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Abstract: In this study, crude protein was analyzed and compared using the Kjeldahl and Dumas method for
cereals, meat, sea food, chemical samples and vegetable. The nine kinds of cereal, including white rice, were
analyzed. In the result, the correlation coefficient of the Kjeldahl and the Dumas method indicated that there
was no significant difference between them, showing 0.994 of it and 0.956 of p-value. Also, for the nine kinds
of meat, five kinds of sea food, three kinds of chemical samples, four kinds of vegetable, there was little
difference about the correlation coefficient of the Kjeldahl and the Dumas method, showing 0.9725, 0.9879,
0.9985 and 0.9873 of it and 0.947, 0.761, 0.997 and 0.727 of p-value, respectively. For the samples of meat,
they were not fully homogenized, so the reproducibility of them was not good in the Dumas method, which
is required to be analyzed in small size. However, when vegetables, which contain a lot of nitrates, are analyzed
using Kjeldahl, they showed the lower reproducibility compared to the result of using Dumas because they
are not completely decomposed in the Kjeldahl method. In the Dumas method, the samples should be
homogenized because only 0.1 g sample is used. In short, neither of the Kjeldahl and Dumas methods are
an accurate quantitative test because both of them do not directly analyze pure protein but measure the amount
of protein based on analysis of nitrogen. Therefore, it is important of selecting the appropriate analysis method
considering the characteristics of samples.
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coefficient’} 0.994, p-value= 09562 F AF7F] Fold zpol= gle ASE Yehsdth &7 9 Fol
th3l A= correlation coefficient®] 0.9725, p-value= 0.947, 3]4Hs 5 &9l thsA1= correlation coefficient
Zkol 0.9879, p-values= 0.761, chemical’] & 3% a4l correlation coefficient?t©] 0.9985, p-value=
0.997, 47 4 Fl| thalA+= correlation coefficientdt©] 0.9873, p-value= 0.727% A|FE7F °F7ke] =]
= oy Aei I Fulaf T 907 2polrt gle 202 YelHTE S/72 A Al5e] #34d0]
EA] o} A AF st EAEoF e Tk Addo] 4] RUTE o AR F AAES
Bol| Ef3lal e AaFe Ae AEHS o]g3te] A g Ball7} o] Foix|X] ol Fupke]

5 o] A& NEE AME3t] A5}

g
Sera e 25 gashs 2o of

WA A2 Moz wad g Paks Zol/] Bl Fol ¥rha @ + fAW, 4B
=xof weh AR BANE Ausld BAlske Zo] Fasit
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1M E N Aag A ALY F5go] T, BE
-2 W (reference method)©] 2t FH 2 7R 3L 3
il Fo| gt 2009F 9] ot =it = AtE IR} 3, S AFFA FAE oA Hol AHEEA|
ol UL YL Fa, A, Al BA FO 9 EAAIZR0] A 3AF o] & wE kA EA
2 o] Rt gt FelE T F o]9] HA 3] 5 7 A
o] EAlsta, il A FRol uhe Ao ol olo] AEHS thx] & F U= FAWLE A0
2o ZdasgEe @9 d 9 A purine ¥ (AOAC official method 968.06)%l T =] U&= Frt
pyrimidined 719l F XA, amide3}3E, 2 4x(urea), Z2=% (combustion method)S H]x EJ&] HoIt}!0 F
creatinsol] E3tE o] QI o] AL AENE RN = upAH e 7)E] Ay vjg)] 374 odEH] A
A3t oW Folgta kst Uk AF F A B AHFs & F Aok AHE /A A
xaA S Fes] S5t AEFY BEE ot A o EA AT Al 8T 5ol AR o, Atoln
2 1 Faslth it o R vl S Ak 9l fr=3 88t=d S ARESHA] ot bt 2 2
= SEAAEY HES B 2%, T4 7%, A4 kAl A WRlolt)h 28 &2 27] H§, A8
16 %, & 2 %, 2HA 23 %ot} o] 9 7he H]g-2 ol TS A AMEStE o TAIE QA gEAde] g
Aol R/l wet 254 thEXT A48 HES A o Fth= #AIF o] ULk
o] At whebA] dRkHl wd Alge el metA 2 A3 W freEe FE, §57, St
0] 16%°] d4E 7L AL, MEWe] A4t 27 E, AT 5 vhds 9ERE 7 AE7R Ay
ofu] it A G E ATk 7FF 8 100/16=6252 I FulaAFdWo s whuld B4 uhis vy B4
AHEBEAL ATHS BRI RE 2]F 9] FRFol wE) ofr] stod, A diAdel w2 Aget vl EAu A
L] ZAgo] gt Zhr] v ©id 3 Al E A o 7|2ARE Fral=d FHo] AUk
F gk A FR o) Fste] Tl s Akt
AR Qof Bk AlE BATE| Fofof )l 2. M= ¥ gy
AF T UM B2 dubgo g A EFH
S50} 2le AYR(Kjeldahl method)S Bo] ALE 21. Algk 9 2
St Qo) Agye B dAoA Fule] &35} EDTA ¥5E-2 Leco (Leco corporation, USA)ol A -

et o A9 & Aste] ARE-3F AL, Glycine Sigma-Aldrich (St. Louis,
=]
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S E 3L o] AL F4E MO, USA)°l 4], Ammonium sulfate®} Boric acid+
SIMEFO=E F3hstd dRYol 71AI7F e o JUNSEI (Junsei chemical, Japan)°|*] Sodium Hydroxide
ol o} 7|AE HEAte 7 ZAET gao g AR Solution 32 %, 0.1IN Hydrochloric acid standard solution
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< DAEJUNG (Dagjung Chemicals & Metals Co. Ltd.)S
258 FAstdnh el FXA 2 ARE-she Kjeldahl
tablet-=>= BUCHI (BUCHI Labortechnik AG, Switzerland)
2HY FYste] AMEEATE FrtEH o) AE-Ee
TIN FOIL CUP-& (Leco corporation, USA)l A ¢
AT AEE FE 9L, SFH 9L, AWdE 5 A
A&7 43, chemical A& 3%, 7|E} 1 & 4151
t}. Chemical A| B2 A9 3H *]E"é——: Td3 3 3
4°Co)| wtste] A3

22, Mgy

22 (Kjeldahl method)> A &3ll, T3, 5F,

st EYolrt ‘ﬂ“g 0}04 FaA €t
HkSo A AAlE kR olE 70 mLe] boric acid
o FFAIA 15027 0.IN Fate g HA st
22 FA Ad, B, AFeZ o] o
A& 2k 0.1 g& A#Fsta AlE7} °iﬂx] BES
= 950 °C&

4
o
k)

]@51 fumaceoﬂ FAHHEA %

=
Ao 2 ol oF 0.5 go] AEE FAkAel A A5 AstE T Alg Tl 2 , 2
el 5 2 AA 300 mLe 8 FHO ¥, 7R ¥ dioxide (CO), H,0, NOL.2 Ab3te] v, Atsle &
= =7 A2 ZmjA2) Kjeldahl Tablet (4.98 g K,SO,
+0.02 g CuSO45H,0) 2¢7 A% 84+ 20 mLE ¥ Table 1. Kjeldahl operating conditions for the determination
At AlB 9} BEAA, 1 gate] 27 A8 E of crude protein
HBE= 430 °CE g4 31"HEY KjelDigester K-4460] Instrument Conditions
93 o 27 B HelE A ol ¥alE B HO 50 ml.
WA she al7kee 87k S3HgH] Scrubber K- Ea](;g 33 m]]:
415% 53 WEAZT Eal7h gRE Age Gk R "
ol=] Bl Hs A9l vreo] 9 um = Reaction time 5s
el &= "‘EEHQ]' dstehel wbgo] dofut Steam power 100 %
o] AAe AR FNH,),S0,2 FElE WHalA @ Distillation Time 300 s
t}. ol AFE-E Z=ujA| F K,S0,& ﬂ’\}ol Z2e4S Titration start 150 s
o3 S0 2 A, AEhiee 2T 9 Stirrer speed distillation 5
S 3, CuSO,E ofr|=Ato ZHE olmijo}l YL Stirrer speed titration 8
Table 2. Dumas operating conditions for the determination of crude protein
Instrument Conditions
Temperature 950 °C
Furnace Afterburner temperature 850 °C
Thermo electric cooler temperature 5°C
Furnace flow High 30 s
Burn profile Furnace flow Medium 30s
Furnace flow High 30 s
Ballast Equilibrate time 30s
attas Not filed timeout 300 s
Aliquot L Fill pressure drop 200 mmHg
1quot Loop Equilibrate pressure time 8s
Baseline delay 5s
Minimum analy 40 s
Bl Comparator 100.0 %
ement parameters Endline Time 2
Conversion Factor 1.00
Significant Digi 5
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3S 53 FHA furnaceo| =2 3HH

A, U]%XP:* A A HATES Ahk

= Al F’/] EOH X]}xy}.ii

Y dAEE 7\3%71( TCD, Thermal Conductivity
A2g GA st A @),

== 9§, S5 9F, AAE 5F, AMAEF 4, 71E
QJ9kE 1 3, chemical 355 % 31719 AES AU

S ok S ol ge1) TEMAE FoI2ch 3119
AZ F chemicals®l] 3] F3l= EDTA (59.9 g/100 g),
Ammonium sulfate (132.5 g/100 g), Glycine (116.3 g/

100 g)oll thak 7+ A )52 a8 =48] Bk,

Thal pANCS
RE Ny BE= =1

23. 717124
A g H(Kjeldahl method)S ©]-&3le] £ Tu=
KjelFlex K-360 (BUCHI Labortechnik AG Switzerland)

< o]&3t %-‘?"r%: SHR AL, sEgH o] 717124
Table 13} 22T},
Y AE24 7] FP628 (Leco corporation, USA)S ©]
AL, 7171270E Table 29+ 72Tt

24. 84 BY
A & oid FEAES AEyH Frkayge
o] 33] WHE AJElsto] 4 =
A& A7) ATBAZ M
AT FAHHAo T E A
7] (slope), & H(intercept) & ZH-E A¥ F 7+ 4T
VAE BHSFAL FAAT)S A gke] 0.9
o F W o g ZAT JE Abolol] @AY A
= Aoz A43A . SPSS version12.0 (SPSS Inc.,
Chicago, IL, USA) <] paired T-test&

rlo
o
r 3
X
ﬁ
o
N

53 p-valueE

Table 3. Crude protein Contents (g/100 g, %) Obtained by the Kjeldahl and Dumas methods

Sample name and

Nitrogen conversion

Kjeldahl:Dumas

Category description factor Mean Kjeldahl Mean Dumas ratio
o4 6.25 18.6+0.07 18.4+0.26 1.0117

W) | 5.95 53+0.10 7.1+0.16 0.7549

wiu)p 5.95 574024 6.6%0.19 0.8625

win)3 5.95 52+0.15 6.3+0.10 0.8322

g wiu) 4 5.95 5.1+0.04 5.1+0.01 1.0123
W) 5 5.95 4.1+0.08 4.4+0.04 0.9274

w6 5.95 3.8+0.11 3.8+0.05 1.0032

Zjar 5.30 32.7+0.17 30.0 £ 0.08 1.0899

G ] 6.25 15.6 £0.08 15.7+0.03 0.9925

sausage 1 6.25 18.1£0.05 19.8+2.21 0.9125

sausage 2 6.25 19.3 £0.54 18.5 £0.03 1.0442

sausage 3 6.25 21.1+£0.51 16.0 £ 0.46 1.3201

Eadl e 6.25 24.0+0.02 28.1+221 0.8554

g8 zusgx: 6.25 31.7+0.46 32.3+0.73 0.9808
ol FEE T 6.25 56.8+0.16 56.9+0.71 0.9977
THolFEE L2 6.25 61.1+0.70 58.9+0.41 1.0370

2] AR e g 2% B 6.25 36.4+0.11 36.4 £ 0.06 1.0010

T2tz E4AA% 2o 6.25 18.9+0.37 17.9+0.24 1.0564

ZujRu] A | 6.25 23.1+£027 23.7+0.83 0.9764

Zu R 2 6.25 34.6+0.53 35.4+0.71 0.9757

e ZHFAE 6.25 13.1+£0.24 14.9+0.28 0.8764
ZuZHE 2 6.25 14.1+0.30 14.1+0.34 0.9969
PCEEATRN 6.25 20.5 +0.42 21.7+0.14 0.9463

EEIpES 6.25 3.4+0.06 3.3+0.06 1.0012
LAY 6.25 3.6+0.05 3.8+0.08 0.9398
AT o= 6.25 2.1+0.04 2240.05 0.9548
ESES 6.25 1.0+0.06 1.3+0.14 0.7878

71€F o) ek 6.25 19.1 +0.06 19.2+0.26 0.9948
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T3 p<0.0541F =
5 At T AR AS 1o Aeole A
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Fo g HAA 274]6}14, 9]

=9
ol

3. 21 3 E9

SF 9F, AAE 5F, AR 4F, 7]
%, chemical 3F% = 3179 AZS
Aol Al e AYH I AOAC SA
ol Qe Friag S o]§sted 31 WHE B3 4
= Table 33 Al TE T Wn|= Fol|aL vt
HZ] 3 FL olne} Frll 7}7}06%&% 23}
ATk Akl ARE-E winje] hild A= 595, F7
w530, YA FEo] @i Agre 6.250113]'. =
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Fig. 2. Difference in the Kjeldahl:Dumas ratio of experi-
ment.
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Fig. 1. Relationship between crude protein values (g/100 g) obtained by the Kjeldahl and Dumas methods.
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o]-§-3F F AFHTEY Aol= A ASUTh(Fig 2). =
& < 3REE Al et 3k S 2 ek
T BAATe o8 A Bt 2 AR A3
2 y=0.8047x + 1.2528, FAAFE 099402 F 2

7he] feldel Atk AL g & A o

Sl
2o Ady AAE dYsiAe W voe At
4.6~30.6 g/100 go| 2L, Frl2R A} vl 3FS
o] ratio= 0.8285~1.2686% 2 A AAE E3] =&
Sk AN S Ay, Frkay 30 R ALg Ths
oS gl = ATk S5 e Ao ARE &
WA AFe 625013, AEHE o &3 TS
18.1 ~61.8 g/100 g EFHAE 0.02~0.70, Frk=9

< 15.6~59.3 /100 g EFHR= 0.03 ~2.210]t}h A
@yt FokaR g o 43 AR AR ratios 0.8554
~ 1320102 SHE o]&3l T AFH7Ie zo]=
A &rh(Fig. 2). AT 5\_/\];<] A]_g_g] :.,Lzlfip}
zZ =R gol Ady I} F

BF e 242 Xlﬁﬁo} i,
g oF 0.1 g0 &) AR %“4%‘
7 7] Aole AlF e A <]

AE 097255 F r%z}fﬂ %Wé o] aﬂr-t—
T AL} o] A =g
) 4o AAZEE 18.0~61.0 g/100 go] I, Frofx
0.
<

F }i‘ﬂ

£ 625
~34.6 g/lOO g ¥
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= 0.14~0. 83OIE} Ay FrkaHE o] §
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S e A FE 625
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0.05~0.14°]th. ALy FrjayS o] 83
Al 4 7}9] ratiorx 0.7878 ~1.0012% FA| S 4z
7F Hl=e A= ANAT, F ARk ratio’t 0.7878
2 3A "R = 9 thFig 2). Ak ANFE 4FS
39HE AEsta A e 2Adsle] F EAHe]
ode A Bttt o AF AL y=0.9483x
+0.2805, AAATFE 098732 F AA7Fe f-24d o)
Atks AL AT F UL o] Ao By A
S YRS wl o= AAZEE 1.2~3.7 g/100 g
o|a, Frky Aste} H]JL O}ME‘ﬂ ratio= 0.8953
~1.06912 & A A7}

R .
B>
A xo
af

P

¢

W, FrkaY Sk o *}% 7?%?:‘% 2‘%%‘ T U
ATH TRt AafFe] A Ak 22 B Aa
o] H]go] Emo} AYHO T BAA] 2bxg £3)|7} ¢
oA oo} Friey wrh BN Fgol ol =
AE Ao Z FAerE )’

=8, &7, ke F 5 5Re AEe] 2ey

Tk Zke] AE SPSSQ] paired T-testE ©]& 3}
o] A8 A= Table 49F 2th FEFL p-values
0.959, &H/E 0.947, 42 0761, HAFE 0.727,
chemicalst 0.9972 YEIWTH BE F79 2]ZoA

Nitrogen Concent Kjeldahl Dumas Kjeldahl:
Category Sample name conversion . Recovery Recovery Dumas  p-value
factor ration /100 g (%) g/100 g (%) ratio
EDTA 6.25 59.9 53.1 88.6 60.2 100.5 0.9 0.000
Chemical Ammonium sulfate 6.25 132.5 137.9 104.1 132.9 100.3 1.0 0.016
Glycine 6.25 116.3 1183 101.7 116.9 100.5 1.0 0.086
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