

had been analyzed in an earlier comparison wial to determine ils
“mean Kjeldahl TN content (6.407 g N/100 g wet basis: 21). -

Sample Preparation
For ufl the dairy powder samples, except the infant formula

" and secondary reference SMP, a single 25 kg bag of each was

obuaained from a commervial factory. The infant forinula was
obtained from a retail outlet.

Uttra high temperacre (UHT) treated commercial cartoned
whole milk (Anchor Blue Top) was used. All the cartons used
were taken from the same production run (February 22, 1995),
and homogencily among cartons was confirmed by sampling at

_ . ravdom and analyzing peior to use in the trial.

To ensure homogeaeity, all powder samples, except the sec-
ondary reference SMP, were blended (Quadblend blender,
'Uniwoch Tadustries, Auckland, New Zeatand) for 30 min. Im-
mediately afier blending, samples were transferred to an air-
conditdoned roam wherc sumples of ¢4 30 g were placed in foil-
laminated sachets that were immediately heat-sealed.

Analysis Procedures

Laboratories set up and opecated their (macro) Kjcldshl

block digestioa and distillarion equipment sccording o manu-

- facturers™specifications. Block digestion was performed with
- CuSO4-SH,0 catalyst. Digestion times were in the range

G0-150 min. The 3 Kjelfoss instruments used 0,78 g g0 with
adigestion time of 6 min. For the milk sample, Kjeldahl assays
were performed with a S g sample.

The Dumas instruments also were set up und calibruted ac-
cording ta munufacturers’ instructions. Six luboratodies with
Leco instruments used a furmacc temperature of 950°C:; one lab
used 800°C. The Leco instruments were operated with an oxy-
gen profile of either medium-high-high or high-high-high. The
Foss-Heracus iastrument was operted with a furnace empera-
tre of 1020°C.

The Ishowtaries were requested 0 verfy the perform-
ance/catibration of their instruments according to their acered-
ited standard procedures prior o analysis of trial samples.

On reecipt of a set of samples, laboratories were asked ta
perform 6 replicatc assays of each material on each instrument.
Kjeldahl assays werc conducted according to IDF methods

(22-24). Dumas assays were conducted according to methods
specified by instrument manufscturers. Pacticipants also were
asked (o perform 6 replicale moisture determinations of the
dairy powders. Where possible, moisture determinations were
performed concufrently with the TN assays, using the 102°C
oven-drying refeence method (25).

({ a laboratory was unable to complete lhe series of assays
in one day, it wak direcled 1o repeat the glycine and EDTA ref-
erence agsays and 1o analyzc the dairy products in the following
sequence w0 avoid the possibility that all low-protein samples
were analyzed on one day and all high-protein samples were
analyzod on the other, with the possibility of intcrday bias in-
flucncing the cesults: day 1: Glycine, EDTA. whole jlk, SMP,
whole raitk powder (WMP), casein; day 2: Glycine. EDTA, in-
fant formula, caseinate, whey protein concentaate (WPC), sec-
ondary refercnce powder

* Finally, the New Zealand Dairy Research Instiwte por-
formed nitrate and nitrite assays on cach of the dairy products
according (v e nesthod of the U.S. Environmental Protoction

-~ Agency (26).

Instruments

Table 3 summarizes the. instruments of participating
laboratories.

Statistical Analysis: Screening for Qutliers

The process for determiaing outliers involved the follow-
ing steps.

. (I Results were screened for oudying laboratorics by (ie
Cochran test (testing far (be homogeneity of inwalabaratory
vanances). This continued untl no more than 2/9 of the laborato-
ries had been discarded (19). A significance Tevel of 1% was usxt.

(2) For laboratorics identified in (1), Grubb's single and
double tests were applicd (also at the 1% level) to determine
whether the outliers of any of the outlying, laboratories werc
due to isolated (i.e., 1 or 2) outlying values (20). The outlier
analysis deviated from IDF 1358 (19) and followed ISO 5725-
2 (20) bocause IDF 135B requires rejection of all obscrvagons
from an oudlying Laboratory. not just a single discrepant value
that might have produce an outlier, There were somc obvioas
examples where single discrepant values inflated the variability
used in the owdicr (est.

(3) For laboratocy means (i.c.. for a pgritcular product), the
Grubb's single and double tests were used to dewrmine whether
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Table 3. (sboratories participating in comparison and their instruments

Laboratory Kjeldatl (Model) (Catalyst) Dumas (Modet)
NZDG, Ta Awamutu No suitable equipment Leco (FP42a)
NZDG, Rautapu Kjewtosa (16210} {Hg) Leco (FP-428)
NZOG, Waitoa No suitatile equipment Leco (FP 428)

Tui Milk Products Lid., Longbum Buchi (435 digestion unit; 323 distilation unit) {Cu) No suitable equiprment
Tk Mtk Products Uid., Pahiatua Qedhardl (Vapodast 6) {Cuj Leco (FP428)
Noahtand Coaperative Dairy Co. Ud., Kauri Gerhardt (Vapodest) {Cu) Leco (FP-428)
Kiw Dainas L., Hawera Buchi (435 digestion unit: 425 distillation uniy) {Cu) Foss-Hemeus (Macra N)
MAF Quality Managersent, Aucktand Kjelfoas (16210) {Hg} Lecu (FP-42g)
Grayson Labocatories Lid., Auckiand Gerhactt (Vapodest '2) {Cu} Leco (FP-42B)
New Zezand Dalry Research Institute Kjeffoss (16210) (Ho} Leca (FP-428)
Agriculture Victaria, Kyabram Dairy Centre. Victotia  Buchi (435 digestion unit; 323 distillstion unit) (Cul Leco (FP-428)

any laboratory was biased with respect to the majority (20).
Such meuns otherwise would iaflate the between-laboratory
variance and therefoec the repeoducibility.

Outlier tests were applied with the assumption of an oqual

“numbcr of observations in each cell Gi.e., for each product-

laboratory combination). Wheq 2 lsboratory submited orly uae
resule, say a moisture detemination, the result was teesied 3s if it
was the mean of several observations. Although this aearment al-
lowed use of Grubb's outlicr test, there would have been only 4
smull increase in the chance of falsely identifying an outher.

Values not identified by the abovc procadures but suspecicd
of being discrepant (¢.g.. yielding a protein content greater than
the possible value, as with sum of protein and moisture and
expected minecal content significantly exceeding 100%) also
were removed.

Laboratories were notified of their outliers (significant at
P=1%) and stragglers (significant at P = 5% butnot at P = 1%,
20) and were asked to check and confirm their reeords. Upon
confirmuton that there wers no transcripton, calculation. or

instrument &rrors, stragglers were retained but oudiers werc re-
nwoved froo the finul data set.

Calculation of Precision Characteristics

Estimates of repeatshility and reproducibility standard de-
viations (RSD, and RSD,. respectively) were calculated ac-
cording to the procodure given in ISO 5725-2 (20) by using
one-way analysis of variance (ANOVA) to extract relevant
vasiance components. L

A test of whether 4 significant bias exists between methods

was peifonncd with the laboratorics as a separate effect, by
~ using a generalized lincar model proceduce. This procedure 3-
" lowed 2 2-way ANOVA to be performed on data sets that were

nat fully balanced. Strictly speaking, this procedure assumed
homogeneity of variances across both methods and all tabora-
tories in the trial. However, the finding of no significaat differ-
ence between metheds for most of the samples was expected to
sull apply.

Results

-We use coded laborawry numbers to refer (o resules of spe-
cific laboratories to preserve aponymity. Six of the 9 laborgto-
ries using the Kjeldah{ assay und 7 of the 10 laboratories using
the Dumas assay conducted analyses over consccutive days.

Screening of Outliers

Alcvel of significance of P= | % was used with the Cochran
and Grubb's tesis 1o reject outliers and P = 5% was used to
identify stragelers. Genenlly, stragglers were retained ualess
some other attribute providod additional basis for rejection.
These significance levels arc similar to those adopted by
Griepink el al (1), but slighdy different significance critetia
have been adopted by other rescarchers. Frister (17), far exam-
ple, used Grubb’s test at the P = 5% sigoificance lcvel to reject
discrepant laboratorics Sweency (10) also used P = 5% as the
significance level to detect sample X laboratory interaction ef-
fects. A difference in significancce level 10 accept of reject out-
liers can affect estimutes of repeatabifity (r) and reproducibility
(R) and mean values depending an the distribution of the results.
We believe our basis for rejecting outliers was conservative.

To addition to outliers identified by sequentiad use of the Co-
chran and Grabb’s (ests, some values were rejocted on technical
grounds. Laboratory 9 presented Kjeldahl caseinate TN values
that averaged 15.1 g N/100 g. Conversion of this TN valuc toa
protein basis (x6.38) gives a protcin conteut of 96.3 /100 g
However, the pooled mean moisture content of the sample was
4.65 g/100 &, and laboratory 9's moisture valuc was consistent
with this pooled meau, So cven before niveral and minor com-
ponents of the sample are considered, the composition already
exceeds 100%. Therefare, laboratory 9's TN results were re-
jected on the grounds of being, at best, suspect. The same was
tnue for Kjeldahl cascin results submiuzd by faboratory 9.

Kjeldahl results frora laboratory 3 revealed a single outlier
or straggler for several samples analyzed. Discussion with the
Iuboratory st revealed that onc Kjclfoss flask liad been faulty.
Resulls from this flask were rcjected. Further scrutiny of this
laboratory’s results showed that anothes sample not highlighted
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by staistical screening was alzo aﬁected Values for this sample
alwo were excluded

Scrutiny of SMP results of laboratory 2 revealed that in-
advertent substitution of the SMP sample by the secondary

reference SMP had occurred. Accordingly, these SMP re-

sults were excluded.

Laboratories 1 (Kjclfoss), 8 (Kjelfoss), and 10 (Buchi) re-
poried Kjcldahl TN recoverics from EDTA in the range 85.6-
96.6%, substantially Jess than the means from other laborato-
rics, which averaged >99.5%. In a previous mial we conducted
(21), where we also used EDTA as a refercuce standard, we
found that some laboratories (notably those using Kjelfoss in-
struments) experienced difficulty in obtaining thorough diges-

tion of this matenial. On the basis of this experience, We ¢x--

cluded these EDTA results from calculation of the overll
EDTA mean,

Overall, sabout 8% of the TN results (including the refereace
matenials) were excluded for the various reasons noted above.

With the exception of the second-day assays of reference
compounds, all fina! method comparisons were made with a
data pool of at least 44 results for each method. With the excep-
tion of EDTA, each pool contained conuributions from at least
8 laboratories.

After removal of outliers, the overall pooled mean for
Kjeldah! assays of the dairy products was 7.374 g N/100 g.
With inclusion of the 2 reference compounds, it was 8.818 g
N/100 g. Corresponding valucs for the Dumas assays were
7.346 and 8.810 g N/100 g. Ratios of the Dumnas means to the
Kjeldahl mecans were 0.9963 and 0.9992, respectivcly. These
results cun be compared with the corresponding raw data
means, before removal of outliers, of 8.806 g N/100 g (Kjcldzhl)
and 8.817 g N/100 g (Dumas), giving 2 Dumas/Kjeldahl ratio
of 1.0012. The pooled means (both with and without outliers),
standard deviations (exclusive of ovtliers), and numbers of dc-
ocpted assays for individual samples are shown in Table 4. Re-
sults of a 2-way ANOVA comparison of methods (by labora-
tory and method) also are shown in Table 4. Method differences
wero significant only for milk, infunt formula, WMP and WPC,
Estumates of Kjeldahl and Dumas RSD, and RSDy are shown
in Tuble 4 and ptoued in Figure 1.

Niwrate und nitge concentrations in the dairy samplcs are
shown in Table 5. Calculated recoveries of N from reference
materials are shown in Table 6.

Comparison of Results with Those.of Othet Thals

Differences between results of Dumas and Kjeldah! meth-
ods are plotted in Figure 2. We chose to plot scparately the

. mcan valucs for EDTA aud glycine obtained on days | and 2,

as this provided an insight into the likely day-to-day variations
that were expericnced in instrument calibration/performance.
Foc comparison, in Figure 3, we plotied the main results of pre-
vious studics on a similar basis.

1t is evident that our findings differ significantly from most
previouxly published work in 2 important respects. We find no
significant cvidence for a posiive bias toward the Dumas
method;, neither do we find a tendency for the bias 1o increase
witls protein coacentration. We lso note that this trial covers a

Table 4. Summary of results

d

Mean moisture content
{standard deviatian,
9/100 g} (No. of accegte
observations)

F-ratio comparlson of
estimates of method

standard deviations: level
o signilicanca (P)%, %

, ASD, and RSDy;
RSD, and RSO

Esfimates of relalive
glandard deviations, %

level of (Kjeldahl
Oumas,

2-way ANOVA comparison
signflicance (£, %

ol method means:

mas mean, g N/100 g
(No. of accepted

observations) [Mean
inelusive of cutliers)

) {(Mean

inclusive of outllers)

{

Kjetdah! mean, g /100 g Du
Ne. of accopled
obsarvalions

Sample

0.537 (63}
1.867 {54}

4,350 {80]

2,68 [0.17]{38)
3,67 (0.13] {35)
.92 (0.04) {30)

NAP
254 {0.08436)

<0.001 <0.001
1.8 <0.001%
<0.001 <0.001

<0.001 <0.004
<0.001 <0.001

1.7 4.1 0.48 .72
1.47 2.62 0,33 0.82
0.74 2.29 0.48 0.87
084 1.0 0.330.72
0.85 1.56 0.30 0.62

065192073
0.59 1.56 0.31 0.74

«D.D4
<D.01
3.6

e —

498
1.930

S e -

5.773 (54)

0.553 (59} 10.552)
1.905 {53} [1.689]

4,087 (53} |4.381)
5.767 (47) [5.844)

6.411 {47} 16.354]
9.601 [59) (9.303]
12.611 (51} (12570)

13.847 {44) [13.532)

Infant Foomula

Milk
WP
SMP

NA

4,02 [0.22}(42}
9.8 10. 11](4%)

0.02 «0.00t

27 <«0.001

<0.001 <0.001

13
81
1.5
a0
20
"

— —

0.34 1,16 0.30 0.64
0.59 1.33 0.350.62

0.400.810.330.73

4.65[0.14){41)

037 «0.001
7.0 193

NA

-— -—
— -

12575 {58} |

Seoondary Reference SMP
EOTA (day ! + day 2)

wrC

13.863 {58} {

Cassin

14,483 {4£} [14 526]

Caseinale

18.611 (68) (18.664]

Glycine (day 1 + gy 2}

{hat Is. the easer of the 2 areas (hal Is Isss than ar greater than the obasrved stafigic. This accommodales siluations wherse riDumas) > (Kjeldahl]

and riDumas) < r{Kjeldahl) stc,

1 pyalues were caleulated Irom the lesser \ail area,

b NA. not aodlicabla.
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Figure 1. Comparison of Kjeldahl and Dumas
precision characteristics: relative repeatablifty and
reproducibliity standard deviations. Key: +. Kjeldahl
repeatabiiity; X, Kleldahl reproducibiiity; 0, Dumas
repeatabliity; [, Dumas reproducibility.

[No. of abservallons retained (day 1 + day 2))

range of TN values (0.5-18.6 g N/100 g)—and protein con-

tents rangiag from 3.5 g/100 g (whole milk) to 924 g/100 g

(caseinate)—that is broader than in most previous compari-

sons. The overall picture suggests a lack of agreemeal among

the various tials of a consistent trend in the relationship be-

tween the methods, implying that some variables are ot being
- controllcd adequately during these comparison trials.

99.7 |66]
100.1 [47]

100.2 59)"

Repeatability and Reproducibility

Figurc 1 shows the behavior of the estimates of RSD; and
RSDy for both methods. For the Kjeldahl method analyzag
milk, RSD, (0.65%) and RSDg (1.9%) values are considerably
greascr than those determined by Barbano etal. (27, 0385 and
0.504%, respectively) bus close to those reported by Grappin
and Horwitz (28: 0.51 and 1.02%, respectively). The ealierse-
ported values relate strictly to milk and were oblained under
formal collaborative wrial conditions. On the other hand, our
O samples were analyzed routinely in commercial ksboratories .
T and were not accorded any spocial treakment.
" The passible effect of widening the scope of the Kjeldahi
method from milk to other dairy saraples is suggested by the
incréuse in RSDg vaduey for infant formota, WMP, and SME.

Mean Kjeldahl digastion N recovery, %
[No. of obsatvations retalned (day 1 + day 2)]

Table 5. Nitrate and pitrite content of sampies

, Kjelsah! wet basis)

Sample Nitrate, po/g - -~ Nitrite, pg/g

wMpP , 47 <1?

w0 SMP 49 <1
RO WPC s <1
Casein ~ ‘ 122 49

Sodium caseinate 44 <1

Infant formuta 135 <1

o E———————— =

¢ Detactabia limit. 1 un/a. .

Table 6. Details of relerence compound performance in this work aftet removal of autl{ers
* Laboalodes 1, 8 (both Katoss), and 10 (Buchl) were removed from the set usedv’to calculate these values,

Refarence compound (TN, g N/100 )
Secondary reference SMP (6.4_07

EDTA (9.58)
Glycine (18.67)
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Figure 2. Difference between Dumas and Kjeldahl
methods (this work). Key: +, pll data Including outliers;
%, data excluding outliers. Samples: 1, milk; 2, infant
fonmula; 3, WMP; 4, SMP; 5, secondary reference SMP;
6. EDTA (days 1 and 2); 7, WPC; 8, casein; 9, caseinate;
10, glycine (days 1 and 2).

The relative precision of the Kjeldalil methiod tended to im-
prove as the TN concentration increased. In contrase, the Py~
mas method gave almost uniform RSD, and RSDy valucs
(ubout 0.35 und 0.75%, respectivcly) for all samples with >2 g
N/100 g. They were typically less than half the comrespanding
Kjeldaht values, and the diffcrences in variability were signifs-
cant in many instances (I ratios sliown in Tablke 4). The Dumas

RSD, and RSDj values compare very favorably with those re-

ported by Sweeney (10; 0.59 and 1.1%, respectively), although
Sweency's samples were amenal feedstuffs that would have

been less bomogeneous than our daity samples, The supcrior
performance of the Dumas method is also consistent with ro-

O e

sults of, mbcumdw..(.ua_m,

The substantally higher RSD; and RQI),1 values from the
Dumas method for milk may bave been due to use of Leco
equipment that wus configured for sampling of solid materials
rather than handling of liquid samples. In additcon, sample size

_ may not have been optimal for low TN levels, because the pre-

cisionimproved dramatically as the TN fevel increased to about

- 4 g N/100 g and was essentially uniform thereafter.

In this trial, and esscatia)ly in all published comparisons in
the past 10 years, Dumas analyses have been performed pre-
dominantly with Leco equipment. The exteny to-which preci-,
Slon ¢haracteristics depend on the proprietary brand of instru-
raent rathet than bemg a geieric pmperty af the Dumas method
is unc!car. As dcvelopmem of inRlruments continucs, (urther

- “irfiproverients in accuracy will be achieved (e.g., see Sachen &

Thiex, reference 10, regarding recent Leco improvements).
The performance of any standard method therefore needs (o be
re-examined periodically.

Differences in N Delection by the 2 Methods

In theory, the 2 methods may not measure the sanie level of
protein in a sample. The Kjefdahl method measures TN from

= °3°]’ o
g 0251 /"/
Z an e
? 020 A - ]
= Lt
g os b /// e
? If“ ,«“ _,.a"'/
01 e -
rd
g
g 0051 5 oy
-
8 0.00 w12
00 T -
4a 16 4.Tn«a w“oru
B : et w W
3 -om— . - —_ :
= 0 5 10 1 20

Meen TN Camtent (g NGO )

Flgure 3. Comparison of mean blages reporied in
other trials. The rays from the orlgin correspond to
jn¢reasing relative blases between the methods of Q, 1,
and 2%, respectively. Legend: 1, SMP (1); 3, cereals (3);
43 and 4b, blood albumin (2 and 20% solutions; 4); 5a
and 5b, baney and malt (5); 6a and 6b, sunflower seed
and goybeans (6); 7, milk (7); 8, meats (8); 10a and 10b,
animal feeds (1 mm and 0.5 mm grind; 10); 11a and 11b,
milk and SMP (17); 12, dairy products (18); 13, animal
fonds (13); 16a and 16b, hay without and with sample
pelletization (16); this work, dalry products and
reference compounds.

all or_samc molegules in a sample that can be cooveried o am-

. moma. Inorganic N, of. which the prmc:pa.l source in dairy

pfoduas would be pitratc (NO3)and nitrite (NO3).is assumed
not to be measured by tic Kjeldaht method. Howcver, all forms
_of N~mcludmg both organic and indrganic plus dissolved N.
"and occluded atmospheric N—are expected to be mcasured by
the Dumas method. Nitrates and niteites are the most common
forms of inorgunic N that the Dumas method 34 likely to deteet
in foods and feedstuffs. Many plant materials, preserved meats.,
and some types of cheese can contain levels of either NOj or
NO3 that could clevate TN vaues by tlic Dumas method refa-
tive to the Kjeldahl method. Nitrate Icvels as high as 3000 pg
NO3/g (wet basis), which corresponds to about 0.07% N (wet

. basis), have been found in some vegetables (29). An inorganic

N level of this order should result in a significant systematic
differcnce betweeh methods. Dried samples, or assays ©x-
pressed on a dey basis, would result in cven greater absolute
differences between mothods.

Hansen (4) reported up to 1.14% N ax NO3 in plunt sam-
ples used to examine method bias, Even ot such high levels of
NO73, na correlation with method bias was found. Sweency and
Rexroad (15) reposted that one of their samples containcd
0.19% N as NOj but it accounted ooly partly for the anomalous
wethod bias found with this sample. These (indines suggest



WiLEs BT AL Journal OF AQAC INTERNATIONAL VoL, 81, No, 3, 1998 627

that the late o NO3 (or any inorganic N) in bothincthods needs
further exarminatian and, vatl resolved, contribites to method
bias uncenainty.

With the exception of Sweeney and Rexroad (15), Hansen
(14). and Siachen and Thiex (16), none of the authors of pub-
lished comparisons (1-13) reported levels of NOj or NO7 in
their samples. Where NO3 or NOj levels are normal m dairy
products, this systematic error between the 2 methods would be
insignificant. For example, a milk contaming S ug NOy/g
would give rise to a N concentration of 1.12 pgfg, which is
equivaleat 1o 0.0007% as milk protein. Only when a product is
contaminated significandy with NO3 or NO; at levels preater
than 150 pgfe (in rotal of the 2 anions) would the diflerence
between methods become significant (>0.005% N Dumas -
Kjeldaht). The NO3 and NO; concentrations ia samples used
in this trial are shown in Table 5. Al are substantially less than
100 ug/g; thus, negligible bias resulted from this potential
source of error.

Reference Compounds

Inernational Stndard IDF 20A:1986 (22) provides a
choice of reference compounds (wyptopban, phenacetin, and

. lysine-HCI) 10 verify digestion of organic N in the Kjeldahl

method. Thic standard has heen supemseded by IDF
20B:1993 (23); which offers a choice of only tryptophan and
lysine-HCI. This change brings IDF 20 into line with the recov-
ety verificavian procedure specified in AQAC Official
Method 991.20 (30). Despite these requirements, laborataries
in this triad used & varicety of compounds 10 verify recovery per-
formance of their Kjeldahl instruments, iacinding tryptophan
(3 Yabx), acclanilide (2 labs) and lysine-HCI, nicotinic acid,
mis(hydroxymethyl) amino methase, glycine, and 4 secondary
refcrence WMP (one lab each). Lrespective of the compounds
used, in all cases. Jaboratories achieved the required >98% N
recovery threshold specified in the standards (22, 23, 30). In
addition, one labaratory used ammonium sulfate to verify dis-
tillation performance.

At the time of the trial, no standard method was available for
operation of Dumas instruments for analysis of dairy products.
Only after completion of the trial did a draft provizional stand-
ard become available from the TDF (31). EDTA (indepcndent
of the EDTA supplicd in the trial) was used as a primary refer-

- ence compound o calibrate the [.eco instrumeants according to

manufectirer’s recommendations.

Use of Refarence Compounds To Verify Method
Efficacy ’

Use of reference compounds in method comparison tnals
differs widely. Some trials note the usc of rcference com-
pounds, but present no N recovery results for either the
Kjeldah! method (4, 6, 12, 14) or both methods (5, 16). We are

_ inclined to place less weight on the results obtained in such

cases. Other trials reported results from using a variety of
Kjeldshl recovery or digestion verification compounds and rel-
erence malcrials. Bellomonte ot al. (2) used acetanilide and at-
ropine; Sweeney & Rexraad (15) used lysine-HCl, tryptophan,

as did King-Brink and Sebranek in poth of their trials (B, 18).
Riscak (3) used nicotinic acid, lysine-HCl. and oyptophan at
some laboratories in their Dumas instuments; Daun and De-
clercq (6) used nicotnic acid, glycine, gnd ammonium p-tolu-
ene sulfonate; and Frister (17) used tyrosine. Hansen (14) vsed
nicotinic acid followed by 8 reference amino acids w calibrate
the Leco. Ammonium sulfate, nicotinic acid, and acetanilide
were used to confim performance of the Kjelfoss. and the
Kjeliec analyzer was calibrated with ammoninm sulfate.
Ebeling (13) used scetanilide, Sachen and Thiex (16) stand-
ardized their Leco with uric acid (subsequently replaced with
urea) and checked calibration with lysinc-HCI and a refercrwe
peach leaf sample. Smith (12) used aspartic acid to calibrate the
Foss-Heraens Macro N instrument and tested performance
with 9 reference compounds. The diversity of calibration pro-
cedures and reference agents suggests that greater use of, anc
standardization in the use of, refercnee and recovery verifica-
tion aids would facilitate companson of diffecent teials.
Lysine-HC] and wyptophan are specified a3 alernanve di
gestion validation compounds in TDF 20B:1993 (23) wu
AOAC 991.20 (30). However. recent unpublishied results by
Dutch researcherx sugpest that when used in the block digestior
procedure, these 2 compounds may not be equivalent as diges
tion verification agents (32). The Dutch recults (Table 7) rug
gest that lysine-HCl is less eacily digested than tryptophan
even at a block temperature of 425°C. (Further details of diges
tion conditions were pot reportad, and only one result with ryp
tophan exceeded comfortably the 98% recovery threshold.
The difficulty with obtaining setisfactory N recovery from ly
sine-HCI when used in block digestors using Cu catalyst is cor
roborated by data published by Tecator (33) for their Kjelie
autosampler sysicm. According o the data, even after 60 mi:
digestion, meun N recovery from 6 replicates is only 90.0%
compared with essentially 100% with a Hg cutalyst and 30 mi
digestion. The data also show N recoveries of <93% for lysine
11ICl with Se and Ti catalysts and 60 min digcstion (the longe:
time reported). Because block digestion is currently the mot
commonly vsed version of the Kjeldshl method in commercit
luborutorics, lhe repuried diflicultes in recoveeing N from 1y
sine-HC! highlight concerns regarding the equivalence of ref
erence compounds and the integpretation of recovery results.

Table 7. Reported N recoveries with tryptophan and
lysine-HC! in block digesters”

Digesfion recovery. ‘%

wﬁﬁiﬂc Tryplophan Lysine—HCl___
410 97.4 918

410 97.8 896

410 98.1 87.1

425 99.2 83.9

425 97.4 © 905

425 08.2 a0.7

" Permizaion to publish theae results was given by RIKILT-OLO,
Wageningen, The Nethedands, and we are gratedul for their

P NS
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Both Kjcldaht standards (TDF 208:1993 Parts 1 and 2, and
AOAC 99120) require >98% N recovery for <ample digestion
(23, 30) dwring method verification. N recovery in aay Kjeldahl
insurument that just satisfies this imit implies the potential for
a negative biay of up to 2%, relative 1o the true N content of (he
reference sample. If a Durnas instrument in the same laboratory
is calibrated to atwin 100% N recovery. then an appurent rela-
tive hias between the 2 instruments of up to 2% would manifest
iself. The upper ruy in Figure 3 represents a 2% relative biss
berween the methods. Several resolts in other trials are very.
close to this bias level (data points 42, Sh, 63, 11x), a few ex-
ceed 1t (data pointx 6b, 7, 11b, 16a), but most are well within
this limit (data points 1, 3, 4b, Su. 8, 10a, 10b, 12, 16b; mostly
consistent with a rclative bias of sbout 1% and shown by the
middle ray in Figure 3), This distribution suggests that a num-
ber of Kjeldahl instruments in somme of these tals were operat-
tug with bantly adequate digestion or N recovery. This conclu-
sion reinforces the need to report the N recovery from a
standard set of reference compounds (0 [acilitate interpretation
of dissimilar results.

Aole of Reference Compounds in Interpretation of
Published Trial Results

In some trials, rcference compounds performed 2 roles.
They were uscd to verify performance {(or trueness) of the
Kjeldahl systern (as required by the standards), and in some
cases, The Kjcldah) performance verification results were in-
cluded as part of the basis to compare the 2 methods by per-
forming a comespounding set of assays in the Dumas instru-
ments on the same malcrials. This at first sight appeans
desirable, but care is required. Some important questions can
arise. H the N recovery verification critcrion for the Kjcldahl
method is not met—especially when 2 reference compounds

_ ar¢ used and an instrument fails to meet the criterion for both—

should Kjeldahl results for other samples from this instrument
be used in the overall method comparison? Or should the rest
of that instrument’s results be rejected? It is apparent from pub-
lished rexults of trials that either approach can be waken.

One view is that the validity of all samplc asssys from an in-
strumneTtt ix potentially suspect, if the nxeovery criterion is not met.
Total rejection of all results from the instrument not fulfilling the
method recovery venfication criterion would be justified as apre-
caution, and we will call this view the precantion:ry approach.

The other view is Lhat even if the Kjeldahl recovery verifi-
cation criterion is not met rosults of ensuing assuys could sull
be valid if it is axsumed that reference compounds are apprecia-
bly harder to digest than the samples analyzed. Thus the refer-
ence compounds urc treated as a worst case. Despiie our reser-
vations regarding the robustmess of this upproach, we will call 1t
the opimistic assumption. However, if the assumption is aot valid
(i.e.. samplcs in foct are not adeyuately digested) and the Dumas
performance i« satisfactory, a method bias becomes a cenainty.

The precautionary approach itsclf is not inherently robust. 1f
recovery verification is pesformed with an agent duat is easily
digested (e.g. glycine) and the recovery critenon i meg, it does
not follow necessarily that ensuing samples for routine or trial
analysis would be adequatcly dieested. In this case. the credi-

biliy of results may be no greater than if the optimistic assomp-
tion had becn adopted in conjunclion with difficule-to-digest
recovery verification compounds. However, by following the
standard method (i.¢., by using ryptophan ot lysinc-HCI), it is
assumed that the specified recovery verification compounds in
the standard havc been selected for their robustness refating to
the range of materials included for analysis that i« prescribed in
the scope of the standard method. (Despite the reportod differ-
ences noted between the digestbility of lysine-HCl and trypto-
phan | Table 7]. either may be adequate {or recovery veafics.
tion depending on the method's scope.) Thus the precaglionary
approach is Tost secure when it is adopted with strict adher-
ence to the method verificanon procedures laid down in the
rclevant standard method.

A more subtle aspext of the optimistic assumption is impos-
tunt when the same amino acids used as recovery verification
agents occur in the protein substrates jncluded in the tial (e.g.,
lysine-HC], tryptophan, tyrosine, and glycine). The prohlem
with this assumption and the use of these compounds is that, if
there is incomplele digestion of the eefercnee amino acid at the
recovery verification stage. then as constituents of the proteins
in the tria] samples, there iy the possibility of incomplete diges-
tion in the samples as well. Consoquentfy, the Kjeldahl resulrs
could vary berween camples as the: amino acid profilcs vary and
the results would have a propensity to be biased below the Du-
mas results. An inconsistent bias could appesr.

Results of Sweeney (10), Biscak (3), and King Brink and
Sebranek (8, 18) and our own unpublished results show that
Kjeldsh] instrumests have greater difficulty in recovering N
from nicotinic acid than {rom cither lysine-HCI or tryptophan.
Sweeney (10) noted that § of 9 faboratories obtained low
Kjeldahl recoveries from nicotinic acid and that 2 of the 5 also
obtained low recoveries from lysine-HCI. Accordingly. these
2 Jaboratories had their Kjeldah! resuits sejected from further
analysis in Sweeney'x trial. This appears to be an example of
the precantionary upproach, and we have no resewnuum re-
garding the overall resulls.

Biscak (3) used a cornbined appmach in which results from
3 Kjeldahl instruments were compared with results from 9 Du-
mas instruments. The resulis for both nicotinic acid and lysine-
HC) were included directly in the method comparison. How-
ever, because of low recoverics reporied for micotinic acid.
2 overall mean biases were quoted: 0.25% prolein (Dumas ~
Kjeldahl) with ‘the nicolinic acid results included and
0.05% protein (Dumas - Kjcldahl) with the nicoamic acid re-
sults removed. We think the limited number of Kjeldah! labora-
tories, (ogether with the dual role of the recovery compounds (dis-
playing mixed Kjeldahl efficacy), is cause for some concem. In
thix trial, statements of the overal] bias with and without inclusion
of nicotinic acid results suggest that elements of both the optimistic
assumption and the precautionsry approach have been adopred,
with the readers able 1o weigh their infarenees uccordingly.

King-Brink and Sebranck (8) seem 1o have adopted a less
rigorous approach. Six of 12 Kjeldahl instrumnents failed to
achieve 98% recovery verification with nicotinic acid and § of
the same 6 fuiled (o achieve recovery verification for lysine-
HCL Despite apolication of Grubb's sinele and double tests and
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Cochran’s test to the full set of results from the Kjeldahl instry-
ments, no outliers were detected. Resulrs fram the 5 laborato-
rics that failed to achieve the method recovery verification ¢fi-
terion for cither reference compound appesr to have been
retained and used in their overall marhad comparison. The va-
lidity of this approach seems to hinge on the optimistic assump-
tuon. Incorporation of results from instruments that were unuble

. todemonstrate satisfaclory recovery parforménce (almost half

the instruments) raises doubt in our minds regarding the overall
method companison, In trials that encountered difficulties with
the optimistic assumption approach, variable bins would be the
likely outcome.

We have burgely adopted the precautionary spproach and
bave avoided merging of recovery verification results with the
main body of results by insistiag that insqument calibeation and
performance verification be performed independently and suc-
cessfully in accordance with each laboratory’s accredited pro-
cedurcs before analysis of tial :amples. It might be arpucd that
the use of EDTA as a primary calibration agent for Dumas
(Leco) insteuments and as a reference compound in the trial
represents u degrec of blurring of tmial assay results with jnstru-
ment calibcation. Sweeney and Rexroad (15) also used EDTA
a8 a reference agent for both their Dumas and Kjeldahl jastru-
ments. Any difficulty experienced by 3 Kjeldahl instruments
digesdng EDTA was not an attribute of general digestion defis
cicncies because of prior achievement of the N recovery verifi-
cation criterion with reference compounds already noted. o

. -previous use of EDTA as a recovery referénce compound (21),
- we had observed that some Kjeldahli instruments (notably Kjel

- fos{ instruments) experienced difficuity recovering N from ir;

however, in this carlicr work, these instruments were not asso-
ciated with s inobility to recover N from SMP samples. With
this forcknowledge and with use of 2 other reference materials
(glycine and secondary reference SMP). we consider the approach
to be robyst (see Table 6 for reference recoveries attained).

Effect of Blanks .

Sechen and Thiex (16) Investigated the effect of atmos-
pheric blanks axsocited with occluded sir in (Tuffy, porous, und
fibrous samples on method bias. Various amounts of occluded
air werg found to be responsible for much of the method bias.
Once the sumple was introduced into the Leco analyzer in the
form of a dense pellet, the size of the blank could be reduced

" and controlled, and method bias was roduced to insignificant

levels (see data points 16a and 166 in Pigure 3), However, no
Kijcklahl reference récovery results were stated, and the TN lev-
cl« investigated were limiled 10 8 range of about 1.5-3 g N/
100 g. They recommended that the Dumas method be maodified
to use pawdered cellulose to cherk the instrument blank and
thut low-density samples be introduced into the analyzer in pel-
lex form. There appears 10 be 2 need to use these techniques in @
full collaborative trial that includes a wide range of sample densi-
ties and TN levels, and with a seleetion of referenee compounds.
Barbano ¢t al. (27) conducted 4 thorough collaborative trial
that optimixed the block digestion procedure for testing milk
samples (from which followed AOAC Method 991.20). Dur-
ing their trial, Barbano et al. noted that “it was requested that

2 bianks insfead of 1 blank be mn by cach laboratory in the
collaborutive suidy, because 1 erroneous blank valve would
bias all the results from a laborutory.” This approach appears
more sound, and in future coflaborutive trialy, it is suggested
that resultx of blanks for cach method be reporied alongsida
cother pecformance verification results.

Interpretation of Methods

McKenzie (34) noted parucularly the need 1o cnvure the cor-
rect digestion temperature When usiag the block digestion pro-
cedure, xtating that ... despite the strong recommendation, in-
deed the mandatory need. to measure the temperature of the
digestion mixmwe, many workers éven in the 1990s still meas-

“ure the temperature of the digestion block.” Recovery of N

from refercnoe mutcrisls by the block digestion procedure
noted earlier by Duich researchiers (32) gives an illustration of
the temperature effect (Table 7). Barbano et al. (27) noted that
differences in hine voltage can result in differences in block
temperature. Differences that appear between Parts 2 and 3 of
IDF 20B:1993 (23) further add to the potential for differences
in digestion. Part 2 states: “Alflier the digest clears (clear with
light blue-green color) continue digestion at 410°-430°C for at
least 1 l. During this period the sulfuric acid must be boiling.™
In contrast, digestion conditians are more vague in Part 3 than
in Pant 2, with the method statng: “Transfer the digestion tube
10 the digestion block, et ut the temperature specified by the
manofacturer ... Digest the sample for the period specified by
the manufacwrer of the block—normally 40 min ...” No men-
‘on is made in Part 3 of any need for the mixlurc to cfesr or for
the mixture to boil. There is a nced for greater consistency and
clarity ia defining digestion conditions.

The trial followed principally 1DF 20B:1993 Part 2: Macro
Bluck-Digestion Method (23) for the Kjeldabl assays. Thig
method is validated for determinanion of the protein content of
milk. However, the procedure described in Pant 1 (traditional
method) and Part 3 (scmimicro rapid routine method using
block digestion) of this standard states: “The procodure de-
scribed in Part | of this International Standard may, with slight
modificution, bt used for e datermination of the nitrogen con-
tent of 2 range of milk products.” Products including milk pow-
der (skimmed, whole, or fat filled), whey powdcr, whey protein
concentrite, ice credrn, chicese, and ceam are listed in the an-
nex to Parts 1 and 3. Casein and caseinate are not included. In
contrast, Part 2, as well as AOAC 991.20 (30), has no annex for
a modified procedure that extends die methad to any substances
other than milk. The AOAC methads for determining protein
content of dried milks (Method 93029; 35) and the N content
of cheese (Method 920.123; 36) each specify a sarnple size and
without further details prescribe that Mcthod 991.20 be fol-
Jowed. No reference 1s cited in cither method justfying the
linkage of the analysis of cheese or milk powder to that of milk.
We also pot that the operation of Kjelfoss instrumeats does not
fall swictly within the scope of any of these standands.

Ovur concem is how the phrase “with slight modification™
aight he interpreted and what its consequences are in ethod
comparison trials of routine analysis of dairy products. Sample
type and size, moistur: content, and fat content can all affect the
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efficacy of Kjcldah! digestion. The modificd procedures given
in [he annexes of IDF Z0B provide adjustments to the method
for sumnple size, adjustments to some extent for Waker content,
and specific edjusoments for fat conteat tsal are absent in

AOAC Methads 93029 and 920.123, With the exception of

milk and WMP, we avoided dairy products with high moisture
ond fat levels in the trial.

The stundard method for determination of protein conteat of
casein and caseinates is specified in IDP 92:1979 (24). Despite
use of block digesters in tlsis trigl and perhaps by others to ana-
lyze these products, IDF 92 has not boen updated to encompass
their use. Thus when block digestion is used to analyze casein ar
cascinate, the provedure i in imbo as jt does not fall swrictly within
the scope of ¢ither IDF 20B or IDF 92. With new processing tech-
nology being commertialized (o produce a rapidly expanding ar-

"ray of dairy products that blurs the distinction between mitk pow-

dars, caseins, WPCs, and dairy-based nutritional products. a
review and update of these standards seerns necessary,

Thie block digestion method never has been subjected 1o a
collaborative tnal to verify the Kyeldah method for analysis of
dairy products other than mitk when used with 1 copper catalyst
(27, 28). Given the very diverse array of samples used in trials
published to dats (including dairy products), and given the
critical requirements of the Kjeldahl method that must be fol-
lowed precisely to achieve methed performance recovery in
milk, it it not surpasing that laboratorics using samples and
method variations that have not been subject to detailed valida-
ton may obtain dissimilar results. Such variations may coatrib-
ite (o the varying bias between the Kjeldahl and Durnas meth-
ods, as revealed in Figure 3.

The diffcrences in scope and technique, which are revealed
by close examination of the Kjeldah] method standards, will
have ap effect, which is unclear, on this comparison and others
involving dairy products. However, we acknowledge that the
Dumasg method has yet b he subjected to the same degree of
scrutiny as the Kjeldahl method 10 ensure thal its performance
is validatod propecly for the range of samples analyzed.

Commercial Considerations

Protein analysis is required for a very wide range of animal
and humen nutrition products. Contractual specifications in

~ many comamercial transactions, as well 25 the aced to meet
. specified protein levels for the purposes of commeodity classi-

fication and deicrmination of tariffs, duties, and quotas in food-
stuffs subjecr to international trade, demand that the protin
content must exceed 3 minimumn value, Demonstration of
compliance with a specified peotein threshold by using the Du-
mas method, to an agreed level of statstical confidence, will
~depend on the bias associated with the instrument and its pre-
cision characteristics, refative to the internationally recognized
Kjelduhl merhod. The sitation is more complex when batch
inhamogeneity is taken into account.

With the current cmphasis on liberalizing international
tradé, countries are iacreasingly haviny, to adopt international
covenanls relating to agreed quality systems and standand test-
ing methods, For protein determination, the Kjeldah! method is
specified for a variety of foodsmffs in FAQ/WLIO Codex Ali-

mentarjus standards (37) as the refercace method. Despite these
requirements. and 2s noted earlier, the rraditional macro (man-
val) Kjeldahl method is seldom performed in modemn commer-

cial laboratories because the nunbers of samples for analysis
are 100 large and Jabaratary health and safety regulations are
becoming more severe. Although the semisutomated block di-
gestion Kjeldahl procedure is used widely (and also the Kjel-
foss instruraents), more and more laboratorics arc using Dumas
inseuments. The number of published comparisons in the last
10 years suggests that resolution of the Dumas-Kjeldahl bias
queston and theic respective precision characteristics is 4 com-
plex technical and statistical task. Adoption of the Dumas tech-
nique as an official AOAC or IDF method for analysis of dairy
products, althwugh essential, would not completely resolve the
issue because the qucstion of bias and, with it, doubt over speci-

fication compliance could still arise. Acconting the Dumas
method Codex Alimentarius Type ITf recognition (38; ic., asan
altemnative approved method that may be used for control, in-
spection, or regulatory purposes) for N determination in a wide
range of foodstuffs would reduce greatly the uncertainty sur-

rounding the unofficial use of Dumas analyses.

Given sufficient observations, a stafistical compatison be-
ween 2 methods will almost jnevitably sevcal a significant
bias. However, from a commcrcial perspoctive, such differ-
ences might be quite immaterial. Therefore, once all the rele-
vant variables affecting the methods have beea adequately con-
trolled, further comparisons will not reveal any more useful
informaton. Instead a decision is required on what leve] of bias
(uncertainty) can be accepted by the parries involved. Exami-
nation of the results in Figures 7 and 3 suggosts that a relative
bias of under 1% or * 0.05 g N/100 g (whichever is the more
severe crilerion) appears 10 be achievable and could be treated
as negligible, given that any bias is arguably as much a failing
of the Kjeldahl method as the Dumas method. There is the pos-
sibility, with the use of appropriate laboratory quality coatrol
procedures and with further improvements in instrument de-
sign and operator traiming, that these limits: Lou]d be reduced
and perhaps halved

Conclusions

A comparison of protein analysis insauments in 11 labora-
tories analyziog 8 duiry products and 2 pure refereace com-
pounds finds no cvidence for 2 significant genenc differcnce
betwecn the 2. methods that would be of concern to most dairy
produce traders who face contractual obligations based on
crude protein cantent, This result applies across the range of TN
levels in the samples (0.5-18.6 g N/100 g). Comparison of these
results with those of prtvious studies suggrests (hat a consensus on
the relationship between the 2 methods has yet 10 emerge.

For samples containing >2 g N/100 g, the Dumas RSD, and
RSDy, estimates were independent of prolein concentration and
were consistently about 035 and 0.75%, respectively, The cor-
responding Kjeldah! values tended 10 decline as the prutcin
concentration increased, were less consistent as s result, and
were at least twice as larpe.
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Differences between the methods revealed in trials to date
may be due as much to poor Kjeldahl N recovery verification
and diffesences in Klﬁldahl methodolnav as 1o incongistent t per-

formance of the Dumas method.

In future taly, nitrate and nitrite levels in samples uscd for
analysis should be reported.

Inscramenc calibration and performance verification should
be conducted and satisfied before samples (including reference
compounds) are analyzed. The choice between lysine-HC or
uyptophan 1o verify Kjeldehl digestion efficacy should be
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Protein Nitrogen Combustion Method Collaborative Study I.
Comparison with Smalley Total Kjeldahl Nitrogen

and Combustion Results

David L. Berner* and Janet Brown' e
American Oil Chemists’ Society, Champaign, lilingis 61826-3489

During 1993-19%4, a collaborative study of the determina-
tion of the nitrogen content of oilseced meals 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
CuSO/TiO,; Kjeldahl method (Official Methods and Re-
commended Practices of the American Oil Chemists’
Society, 4th edn., 1989, Method Ba 4d-90) in the 1993-1994
Smalley Check Sample Program Oilseed Meal Series
[Brown, J., INFORM 5:640 {1994)]. Some participants used
commercial nitrogen combustion instruments. In the
Smalley Program, CuSQ/TiO, Kjeldahl analysis gave
nitrogen values that ranged from (.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 sulfate, 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
(CuSO,)catalyzed 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, CuSO, 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,
CuSO, and CuSO/TiO, (“mixed catalyst”). In the study,
six laboratories analyzed a total of 380 samples of soybean
meal by the three Kjeldahl methods. The results of this
study (2) indicated- that, in comparison with the HgO
method, CuSO, and the CuSO,/TiO, mixed catalyst gave
protein negative biases-of —0.25 and —0.17%, respectively.
The CuS0,/TiO, 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 CuSO/TiO,
method was used to determine protein nitrogen in cotton-
seed and cottonseed meal. In that study, when collaborators
used the catalyst and sample weights specified in the

*To whom correspondence should be addressed at AOCS, P.O. Box
3489, Champaign, IL 61826-3489. L

Current address: American Dairy Science Association, 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 CuSOQ, were declared obsolete
{“Surplus”) in 1991.

The Dumas nitrogen combustion method offers savings
through reduced time, chemicals and waste disposal, and
it eliminates the use of hazardous chemicals. Coupling the

‘Dumas 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) conducted a collaborative study (5) in which the

- Dumas nitrogen combustion method was compared with the

AOAC CuSO0, Kjeldahl method (6); the two methods com-
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 Kijeldahl
method (8); in this study, the combustion method gave
results that were higher for protein nitrogen by +0.04%. 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 coordinated a collaborative study (9) in which
the combustion method was compared with the HgO
Kjedahl method. In that study, the combustion method gave
results that were higher for protein 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 twofold: To 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 seven
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 CuSO,/TiO, Kjeldah)
method, AOCS Official Method Ba 4d-90 (3), in the
1993-1994 Smalley Check Sample Program. One soybean
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 the
instrument used. AOCS Recommended Practice Ba 4e-9¢
(3) was suggested as a general procedure. For a nitroger
standard, participants were given 2-amino-2-(hydroxy
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 analyse:
were performed.
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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
CuSO,/TiO, Kjeldahl method, Smalley participants ana-

lyzed the Smalley samples by the nitrogen combustion

method on an optional basis. e :
 Smalley results were statistically analyzed with the
dBase computer program developed by Richard Benson
at Cargill (Minneapolis, MN} (unpublished results).
Outliers were removed at +3 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 Sy and
RSDg [%CV (coefficient of variation)], after removal of
outliers. No repeatability values could be calculated for
Smalley results because duplicate analyses were fiot 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 (Sg,

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.

" RESULTS 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
Table 2 (10). '

In comparison with the CuSQ,/TiO, 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 Method® -

Samples®
. A B C D E F G
Number of labs 24 24 24 24 23 24 23
after outliers
Determinations, n 92 91 91 47 45 47 45
Outliers o 2 3 4 0 2 0 2
Smalley, combustion 6.61 7.85 8.22 7.86 7.20 3.33 3.35
(nitrogen, %)
Smalley, Kjeldahl 6.55 7.77 8.12 7.18 7.13 3.29 2.36
(nitrogen, %)
Collaborative study, ~ 6.62  17.88 825 789 721 334  3.32
combustion
(nitrogen, %)
Collaborative study, 6.62 .88 8.25 -7.89 7.21 3.34 3.32
combustion
(nitrogen, %)
Repeatability®
S, 0.06 0.05 0.03 0.04 0.03 0.04 0.05
RSD, 0.85 0.60 0.39 0.46 0.37 1.25 1.47
r= (28 X8§) 0.17 0.14 0.08 0.11 0.08 0.11 0.14
Reproducibility® . ) .
Sk 0.07 0.06 0.07 0.08 0.04° 011 0.06
RSDg 1.04 0.81 0.80 0.97 0.60 3.23 - 1.70
R = {2.8 X Sg} 0.20 0.17 0.20 0.22 0.11 0.31 0.17

. *T'wenty-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).

5Sample 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. . g
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TABLE 2

Comparison of Nitrogen Combustion and CuSO/TiO,
Kjeldahl Results :

Combustion®

Combustion Kjeldahi
Meal {nitrogen %) (nitrogen %) . - - {bias):
Cottonseed 6.62 655 7 40.07
Soybean 7.88 7.17 - 40.11
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 +0.06

2Average bias +0.09% nitrogen; +0.56% protein, based on factor
of 6.25. .

(7) in which the nitrogen combustion method was com-
pared with the HgO 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,/TiO, and
HgO Kjeldahl methods were compared by six laboratories,
analyzing a total of 380 samples of soybean meal, the
CuS0,/Ti0, Kjeldahl method gave protein values that
were 0.174% lower for protein (0.03% lower for nitrogen)
than the HgO Kjeldahl method.

Thus, at least part (0.03% nitrogen) of the 0.07 to 0.09%
bias for nitrogen observed, when comparing the
CuSO0,/TiO, Kjeldahl method with the nitrogen combus-
tion method, may be due to the use of the CuSO,/TiO,
mixed catalyst. The remaining bias {0.04 to 0.06%
nitrogen) is close to the 0.04% bias for nitrogen observed
in the AQAC (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 nicotinic 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 combusfion method vs. the
AOAC HgO Kjeldahl methed. 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 nitrogen 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 determina-
tion of protein nitrogen in oilseed meals, the nitrogen com-
bustion method will show a +0.07 to +0.09% bias for
nitrogen when compared with the CuSO,/TiO, Kjeldahl

‘method-and a +0.04 to +0.06% bias for nitrogen when

compared with the HgO Kjeldahl method. This bias is
most likely associated with the greater efficiency of the
nitrogen combustion method.
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FOOD COMPOSITION

Comparison of Kjeldahl _M/e't’;h'od for Determination of Crude - |
Protein in Cereal Grains and Oilseeds with Generic Combustion

Method: Collaborative Study

Ronarp C. Bicsak

U.S. Department of Agriculture, Federal Grain Inspection Service, Quality Assurance and Research Division,

PO Box 20285, Kansas City, MO 64195

Collaborators: R. Boles; R. Cathey; V. Collins; K. H,zmnasious; J. ﬁaselhdrsf; L. Henderson; L. Jann; L. Meschi; R. Molloy;

M. Stillions; K. Swanson; D. Tate; J. Webb; G. Wilkins

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 with the
AOAC mercury catalyst Kjeldahi method for deter-
mination of protein in grains (979.09) 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 repeatability and reproducibility ranged

- from 0.10 to 0.37 and from 0.25 to 0.54, respec-
tively, and relative standard deviations for repeat-
ability and reproducibility ranged from 0.77 to
2.57% and from 1.24 to 3.15%, respectively. The
combustion method was adopted first action by
AOQAC Intermational for determination of crude pro-
tein in cereal grains and oilseeds containing 0.2—
20% nitrogen.

jeldahl nitrogen determination has been the standard
method for over 100 years for determination of crude

rotein in a wide variety of products. During this time,

the analytical chemist has endured its long analysis times and
use of hazardous chemicals. The Dumas method, a combustion
procedure, is another 100-year-old method for determining

Submitted for publication May 30, 1992.
This report was preseated at the 104th AOAC Annual [ntcmauonal
Mexcting, September 10-14, 1990, New Orleans, LA.
The recommendation was approved by the General Referee and the
Committee on Foods Il and was adopted by the Official Methods Board of
- the Association. See “Changes in Official Methods of Analysis™ (1993)
J. AOAC Int. 76 Jan/Feb issue. )
. The mention of firm names oc trade products does not imply that they
are endorsed or recommiended by the US. Dept of Agriculture over other
firms oc similar products not mentioned.

crude protein. The method does not use hazardous chemicals
or require long analysis times, but it has not been as widely
accepted as the Kjeldahl method. Modern advances in elec-
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, nitogen 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 from4 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 Kjeldahl methods (3) for de-
termination of protein in cereal grains (979.09) and determina-
tion of crude protein in animal feed (954.01). The purpose of
the study was to extend the apphcablhty of method 990. 03 )
additional products.

The generic description in 990.03 allowed use of 3 dlﬁCl‘Gﬂt
brands of equipment. AH equipment had to meet the perform-
ance criteria in that method. Three manufacturers were repre-
sented in this study: LECO Corp., Perkin-Elmer Corp., and
UIC, Inc.

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

Coliaborative Study

The experimental design addressed systematic error (inter-
laboratory bias), precision (within-laboratory repeatability us-
ing blind duplicates), and accuracy (recovery of known stand- .
ards). Three protein concentration levels (8-13%, 17-23%,
and 35-40%) were selected to represent the total range of pro-
tein found in the products being considered. Two different
products were then selected from each concentration level.
From these products, the blind duplicates and the samples for
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Table 1. Samples used in collaborative study of combustion method for determining crude protein in cereal grains
and oilseeds '

Concn level Batch (type) Sample | Estd protein, % Screen size, mm Description
1 1 ' L 35 1.0 Soybean 1
"6 35
- 16 35 2.0
25 35
12 40 10 Soybean 2
22 40
2 4 20 1.0 Canola 1
11 20 '
27 23 1.0 Canola 2
29 23
2 1 28 18 1.0 Sunflower
30 18 - )
5 13 1.0 Wheat 1
17 13
“13 13 2.0
15 13
21 ' 17 1.0 Wheat 2
24 17
2 7 12 10 Barley
20 12
3 1 2 8 1.0 Com
10 8
~ - 3 8 —_— 2.0
18 8
2 9 9 1.0 Sorghum
23 9 :
Reference standard 19 7¢ — Nicotinic acid
26 712 : —_
Reference standard 8 96° - Lysine-HCI

14 967 _

* Calculated equivalent protein.

the alternative grind comparison were chosen. Two chemical ~ % crude protein, for other cereal grains and oilseeds = N X
reference materials were also selected for analysis. The total ~ 6.25)
sample set was designed to provide 15 closely matched pairs

(Table 1). Method Performance (estimated % crude protein):
S : . Soybean, 35 and 40% ' co

992.23 Crude Protein in Cereal Grains and Oilseeds s, =0.29; sg = 0.47; RSD, = 0.77%; RSDg = 1.24%
Generic Combustion Method Canola, 20 and 23%

8, =0.19; sg = 0.39; RSD, = 0.87%; RSDg = 1.79%
First Action 1992 Sunflower, 18%

s, =0.37; sg = 0.54; RSD, = 2.00%; RSDg = 2.94%

(Applicable to cereal grains and oilseeds containing 0.2 Wheat, 13 and 17%

20% N, % crude protein, for wheat and its products = N x 5.70, s.=0.15; s = 0.27; RSD, = 0.99%; RSDy = 1.74%
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Table 2. Effect of fineness of grind (1 vs 2 mm) on collaborative results for determination of protein (%) in soybean,

wheat, and cormn by combustion method

Soybean Lo

Wheat - Com

Lab.” N Mean - sD Mean - sD Mean SO .
1 4 3476 . 0.32 13.10 0.16 874 0.18
2 4 3501 0.48 13.38 0.50 8.96 0.48
3 4 3563 043 13.50 0.22 9.10 0.16
4 4 34.94 0.19 13.43 0.31 9.07 0.21
5 4 34.84 0.40 © 13413 0.16 872 0.08
6 4 34.55 0.34 - 1337 0.13 9.14 0.15
7.1 4 35.53 0.39 13.51 0.15 9.03 0.25
72 4 35.52 0.40 13.69 - 0.15 9.48 0.14
73 4 34.94 078 13.41. 0.30 9.05 0.27
Screen size

1mm 18 3527 0.43 13.51 0.22 8.95 0.25

2mm 18 34.88 0.56 13.27 0.30 9.11 0.33

* Laboratory 7 reported results for 3 different analyzer brands.

Barley, 12%

5,=027; sg =0.40; RSD, = 2.13%; RSDg = 3.15%
Com, 8% _—
s, =0.10; sg = 0.26; RSD, = 1.15%; RSDg = 2.88%
Sorghum, 9%
s, =0.23; sR—O?,S RSD,=2.57%; RSDg =2.84%
Lysine-HCl, 96%"
s, =0.36; sg =0.72; RSD, = 0.38%:; RSDR 075%
Nicotinic acid, 71%" -~ -

=0.32; sg = 0.83; RSD, = 0.45%; RSDg = 1.18%
Calculated equivalent protein.

A. Principle

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

B. Apparatus

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

(a) Furnace ——Capable of mamtajning minimum opemt—
' "oxyggn Some systems may require higher temperatures.

(b) Isolation system.—Capable 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 N, or measuring N as NO, may be
required and included in instrument.

(¢) Detection system. —Capable of interpreting detector re-
‘sponse as % nitrogen 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—Capable of grinding samples 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 substituted).

(b) Calibration standards—EDTA, 99.9% minimum pu-
rity, or other suitable standard of equal purity.

D. Samples

Grind samples to suitable fineness (determined for each dif-
ferent material analyzed) to attain <2.0% relative standard de-
viation (RSD) for 10 successive nitrogen determinations for
that material type.

RSD, % = (s/N) x 100

Table 3. Analysis of variances for soybean, wheat, and
corn (with protein as dependent variable) due to model,

. laboratory, and fineness of grind effects

Statistic Soybean Wheat Com
Av. protein, % 35.08 13.39 9.03
R-square 0.61 0.55 0.58
Root MSE 0.387 0.222 0.226
P-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 K]eldahl method

955.04 and generic combustion method

Laboratory
1 3 5 2 4 6 7 8 9
Sample? Kijel.  Comb. Kjel. -  Comb. Kjel.  Comb. Comb. Comb. Comb. Comb. Comb. _Comb.
1 34.7 347 36.0 " 357 34.9 349 34.8 349 348 357 358 35.1
2 8.8 8.7 9.0 9.1 8.7 8.8 8.6 91 9.2 9.0 9.3 8.8
3 8.6 8.6 9.0 ‘8.9 8.7 8.8 97 8.9 9.1 8.8 95 90
4 206 204 214 21.2 20.7 20.7 21.1 20.8 20.7 21.0 20.9 208
5 13.3 13.2 13.6 135 13.2 “13.2 136 13.6 13.3 13.4 139 13.2
6 35.0 35.0 35.8 358 35.1 35.1 353 352 A7 35.6 359 35.9
7 124 125 13.0 13.0 126 126 . 12.9 13.0 12.8 13.0 13.6 125
8 955 954 96.6 96.1: " " 96.1 g96.2 - 96.3 a55 943 96.0 954 93.6
9 85 8.6 9.0 9.0 ) 8.7 8.4 2.1 8.6 8.9 89 94 9.1
10 8.7 8.7 9.1 9.1 87 8.6 8.7 89 9.0 9.0 95 9.0
11 206 206 21.3 214 204 204 20.7 20.5 210 20.9 20.9 21.3
12 40.0 409 418 41.7 413 409 41.7 41.1 404 416 418 41.0
13 12.8 129 13.6 134 13.1 13.0 13.6 135 133 13.6 13.6 137
14 95.7 955 96.4 96.0 959 g95.8 95.7 95.3 94.9 95.9 955 948
15 13.0 13.0 13.3 133 13.1 13.0 126 13.0 133 134 136 13.1
16 34.0 34.3 34.8. 35.0 344 343 355 34.7 341 35.0 35.0 34.5
17 13.5 133 13.9 13.8 133 133 13.7 136 13.6 13.7 137 136
18 - 9.0 9.0 9.3 9.3 9.1 8.7 8.9 94 93 9.4 9.6 94
19 62.5 71.0 65.7 70.8 713 713 69.8 69.5 ' 704 71.6 71.6 71.2
20 126 | 126 13.0 13.1 12.6 126 12.5 12.3 129 13.5 13.2 12.2
21 171 17.0 17.5 17.4 17.0 16.9 17.3 17.3 173 17.9 17.4 17.7
22 40.4 40.5 411 411 404 40.6 41.0 40.8 402 41.8 410 411
23 8.8 8.7 9.0 9:0 8.8 8.6 8.9 g2 9.0 9.1 8.8 8.9
24 16.8 17.1 17.6 17.6 . 17.0 17.0 17.2 17.2 17.3 18.1 17.6 17.2
25 349 349 36.0 36.0 35.0 35.1 344 349 M7 35.9 355 342
26 69.0 709 66.0 711 70.9 71.4 63.0 69.3 70.7 71.4 70.7 71.4
27 230 230 "239 237 231 229 233 2237 230 240 238 230
28 185 18.8 19.7 19.6 . 18.0 183 186 20.1 19.4 18.5 182 179
29 22.6 23.0 23.6 236 23.1 29 23.2 228 23.4 24.0 238 234
30 ’ 18.1 18.2 © 188 18.6 18.1 17.7 - 18.1 17.4 18.8- 18.5 18.0 17.9

? See Table 1 for sample description.

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

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

~ E.System Suitabf’ffy

System eqmpped asin B(a)—(c) must meet or exceed minpi-.
“mum performance specifications as follows: "
(1) Capable of measuring nitrogen in materials contammg
- 0.2-20% nitrogen.

(2) Demonstrate system accuxacy based on 10 successive

determinations of nitrogen in nicotinic acid and 10 successive -

determinations of nitrogen in lysine-HCl or tryptophan. Means
of determinations must be +0.15 of respective theoretical val-
ues, with standard deviations <0.15. System accuracy must not
be tested with same material used for calibration.

F. Calculations

For wheat and its products:
Crude protein, % = N x5.70
For other cereal grains and oilseeds:
» Crude protein, % = N X 6.25
- Ref: L. AOAC Int. (1993) 76, July/August issue.

Results and Discussion

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 Kjeldah! determinations for the
study. Laboratories that used the mercury catalyst Kjeldahl
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Table 5. Comparison of faboratory averages for
determination of protein (%) by combustion method

Sample?® Av, Kjeldahl  Av, combustion  Kjel. - Comb.
1 35.19 35.16 . 003
2 8.83 8.95 -0.12
3 8.75 900 .- —025
4 20.89 ©20.84 ' 0.05
5 1336 13.44 -0.08

6 35.30 35.39 -0.09
7 12.67 12.88 -0.21
8 96.06 95.41 0.65
g 8.73 8.89 -0.16

10 8.82 8.95 013 .

11 20.77 20.85 10.08

12 41.03 41.24 -0.21

13 13.17 13.41 -0.24

14 96.01 95.47 0.54

15 13.12 13.13 -0.01

16 34.38 34.70 -0.32

17 13.54 13.58 —0.04

18 9.10 9.22 -0.12

19? 66.49 7078 - —4.29

20 12.75 12.78 -0.03

21 17.18 17.36 -0.18

22 40.66 40.90 -0.24

23 8.87 8.90 -0.03

24 17.14 17.36 -0.22

25 35.31 35.06 0.25

26" 68.62 70.65 -2.03

27 23.33 23.22 0.11

28 18.75 18.83 -0.08

29 23.09 2335 -0.26

30 18.34 ~18.15 0.19

Average 28.01 28.26 -0.25

Average® 25.18 25.23 -0.05

# 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.

-~ method and also had a nitrogen analyzer and were willing to

participate in the collaborative study were extremely difficult
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 1S matched pairs of
blind duplicates to establish the within-laboratory repeatability
of the method. The samples were ground with a 1 mm screen,
and 3 of the samples (soybeans, com, 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 and oil content of cereal grains and
oilseeds contribute to the difficulty in grinding these types of

method for feeds (990.03) would necessitate predrying of the
cereal 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 fineness of
grind. The size of the ground sample analyzed must represent
the sample as a whole. For these reasons, 1.0 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 appcears to be a statistically significant difference due to
grind effects (Tables 2 and 3). The types of samples used in this
study are very homogeneous when ground with a I mm screen,
with the -exception of sunflower seeds, which required addi-
tional care in blending (after grinding). Different products
grind differently with the same size screen. Therefore, guide-
lines must be set for grinding each type of product. The tradi-
tional 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. Therefore, 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 instrument
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 mg for the LECO, and 500 mg for the
Heraeus® (UIC, Inc.). A comparison to determine whether any
significant differences exist bétween models due to sample size
was not included 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 several
laboratories skewed the data). The combustion method data
from the performance criteria procedure using standard refer-
ence materials (Table 6) showed a standard deviation for 10
analyses by each of the 9 laboratories of 0.03 for nicotinic acid,
0.02 for lysine-HCI, 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

I 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 materials

Analysis No. Nicotinic acid, av. % N Lysine-HC|, av. % N Tryptophan, av. % N
= ; 1149 - ' 15.28 1877
o 2 - 1147 ) 1529 - 1374
3 11.44 15.30 13.78
4 SeTT 1148 15.32 13.74
5 11.42 15.32 13.72
6 1143 15.28 13.76
7 11.42 . ' 15.28 13.73
8 11.37 . 16.27 13.76
o 11.43 15.31 13.79
10 11.40 - 153t 13.74
No. labs 9" . 4 - o ) 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 apphed to cereal grains and oil-  fineness of grind.
seeds: :
A suitable fineness of grind must be determined (for each ~ Acknowledgments
different material analyzed) to achieve a precision which gives ‘
arelative standard deviation (RSD) of <2.0% for 10 successive I thank the following collaborators for their contribution:

Table7. Statistical summary of collaborative resuits for study of combustion method for determining crude protem
in cereal grains and oilseeds

Sample Description - S, Sp . RSD, % RSDg, %
1&6 _ Soybean 026 - _0.44 ' 075 - 124
16 & 25°% Soybean - 0.52 0.57 1.49 ' 162
12822 Soybean 032 0.49 0.78 1.20
Average 029 0.47 0.77 : 1.24
4811 : Canola 0.20 0.29 0.95 , 1.39
27829 . Canola 0.19 0.48 0.80 2.06
Average 0.19 0.38 0.87 1.79
28&30 " Sunflower ) 0.37 0.54 2.00 ‘ 2.94
5&7 - Wheat 0.17 022 ‘ 1.23 - 1683
13&15° - . - Wheat - L. o2t . 027 . . - 185 . ) 2.02
_21824 . Wheat T (5 L R X1 D o082 T - 178
Average o e 05 T 027 . 09 T~ 1.74
7820 Barley 027 ° 0.40 213 3.15
28&10 " Com 0.10 0.26 1.15 . 288
3&18° Com - ) 0.32 0.33 350 3.66
9823 Sorghum 0.23 0.25 257 2.84
) 8814 - Lysine-HC! © 036 072 0.38 ' 075
W
19826 Nicotinic acid 032 0.83 0.45 118

] 3 " 3 . :
2mm arind. Resuhis nat tsed ta caleulate averaae for this sample type. All other grain and oilseed samoles ground to 1 mm.
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FOOD COMPOSITION

Combustion Method for Determination of Crude Protein in Meat
and Meat Products: Collaborative Study

- Mancia Kine-Buiik aod Jogrg G. Serpanex

Towa State University, Department of Animal Science, Ames, [A 50011

Collaborawrs: C. Anthony; P. Coleman; B. Cottingham; R. Colmo; R. Curtis; L. Dingman; R. Johnson; G. Lehman;
J. Loughran; S. Martinez; J. Moody; C. Paisley: H. RatﬂoFF-A_SLJohn,E.SchmderJ Sizemore; J. Wenger, G. White

Twelve laboratories participated in a collabocative
study to compare a combustion method with the
ACAC mercury catalyst Kjeldahl method (928.08)
tor the determination of crude protein in meat and
meat products. Three different combustion instru-
ments were used; consequently, the combustion
method for this study Is writien in generic terms de-
and the performance requirements needed. Fifteen
sampile palira wera used for the study; each pair con-
sigted of the same commercial meat product from
each of 2 different manufacturers. Protein content of
all samples ranged from about 10 to 20%. In addition,
used as standards to assess combustion equipment
performance. All laboratories and all instruments per-
formed the combustion method satisfactority on the
basis of results for the standards. For the meat sam-
ples, repeatabifity standard deviations (s,) ranged
fram 0.11 10 0.40 for the Kjeldahi method and from
0.12 to 0.41 for the combustion method; the repeat-
abliity relative standard deviations (RSD,) ranged
from 0.82 to 241% and from 0.60 to 2.23% for the
KGeldahl and combustion methods, respectvely. Re-
producibility standard deviations (se) ranged from
020 to 0.49 for the Kjekdahl method and from 0.18 10
0.46 for the combustion method, wheveas the repro-
ducibility relative standard deviations (RSDxq) ranged
from 1.59 to 2.84% for the Kjeldahi method and from
1.32 v 3.35% for the combustion method. Overall
grand means were 15.59% protein for the (Geldah!
method and 15.75% protein for the combustion

Suhiticd for publicstion Docambter 12, 1991.

This report was presented af the 106th AOAC Annual Frecrutional
Mecdting, August $1-Septerbes 2, 1992, at Cincinnoti. OH.

The recommendariaon was by the Gamral Referee und the
Commitfee oo Foods 1 3nd was adoped by the Ofticial Mehods Board of
the Associatian. Soc “Changes in Official Methods of Amudysis™* (!9)3)

J. AOAC Int. 76 Yun/Fch ixsue.

method. The combustion method was adopted first
action by AOAC International.

ombustion methods for protein analysis that release ni-
trogen at high tzmpecatures and quantitate the nitrogen
by thermal conductivity were showan 10 be a practical
altemative to the classical Kjeldahl method (1, 2). Severul dif-
ferent manufacturers currently provide instruments that meas-
ure mitrogen in meat and mcat products. Tl canibustion
method has inherent advantages over the Kjeldahl method in
terms of speed (about 3 min per sample) and freedom from
concentratcd acid and base and the mercury catalyst.
Althovgh the combustion method was smdied and adopted
for protein analysis of materials such as animal feeds (2, 3), &t
was not approved for meat and meat products. Because an al-
Lernative to tha Kjeldahl method is of greatinterest to the meat
industry, a collaborative study of the combustion method for
meat and meat products was iniGated.

Collaborative Study

Twelve Jaborutoricy, using 3 different commercially avail-
2ble combustion instruments, participated in the study. Nine
laboratories used the LECO FP-428, 2 used the Foss Heraeus
Macro-N Analyzer, and 1 used the Pakin-Elmer PE2410. To
avoid requiring a particular manufacrurer’s instrument for this
method, the combustion method was geperally described with
parformance guidelioes to be tnct for analysis of standard mico-
tinic a¢id and lysine hydrochlonide. The standards and guide-
hnes for accuracy wereused to ensure that each instrament was

_ capable of sulfcien( sccurscy. The amino acid stamdards

(Sigma Chemical Co., St. Louis, MO) and EDTA for instru-
ment calibration were provided to each eallaborator. Collabo-
ralory were askad to report the results from 10 successive
analyses of each of the 2 amino acid standacds, using the com-
bustion and the mercury catalyst Kjeldahl methods.

Meat samples provided 1o collaborators consisted of 15
closcly atched pairs. 30 samples in total. Samples were se-
lected by choosing 15 typical commercial meat products and
then choosing 2 commercial manufacturers of each product.



Lo

788 KING-BRINK & SEBRANEK: JOIRNAL Or AOAC INTERNATIONAL YOL. 76. NO. 4. 1993

Samplcs were prepared by griading in a tabletop meat grinder
(Biro Mode] 8-22, Biro Co.. Marblehead, OH), following U.S.
Deputment of Agriculture (USDA) guidetines (4) to ensure
uniform fincness of samples. The preparation consisted of
passing emuisified meat products throagh the grindec (178 ia.
plate) twice and passing ponemulsified (coarse) products
through 3 Umes. After grinding, ¢ 250 g units were donble-
bagged in polyethylene and frozep at ~30%C far 72 h before
shipment to collaborators. Bach sample was idemified with a
random 3-digit number obtained from a rapdom number table.
No indication was made to collaborators of which samples
were paited. Collaborators were instructsd to keep the samples
refrigeraied (5°C or Jess) and o knead or massage each sample
bag for 20 s befare opening. Collaborators were encouraged to
run all analyses within 1 week of receiving the samples.

Eacls collabovator was also provided a copy of the combus-
tion method requirements for accuracy, a general description uf
the combustion method, and a sex of report sheets touse for data
recopding. Sample size used by the various collaborators
ranged from ca 200 mg to ca 900 mg.

992.15 Crude Protein in Meat and Meat
Products—Combustion Method

First Action 1992
(Applicable to meat and meat products with '10—-20% crnde

protein)
Method Performance:

3,=0.12-041; sy =0.18-0.46; RSD, = 0.60-2.23%; RSDy

=132-335%
- A. Princlple _

Combustion method determines nitrogen released at high
temperature into pure oxygen avd measured by theamal con-
ductivity. Nitrogen is converted to protein cquivalest by using
the appropriate factar, 6.25 for meat and meat products.

B. Apparatus

Note: Maaufacnrer's recommendagions must be followed
for sate and accurate operation of instruments. For proper labo-
ralory precautions in handling conmpressed gases required for

. Instruments, sec “Compressed Gas Cylinders™ in “Appendix:
~ Laboratory Safety”, Official Methads of Analysis (1990) 15th -

" @) Combustion W‘—-Suitablé for detecting 1-5%

nigogen (ca 5-30% protein) in meat and meat products o
within #0:15% of theoretical nitrogen contentof standaxd, with

_standard deviation of <0.15 for 10 successive determinations

on same stapdard. Instrument capable of anelyring single sam-
Ple of at Jeast 200 mg (w reducs impact of nonhomogeneity of
meat and meat products). Instrument with oven capable of op-
erating at 2850" in purse oxygen (for complete release of nitro-
gen from samplcs), capable of isolating nitrogen from other
combustion products (i.e., CO,, HyO) for subsequent quantita-
tion, and capable of thermal conducrivity messacement of ni-
togea (Leco FP428, Loco Curp., St Joseph, MI 49085, USA;

Macro-N Analyzer, Fass Heracus Analysensysteme Gmbly,
Hanau 1, Germany; and PE2410, Perkin-Elmer Corp,, Nog.
walk, CT 06859, USA, are suitable). Calibrations, required by
most instruments, must be conducted by using theoretical pet-
cent nirogen in pure primary standsrd organic cotmpounds,
such as FDTA.

(b) Food chopper—With 1/8 in. (or less) plate, capable of
grinding meat samples.

C. Reagents

The following reagents are typical but may vary depending
on instroment Consult manufucturer’s instructions far spe-
cific instruments.

@) Compressed axygen gas—99.99%.

(b) Compressed helium gas.—99.99%.

(c) Compressed inert gus~Niftogen (oc equivalent), oil
and wate free.

(d) Nitrogen stundard —Ethylenediaminetetrancetic acid
(EDTA), 9:59% maogen, or other suitable organic materinl of
high purity and known nitrogen content (e.g., mcotinic 8¢id ar
lysinc hydrochtoridc).

(e) Quartzwool.

) Glass wool.

@® Aluming oxide pellets.

(h) Anhydrous magnesium perchlorate (MgClO,).

© Sodiwn hydroxide on silicate carrier. :

() Cusncks.

(k) Cumetal nornings.

@) Al foil combustion cups.

Reagents available from several commercial manufacturers
of combustion analyzer insauments {Scc B(a)].

D. Prepamfm of Sampla

Pass samples through grinder 2x in succession for emoulsi-
fied meat products; mix thoroughly after each grinding. Pass
3x i suecession for nonemulsified (coarse or whole mus-
cle) products. ‘

E Determination

Set nstrument operating paramelers (oven femperature,
oxygen flow, calibration values, etc.) according to manufac-
turer's instructions. Let fumace and 1nstrument reach operating
temperaturc and stabilizc. Warm-up time may be ca 6 h from

- cold start. Eswblich system blanks as appropriate for analysis

and calibrate to blaaks if necessary. At least 5 blank analyses

are recommended. Calibrate insqument by using 3-5 analyses

of nitrogen standard s follows:

(7) Accurately weigh 110-150 mg EDTA to the pearest
0.1 mg, or equivalent amount of nitrogen if using other niwo-
gen standard, into tared combustion cop oc foil and transfer cup
o foil to open loading port on instrarment. Enter ot record pro-
tein conversion factor required, it appropriate for instrument
used.

(2) Close port. move sample into fumace, and begin analy-
sis.

(3) Whea analysis iz complete (3—5 min), repeat soqucnce
for next susnole. A :
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"Table 1. Samples used for coltaborative study of combustion method for determination of crude proteln in meat and

Sample pair Sample No. Esd protein, %* Desciiption Supplier
1 e 17 Ground beef Fareway
741 ] 17 HyVea
2 414 . 20 Lean ground beet ISU Meat Lab
573 20 Cuh Fooas
3 166 19 Ground pork Cub Foods
.o} 19 1SU Mespt Lab
4 439 B Ground turkey Louis Rich
. 946 18"’ Longacre
s 471 11 Franldurters Dubuquo Beef
759 3 Nisson Beet
B 208 12 vight” franidurters Oscar Mays¢
882 12 Hormel
7 163 13 Tuskay franidunters Jennie-O
935 13 Schweigart
8 34 10 Bologna HyVea
= 10 Oscar Mayer
2 637 12 Tight” bologra Oscar Mayer
866 12 . ¥Kahns Bulk at Cud
10 o 198 14 Turkey bosogna Hyvee
586 14 Wilson
" R 7 ~Canned ham Dubuque
S 7o 17 Farmiand
12 364 17 Harm, water added Wilson
' 629 7 ' . Farmstead
9 255 20 Dried beat Catl Buddig
298 20 Wilsan
14 513 13 Por sausage ISUMeatLab -
BS8 13 Pumells Old Folks
13 847 14 Summer sausage .Huiske-n
241 14

1SUMeatLab

réma‘nesﬁmamdfmmpmviouswrtmmwdalmtpmdndsbyassuningtypia!valueswmddbefom

(%) Adjust instrument 2s necessary op the basis of results
from nitrogen smndard.

(5) Analyze samples by repeating steps (1) 10 (3).
(6) Read nitrogen resulty directly from insqument.

F. Calcudaton

Crude protein, % = % nitrogen x 6.25

(Note: Results with this mcthod average 1.01 x resnlis with -

928.08)
Ref.: J. AOAC Int. (1993) 76, July/Aupust issue.

Results and Discussion -

Sample paps selected for the soxdy are presented in Table L.
We anticipated that by chwosing different manufacturess of the
same product (for example, frank furters) the protcin content of
each pair would be very similar but pot identical, an objective
of the Youden pair approach (5). Collaburatocs analyzed each
sample once by the AGAC mercury catalyst Kjeldahl method
(928.08) (1) and once by the combustion method. The dats re-
poried by each of the 12 laborutories are presented in Tuble 2.
In gencral, sarple pairs were closely maiched, with about 5%
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Table 2. Data for collaborative sfudy on crude protein (%) determination In meat and meat products by AOAC

Kjeldahi (K) method and a combustion (C) method S ;
Samplo Laboratory T

Pair No. Method 1 2 3 4 s 6 ) 8 ° 0 11 v
— ——
1 77 K 1858 1619 1806 1708 1617 1664 1654 1680 1650 1653 1633 1632
C 1648 1672 1770 1874 1662 1630 1682 1691 15688 16.15 1758 1656

741 K 1725 16681 1863 1600 1687 1705 1723 1688 1713 1681 1660 1864

c 1736 1741 1761 1683 167¢ 1692 1718 1750 1738 1655 1771 1661

2 414 K 2046 2038 2002 2102 1349 2033 2068 2015 1931 2021 2000 1999
C 2025 2059 2031 2040 2077 13.82 2058 2030 1856 2065 2026 20,03

573 K 1895 1762 1838 1056 1494 1867 1920 1840 1825 1855 1840 1889

c 16,71 16486 1680 1841 1888 1878 1629 1084 1844 1693 1952 18.41

3 165 K 1973 1932 1958 2033 1885 1983 2057 1953 1938 {871 19.38 19045

[ 1935 1980 2000 1944 1953 19088 2008 1805 1962 19& 2112 1908

822 K 1977 1856 1923 2030 16910 1973 1974 1951 1950 1972 1936 19.45

: (> 1944 1384 1968 1562 1951 1958 1997 1984 41094 2003 2031 1970

4 439 K 18.61 18.00 1843 1918 1876 1884 1871 1876 1781 184 1846 1902
C 1854 1908 1887 1863 1861 1873 1868 1902 1763 1758 1934 1872

946 K 1925 1638 1783 1852 14356 1846 1844 182¢ 1831 1458 1778 1BOS

C 1836 1821 17.30 1818 1847 1814 1B6B 1835 1825 1AA7 1925 1868

5 471 K 1165 144 1192 1182 1135 1149 1NM71 1132 W75 M55 1146 11.65
o) 6T T8 1168 1168 1173 1133 1179 1169 116 1158 1203 1215

759 K 1165 1150 1NA8 1183 1156 1132 1204 11,76 1084 1133 1088 11.09

C 1153 1174 N5 1949 1151 112 1168 11.74 1088 1100 1145 1199

6 298 K 1163 1199 1176 1186 1170 U268 1155 1172 1169 1166 1164 1M27
C (157 1170 1189 1S4 1216 1178 1190 1174 1161 1174 1188 1192

- 582 K 195 1212 1153 N5 1187 203 187 1154 1218 1203 176 11.76

o} nrya 1208 N7 1178 1178 1210 U4 LTI 1219 1225 1218 1176

7 163_ B K 1944 13190 1313 1340 1847 133 1330 1351 1288 13.40 1342 1333
C 1325 1358 1361 1931 1338 1338 1385 1419 1308 1393 1426 1388

935 K 1360 1338 1344 1537 1382 1324 1346 1369 1275 1338 1348 1331

C 1344 1368 1354 1368 1355 1388 1392 1346 1294 13588 1371 1337

8 43 K 1030 1069 1076 10467 1098 1053 1051 1089 1058 107 1082 1080
C 1069 1099 1003 1063 1086 7083 1088 1155 1063 1085 1185 1118

T2 K 1168 1144 1106 1164 1149 1102 1187 1163 1100 1153 1154 1140

C 1146 1187 1150 1134 1146 1143 1158 1155 1128 1168 1214 1204

9 6ar « M6 1S5S0 1142 1342 1141 1111 1182 1183 11689 1184 1128 1125
ol 1140 1167 1142 M23 1154 1138 1153 (210 1163 145 1217 1189

866 K 1384 1358 1353 1355 1368 1332 1369 13417 1368 1345 1356 1357

c 1327 1368 1374 1342 18768 1335 1370 1414 1388 1358 1385 1352

) 10 o8 K 1465 1462 1522 1516 1484 1438 1477 1416 1488 1460 1450 1453
c 1455 1478 1468 1473 1447 1442 1481 1502 1456 1452 1495 1459

588 K 1467 1475 1429 1516 14,87 1445 1475 149 1535 1470 1470 147

v 1466 1498 1476 1492 1473 1448 1501 15850 1500 1481 1499 1450

1 18 K 1704 1681 1698 1745 16.67 1651 1727 17.12 1808 1698 1684 1663
C 189V 1727 1724 1713 1744 1688 1714 1745 {683 1687 1741 17.09

77 K 1850 1665 1623 1682 1650 1653 1622 1704 1600 1846 1644 160

C

1652 1882 {682 1718 1673 1756 1666 1731 1619 1633 1691 1645
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Table2. (Continued)

Sample Laboratory
Pair No.  Method 3 2 3 4 5 6 7 8 s 1 1 1
2 36e K« 1736 1732 1692 1781 1754 1708 1694 1780 1706 1744 1726 17.0%
c 1708 1784 1788 1600 1803 11711 1742 1805 1701 1744 1790 1753
629 K 1705 1684 1648 1772 1682 1848 17.18 1723 1650 17.60 1691 16.99
c 1704 1730 1684 1846 1700 1771 1695 1727 1658 1712 1741 17.12
13 255 K 1983 1950 1856 2029 19.09 1961 2048 1642 1981 1046 1888 1007
C 1061 1956 1976 1851 1970 1835 1962 1979 1956 1914 1995 1047
299 X 249 2044 2008 2137 2083 2033 2041 2064 2025 20.16 1985 2027
C 2063 2092 2074 218§ 2048 2064 2083 2110 2006 20331 2099 2057
14 513 K 1543 1506 1525 1612 1534 1514 1521 1S53 1581 154t 1517 1563
C 1513 15A2 1565 1542 1596 1518 1582 1816 1588 1553 1588 1584
8s3 K 1210 1300 1231 1320 1273 1249 1259 1245 1231 13.08 1257 1298
c 1281 1323 1296 1293 1277 TNB4 1337 1306 1244 1285 1324 1309
15 647 K 1444 1450 1400 1455 1434 (420 1400 1424 1381 1397 1452 1417
c 1438 1445 1384 1418 1419 1393 1440 1461 1344 1433 1508 1479
941 K 1960 1918 1934 2034 1943 1875 1036 1963 1950 1931 1899 18.18
c 1924 1847 1951 1826 1927 1893 1972 1947 1958 1949 1950 19.41

or less difference between the 2 samples of the pair. Three of
the pairs (sample pairs 9. 14, and 15), however, showed more
than 10% difference between the 2 samples of the pair, These
samples are progucts (light bologna, pork sausage, and symmer
sausage, respectively) that are pot uniform acress the industry,
und consequently, the greater differeaces were not surprising,
The performance testing of the combustion method by the
collaborarars showed that all labotatories parformed well in

combustion analysis of standard moonmc acxd and lyzine hy-

Tabte 3 COIlahomtors parlonnanoe for comhushon
analysis of standarda ‘

Ncotinic add

Lysine-HCl

Laborgtory  Mean, % N* SO Maan, % N*  SD?
1 11.32 0.13 15.34 0.04
2 11.31 0.09 . 15.22 Q17°
3 11.39 0.05 15.40 002

-~ 4 1142 - o02 " 163 0.01

S5 11.43 0.05 1529 0.03
§ 1136 0.16° 15.32 003
7 - -11.48 0.03 95.38 0.02
8 1146 006 1532 0.02
9 11338 0.02 1534 0.02

10 1126 003 15.08°¢ 0.12

n 11.49 001 | 15.37 0.05

12 141 0.10 15.28 0.05

Theorotica) 11.38 B 1534

* Mean of 10 detenninations. -

& SD = glandurd deviation,

 Value outside the parformance requirements of +0.15 respective
theoretical %N vajues or 20,15 yandard dewviation.

————

drochloride (Table 3). Ouly 1 (laboratory 10) of the 24 means
shown 1 Table 3 was outside the recommended #0.15, and
only 2 (1aboratories 2 and 6) of 24 ex¢eeded the recomimended
standard deviation of 0_15 (by 0.01 and 0.02, respoctively).

‘Bxamination of the data from both methods far gross out-
liers was doae by preparing 2-sample X-Y plots of the 15 sam-
ple pairs (5).

No grosz outliers were observed for the Kjeldahl values -
from any of the 12 laboratorics. In addidon, use of the Cochran
test, the single Grubbs test, and the double Grubbs test showed
that none of the Kjeldah! data exceeded critical values for these
tests for outliers. For the combustion‘method, one sample pair
(414, 573) from laborstory 9 was in the Jow guadrant of the
X-Y plot and cxceeded the critical value of the single Grubbs
test. Consequently. for the combustioa method, the data for this
pair (414, 573) from Iabaratory 9 were excluded from the rest
of the Comparisons.

The cakculated estimates of precision are shown in Table 4,
with (e suraple pairs arranged in arder of increasing protein
content. Repeatability standard deviations (s,) were very simm-
Lar for the 2 methods, ranging from 0.1 to 0.40 for the Kjeldahl
method and from 0.12 10 0.41 for the combustion method (Ta-
ble 5). Reproducibility standard deviations (sy), likewise, were
similay, ranging from 0.20 to 0.49 and from 0.18 10 0.46 for the
Kjeldahl and combustion methods, respectively. The cepeat-
ability relative standard deviations (RSD,) vanged from 0.82 ©
2.41% for the Kjeldahl method and from 0.60 10 2.23% for the
combustion method. The ranges for the reproducibility relative

. standard devialions (RSDg) were 159 w0 2.84% for the
Kjcldahl metbod and 132 to 335% foc the combus-
tion method.

Comparison of the samplc means (Table 4) shows the
means from the combustion method to be slighily higher for all
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Table 4. dedmmmmmlmemmmhcmwmmmmm
collaborative study on crude protein In meat and meat products '

———

Geldad Combustion
Sampie Mean % _ Mean % T
_pair protain s a RASD, % RSDR. % proweln s sp RSO, % RSOn % -
8 11.09 0.19 o 175 2.02 1126 025 0.36 219 335
5 11.46 0.28 032 2.41 264 11.58 0.14 029 120 2.50
6 1 027 027 22 228 1188 0.18 0.18 1.53 1.53
3 1264 0.18 0.20 131 1.59 1264 016 027 123 2.14
7 1336 0.11 oz 0.62 169 1359 029 033 2.14 246
14 14.08 027 0.2 1.90 229 14.26 025 0.37 1.75 2.50
10 1urn 0.30 0.30 208 - 207 1422 0.12 024 0.79 1.80
15 16.80 028 043 175 1.09 16.83 0.35 0.36 2.08 212
1 16.76 022 037 129 222 16.90 q.z8 041 165 243
11 18.77 0.40 0.40 297 237 16.99 028 0.36 184 214
12 1713 024 0.37 140 216 1740 0.34 043 197 249
4 1842 0.33 0.34 1.7 188 18.50 0.41 048 2 247
3 19.60 02 0.39 1.11 199 19.76 0.12 0.26 0.60 1.32
2 19.41 0.36 0.49 188 259 19.64° 025 020 127 1.42
13 20.02 [ ¥ <] 0.42 1.63 21 20.18 033 036 1.63 177

“ Results by combustion method for sample pair 2 from taboraiory 9 wers enﬂudedonboﬁso?;nglcembmwm.

pairs. When means are compared foe cach sampic within pairs
(Table 6), only one sample (941) resulted in a greater value by
the Kjcldatl method The average difference was 0.16% pro-
tein (0.025% N) between the 2 methods for all samples. Paired
+tests showed no significant difference beeween the methods.
The grand means of all samples were 15.59% for the Kjeldah!
method and 15.75% for the combustion method.

Comparing the 2 medhods for apalysis of the standards,
nicotinic acid and lysine hydrochloride (Table 7), shows the
greater difBculty experienced by several laboratorics with the
Kjeldahl method for the standards. Six of the 12 laboratories
reparted Jow values for picotinic acid, and S5 had difficultes

with the determinasions oo lysine hydrochlogide. This difhi-

culty i2 not ugusual and has been observed previously (2). The
combustion method, when applied 1o the standands, was more
couasistent than the Kjeldahl method when all 12 laboratories
ave consideted.

Concluslons

The combustion method for crude protein performed very
satisfactorily Whmappﬁedmdvaridyofnnatandmwpm

Table 5. deﬁmwﬁmﬂaml{iﬂdemm
combustion methoda I colfaborative study on crude
protein In meat and maat products

ucts by 12 different laboratories. Repeatability and reproduci-
bility standand deviations were equivalent for the 2 methods.
Fuxiber, data for only one sample pair for the combustion
method iu one laboratory were excluded as outliers. This
means that oaly 2 of the 360 data points collected for the com-
bustion method were outlicrs, an outcome indicating that both
the method and the Jaboratonies involved performed very well.

In addition, 3 different combustion instruments were nsed
in this sndy with po obvious cffects on the results: therefare,
the combustion method does not require a pagticular instru-
ment. Minimum sanmple size and performance requirements for
acowracy should be included wheo the method is applied to
meat and meat products.

Recommendation

‘We recommend that the combustion methnd be adopted first
action for determination of crude profein in meat and meat
products. To achieve homogeneity before sampling, 8 mini-
mum sample si2¢ of 200 mg and careful sample preparation
following USDA labocatary guidelines arc recommended. Per-
formance puidclises for combustion instruments should be
10.15 of theoretical N content of the mean of 10 detenminations
of nicotinic acid and of lysine hydrochlocide, with a standard
deviativa of <0.15. Safety precautions should be followed ac-
oording to the respective manufacturer of the instrument used.

Measure Wjoldahi Combustion

5 0.11-0.40 0.12-0.61 Acknowicdgments

s 0.28-0.49 0.18-046

RSD, 0.82-241 060-223 We thank the following colluborators:

RSDR 1.59-2.84 1.32-335 C. Anthony and R_Johnson, Geperal Mills, Inc.. Minfezapo-

Lis, MN
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Table 6. Comparison of sampie means by combustion Teble7. Collaborators’ results of 10 determinations by
. gud Kjeldahl methoda (afl laboratories) ter collaborative combustion and Kjeldahi methods for standards (%

Moncmdeprotelninmeaiandmtmﬂuqs protein) ‘ ‘
o Maan protein, % Nicotinic add Lysine-HCI
Sample Sampla Diffcrence Laboratory Kloldahi Combustion IGekdahi Combustion
palr No. Keldah! Combustion (comb. — [Geldahl) —
T 1 7145 7075 95.91 9589
1 n 1654 1864 010 2 7021 7072 9.2 95.10
741 17.07 17.47 0.10 3 €9.99 71.18 04.63 9627
a
- ae o018 2057 s 4 5954. 71.55 94‘03‘ 95,80
573 18.63 16.91 0.26 [ 39.28 71.43 933 a_h 57
) 6 64.83° 70.98 9352 9574
3 165 1961 1977 016" 7 71.90 71.81 286,08 96.01
&2 10.58 19.78 .17 8 70.19 71.65 8465 8B7R2
g 70.73 71.16 95.80 96.64
4 433 18.58 1867 0.08 10 27048 7037 93.17" 84.23
946 18.25 18.35 0.10 1" 14.49° nm 77.38° 96.07
a C ]
5 an nst e 0.18 12 Bo Nhazm $.00° 3538
759 11.40 11.48 0.06 Mean .75 21 9515 o564
) 208 158 1180 Y] Thaoretical 7112 3588
582 n.88 1108 010 * Excluded from moab, o
7 169 1332 - 1366 . 0.34
WS et e 015 P. Coleman and S. Martinez, Swift-Eckrich, Downers
8 a3 1074 10.99 0.19 Grove, IL
3 1144 158 0.15 B. Cottingham and 1. Dingman, Hudson Farms, Inc., Ro-
g a7 - s ne 0.12 g, AR
", 868 1357 1366 0.09 R. Culmo, Perddo-Elmer, Norwalk, CT
R. Curis and J. Moady, South Carolina Departmeat of Ag-
10 198 1465 1488 0.03 ricultwee, Columbia, SC
539 1470 1488 0.07 G. Lehman, Meat Science Laboratory, Ames, [A
: J. Loughsan, &LG:mllAkesbﬂxmtoryRWa IN
1 ne. 1700 1718 012 C. Paisloy, 1 439:5 Co. A NE yne,
777 16.49 16.79 0.30 A .
H_Radloff and G. White, Oscar Mayer Foods, Madison, W1
2 364 1728 1757 029 E. Schrader, Quaker Oats, Lawrence, KS '
7] 16.98 1723 025 J. Sizemore and A_ St. John, IAMS Co., Lewisburg, OH
s 25 1958 16.50 0.0 J. Wenger, Lancaster Laboratories, Lancaster, PA
299 20.44 20.77 0.33 .
References
14 513 1543 15.64 0.21
------- 656 1274 1289 0.15 (1) Official Methods of Analysis (1990) 15th Ed,, AOAC Interna-
tonal, Arlingron, VA
15 647 1423 14.31 0.08 A
-
941 1938 1935 003 () Sweency. R (1989) /. Assoc. Off Anal. Chem. 72.710-174
P (3) Official Methods of Analysis (1990) 15t Ed., First Supple-
© Overall - 1559 1575 0.16 ment, AGAC International, Arfington, VA, sec. 996.03
4 Chemistry Laborasory Guidebook (1986) U.S. Deportment of
,-Mdm&mmmmmsam Toare, Food Safcty and I mmwmg_
ton, DC

(5) Youden, WJ,, & Steinar, E-H. (1975) Statistical Manual of
the AOAC, AOAC Intemnautional, Arlington, VA
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Determination of Nitrogen in Fertilizer by Combustion:

Collaborative Study

DoNato F, Tame !

TNkinois Department of Agriculture, Division of Plant Industrics and Consumer Services. General Chemistry Laboratory,

Springfield, IL 62794-9281

Collaborators: H. Agahigian; R- Biscalg B. Crepin; R. Culmo; G. Curran; M. Flock; P Geib; B. Jinks; D. Jones; P. Kane; B.
Kaufman; W, Longmire; S. Millins; R. Neurnann; N. Newlon; J. Nichols; J. Nuzzo: B. Obext; R. Oeckinghats; V. Pabst: M.
Pyles; P Ransdell; B. Sanders; B. Saylor; R. Sensmeir; M. Soltys; S. Spaer: D. Stilwell; A. St John; D. Storer; K. Swanson: M.

Wooden

Fourteen laboratories participated in a collabora-
tive study ta compare abllities of AOAC madified
copper catalyst Kjeldahl methed, 978.02, and the
generic combustion method, 990.03, to analyze the
nitrogen content of tertiiizer materials. Combustion
analyses are more time efficient, more accurate,
and less hazardous than Kjeldaht analyses. There
were 3 different types of instrumentation involved
in the collaborative study: (1) Leco FP-428 Nitrogen
Determinator; (2) Perkin-Elmer 2410 Series Il Nitro-
gen Analyzer; (3) Carlo-Erba 1500 Series Il Nitrogen
Analyzer, Thirty samples of fertilizer contalning 1-
67% N Included 2 ACS grade standard materials:
ammomnium nitrate, theory 35.00% N; and dicy-
andiamide, theory 66.64% N. A diammonium phos-
phate and urea mixture (3 + 1; 1.0 mm grind) and 2
ACS grade standard materials of ammonium nitrate
and ammonium sulfate were supplied for repetitive
combustion analyses. Overall method performance
of the combustion method was at least as good as
the modified Kjeidahl method. Repeatabliity stand-
ard deviation (Sy) values for the cambustion
method ranged from 0.09 to 0.34 vs the modified
Kjeldahl method range of 0.06-0.49; reproducibility
standard deviation (Sg) values for the combustion
method ranged from 0.13 to 1.07 vs the range of
0.09-3,57 for the modifled Kjeldah) method. The
grand mean was 20.78% for the combustion
method, and 20.79% for the modified Kjeldahl

Submitted for publication October 6, 1992,

The recommendation was appraved by the Commiltee aa Foods,
Fentilizers and Refated Topics, and was adoptod by the Official Metiods
Board of the Association. Ses “AOAC Intormational Official Matoods
Board News” (1993) J. AOAC Int. 76, 33A, and “Mcthods Adopred Firt
Action™ (1993) The Referee, 17, March inaic.

! Current sddress: Ulinois Dept of Agoculnure, Burcau of
Envirgnment Programs, PO Box {9281/Stae Fairgrounds, Springfield, IL
62794—&2}“_ .

method using various fertllizers. The average
ranges of s, and Sg for the methods were, respac-
tively, 0.17 and 0.29 for the combustion method,
and 0.19 and 0.54 for the modified iJeldah! method.
The method was adopted first action by AOAC IN-
TERNATIONAL.

he introduction of the AOAC combustion method

998.03 (1) for the amalyses of protein content in feeds

hay prompted smdy to find 1methiods 1o analyze the nitro-
gen conient of other agricultura) materials. For over 100 years,
the Kjeldahl methods hsve been the only official quantitative
means for determining the nitrogen content in fertilizers. Now,
due 1o xophisticated combustion technology, combustion in-
struments can performy analyses without the danger to the
worker and environment.

Kjeldahl analyses expose the analyst to electrical and fire
hazards. They are expensive, time-consuming, and difficult to
perforn. Use of combustion instrurpentation eliminates all
these problems. When using a combustion instrument, it is not
necessary 1o create any standard ar reageat solutions, and there
is no coacem over disposal of toxic chemicul by-products from
wet chemical techniques. There are only 4 sourees of crror in
the combustion technique: (1) centification of the standard ma-
terial used for calibration of the instrument; (2) anatytical bal-
ance used 0 weigh the sample; (3) operator proficiency in
weighing samples and intexpreting analytical results; and (4) in-
strurnent stability. Finally, it takes 3 min to analyze a fertilizer by
combustion methad and the instruments can operate autonomi-

cally.
Cotiaborative Study

Collaborators analyzed 27 samplcs and 2 standard materi-
als (1 duplicate) by the combustion method and by the modi-
fied Kjeldzh! method. The solid sample set included 2 diffcrent
sample matrixes of differem grinds (1.0 mm and 0.5 mm) to
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establish mtralaboratary precision. The sample set also in-
cluded a variety of different iquid samples, including 1 dupli-
cate, 10 cstablish the instrument ability 10 analyze Hiquid fertil-
1zexs. The test samples were randomly Inbcled.

Three other materials were supplied to the collaborators for
repeniive analyses by the combuston method. There were
2 standard materials, ACS grades of ammenium nitraec and
ammoniwm sulfate, and a custom mix of dismmonium phos-
phate and urea (3 + 1). The standard materials provided a per-
formance check on setting up the instrument correctly, and the
3 + 1 mix (1.0 mm grind) verified the grind necessary to
achieve precise results.

Fourtecn collaborators submitted dam from analyscs by the
combustion method. Seven Leco FP-428 Nitrogen Determina-
tors, 4 Perkin-Elmer 2410 Series II Nitrogen Analyzers, and
3 Cxlo-Exba 1500 Sexics I Nitrogen Analyzers were used.
The combustion method was degigned for use with different
msuuments to enable instrumnent manufaciorers 1o meet the in-
sument perfonnance requirements of the methud. Once the
wstrument has been calibrated to correcdy analyze ammaninm
nitrate, it would also accurately analyze the other fertilizer ma-
terials.

Since some lzborataries did not perform the modified
- Kjeldahl method routnely, only 12 collabarators reported re-
sults for this method.

983.13 Nitrogen (Total) in Fertillzers—Combustion
Methad

First Actlon 1993

(Applicable 10 determinagon of 1-67% total nitrogen con-
tent in Liquid and solid fertlizer materials)

Methaod Performance: )

Liquid and solid fertilizers, 1.04-33.99% N

5, =0.11-0.26; 55 =0.14-039; RSD, =0.77-10.99%: RSDy
= 1,15-13.30%

A Principle

Nitrogen is released from fertilizer sample through combus-
tion at high tcmpcrature under high purity oxygen. Nimogen is
quantitatively measured by thermal conductivity defection sod
reported as w/w percent nitrogen in sample.

B. Apparatus

Combustion instrument —Capable of measuring nitrogen
by combustion urilizing high purity oxygen. Nitrogenoits com-
" pounds liberated must be fully converted 1o N, gas. Other com-
~ bustion by-products must be isolated either through gas chro-
matography or chemical scrubbing. Containing combustion
chamber capable of maintaining minimurn temperature of 950°
for liberation of nitrogen from sample when high purity
(99.99%) oxygen is introduced int chamber, either as aliquot
or as carrier gas. Containing tharmal conductivity detector ca
pable of detecting N, gus liberated from combusted sarnple.
Coataining microprocessor capable of calibmting instriurnenta-
tion with standard reference material; subtracting nitrogen im-

puritcs in nstrumeal system xad sample encapsulation proc-
ess, tracking analyses time; retention of sample, standard, and
blank datz; converting detector response into wiw % N in sang-
pl¢; and controlling some, if ot ll, instrument operating pa-
rameters.

C. Standard Heterence Materals

A certified reference matcral of % niu‘ogcn content gjvi_ng
detector response in sarne analytical range ax fertilizer sample
to be analyzed is nccessary for accurate analytrcal results. Uric
acid should be obtained from National Instimute of Standards
and Technology (NIST) for comparison and measurcment of
reference malenals obrained from other sources. Standard op-
erating procedure should include weekly crosschecks of these
standard matenials. Use NIST Standard Refercnce Material
(SRM) 1o calibrate instrument and to analyze foc nitrogen con-
teat of othar reference matenals using instument paratmciens
as in E. Other primary standard materials for msoument cali-
bration may be used if mitrogen content is verified by NIST
SRM. Except for uric acid (which liberates HCN when bheated),
dry reference materials 2 h at 105° before use. Store reference
matesials in desiceator. Suggestied reference matesials:

{J) Uric acid (3323% N)—Clinical grade. 99.7% purity
(SRM No. 913, NIST, Gaithersburg, MD).

(2) Ammonium sulfate (21 20% N).—99.999% purity (Cat.
No. 20450-1, Aldrich Chemical Co., Milwaukee, WT, is suit-
able).

{3) Amononiwn ritrate (35.00% N)—99.999% purity (Cat.
No. 256064, AMsich Chemical Co., is suitable).

(4) Ammoniwn chloride (26.18% N)—99.99% purity
(Cat. No. 32637-2, Aldrich Chemical Co.. is sujtable).

D. Performance Requirements

System must he capable of meeting or exceeding the fol-
lowing minimum performance specifications:

{1) Analytcal system must be able 0 measure nirogen in
fertilizer matesials comaining 1-67% N;

{2) Accuracy of syster must be demonstrated by perform-
ing 10 successive determinations of ammonium sulfate stand-
ard and 10 successive determinations of ammoniun pitate
standard. Mean of 10 determinations for reference masedals
must be within £ 0.20 units of respective theoretical values.
Standard deviattons must be <0.20% N for ammonium pitratc
and <0.10% N for ammonium sulfate standards.

(3) Grind ferglizer saroples to suitable fineness 1o give rela-
tive standard deviation (RSD) £1.0% for 10 successive nitro-
gon determinagons. Moistre content of solid fertilizer sample
must be same before and after grinding 1o ensure correct ana-
lytical resulr

€. Instrument Setup

Follow manufacturer’s recommendations for safe operation
of Jastrument; rofer o MSDS for safe handling of chemicals.
Ventilate exbaust gases 1o appropriate fume removal system.
For solid (but not liquid) reference materials or fertilizer sam-
ples, add at least 4% sample weight of powdered (use mortar



and pestle) sucrose to sample contamer if instrument utilizes
oaly oxygen as carrier gas in combustion chamber,

Adjust combnustion furnace temperature to 950° or higher
according to manufacturer’s recommendations. Calibrate in-
strument according to mamufacturer’s instructions using NIST
Uric Acid. Adjust oxygen profile and other instrument parame-
Icrs o achicvo maximum combustion of ammonium nitrate
,standard before analyzing fertilizer samples, Check for full ni-
rogen recovery by altemately analyzing ammonium nitrate
standard and instrument system blank. Readjust instrumnent
parameters unail instrument system blank value consistently re-
mms to inifial blank value and ammonium nitrate standard ni-
ogen value is within specificatians (se¢ D). Use manufac-
turer’s recomunended settings for other system constants.

F. Deterrnination

Place instrument manufactuser’s recommended weight of
fertiizer sample into appropriate contaier. Diamaccous
earth may be used to adsorb liquid festilizer samples. Add pow-
dered sucrose when necessary (vee E). Calibrate instrament
with refererce material, such as uric acid, before analyzing fer-
tilizer samples. Check for instrument analyticsl driRt and
chemical reagent failure by analyzing instroment system blank
periodically during sample analyses. Increase in blank value
indicates chemical reagent faillure or incomplete combustion.
Recalibmate instrument with reference material whenever in-
strument parameters change significantly as noted by change
in analytical time sequence for completed analyses. Always
check for comect calibration and reculibrate, if necessary,
whencver instrument’s sealed combustion system is exposed to
atmosphere.

Ref.: J. AOAC Ine. 77, 829(1934).

Results and Discussion

Table 1 gives a description of test samples, the type of grind
done on the materials, and how the material was characterized
. for statistical culculations. The sample set included 4 solid
blind duplicales, 1 liquid blind duplicate, S solid Youden pairs,
2 liquid Youden pairs, 3 individual solids, and 3 individual liq-
vids. Eleven of e fenilizens were ground with a 1.0 mm
screen, and S of the fenilizers were double-ground with a
0.5 mm screen. A Brinkmann Ulra Centrifugal Mill (Model

ZM 1) with a 12-tooth rotor was used for all grinds.
- Dicyandiamide (DCD) was chosen due 1o its use in Europe
(Culmo, R., Perkin-Eimer Corp., private communication. May
_ 1991). All duplicate samples were taken out of thc surne cun-

" tainer and sent in pairs 10 the collaborstors,

Ammonium nitrate was sen in duplicate foromxpanson 10

the sume material used in the combuston repetitive analyses. -

However, the ammonium nitste analyzed hlindly was not
dried, while the sarmé ammonium nirate used for combuston
repetitive analyses was to be dried by the collabarator at 105°C
for 2 b before analyses. ‘

Tables 2 and 3 contain the raw data for all 30 samples. Ta-
ble 2 containg the combustion method analytical results: Ta-
ble 3 contains the modificd Kjcldahl method (1) analytical re-

AAAL, TOUKS AL L nvn\,'uucmv\uvlw\:‘ MY S A A IV R s n

Table 1. Samples used in the collaborative study of
nitrogen in fordiizers

Sample Type of

guarantee  repettion® Gring, mm Description

87-00 single nana dicyandiamde standacd
(ACS grade)

4300 single 1.0 urea fertilizer

3500 duplicats none ammonium nirate standard
(ACS grade)

34-0.0 Youden 1.0,05 ammostium nitrate lergizor

3200 single apna ureg & ammonium mirate

) liquid tertlizer

2B8-0-0 duplicate none dilutad uan tiquid ferfiizar

21-0-:0 Youden 1.0,05 ammanium sulfate fenbizer

18460  dupicate 10 triple superphosphate
fendlizar

1880 Youden 1.0,0.5 cusiom fertilirer

14-37-11  duphicale 1.0 cugtom-mix of 18-456-0 &
0-0-60 fertFzors

12-12-12  Youden 10,05 nitric phosphate teqtiizer

11.5820  duplleata 0s monoammonium phosphate
fardzer

10-340  Youden none ammonium polyphosphate
liquid ferlizer

10-30-0  Youden nono custom bquid fertilizer sumys

8240 Youdan none custom fiquid ferlizer slurrys

7-22-5 single nohe austorn Gquid fediizer

62424  single 1.0 custom tediiizer

31030  single none fiquid feriRizet slumy

1387 Youden 1.0.05 custon-mix of 18-46-0 and
0-0-60(1 +17)

* Single = singla blind sampls; dupﬁcéte = blind duplicate swnples; '
Youden = Youden clogsaly matched paire of samples.

sults. The combustion method dats from Collaborators 2 and 8
and the modified Kjeldahl method data from Collaborators 2,
9, and 11 were excluded from the stanisical ealenlations. The
data failed either the Cochran or the Grubbs tests (2); the Co-
chran labaoratory sum ranking test (3); or the ranking test for
outliers (4). Seven Youden pairs and 5 blind Japlicatc sumple
plots were used 1o prepare the Cochran and Grubbs test. All
12 sample pairs were plotted and recalculated until they passed
test criteria.
Table 4 coatains the statistical calculalions for the samples,
excluding data that failed the Grubbs or Cochiran tests. There
.was a noficeable differenice in the analytical means when a
“sample was double-ground. A check of moisture coatent on
 these samples revealed an increase for most of the 05 mm dou-

‘ble-ground samples. Apparently these fertilizer materials ab- - -

‘sorb moisture out of the air when they are double-ground.

Table 5 contains statistical information about analytical re-
sults which fell within the 95% confidence interval, excluding
outliers. This created differcnt average results and reproducible
standard deviations than seen in Table 4. Some of the reproduc-
ible standard deviations arc redeocd by as much as one third of
the original calculations.
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Table 2. Collaborative study result= for nitrogen in fertilizers by the combustion method

Collaborator
Grind, 2 R . v
Sample  mm 1 o 4 6 7 8” 9 0 1M 12 13 14 15 1
Solld fertilizers ' '
St
NHNO;  na® 3485 2476 3480 5442 3473 3642 34.94 3455 3212 3357 440 3405 3501 3459
ot
NHNO;  na 3457 2087 3501 8454 3471 3530 3468 3489 3140 3419 3491 3531 3485 34.79
Sod:
dicyan-
‘damide  na  66.39 6641 6650 6801 6589 7106 8815 6340 6761 6622 6540 6670 66.81 63.80
3400 1.0 3423 1774 3420 3068 3301 3405 3358 38481 3067 3055 3445 3I56 3440 3359
3400 05 8431 2547 3435 X393 9372 }M86 M42 3431 3072 3379 3439 3IIST 3405 M4
18-46-0A 1.0 1763 1778 1754 1790 1783 1831 1781 1752 1758 1774 1745 1788 1765 1{7.68
18-46-08 1.0 1741 1465 1782 1271 1781 18.07 1789 1781 {747 1767 1758 1788 1781 1812
n-520A4 05 1083 1116 1088 .11 1116 1127 1088 1082 1455 1114 1080 1097 1119 11.30
5208 05 1099 1219 1099 1.4 1124 178 1112 1075 1069 1128 1096 1125 1113 1148
14-37-11 10 1401 1681 1396 1370 1395 1414 1320 1400 1331 1390 1432 1413 1408 1439
14-37-11 1.0 1398 1202 1410 1397 1377 1381 1404 1399 1407 1378 1401 1380 1453 19.95
1357 10 0B D080 098 130 104 114 107 087 083 108 QB0 088 09 1.00
13-57 05 111 083 106 122 113 137 1.4 0.1 113 098 099 102 118 143
21.0.0 10 2190 2223 2110 2105 2087 2122 2108 2096 2106 2104 2110 2127 21.08 21.06
2100 05 2068 2138 2108 2062 20.65 2097 2094 2108 21.02 2074 2082 2094 2051 2063
1880 1.0 1812 2484 1801 1806 17.92 1817 1811 1810 1809 1793 1810 1791 18.08 17.99
16-6-0 05 1784 17588 (771 1763 172,76 18.03 1728 1781 1783 17.72 1775 7.1 1778 17.84
12-12-12 10 1185 1206 1201 1176 1182 1243 1190 1L.79 11.76 1187 1189 1201 1176 1231
12-12-12 05 1210 11,73 1195 1198 1187 1245 1193 1201 .81 1186 1201 1193 1202 11.87
46-6-0 10 4553 4899 4560 46.12 4574 4880 4609 4543 4513 4568 4550 4821 4604 46,07
6-24-24 10 649 639 650 667 654 663 652 B3l 638 655 655 635 643 647
Liquid ferilizors
10-34-0A na 1205 1127 W8S 1178 1198 1208 1210 1201 1226 1195 11.98 1214 1191 1253
10-34-08 na B76 1014 972 975 983 1018 988 540 983 1005 989 992 989 757
28-00 na 2910 2043 3000 2916 2884 3030 2690 2088 2909 2863 2076 2044 2900 2824
2809 na 2880 2208 2879 2918 2896 2928 2506 2910 2878 23.19 2897 29.45 2882 26.60
UANI2-0-0 na 3185 2171 3188 220 3184 3BS50 9183 3195 03 3185 3170 3258 3181 3192
10-3090 na 940 883 925 901 909 914 904 945 977 901 970 916 B8E 928
725 na 785 747 780 719 789 752 I56 VIS VV4 6959 T62 738 750 755
8240 na 712 721 720 728 729 788 714 716 125 722 480 TI8 647 725
3-10-30 na 412 340 412 315 352 527 377 414 527 377 708 407 332 355
Aversge 19.531 17.305 19555 19.462 19420 20.180 19564 15435 15.112 19362 19.509 19.567 19.499 13494
Deviation 14490 13226 14.529 14580 14.373 15272 14711 14507 14150 14393 14466 14552 14.612 14.522

* Gollgboratwors data exchuded.
* Not applicable.

Twenty percent of the combustion da for Collaborator {1
were outliers. Primarily this collaborator could not correctly
analyze ammonium nitrate samples. This was to be expected
since this collaborator did not get full recovery of the ammo-
niurm nitrate ured in the repetitive combustion analyses. Appar-
ently, this collaborator did not follow the instrument setup pro-
cedure of the combustion method. However, the other
analytical resalts, except for 2 other outliers, were well within
statistical limits. This author has noted the possibility of ans-

lyzing fetilizer materials other than ammonium nitrate without
any complications; however, the instrument should be set up to
comrectly analyze this material to encompass all types of fertilizer.

An inferesting observation can be made about a collabocator
whose madified Xjeldahl data did not (all within the 95% con-
fidence interval. Colluborator 6 had 26.7% of the analytical re-
sults us outliers, This was a rather high percentage; however,
this collaborator had passed the ACGAC guidelines established
for collaborator climination. This collsborator bad problem



Table 3. Collaborative study resulits for nitrogen in fertilizers by the modified Kjeldaht method

. Colilaborator
Grind, : .
Sample mm 1 24 4 6 7 8 94 10 112 12 13 14
 Solid fertilizers

et Std: p . . / )
NHNO; na® 34.79 35.25. -34.86  34:49 34.17 35.05 32.38 33.75 15.92 33.36 34.57 34.23
Std: n .
NH,NO; na 135.02 3464  35.03 33.61 3450 3519 3024 3480 2140 3468 3510 34.76
Std:
dicyan- . . .
diamide na - 6675 66.80 6632 7656 6522 6652  63.01 66.12 63.88 64.46 67.10 66.66
34-0-0 1.0 3430 3394 3425 3617 3362 3434 2706, 3435 2192 3386 3440 31.99
34-00 05 3422 3324 34.51 28.10 33.78. 3444 3079 3439 2251 3414  34.21 31.69

18-46-0A 1.0 17.64 17.77 17.85 17.40 17.71 17.83 17.03 17.65 17.03 17.68 17.60 17.89
18-46-08 10 1748 18.23 17.55 18.00 17.44 17.81 17.47 17.80 16.76 17.78 17.75 17.96
11-52-0A 0.5 10.93 11.45 11.10 117 11.29 11.17 10.96 - 10.91 10.59 11.04 11.10 11.31
11-52-08 05 10.89 11.07 11.01 11.78 11.32 11.29 11.09 10.81 10.39 11.34 11.01 11.39

14-37-11 10 1400 1424 1399 1391 1404 1392 1367 1395 1317 1380 1418 14.09
14-37-11 1.0 1401 1436 1411 1360 1395 1391 1348 1401 1304 1452 1417 1399
1-3-57 1.0 091 104 101 103 09 071 117 095 008 093 100  1.02
1-3-57 05 101 115 107 09 105 080 120 090 48 098 111  1.06
21-00 1.0 2106 2098 2100 °20.60 2089 2108 2060 2101 3291 2079 2105 21.03
21-00 05 2101 2086 2095 2268 2051 2079 1946 21.10 1972 2070 2059 2074
1880 10 1830 1839 1810 1742 1776 _17.75 - 1787 1805 1668 1775 1830 17.97
1880 05 17.86 . 17.06 1773 1746 1757 1756 17.16 1777 1680 1725 1800 17.78

12-12-12 1.0 12.03 11.61 12.02 11.67 11.75 11.61 11.04 11.91 1165 1166 12.00 11.94
12-12-12 0.5 12.15 11.86 1186 - 11.20 11.67 1163 = 1154 12.03 11.09 11.67 12.94 11.82
46-0-0 1.0 4567 4514 4566 4726 4469 4568 4328 4495 4439 4518 4570 46.09
6-24-24 1.0 6.48 6.63 6.51 7.35 6.58 6.65 6.27 6.32 6.07 6.42 6.64 6.47

Liquid fertilizers

10-34-0A na 12.06 12.37 12.06 12.00 12.12 12.35 11.97 12.11 11.25 12.14 12.05 12.29

10-34-0B na 977 1028 976 993 1004 106 980 982 944 992 1001 10.14
2800 na 2921 2971 2975 2789 2857 2934 2841 2882 2173 2876 . 2899 29.40
2800 na 2879 2950 2830 2552 2896 2936 2885 2950 2138 2881 2895 29.42
UAN3200 na 3188 3192 3201 3081 3137 3163 3150 3140 2180 2971 ' 3205 3220
10-300 na 949 971 940 880 909 929 862 940 745 915 876  9.34
7226 na 786 780 775 749 771 778 771 765 692 . 753 . 779  7.82
8-24-0 na 715 750 726 679 726 713 709 720 658 728 470  7.41
31030 na 415 355 413 206 406 402 377 412 364 355 7.0  3.96
Average - - 1956 - 1960 1959 1946 1932 1956 1848 1945 1670 1923 1963 19.46
.. Deviation 1429 1422 1426 1538 1396 1431 1320 1416 1245 1390 1429 14.12

: Collaborator's data excluded.
Not apphcable

with analyses of thie standard matenals and the ammonium ni-  _the modified Kjeldahl method in 52% analyses of solid mate-
trate fertilizer. , ) rials and 67% liquids. There was a significant difference in the

* Table 6 presents the statistical differences between the - average analytical result for the UAN 32-0-0 liquid (Student’s
Methods after elimination of outliees. The combustion method  r-test verification), (5), which can be contributed to incomplete
has an Sy equivalent to or lower than the modified Kjeldahl  digestion by the modified Kjeldahl method. The combustion
Method for all but 8 solid and 3 liquid materials. The combus- ~ RSDy averages were 0.30% lower for solid materials and
f't'°“ method gives an analytical result closer to the theoretical ~ 0.51% lower for liquids.
WMt of nitrogen in DCD (theory 66.64% N). The average Table 7 contains the statistical parameters of both methods
:Malytical results for the combustion methods were higher than for blind duplicates and Youden pairs. The combustion analy-
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Table 4. Performance of the modified Kjeidah! method and the combustion method

Combustion® method

Modified Keldahi? method
Sampla Grind. m X sa RSDg, % x Sn ASDg, %
Solid tertilizers T
S NHNO, na® 34,363 0.547 1.59 34.336 0.806 235
Sut: NHNO, na 34.743 0479 138 34.499 1.014 204
Stk dicyandiamide na 67.301 3568 5.30 66,739 '0.613 092
34090 10 42 1.077 215 D620 1.029 3.08
3400 05 3276 2127 6.49 23817 1.017 3.01
18-46-0A 1.0 17.694 0.151 0.s 17.701 0.150 0.90
18-46-0B 10 17.730 0.200 113 17.707 0205 1.16
. 11-62-0a 05 11.113 0.140 1.26 11.003 0.199 101
11-5208 as 11204 0.303 270 11,106 0240 2.16
1437-1 1.0 13.987 0.110 079 13594 0.178 127
" 14971 1.0 14.030 0243 1.74 13.998 0.203 145
1357 10 0.940 0.039 10.5¢ 0.977 0.151 15.50
1857 - 05 1.004 0.075 747 1109 0.136 1227
2106 10 20.946 0.159 0.76 21.080 0.094 0.45
2100 05 21.008 0.658 312 20.869 0.151 072
18-6-0 10 17933 0.290 162 18.032 0.084 0.47
18.840 0Ss 17664 0227 1.29 17727 0.148 0.63
1212-12 1.0 11.843 0.170 1.44 19 0.1s5 1.30
121212 0.5 11.897 0.450 403 11.945 0.083 070
4600 1.0 45853 0.743 1463 45.760 0.341 0.74
62424 v 1.0 8.602 0239 453 6.518 0.148 228
Liquid fertlizers
10-34-0A na 1213 o116 0.98 12.053 0.163 1.60
'10-34-0B . na 9950 0.149 150 86 0.662 5.88
‘2800 na’ 20970 0.546 1.88- 29.008 0433 1.49
28-0-0 " na * 20.690 1.219 425 . 28975 0234 0.1
UANI2-0-0 na- 31.451 0783 - 249 . 31873 0226 - - Wt
10-30-0 na 2101 '0.264 2.88 9213 0.218 236
7-25 na 7.709 0.128 167 7.568 0273 361
8-24-0 na 6.909 0.846 12.24 6.981 0.603 1150
. 31030 na 4.128 1.298 31.46 4.157 1069 25.73
Average 19.473 058 4.068 19.467 0.37¢ 3.699
Deviation 14520 0729 14,483 0307 5.591

5860

« Data from Collaborators 2., 9, and 11 exchded.
* Data from Cotiaborators 2 and 8 exciuded. ‘
© Not applicsble.

seg gave a higher analytical result in 58% of 18 saraples. Loss
of nitrogen content is less likely in the combustion method than
'the modified Kpeldahl method due to fewer steps in gnalyses of
a sampie,

The repeatability standard deviation (S,) for the combustion
method was emaller than ar equal w0 the modified Kjeldahl
method for S0% samples due 10 less variability in consecutive
instrumental analyses, The samples with a higher S, for com-
bustion were predominately mixturcs of solid materials and
mixtures of liquids. These sample matrixes may not have been
homogeneous.

The reproducibility standard deviation (Sg) for the combus-
tion method was smaller than or equal 10 the modificd Kjeldahl
method for 67% of 18 samples. This is primarily due 10 lubo-
ratory variation in Kjeldshl bumners and differeot expertise in
Kjeldahl operations. The average pooled Sq and s, for the com-
bustion method are 029 and (.17, respectively. These average
standard deviations reflect a pooled RSDy, of 1.40% and RSD,
of 0.62% for the range of 1-67% nitrogen content in fentilizers.

Table 8 presenty the instruments used in this study, and sta-
tistica) calculations of the 10 conscomtive repetitive combus-
tion analyses. Only 38% of the collaborators achieved an aver-
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Table S. Statictical avaluation of Individual modified Kieldahl analyses and combustion analyses at the 95%

confidence lnterval
Modified KGaldaht® method Combustion” mettiod

Sample Grnd, mm  nf X SA ASOR % n¢ X . ASDg, %

Solid fertiizers T
Std: NHNO, na? s 34363 0547 159 1" 34537 0.424 123
Std: NHNOy na 8 34885 0.237 068 1 34.701 0.290 0.8
S
dicyandiasmide na 8 66.144 0.879 1.33 11 66.611 0.443 0.87
3400 10 9 34,142 1.077 315 1 33,088 0.463 137
24-00 05 8 33.003 0.930 2.74 1 34.096 0.302 c.89
1846-0A 10 9 17694 0.151 0.85 : 12 17.701 0.159 0.80
1846-0B 1.0 9 12.7%0 + 0,200 1.13 12 12.707 0205 1.16
H-E2-0A 05 9 1.3 0.140 126 1 11.044 0.145 132
11-52-08 0.5 9 11.204 0.303 270 12 11.106 0.240 2.16
14-37-11 1.0 9 13.887 0.110 079 1 13.994 0.178 1.27
14-37-11 1.0 9 13.959 0.171 122 12 13949 0.119 0.86
1357 1.0 8 a.969 0.052 539 11 0.947 o.117 12.40
1487 05 ] 1.004 0.075 7.47 n 1.080 0.096 8.85
21-00 10 ] 20,883 0.099 047 1 21.041 0.070 0.33
2100 05 o 20.799 0.206 0.99 12 20.889 0.151 072
1880 10 9 17933 0200 1.62 12 18,032 0.084 0,47
16-§-0 05 9 17.664 0.227 1.29 1 17767 0.057 0.32
12-12-12 1.0 -3 11.843 0.170 1.44 11 1.875 0.096 0.6t
12-12-12 0.5 g 11.768 0.389 3.31 12 11.945 0.083 0.70
4600 1.0 8 45453 0.468 102 12 45.760 0.341 0.74
62424 10 a 6.509 0.112 1.72 2§ -B.A86 0.103 1.59

Liquid fedilizers
1034-0A na 9 12.131 g.116 0% 1 12,010 0.127 1.06
10-34-08 na 9 9.850 0.145 150 1" 9819 “0.138 1.41
28-0-0 na 9 28.870 0.546 1.68 1 28.913 0.312 1.08
2B-0-0 na 8 29,086 0291 1.00 1" 26.975 0.234 ‘0.81
UAN320-0 na 3 N.669 0461 1.46 1" 31923 0.150 047
10-30-0 na 9 9191 0.284 288 20 9.168 0.162 177
7-2-5 na 9 7.209 0.128 167 " 7.621 0208 274
8-240 na 8 7.1685 0.182 253 n 7.197 0.300 417
3-10-30 na 8 2756 0.712 18.96 1 3.891 0.571 1467
Average 19.458 0.323 2.500 19492 0212 2258
Deviation 14.429 0.279 3433 14,505 3469 "

0.132

* Data from Cofaborators 2, 9, and 11 exciuded.
° Data from Collabacatare 2 and 8 excluded.

< Number of Callaborators.

“ Not applicable.

age within the stated specifications for the ammonium nitraic,
but 69% of the coltabarators were able (o meet the criterion of
the repeatability standard deviation. Excluding Collabora-
tor 11, the collaborators which did not fall within the stated
criterion of the method were recovering approxirately 99% of
the ammonium nitrate. Collaborator 11 obtained 90% recovery
caused by not adding enough sucrose to samples. Instruments
which use oxygen exclusively as the camier gas during the
combustion process must have at least a 4 + 1 ratio (wfw) of

sucrose 1o the sample. A rocovery of 99% for the ammonium
nitrate may be sufficient for a screening process, but a higher
recovery is desirable for quantifying the nitrogen content.
There were no problems encountered with the indruments
when analyzing the ammonium sulfate. Sixty-nine percent of
the collaborators obtained a mean result within the specificd
criterion. AD of the collaborators had a repeatability standard
deviation (S,) below the 020 specificd in the method. In fact,
the standard deviations were below or cqual to half the criterion
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specified for 77% of the collaborators. Collaborator 11 ob-
tained a very high mean result on the ammondum sulfatc even
though the mean result on the ammoniurm nitrate was very low,
The 1.0 mm single-ground custom mix (3 + 1) posed no
majar problem in obtaiming reproducible anatytical results.
Seventy-ape peroeat of the collabaraters met the specified ori-
weion in the combustion method to obtain an RSDg $1.0%.
Sample sizc and grind criteria used for analyses of fertilizer
materials are importan( aspects 10 review whieo using combas-

~ toq instrumentation, since mast analysts belicve that it is im-

vossidle 10 oblain good analyrical results using small sample

X s RSOR, %
Sarple  Grnd, mm Combusstion Kieldah! Difrance  Combusfion KGeldaf Diffarence  Combustion Kividshi _ Difference
Solld teqtifzers T
S .
NHNOy na® 34336 | 34363 -0027 0806 0547 0.259 225 158 076
Sud: ’
NHNO, na 34499 RIQ 0244 1.014 0.479 6,535 2.94 1.38 156
Sui:
dicyandi-
amide na 66738 67301 -0s62 0.613 3.568 © ~2.885 Q.92 5.30 —4.38
3400 1.0 33620 3142 052 - 1029 1.077 -0.048 3.06 318 -0.08
3400 05 0H17  BVIT6 0.541 1.017 2127 —1.110 3.01 6.39 -8.38
18460 a 1.0 17.701 17.694 0.007 0.159 0.151 0.008 0.90 0.85 0.05
18460 b 1.0 17707 17730  -0.023 0205 0.200 0.005 1.16 113 0.03
1n590a 0S 11.004 11113 0110 0.199 0.140 0.059 1.61 1.26 0.55
H520b 0.5 11,906 11204  -0.098 0.240 0.303 -0.063 216 270 -0.54
14-37-11 1.0 13984 13987 0.007 0.178 0.110 0.068 1.27 0.79 0.48
14-97-14 1.0 13.9%8 14030 0432 0.208 0243 ~0.040 148 1.74 029
1-8-57 10 0.977 09840 0.037 0.151 0.099 0.052 1550 10.54 496
1357 05 1.105 1004 0.105 0.136 0.075 0.061 1227 7.47 4.80
21-0-0 10 21060 20946 0.114 0.084 0.159 -0.085 a.45 0.76 -0.31
2100 0.5 20088 21008 0118 0.151 0658  -0505 a72 312 -2.40
1880 1.0 18032 17933 0.099 0,084 0.280 -0206 Q.47 1.62 -1.15
1880 05 12227 17664 0.063 0.148 0227 -0.079 0.53 129 048
12-12-12 1.0 1Nt 11.843 0.069 ‘ 0.155 0170 ~0.015 130 1.44 -0.14
12-12-12 05 11945 11897 0.048 0.084 0.480 -0.39¢ Q.70 4.03 3.3
46-0-0 1.0 45,780 45.653 0.107 030 0743 -0.402 0.74 1.63 -0.89
62424 1.0 6.518 6602  -0u084 0.148 0.29% ~0.151 228 459 -225
Liquid ferilizers
103404 na 12053 12431 —oo7a- 0.193 0.116 0.077 1.60 0.96 0.64
103408 fia 9.632 9850 -0.318 0.682 0.149 0518 8.58 1.50 5.38
2600 na 29003  28.970 0.033 0.433 0.548 -0.113 1.49 1.88 039
2800 na 28975  28.690 0.225 0.234 1218 -0.985 051 425 344
UANS200 na Ag7a .45 0.622 0226 0.783 0557 0.71 249 178
10-30-0 na 9,213 9,191 0.022 0.218 0.264 ~0.0456 236 289 -052
7-22-5. na 7.568 7.709  -0.141 0273 0.128 0,145 361 - 167 1.94
8-24-0 na 6.981 6.909 0.072 0.603 0.846 ~0.043 11.50 1224 -0.74
31030 na 4157 4120 0029 1.069 1.296 0,229 2&73 3146 -573
. %ﬂﬁmn(:oﬂaboratorsz 9, and 11 bymodﬁedl(}eldaﬂmeﬂ\odenduded,mlmoolabomse andabyeombushon method
udad.
* Not applcable

sizes. Sample 2izes were wilhin the following ranges for e:
instrument: Carlo-Erha, 231 me; Perkin-Elmer, 40-185 5
and Loco, 25-362 mg. The majority of the sample sizes,
cluding the Carlo-Frba, rnged from 50-110 1g. Sumplc -
wis 4oL & critical component in analyzing these materials.
3 instrument manufacturers had statistically valid analyr
data. However, sample grind plays an important part in obt
ing valid reproducible ardyses, Statistical results of the ¢
bustion merhad obtainad from 1.0 mm single-ground dupli
saraples (18-46-0) and 0.5 mm double-ground duplicaee :
plex (11-52-0) ware the reverse of expectations. The repeat
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- Teble 7. Comparison of the modified Kjeldahl and the combuation methods performances
Modified IGetdah) mathod®

Combustion mathod® )
Sampo X Y sn  RSD, % RSD, % X 5 sa  RSD.% RSO, %
= Mg
DCo 66.74 - 0.61 - 1 X: 23 67.90 - as? - 53
46-0-0 4576 - 0.34 - 0.74 4585 - 0.74 — 1.63
NHNOyc 34.74 0.4 6.34 097 097 3456 0.49 0.54 1.43 156
3400° 3399 026 0.9 0.77 118 3412 0 036 0.66 1.05
21-00° 2097 0.10 0.13 050 0.60 20.89 014 0.16 0.65 o7a
18-46-0° 17.70 0.09 0.10 054 1.03 17N 0.10 0.18 1.04 104
16-8-0° 17.64 0.13 013 070 - 070 17.60 ot 026 0.84 1.48
1437-11° 14.00 0.18 0.19 1.27 1.4 13.99 0.09 0.14 0.85 0.98
12-1292° 199 013 0.13 113 1.13 11.87 027 0.96 224 3.03
11-520° 11.05 0N 0.23 097 204 11.16 0.17 0.24 1.51 213
624-24 852 -~ 015 - 228 6.60 - 0.30 - 459
1357° 1.04 o 0.4 1099 1a.80 0.97 .08 0.09 6.22 8.04
- P _
. 200 3197 - 022 - o7 3145 -~ 078 - 2.43
280-0° 26.99 0.31 0.34 1.08 1.18 29.10 031 D43 1.08 1.1s
10340° 10.91 0.11 0.18 0.99 12 1104 0.07 0.13 065 121
10-30-0
and824-0° 818 022 0.24 n 2.95 8.22 0.13 02 1.64 248
7225 157 - 027 - 361 . - 0.13 - 167
31030 4.16 - 1.07 - 25.73 413 - 130 - 3146
Average 2078 0.17 (.. 188 aAs 2.73 0.19 054 152 406
Deviation 16.87 0.09 0 833 16.92 0.12 0.61 1.56 7.4

“ Dala trom Collaborators 2 and 8 exciudaed.

* Dota from Collaborators 2, 9, and 11 exchuded,

¢ Stalistical cakculation for Youden dasely matchad pairs and biind dupiicates done by AGAC computer software; AOACBURALwk1.
AOACYMP.wki (PhEips, J., Calcutation of AGAC Pesformance Parametors, Rev. 11/2/30.)

ity and reproducibility standand deviations for the combustion
method were 054 and 1.03 , respectively, fora 1.0 mm single-
ground sample, and 0.97 and 2.04 for a 0.5 mm double-ground
sample, respectively. RSD, and RSD; far the modified
Kjeldahl method were both 1.04% for a 1.0 mm single-ground
sample, and 1.51% and 2.13% for 2 0.5 mm double-ground
sample, respectively. A 0.5 mm double-grind sample caused

- more variability in the analytical result, probably due to an in-

crease in moisthure content. The grind of a solid fertilizer is an
Important aspect to consider before altempting afy anafyses.
Howevex, it is pot ag critical as having the cortect instrument
parametcrs and having an experienced instrument operator.

gen phosphate (SRM 194) and Laco EDTA (lot 891-129). The
expected values were 12.15% and 9.59% N, respectively, but
te collaborator obuined average analyses of 12.021% and
9.481% N when the instrument was calibrated with the uric
acid (SRM 913), Because of problems of this kind, uric acid
(SRM 913) was chosen as the standard for calibation. Other
standard malerials are affected by cnvirommental conditions
such as humidity. Usic acid has low affinity for water and docs
not have 10 be dried (6) before use 23 2 calibration standard. The
analyst should continually cyoss-check standard materials to
verify their composition and purity since all analytical results
obtained by combustion instruments rely on the quality of the

The instrument operator must be proficient andexperienced  standard material used for calibration.
in interpretation of the analytical result. These instruments pro-
duce analytical resulis regardless of comrect calibration orin- ~ Conclusion

strument condifion. Computers liave enhanced combustion
techinology and enabled faster and easier means of quantifying
the combustion by-products, but the smalyst is sill the key
component for determining cotrect analytical results.

A collsborator hed problems comparing the uric acid
(SRM 913) calibration standard apainst ammonium dihydro-

®

‘Ihe collaborators had problevos analyzing the ammonium
nitratc and the ammonium nitrate fertilizer by the modified
Kjeldah! mecthod (1) and the combustion methiod. There were a
few noticeable differences 1o sratistical calculations from the
other fertilizer materials analyses. The combustion method
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Table 8. Statistical nformation on repetitive combustion analyaeq of 3 different samples

ACngdoamm(niumriu’ate ACSgracbmnonh:pswfa!e Custom mix (3 « 1)
Collab. Inetrumant X 5, RSO, % X & ASD,, % x 5 ASD,
1 Perikin-Elmer 34 958 o114 0327 21.121 0.063 0.301 25127 a.102 0.408
2 Lecn 34947 0.697 1995 21383 0.149 0.696 25.146 0.395 1.572
4 Perkin-Bimer 35016  0.163 0467 21.105 0.069 0.329 25095 0.068 0.273
6 Cano-Erba 34279 0.142 0414 21.278 0,038 0.279 24,160 0239 0.963
7 Leco - - - - - - 25.361 0,153 0.695
8 Carto-Erba 34804 0099 0284 21338 0.026 0124 255207  0.378 1471
9 Leco 34.763 0.195 0.562 21.14 0.074 0.350 25246 0.104 0.411
10 Periin-Eimer 34998 0042 0921 21193 00865 0.310 25186  0.083 0.330
11 Leco 3LF9 0626 1.968 21625 0115 0.532 25.264 0.154 0.607
12 Laco 34.577 0.973 1.077 21.195 0.074 0.350 25068 0.181 0.721

3 Perkin-Elmer 34960 0037 0104

21182 0.0 0.096

25.198 0.022 0.088

14 Caro-Frba 34.708 0.079 0.227 21250 0,032 0.148 24.850 0.282 1.138
15 Leco 34.785 0.141 0.404 21.115 0.004 0.444 24.086 0.424 1.760
16 Leco 34.586 0271 0.783 20981% 01 0827 25178 0.209 0.830
Average 34.782 0.198 0.564 21207 0.066 0312 25.130 0.167 0.664
Deviation 0221 0.184 0528 0.095 0.038 0.187 0.160 0.104 Q.415
RSDy, % 0.64 0.45 0.64

* Data oxgluded from statistical calcufationss result fel) outside 95% confidence imterval.

gave 2 truer analysis of the dicyandismide than the modified
Kjeldahl method, az can be seen by the repmducible standard
deviations of 0.613 and 3.568, respectively. The average ana-
lytical result for the combustion method on the UAN 32-0-0
liquid feralizer sample was significantly higher than the results
for the modified Kjeldatl methiod. 31.97% and 31.45% N, re-
spectively. The combustion method reproducible standard de-
viation for the UAN 32-0-0 was about one third of the modified
Kijeldah! method, 0.23 vs 0.78, respectively.

A 1.0 mm single grind gave a more accurate analysis than a
0.5 mm double grind of solid fertilizer when using a Brink-
mann Ultra Ceatrifugal Mill (Model ZM1) with a 12-00th ro-
tor, becausa certain solid fertilizers pick np moisture when they
are double-ground through a 0.5 mm screen. This exira mois-
ture causes an increase in analytical variability and s change in
the true analytical resulr. -

There are some specia) considerations when using these in-
stuments 10 analyze fertilizer materials. Some collaborators
had problems with their corubustion systems clogging up and
poticed corrosion of metallic components. Festilizers have high
concentrations of halogens which can form corrosive acids that
erode some metals wlicr the gases cool. Some type of filter
which can trap these halogens before they enter the rest of the
combustion system is necessary if fertilizer materials are rou-
tinely amalyzcd The in-line use of iron chips trapped by glass
wool is one remedy af the present time., 8

" Comments

The following changes should be made to the combustion
method. The mean of the standard ammonium nitrate material
used to demnoastaale accuracy of the systemn must be within £

0.20 of the respective theoretical value, unless this material is
quantified. If the material is quantified, then the mean miust be
within £ 0.10 of the respective value; the standard deviation for
the standard ammonium sulfate should be <D.10 when used w
demonstrate the aocuracy of the system. The analyst should
follow all safety precautions stipulated by the MSDS shezts for
any chemicals used in analyses.

Recommendations

On ths basis of data obtained in thiy study, it is recom-
mended that the combustion methrod for determination of nitro-
gen in fertilizer be adopted first action.
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