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A comparison of the Kjeldahl and improved Dumas methods for
determination of the total nitrogen in foods and animal feed
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and Kiyotaka NAKAYAMA*
*Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In order to determine tariff classifications in the food and agriculture field, it is often necessary to quantify crud protein,
which is generally calculated by multiplying total nitrogen content by a conversion factor. To determine total nitrogen in a
faster, safer and more environment-friendly way, we studied the impact of changing from the conventional Kjeldahl method
to the improved Dumas method. As a result of comparing the total nitrogen contents determined by the two methods
concerning representative samples for customs analysis, the Dumas method often provided slightly higher values than the

Kjeldahl method. As for repeatability, there was little difference between the two methods. A good correlation between the
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two methods (R? = 0.9997) was obtained by an evaluation using all the test results.
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Kejldahl

Dumas

Measurement of the weights
of samples and standards

Measurement of the weights
of samples and standards

«— Making calibration curve
using standards

Step 1

Acid digestion of samples with conc. sulfuric acid
(and an accelerator)
under heating (250 °C — 400 °C)

< 3.25 hours for digestion >

l

Automatic Distillation and Titration

v

Calculation of TN from the titeration value

1 Step2

<7 min. / measurement >

Combustion of samples at 900 — 1000 °C
(The nitrogen is generated as NOy)

v
Reduction of NOy to N,
through the reduction tube

v
Removal of moisture and CO,
v

Detection of N, by TCD
(Determination of N, volume)

\

Calculation of TN using calibration curve
previously constructed

<4 — 5min. / measurement >

Fig.1 Experimental flowcharts for the determination of total nitrogen (TN) by the Kejldahl method and the Dumas method

2. # B

21 # #

Ny h7— R 3 (FELHS SHA), K TAMTERS &2
DR, KREZAMESE (WFRBEAL)

2D BKE, LB, Wk, SHE (KO, B
sl (Xo%E3L3E), 77> (SIGMA), BT F > Rz,
XA FEHiZR) =7~ 5FE (SERVA) (W s Hiish)

o8, EEORBHIOWTIE, ERIZEND, /N7
D, MBI L0 BB S D T LT-.

22 HE#%

221 FLF—ILE
L-NU T ~7 7, Wilg, Rtk 40%KEE{T B YU T A
IRVEIR, 2% U FKERIR, K ONEEM 0.05 mol/L At (42 CTHn
FeAtER) SRR (1000 Kjeltabs KPC, 7 27 & » 7 #8l), 3K
ALK (RO A ASTHAL)

222 BBTaAVE
L-V ¥ U (Fnyeflizde), =F L o o7 X U UEFR T R U A,
ARG, R, EIosd (O 9T b Gerhardt £1:8Y)

23 HMEBRUVEH
231 TILE—IE
NSy AREEE © Vapodest50S (Gerhardt £15Y)
KB ELEE © Kjeldatherm KB20 (Gerhardt #144)
B FRIRIESAE © 250 °C T 1 WRERE 15 3%, 400 °C T2 I
EhijiE=!
232 HRTaVE
EE : Dumatherm (Gerhardt #1:5%)
XX UTHA @mflESY 7 A (99.9999%L 1)
PRBET A - EAIEEIRSE (99.999%L4 )
PRBEEIRIE © 980 °C
REITEIRE : 650 °C
IR AW AEE IR L 300 °C
A~V 7 AR E 200 scem (ce/min 1 &JE)

BREEFFOEAZEE: © 200 scem (cc/min 1 &KJE)

24 ZEBRAE

241 TLE—IEKICKDLEERDPOEE
ST A M- VE<EEHEREL L TR 0.1 g BRELL, 308

ate X0 IREKE /NS D, DEICANTZ. £, L-b

U7 R7 7 4901 g ikl & RIRRICERER L, R BIINEA#EZR A O

R E LT L, 79 v 7 13 aoLa s Lz,
SIFRERELT, FUBAS AN o 72 /3 MRAE 2 oy FRARE &) 1 A8 R O



N

BB

o

d\

10 mL & 538 1Nz, BIZiEis bk 10mL 2z, SEEN
THBYPER T CTRERPEIN 2 5 D5 MR LT, B LES
WHfE LT, 7T v o OB RN ORI DWW T
b, [RERICHEIELT-.

BOMiRt, AOTRE ICHEBKRER 40 mL X, WRNIZH DIk
B SERICIRR S, MRl e Lz,

BERGOMET, ETHIREDOT I/ BETHLL-FY T b
Ty ERPEL, TORNERN 98%LL L 100%LL T &b &%
MR L= BT, 130BHT > & e 7 [BIE L7=.

242 BERTAVEIZLDIEEZNDEE

A RGEIZRABHRIL L, 32 AT L O ICAXEE/NS DT,
AREHREBURIZLL TO L B0 & L.

EDTA (FREAEHEEERED @ 59 30— 160 mg O#EHH

L-U VUil (R EICEMER H OREEREL - K 30 mg

T AE EZETHEE - K100 mg

EHRERITIT, B UDREEEIT L0 E LI EmR & i
L7-. BEMOERICIE, EDTA MV, BUREEKRHZ (TCD)
TR SN ER T AOE— 7w (A) 1IZxF9 25 EDTA OF®
(W) #7my hL, —KXOMEMRE Lo, BRI 03-3.0
mg, 3.0—10 mg T} 10—16 mg O TENLIHRER 4—8
SRR AMERL, PRENIZABOEZRE) SEY R E
BRUBEA L72. 7238, 1ERL L7oREFITO P b UER R =
0.9999 PL EDfiz "L, fiifte L COEMMEEZMR LR LT,
fER L=,

AELORZEFEIL, TCD TR L2 RN AD Y — 7 miE{#E)>
b Rt E AV CEM L.

FUERMERA L LT, #RE0 7T I VB Th D L-U ¥ UGS
L, RERSORBIEN 98%LIE 100%A FLenZ &%

EZERTT

CIED

4

f

% 56 5

33

TR L7,
BIEESRIE, V& —)uik & [RIEE 1 3R D & it 7 [)E L
T2 ERA L.

3. B
31 TIUAE—)VEELEBBRT AVEICK I EENHTOIER
TNE =G LW BT 2 < ECHIE L2kt (19 F8) o4

TRy CEHE) LOZEN S O R % Table 1 IZRT. 4%
AEHZOWTHIIDITIEIC & D RZHRy CEME) 25 &,
WET 2~iEOERMEE, 7AX—LETOMEY, mVMEEZR
FTREINZ L, 19 3k 14 Hetbo7e. ERERMEOZEIT OV
TIE, -0.09—0.31%DHEIPHIILE » 7=
BREHZIONT, BRI KD EREMEIZOWT FREEITY, %
ST H HIBHI OV TS Student O t BE &, S4BT AR VEE
[ZDOVVTHE Welch O t EA S L7-. EORER, 19 30k 12
BT, AEXE (p<0.05) RNRD LN, ABOREER M5 &
LTI, HAEKEERERODROCEBRRERS, <7 h otk
BT AE LB OREHZ DWW T, 2 DL DO THEENRD bz,
THEOBYE UEEEZRARD 0, TNENORERERED
FIRMEYERZE (RSD%) ZRDIZE A, 7 —VEE, 02—
21%DFIAIZ, BT = ~{EE, 02— 1.9%DHPFAIZH > 7= (Table

1. F£7z, BEIOFER] DMV K U BOBRIE R 57
molo. ZORRNG, “IEOBRVIRUEE, FRETHL L
EAbND.



34 TN =B LR T 2 IR K D RERIIERICOVTOLHL
Table 1 Results of the total nitrogen determinations by the Kjeldahl method and the improved Dumas method
Total Difference Itest Ratio
Category Sample name Method nitrogen RSD% between two @ ® ©
p-value K/D
Mean means
. . Kjeldahl 7.50 1.17
Animal feeds Chicken tenderloin jerky Dumas 749 Lol -0.01 0.79 1.00
(Dry chicken
tenderloin)
Kjeldahl 13.12 1.89
Whole dry chicken tenderloin ];ijls 13.03 0.56 -0.09 0.38 + 1.01
. L . Kjeldahl 6.08 0.85
Chicken tenderloin with shrimp Dumas 612 1.09 0.04 0.28 0.99
_ _ . Kjeldahl 428 021
Milk proteins ‘Whole milk powder Dumas 427 0.24 -0.01 0.07 1.00
. . Kjeldahl 5.74 0.83
Skim milk(nonfat) Dumas 57 0.58 -0.02 0.47 1.00
. Kjeldahl 14.07 0.28
0.09 0.02 * 0.99
Casein Dumas 14.16 0.56
Cereals . . Kjeldahl 0.90 0.22 ’ -
Mixture of Rice flour and starch Dumas 0.93 1.87 0.03 2.19E-03 0.96
. Kjeldahl 1.05 0.22
I rted fl 0.01 1.50E-04 § ** 0.99
fported ice ot Dumas 1.06 0.56 !
. . Kjeldahl 1.01 0.24 .
Rice flour(Non-glutinous) Dumas 102 o011 0.01 5.11E-09 0.99
. . Kjeldahl 1.38 0.46
Rice fl lut 0.02 7.86E-05 ** 0.99
ice flour(Glutinous) Dumas 1.40 039
Kjeldahl 1.61 0.39 .
Weak flour Dumas L62 012 0.01 3.33E-03 0.99
: Kjeldahl 15.75 0.18 "
Isolated gelatin Dumas 15.85 0.19 0.10 6.48E-05 0.99
Proteins
Kjeldahl 12.61 1.01
gluten Dumas 12.59 029 -0.02 0.67 1.00
. Kjeldahl 13.65 0.18
t 0.05 0.04 * 1.00
Soy protein Dumas 13.70 0.42
Kjeldahl 9.39 0.40
Peptones Peptone from soybean Dumas 9.62 017 0.23 4.64E-09 wE 0.98
Peptone from gelati Kieldahl 1218 10 031 0011 » 0.98
)il m mn . B .
eplone fom ge Duras 15.49 0.52
. Kjeldahl 13.24 0.28
Peptone from casein 0.20 9.81E-07 *k 0.99
Dumas 13.44 0.31
Kjeldahl 11.17 2.06
Peptone from potato 0.00 0.97 1.00
Dumas 11.17 0.24
Kjeldahl 15.38 0.37
Peptone from meat Jeca 0.33 2.68E-05 wE 0.98
Dumas 15.71 0.75

a) None: Student’s t test, T: Welch’s t test.
b) Significant differences: **: p <0.01, *: p <0.05
¢) “K/D” indicates the ratio of the Kjeldahl value (mean) to the Dumas value (mean).
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Fig. 2 Correlation between the Dumas method and the Kjeldahl method using total nitrogen data from the 19 different agricultural products used in this study.
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