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Method Validation for Determination of Crude Protein in Feeds by Combustion Method

Toshiharu YAGI'', Yoshinari SAKAKIBARA ", Susumu YOSHINAGA ™, Yuji FUKUMOTO?,
Eiichi ISHIKURO™ and Akemi YASUI >
("' I.A.A. Fertilizer and Feed Inspection Service, Headquarters
(Now Food and Agricultural Materials Inspection Center, Nagoya Regional Center),
"2 LLA.A. Fertilizer and Feed Inspection Service, Headquarters
(Now Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office),
" LLA.A. Fertilizer and Feed Inspection Service, Headquarters

(Now Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department),

* LA.A. Fertilizer and Feed Inspection Service, Headquarters (Now Japan Food Research Laboratories),

" L.A.A. National Agriculture and Food Research Organization National Food Research Institute)

The combustion method was compared with the Kjeldahl method for determination of crude
protein in feeds. Three formula feeds and six feed ingredients were analyzed by the combustion
method (using two instruments) and the Kjeldahl method (manually and using instruments).
The results were subjected to t-test of Welch. A significant difference was observed between
the results obtained by the combustion method and those obtained by the Kjeldahl method except
for the results obtained for cattle formula feed and poultry formula feed. = The mean values on
all samples were 32.2% for the combustion method and 31.7% for the Kjeldahl method, indicating
the combustion method tends to produce a result slightly higher than the Kjeldahl method. A
collaborative study was performed in eleven laboratories to evaluate the reproducibility of the
combustion method.  The participant laboratories analyzed the aforementioned nine materials
combined with hydrochloric acid L-lysine. = The relative standard deviations of repeatability and
reproducibility (RSD, and RSDg) were from 0.4 to 1.0%, and from 0.5 to 1.6%, respectively.
HorRat was from 0.2 to 0.5.
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1 #% 5

BE, SEYOHEAREDERIEL LT, PAX—NVENLEL AL TWDS., L H—
JVIEORE BT <, 100 FELLERTICHE SN THEMNER LN, BETIEZZVE —LiEICL S
yRIEE L AENRE - HEEBEAMAGDODEAMONTEBEEZHBH T2 HES RN TH D.

BRBEYE T d % Dumas #13 AOAC 11" ed VI2HI T & 72, AOAC 16" ed ¥ Ti% Dumas ¥
775 Combustion IRICAFNEH END & L HICHALWE &1L, AOAC 18" ed Iz W\ TIdiH
AL EEOIE BB L OMRERE 1, ARV GICHBERAESL TS, £z, 1SO £ TH
Dumas JEICIES < RBEIENEIH, T8, Mk Lo, WEE FEROFERTERASA TS Y.
WRBEIR T v & — Vi b el U CRBh o0 4 iR AL B IE (S IR R BRSO R R SR 2 (Al L 22 W 72 O BRI
~OBEEPR DIV, EEMENSCT AT T U RAREG R, ORI AN 5~10 4 &
RIEITHHMGE SN D 8%, BRLTWDENREZ.

FHOMNETIEERI O T, ZOBRBEEOSHENEALTEY, EHEMNRERSI ORIz W T
b, ZOBBEEOT =2 EHT I ENEZLRoTnAD. L LAERDL, DB ETIIREEE
T EROL I RFEZ/RELRENO L, AESTIBCHRA STV Rholz. A1, AENITIE
ELUTEBI O EYE Y~ORAOEERSHEE LNTT20, Gk~ R OB L 7
=ik, WaHHEOZERIZOWTHREF L, RS, REEICLZ2HZABEOEREEDORY
MHERLIToTZOTHET S,

2 EBRAE
2.1 & B
AR OBLA R (B SR, ARSI, BHEGEE) KOEEREE (57 F, v A1
o, KEM»T, RELD, ALY, TL77 07 7A) Z2ZRENEEN 0.5 mm D5
DB T A FE TR L THWE.

22 B &
Sweeney VZ LB &, MBEEICLDHIEAAEERD OO BN ER & LTIIKRD 1 15
4 DENEZATLLONRLETHDHELTHEY, AOAC 18" ed VIZbAEOZH A SN TN S,
1 M7 (RIS 99.9%D) BER T A CRE 2 BN 2720, IR 950°C OEAEIRE % fRr
TELOBRBEFZ DT L.
2 BRERHEBICLDERT ADOPED DI, WS NTZERET A Z MM ORBEAERD I 55y
BECE DV AT BB DT L.
3 EHFMLY (NOY ZHERHTA (Ny) ITEHBT M, HH 0 EEFEE NO, & LTHIETE
D E O k.
4 TEHESHREAEELZHAOCTHRKLIELEZ L EOEZEO EHMEE O ERZEN —E
(0.15%LLF) O#HPENTHD Z L.
ZOD, FHEOIL, LRLOBAEN-T BB pHTEE 2 BEfE (NC-1000 & U NC-220F, {1k
STty Z—M) AL CREETo .
—J7, TIVE =B L BT O W TR Y YD~ 7 a sy L — L EofIc, L
Z—)VHE TSR 1 R (T ey 7 INEEE - DK20 AY, VELP #) (ZE#-ME%EE 1300
A==l v, 77Xy 7)) 2EHL TRFEZIT- 7.
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23 Ak
BRBEIE L, ZHREEITE U TOMRE 100~500 mg # EREICEY, EFE (AHE) ok
BEIZAI, STEEZFEISEERTAOBRME Y — 27 2457, FRIC, BRERIEMRHARELE LT
EDTA 721 DL-7 AT XU Wi EfMEICED, EEICAN, EFTAORBEY—2 %257, &
bR E—7 O EEEZ RO THREREZIFEKRL, AT OoEREELZRHML LK, EFRE&E
12625 %/ UCHIZABRER (%) ZRDT.
~ 7 B E = ETIEONTRE 2 ¢ &, X — VHBIGTEE TIXONEE L g 22T
AVIEREICE Y ST T o 7.

3 HERUEER
30 RBEER O L — RIS K BRI A VR O R
PRIEIRIC K B A VRO Re ke, B BTS2 BERRZ IV, & % ORBHTHE LT 10 [
B U EAT 57, 35 BRI 5 LT Grubbs MBEIT X o TAAUEZ IS L=, T8
R O LS % R o7 (Table 1). HABE: 0 @3 LK I 12 XHE HfR 2 (RSD,) & LC
0.07~0.79%T&H > 7=.

Table 1  Quantitative values of crude protein by combustion method

Instrument A * Instrument B ®
Estd. protein  SD  RSD, 0 . Estd. protein SD  RSD,
o N Outliers o o
(%) %) (%) (%) (%) (%)

Sample N® Outliers

Formula feed for cattle 9 1 13.07  (0.06) (0.46) 10 0 1328 (0.04) (0.31)
Formula feed for swine 10 0 18.81  (0.10) (0.53) 10 0 18.88  (0.15) (0.79)
Formula feed for poultry 10 0 18.92  (0.08) (0.43) 10 0 1931 (0.10) (0.50)
Wheat bran 10 0 1609 (0.06) (0.40) 2 1597 (0.08) (0.47)
Grain sorghum 10 0 9.13  (0.06) (0.62) 1 9.16  (0.03) (0.38)
Soybean meal 10 0 5027  (0.11) (0.22) 10 0 4974 (0.12) (0.24)
Fish meal (domestic) 10 0 6345  (0.13) (0.21) 10 0 6277 (0.12) (0.19)
Fish meal (imported) 10 0 68.65  (0.16) (0.24) 10 0 6741  (0.04) (0.07)
Alfalfa hay 10 0 17.97  (0.12) (0.69) - -

a) Model NC-1000
b) Model NC-220F
¢) Number of determinations

TNE—EICE DA BEDERIL, ~ 7 a8 VE— VROV v E— v H 8oy i3 &
VY, &2 OFEHIR LT 10 BlI#IR Lot 21T > 7. £ b7z E &EIZx LT Grubbs D
BN K o THVIE A BRA LT t%, SEXME K OV RS B 25k 7= (Table 2). /v & — Lk D
W UKE XA HE R 7= (RSD,) & LT 0.18~1.24% Th > 7=.
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Table 2 Quantitative values of crude protein by Kjeldahl method
Analysis method C Y Instrument D
Sample N Outliers St protein - SD U RSDe ) ) g Etd: protein SD - RSD:
(%) (%) (%) (%) (%) (%)

Formula feed for cattle 10 0 13.15 (0.10) (0.78) 10 0 13.23  (0.07) (0.52)
Formula feed for swine 10 0 18.57 (0.07) (0.37) 9 1 18.76  (0.03) (0.18)
Formula feed for poultry 10 0 19.12 (0.12) (0.64) 10 0 19.09  (0.06) (0.34)
Wheat bran 10 0 15.82 (0.15) (0.95) 10 0 15.74  (0.07) (0.42)
Grain sorghum 10 0 8.97 (0.11) (1.24) 10 0 9.12  (0.07) (0.78)
Soybean meal 10 0 48.93 (0.30) (0.61) 10 0 49.73  (0.16) (0.32)
Fish meal (domestic) 10 0 61.95 (0.48) (0.78) 10 0 62.16  (0.26) (0.42)
Fish meal (imported) 10 0 65.89 (0.66) (1.00) 10 0 66.57  (0.24) (0.36)
Alfalfa hay 10 0 17.67 (0.10) (0.58) - - - - -

a) Macro-Kjeldahl method (manual)
b) Model DK20 and 1300 Super Kjel
¢) Number of determinations

7 VE DRI UK E DA IR YR 72 (RSD,) Z L7l 254, oIHEIRIZIER%E Th -7z,

3.2 W EM O g

Table 1 O Table 2 OFMEE T HIEICLIEERMBEEZZENEN T — L L, BREER O VL
—NELE L TOYBEEZ RO Tl FEDOLEK 21T 72, ZOfER % Table 3 12/~ L7-.

Table 3  Comparison between the Kjeldahl and combustion methods

Sample Combustion Kjeldahl Difference
Mean protein (%) Mean protein (%) Comb.—Kjel.(%)
Formula feed for cattle 13.17 13.17 0.00
Formula feed for swine 18.85 18.66 0.19
Formula feed for poultry 19.12 19.10 0.02
Wheat bran 16.04 15.78 0.26
Grain sorghum 9.14 9.07 0.07
Soybean meal 50.00 49.33 0.67
Fish meal (domestic) 63.11 62.05 1.06
Fish meal (imported) 68.03 66.23 1.80
All mean protein (%) 32.18 31.67 0.51

ZREHZOWT Welch @ ¢t REZ B EAKAE 5% TITo72 & 2 A, FHELAEE & 5 A A Ak
DA CIEm HiEM TIRAEBEAERRD b, ZhidEE LT, @07 VE — ik Tidikeh
DIEFEREE R DOSEREINN TERNWD, BRBEETIIERL L TERETE LD, Z0ENE
nNzboLtEZONT.

F7o, 3 HEOBAFEEOT THEENRD LKA G GEEL, iR
LTWLHEEDLRTWAHEMEZEAL T\ ThHL EEX LT,

WIZ, BRBEEIC L DA AEORFEBE L 7V — VB L D Pz L& 25
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PRBETEC X DHL- A VB OREBEAEL 051%@VMERE SN, A, EH 5P HRFHIH
mkﬁﬂ@@ﬁ&a?ﬂ&é@f%ﬂﬁw@if%&mﬁ,m@w@@ﬁ%%kmﬁbfhé
&, Sweeney?lZ & BB IT Y 0.24%, Sweeney & T X HfERIZ TS 0.19%, Bicsak®lZ k%
FEFIT 0.05% & Wi A Bl O REHE R & FARICRBEIEIC L D E&EN 7V H —WEIC &
HEBMEDEWFERE oo T,

LibXv, REoMEEICH X2, BREEZHCCHEZAVAEO EREEROIZHAICITM
LT, P —EICEDERMBELY b REL RDIMEAN S D720, Bk, HEEEREDI
TANAZBEEEZLIKEOMIERVLETHD Z ENEZX LN,

3.3 JL[AEEER

BRBEIEIC X D EBIEOZ Y2 MR 5720, dmilkhic X 2 AR E2 £ L=, 11 Bk
FWZBWT, ENTRIESN TV HE O HrEEE 8 M4 vy, BUBHIEDmET THWZ b o
ERUCHDIT, W L-U P2 A TG 10 3Bk 2 IR L TRREE 20 #BHZ W T, 4 3
EHE 21T - 7. 15 b3 BRAE 725 IUPAC O3EFRBR O 7o 2L P2 %#(2 L, Cochran
J% OF Grubbs DAREIZ L o THAUEZ BRI LT, #ES % Table 4 IZR L7

Z D%, MFEE &R UK & OV R BURS L O FSHR R 22 2 H i L, E1E Horwitz X
19" 738 HorRat K72, Zi 5 Z 3B Table 5 ICF & D7~
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Table 4  Interlaboratory study results for determination of crude protein in feeds

by combustion method

(%)

Lab. No. Formula feed for cattle Formula feed for swine

1 13.2 13.2 13.2 13.2 13.4 13.4 18.8 18.9 19.0 19.1 19.1 18.8

2 133 13.3 13.4 133 13.4 133 18.9 19.0 19.0 18.8 19.0 18.8

3 13.3 13.4 13.3 13.3 13.4 13.4 19.0 19.2 19.0 19.2 19.1 19.1

4 133 13.4 13.3 13.3 13.3 13.4 19.2 19.0 19.2 18.9 19.2 19.2

5 138 ® 13.6 ® 137 ® 139 ® 139 ® 137 ® 19.5 19.9 19.7 19.8 19.6 19.7

6 13.7 13.3 13.4 13.4 13.4 13.6 193 @ 19.0 ¥ 19.9 @ 19.6 ¥ 195 9 200 ¥

7 13.8 13.8 13.9 13.5 13.4 13.7 195 202 % 203 %[ 200 2009 20179

8 13.2 13.4 13.3 13.2 13.3 13.3 19.1 19.2 19.0 18.9 19.1 19.2

9 132 @ 134 135 159 @ 135 @ 135 @ 18.8 19.1 18.8 19.2 19.2 19.1

10 13.2 13.3 13.4 13.2 13.2 13.4 19.0 19.1 19.1 18.9 19.0 19.1

11 13.6 13.6 13.6 13.4 13.5 13.5 19.4 19.3 19.2 19.1 19.2 19.4
Lab. No. Formula feed for poultry ‘Wheat bran

1 19.3 19.4 19.4 19.3 19.4 194 15.9 15.9 16.0 15.7 16.0 16.1

2 19.3 19.4 19.3 19.3 19.3 19.3 15.9 16.1 16.1 16.0 16.0 15.9

3 194 19.4 19.4 19.5 19.5 194 16.1 16.1 16.2 16.2 16.1 16.3

4 19.7 19.5 19.4 19.4 19.4 19.6 16.0 16.0 16.2 16.0 16.2 16.1

5 199 202 200 2] 2009 2009 199 ® 168 ® 16.7 ® 16.7 ® 165 » 16.6 ® 16.5 ®

6 19.7 19.4 19.8 19.7 19.8 19.6 16.5 16.2 16.6 16.4 16.3 16.3

7 202 % 204 % 202 %[ 204 % 201 % 206 Y 174 @ 16.6 ¥ 173 @ 17.5 @ 18.1 @ 175 @

8 19.2 19.2 19.2 18.8 19.2 19.2 16.1 15.7 15.7 15.8 15.8 154

9 19.5 19.4 19.5 19.9 19.2 19.6 16.1 16.2 16.2 16.0 16.3 16.3

10 194 19.3 19.4 19.4 19.3 19.5 15.9 16.0 16.1 16.0 16.0 16.2

11 19.4 19.6 19.6 19.5 19.6 19.6 16.2 16.2 16.3 16.1 16.1 16.2
Lab. No. Grain sorghum Soybean meal

1 9.2 9.1 9.3 9.2 9.3 9.3 50.2 50.0 50.0 49.7 50.0 49.9

2 9.1 9.3 9.2 9.2 9.2 9.2 49.9 50.3 50.1 49.9 49.9 50.0

3 9.3 9.3 9.4 9.4 9.4 9.3 50.0 49.9 50.0 49.8 50.2 49.9

4 9.2 9.1 9.2 9.3 9.3 9.3 50.4 50.4 50.4 50.4 50.3 50.2

5 9.6 9.8 9.8 9.7 ® 9.7 ® 9.4 9 507 ®  51.1® 509 ®| 511 ®  51.0% 506 ®

6 9.5 9.3 9.3 9.4 9.4 9.6 50.3 49.8 50.6 50.1 49.7 50.1

7 9.8 @ 104 @ 10.6 @ 10.1 @ 10.1 ® 103 @ 512 9 50.7 50.6 ® 51.0 ® 50.9 50.8

8 9.1 9.1 9.2 8.9 9.2 9.2 50.2 50.2 49.7 50.0 50.4 49.7

9 9.3 9.1 9.3 9.3 9.3 9.4 50.5 50.4 50.7 50.5 50.3 50.4

10 9.2 9.1 9.3 9.1 9.1 9.3 49.8 50.1 50.4 50.0 49.9 50.5

11 9.7 9.8 9.8 9.4 9.4 9.4 50.2 49.8 50.0 49.8 49.8 50.0
Lab. No. Fish meal (domestic) Fish meal (imported)

1 62.6 63.0 62.8 63.2 63.0 62.9 67.8 67.7 67.9 67.8 67.9 67.8

2 63.1 63.0 63.3 63.1 63.1 62.9 67.9 68.0 67.9 67.7 67.6 67.7

3 63.4 63.3 63.5 63.5 63.6 63.3 68.0 68.1 68.1 68.3 68.4 68.1

4 64.1 63.6 63.6 63.4 63.6 63.6 68.4 68.3 67.9 68.1 68.1 68.2

5 63.0 63.8 62.9 63.1 63.1 63.4 67.1 68.0 67.0 67.8 67.8 67.6

6 63.0 62.7 63.4 63.1 62.8 63.9 67.5 67.3 67.6 68.2 67.6 68.5

7 63.4 63.2 63.1 63.2 62.9 62.7 68.4 67.4 68.3 69.1 68.8 68.7

8 626 » 625 ® 623 9| 622 629® 620Y 664 ¥ 663 Y 663 Y| 6809 685 679 9

9 63.4 63.3 63.5 63.9 63.5 63.5 68.4 67.8 68.1 68.3 68.0 68.6

10 63.0 63.2 63.7 63.0 63.0 63.5 67.8 67.6 68.1 67.5 67.6 68.0

11 62.7 62.8 62.4 62.9 62.6 62.9 67.8 67.8 67.8 67.6 67.3 67.2
Lab. No. Alfalfa hay L-lysine-HC1

1 18.2 18.1 18.2 17.7 18.1 18.0 95.9 95.9 95.9 95.9 95.8 95.6

2 17.8 18.0 18.0 18.1 17.9 17.6 96.1 95.0 94.8 96.0 94.9 94.8

3 18.1 18.0 18.1 18.0 18.0 18.1 96.5 96.5 96.7 96.6 96.5 96.4

4 18.2 18.1 18.0 18.1 18.2 18.0 96.3 95.9 95.8 95.8 95.8 95.9

5 183 18.8 18.5 18.7 18.9 18.7 95.2 96.0 96.2 96.2 96.0 96.2

6 18.1 18.1 18.4 18.1 18.0 18.2 94.1 93.5 92.8 93.4 93.4 92.9

7 194 ® 19.7 ® 19.6 » 192 ® 19.7 ® 19.7 ® 93.0 92.6 93.1 93.6 92.9 92.8

8 17.0 17.8 17.4 17.8 18.1 17.5 933 93.7 93.7 93.3 93.5 93.7

9 19.1 @ 18.0 ¥ 18.0 @ 18.1 @ 182 18.1 @ 95.5 95.7 95.0 95.6 95.7 96.2

10 18.2 18.1 18.2 18.1 18.1 18.3 95.4 95.4 96.1 95.4 95.2 96.2

11 18.2 18.3 18.3 18.2 18.3 18.3 95.8 94.9 94.9 95.4 94.6 94.7

a) Outlier by Cochran test
b) Outlier by Grubbs test
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Table S Results of collaborative study

Number of  Number of All average

Sample valid labs  outlying labs eStd'(gf;’tein RSD,” (%) RSDg” (%) HorRat”
0
Formula feed for cattle 9 2 13.4 0.7 1.1 0.3
Formula feed for swine 9 2 19.1 0.7 1.2 0.4
Formula feed for poultry 9 2 19.4 0.7 0.9 0.3
Wheat bran 9 2 16.1 0.8 1.2 0.3
Grain sorghum 9 2 93 0.9 1.5 0.4
Soybean meal 9 2 50.1 0.4 0.5 0.2
Fish meal (domestic) 10 1 63.2 0.4 0.5 0.2
Fish meal (imported) 10 1 67.9 0.4 0.5 0.2
Alfalfa hay 9 2 18.1 1.0 1.6 0.5
L-lysine-HCI 11 0 95.1 0.4 1.2 0.5

a) Repeatability (relative standard deviation)
b) Reproducibility (relative standard deviation)
¢) HorRat is calculated from modified Horwitz formula

Table 5 D & 3BV, A OMOR UK E & OV ] 5 BUR B XA cHE R 2 (RSD, KUY RSDg)
& LT 04~1.0%% T 0.5~1.6%, REFRGEIZE < HorRat (X 0.2~0.5 OHIPHIZH VO, HHriED
FMERFEREINT. 2k, R L-Y VU O ERMEIL 95.88% T, AIEEHE T 5=
X722 o7 11 HBREOHF T 3 HBREIOCCRWERMEAE R LTz,

Bicsak ¥ 5 TIT K T 23 O UK Je OVSE 1) B BLRG 2 1M 6P A ¥E R 7% (RSD, 2 Y
RSDr) & LT 0.77% K TN 1.24%, ~ A 7 ORI UKE R K OVE [ FR B0 B I3 FE SR MR 2= (RSD;,
Je OV RSDg) & LT 2.57% K Of 2.84%, Ml L-U ¥ > OMER UKL & OVER [ 75 BLRS FEE (30RR b A2 v
fiiz= (RSD, X' RSDgp) & LT 0.38% &N 0.75% CTH v, EHDLOBRFHER SIZIZFEEOMKE T
HoT.

LA FABR T SV BRBEIEIC K D M7 AV A EE R D T2 O B #4rHr24E % Table 6 127 L7z,

Table 6 Instruments used the collaborative study

Model
Vario MAX (Elementar)
Rapid NIII Nitrogen-Analyzer (Elementar)
Flash EA 1112N/P (THERMO ELECTRON)
JM3000N (J-SCIENCE LAB)
NC-220F (Sumika Chemical Analysis Service)
NC-1000 (Sumika Chemical Analysis Service)
Tru Spec N (LECO)

FP-2000 (LECO)
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4 FEH
AR O = A AEIC OV TREEEZ AW ERBEEZRM LI E 2 ARO R 257,

1) BRBEIEIC K DM 72 AV E O RO UK EIIFHE $ER 2= (RSD,) & LT 0.07~0.79% T
HY, FNF—)EIC KD A BEOE & OMR USRS E X SRR A= (RSD,) & LT
0.18~1.24%TdH > 7=.

2) BRBEIEIC X DM AREOERMEIZ I NE — VRIC X B ERMICK L TEE 0.51%E <, REE
BTN — VB X DR UK, MR R Z (RSD,) Ztb#k L72fE R, ZIEFR%E Th
> 7.

3) AREHZDOWT Welch @ ¢ EZ HEAKUE 5% TITolc b 24, FMBLGE R & 3RSk
LIS Gl H LM I A B AN b,

4) HEIOFHEIZH L 58, BEEEEZHWTHIEABEDOERMBERDTZLGAICIIM LT, Fry
—VEIC LD ERME D b REL RDEMADH D70, BIE, MREEERSEOEAARHRELE
LK EDORENRMETHDL Z ENB LN,

I, ARHEO—EHIL ARSI FRESAFES (2005) IZBWTHEKR SN, £z, RETBIT

OfFRE I IEHE VI S h T\ 5.

# &

ARFRERICER L, 1S 2 W7 inic8l, MSIATBIE NS « R b PE € BN i & I FE RS £ dn i & Ak
JERTYE & S TR T~ =y PRICEHOFEEZRLET. £, FERBRIZIH IV
EWEHRARtET 7 % v 7, RAEHT b=, RStV = A - 1= X - T8, BRASHAER
i 2 —, LECOY ¥ N HA&th, BART A AT —lat, MEEANB ARG
T Z = R ORGSR TS ORREORLITEHOEZ R L ET.
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