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Determination of Total Nitrogen in Rice with the Dumas Combustion Method;
Collaborative Study

Hiroshi Horita®

National Food Research Institute, 2-1-12 Kannondai, Tsukuba, Ibaraki, 305-8642 Japan

Abstract

Nitrogen content in rice was determined by the Dumas combustion method in cooperation with 22 laboratories. Pro-

ficiency test by the Kjeldahl methods using same sample was performed with 12 laboratories.
HorRat values and RSDr of 7 samples for the Dumas Combustion method were 0.51 to 0.70, 1.97 to 2.81 % and
0.48 to 0.77 %, respectively, showed that the measuring results of this collaborative trial were satisfying, and this method

have a good performance and reproducibility to determine total nitrogen in rice.

The value of z—score obtained from the result of proficiency test to determine nitrogen content in rice by the

Kjeldahl method performed with various measuring condition, were —0.72 to 0.95, and half of them were —0.2 to 0.2,

showed that the Kjeldahl method have a good performance and robustness to determine total nitrogen in rice.
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Table 1. Homogeneity of rice sample analyzed for total nitrogen measured
by combustion method according to the Dumas principle

Material 1* Material 2 Material 3* Material 4* Material 5*  Material 6  Material 7
Number of accepted duplicate results ™ [mE] mn| ™ [mE] [mE] [mE]
[19 or 20 distribution units (m)] O00x M0 O0x M0 00x M0 O00x M0 O0x M0 O0x M0 O0x Mo
Mean &, %) 0D om O 0m 0m 0m omr
RSD(%) gmd 0omd om omd 0mr 0omd 0omd
Target standard deviation 0T 0T T O OmrTT O 0o
[Sp, 0.02 X(X/100)°%% x 100, %]
Analytical variance (San) OMox Omox Mmoo Omox M Omox ;e OOOx M°"  OmOox D Omdx 99
Sampling variance (Ssam) Omox Omox Mmoo O Omox mee Omox M OO Oy
SZ = (0.3xSp)’ O O WIEEEEN] [W{IEEEEN] [EIEEEEE] O O
C =Fis%ai + F2San OmIITm O Qoo [BjniEEEEN] O O O
Sam< C Accept Accept Accept Accept Accept Accept Accept
Sam < Sal Accept Accept Accept Accept Accept Accept Not accept

& Material 1, 2, 3, 6; Variety ‘Koshihikari’ , material 4, 7; Variety ‘Haenuki’ , material 5; Indica varieties produced in Thailand

Table 2. Mean and its relative standard deviation (RSD) of each 7 samples reported by 22 laboratories participated in collaborative
study for determination of nitrogen in brown and milled rice by the combustion according to the Dumas principle

Code of Sample No. Sam'ple o
O O o O O O O Weight
Laboratory C
Resultd  RSD) Result  RSD Result  RSD Result  RSD Result ~RSD  Result  RSD Resut RSD (M9
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Table 3. Collaborative study parameters of the combustion according to the Dumas principle

Sample No. ] O O O O O O
Number of laboratories retained after eliminating outliers [m] [mE] [mE] [mn| [mn| [mn| M
Number of accepted results [nnN| [NEE| oo oo oo [mnn [N}
Mean and precision parameters for accepted results
Mean (X, %) Omio Omd  OOoo Omm 0mD OmD O
Standard deviation of repeatability (Sr) oo oo g g g [minnn| [minun|
Relative standard deviation of repeatability (RSDr, Si/X, %) omo omo omo oo omo omo 0mo
Standard deviation of reproducibility (Sr) 0mm 0mmn 0mmn 0mm Omm Omrm o
Relative standard deviation of reproducibility (RSDr, Sr/X, %) 0omo Omo gmo gmo 0omo 0mo 0mo
Predicted relative standard deviation (PRSDg, 0.02X 70T, 94) g 0 O [m]inin| omd 0o o
HorRat (RSDr/PRSDr) 0o 0omd 0omd 0omd oo oo 0o
Mean and precision parameters for all valid results
Mean 0o oo oo 0o 0mm 0mm oo
S oy 0o 0y 0y 0o 0o oo
RSD: oo 0md 0md 0md gD mn; g
Sr OmDo OmD 0o 0o 0o 0mm Omm
RSDr omo 0mo 0mo 0mo omg 0mg 0mo
PRSDr om 0om 0omd 0o omg omg omg
HorRat omd 0omd 0omd 0omd oo oo 0o
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Table 4. Nested random effects analysis of variance for values of sample No.1 to 7
determinated by the combustion according to the Dumas principle

Sample No. O ] O O O ] O

Calculated with accepted results

Inter-laboratory error (LAB, %) mm om mm mm m mm m

Intra-laboratory error (DAY, %) g om gm (]| om gm o
Errors except inter- and Intra-laboratory error (ERROR, %) om om om om om om 0m
Calculated with all valid results

LAB mm mm mm 0 mm mm mm

DAY o g g O g oo 0m

ERROR mm o 0m 0 mm mm mm
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Table 5. The measuring conditions of Kjeldahl method

Catalyst and materials to promote digestion

Code Conditions Additional . . Acids for Sample
Auto Auto : Sodium Boric . :
of : i of time for : : volumetric weight
Analyzer Digestor Sulfate Copper Potassium Another . . ! . hydroxide acid "
Lab. Y: 9 (ml) sulfate (g)  sulfate (g) materials Digestion digestion Y/ analysis (9)
Kjeltec Auto Hydrogen peroxide anco Mmoo 0ooo O mol/l
0 [mnnng] Nd 0 om om 0mo 0m mi 01 min 0 M ml M ml Sulfate, B om
Kjeltec Auto Kjeltec . oo ooo Omr mol/l
= e e m o oo o o £ min mml mml Sulfate o
KJEL-AUTO . Mmoo 0oo 0md mol/l
o VS-KTPY = oo oo o o £0 min mml mml Sulfate, B oo
: h : oooco moo ooo 0mm mol/l
a)
O Kjeltec Analyzer unit’ m om 0m Hydrogen peroxide 0 min 0 o mi o mi Sulfate 0om
10T O min mog ooo 0mo mol/l
[u] KJEL-AUTO DTP-3% o O O o . O Omoo
J uTo 3 m o = IO COmM min Mom ml Mml Sulfate moom
(1T Kjeltec Analyzer anco Mmoo 0ooo O mol/l
o Unit? m om om o 0 min o Mml M ml Sulfate Omoom
. Titanium oxide . moo ooo O mol/l Hydro-
m Manual analysis m 0om M omo 0 [T min o ml o m chloric acid, B 0m
Kjeltec Auto Kjeltec
m 2 N Nd Nd Nd Nd Nd Nd Nd Nd Nd 0moom
Kjeltec Auto  Kjeltec aoco Mmoo 0ooo O mol/l
w o2 orme m om nm o T min o M ml M ml Sulfate om
Mmoo goo O mol/l
M | lysi o O O i [u]
m anual analysis ™ m [mE] [T min o ml omi Sulfate m
Superkjel o Hydrogen peroxide aotco . Mmoo 0oo 0md mol/l
w e DKED = oo oo 000 om mi mminm DI mml Sulfate, B oo
2400 Kijeltec Anal O I/
m 00 Kieltec Analyzer Nd Nd Nd Nd Nd Nd Nd Nd (3 molf om
Unit? Sulfate, B
@ FOSS Japan, ” Nakayama-rika, ® ACTAC L.T.D.
A; Digestion continue until the solution change to clear and its color turn to blue or slightly blue green.
B; Grade for volumetric analysis.
Table 6. Results of each 7 samples reported by 12 laboratories participated in collaborative study
for determination of nitrogen in brown and milled rice by the Kjeldahl method
Sample No.
Sample
Code of -P
] O o ] O O [m] Weight
Laboratory
Result? z-s" Result? z-s" Result? z-s" Result? z-s" Result? z-s" Result? z-s" Result? z-s" @
O OmTD 0md [mjuninn] 0omd OmTD 0md gmrs 0md [mjuinn] 0md oms mmd gmrs omJ om
O 0mr mm pms Mmd 0mT Mmm gms mmJ pms Mmo 0oms Mm 0ms mmJ om
O OmTD DmJ 0m 0omd OmTD 0md 0m 0md 0mr 0md oms 0md Omm 0md 0m
O OmrD 0md mjninn] 0md OmTD 0mJ 0ms 0md [mjninn] 0md 0omms 0md 0mms 0md 0m
O OmrD DM Omrd MmO OmrD 0mJ Oms mmJ 0mr MmO 0oms 0m-J 0ms 0ml 0Omom
O OmTD DmJ 0mr mmd OmTD mmd Omr omd 0mr Omd oms mmd [mninn] O  Omom
m OmrD Dmd pmrs MmJ 0mTD Om 0ms Oml 0ms MOmd 0oms Mm 0mms O Omom
[mn] OmTo gmsd gmrd Omo OmTo 0mJ gmod mm gmr 0md oms 0md 0msd 0mJ om
m OmTD 0md mjuninn] 0omd OmTD 0md 0mrs 0md mjuninn] 0md omrms 0md gmrs 0md om
[m] 0mrD 0mJ pms 0md 0mT 0mJ gmm 0mJ pms pms 0oms 0mJ 0ms 0mJ om
m OmT DmJ 0m mmd OmTD mmd 0m omd 0mr Oma oms mmd Omm OO 0D
L oo QU 0 0o 000 OWID OO0 0mD OO0 0D D00 OO0 D00 OO D00 0
Sp jimjinnn| 0ms 0mrd omn 0ms oms 0mro
Mean mjuinnn} Omrs [mjuinnn; O O Omrs Omrs

@Average of 2 sample values, g/100 g, ® z-score = (Result — Mean)/S,
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