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Improvement of digestion condition in determination of protein in food by
automatic kjeldahl apparatus

ZHENG Qian-Qing'’, OUYANG Pei-Pei’, HUANG Cheng®

(Zhongshan Center for Disease Control and Prevention, Zhongshan 528400, China)

ABSTRACT: Objective To optimize the digestion condition of determination of protein content in food by
automatic kjeldahl apparatus. Method Totally 3 different categories of food were measured in terms of sample
amount, catalyst proportion (K,SO4 dosage/CuSO, dosage, in grams, the following is the same as), sulfuric acid
amount, digestion time and digestion temperature to analyze their respective effect on the protein determination.
Results The optimal digestion conditions were: as to rice, the sample weight was 0.8 g, catalyst proportion was
6/0.4, added amount of sulfuric acid 12.00 mL, digestion time was 80 min at a temperature of 420 °C; as to sausage,
the sample weight was 0.8 g, catalyst proportion was 6/0.2, added amount of sulfuric acid 10.00 mL, digestion time
was 90 min at a temperature of 420 °C; as to pure milk, the sample volum was 1.00 mL, catalyst proportion was 6/0.2,
added amount of sulfuric acid 10.00 mL, digestion time was 70 min at a temperature of 420 °C. The relative standard
deviations were 0.21%, 0.29%, and 0.50%, and the recoveries were all above 99%. Conclusion The optimized
method has good precision and stability, and with accurate and reliable measurement, which can meet the

requirements of routine testing.
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3.1 HEEXNELE R

BRI 2 /0 BB R PR S R LB i, — Ok
W, U U B AT DA S T AR IS [, (HBR A T RE L AR 3R
PE, WK RGLIR2E; B BE S R 52 i Rl 235 51 1) o
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JRIR %R, FTLAERRA IS MR I T SR T b )

DARE i N7 &, [ WRBER AN N 10 mL, 45
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E o ARIEZE S — 2 B R A O A — A, R
N 2 41K 2 AR e A 25 5, AT LY AVE A & P i —Fhi
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TELARXT B, B i f5E 0 1 N8 11 0 sl (5T T R
B, FESLTE LS T AR S 2 2 s O AN 5E 42
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R, FEd B CRFEA N 0.8 g, 4495k 1.00 mL, 90 min, JHALIEIE 420 °C, WFFAMEALFIED L Xt 3 FhAS [ 25 H1

#1 HRENEEFRNESRNFIE(N=6)

Table 1 Effect of sample amount on the protein content(n=6)

P S i a1

FEdh
NgmL) O ffere O ffiz EWOUR pRiess

TE% % GEM% % SE% %

0.2 6.80 0.15 12.68 0.15 3.49 0.13
0.5 6.79 0.14 12.55 0.16 3.51 0.09
0.8 6.83 0.10 12.73 0.08 3.57 0.10
1.0 6.68 0.09 12.63 0.12 3.61 0.06
1.2 6.75 0.13 12.57 0.13 3.47 0.08
1.5 — — 12.56 0.10 3.46 0.06
2.0 — — 12.70 0.09 3.48 0.09

3.2 EFIECEE XN E A R ARG

LG 23 i T TR0 10 1 P 2 8 v W A T R s B I
AWM, SRS T, ALY EHRELIR 0 ok
FE LU S, AR R B B2 = T AR s s, IR B
4 ffe; BRIR AR AR R f AR, sl Ak S, 46 T b B
T VO] st o S 7 3k R R A S R R AR A B R A
A, THABIRORLE K, S AR g P I B e i
R EWBI, (AR, BB E AT, RN
WS O TS | e e 2 O A N E ) Boiit B E e
RCR

DIMEAL I EC e o AR i, B ROK 0.8 g &
0.8 g. 4% 1.00 mL, WRELHEH & 10 mL, JHALE

B EAR S REAEMN R 2 A0, KOKTE K,80,/CuSO,
59 6/0.4, FHFNALEYAE 6/0.2 15, FE PN E 25 R H B
KAE, T KrSO4/CuSO4 TE 4/0.8 HF, 3 LS AT AL 44
PR GUTE, VBB R F K, B A R A
WAEMIL 0.5 g0 55 RRA BIINARTE 6 g B H BLIE(A,
FARUE 22 BB AT IR, KK K,SO4/CuSO, AL LA
6/0.4, WAL A= W pT ARL LR 6/0.2 SHEL,
3.3 KWRER A E XN ELSRAIF N

FL G AL e 2 1 BT KRR AR BRI 1k, #E L 5k
TRIRAE M IAAE R A WL A R CHLA, HeBiiR A i
A ROV IR TE 4, 1 BN e 2 R ARAR, o 2 RO IR 7
IRF L VTP IR, AR R FH A I A A R .

LB oA i, MAORMERER 08 g0 FM
0.8 g 445 1.00 mL, HEFLFIACLLIKA 6/0.4, T4l
4950 6/0.2, TALEHE 90 min, JHALIRIE 420 °C. 41 3
Fi7R, 4BER AR 4.00 mL 1 6.00 mL i, WAL HIG
A/ ROV AT, AR 2T, EA
T I E WAL MER A <10 mL B, BOABRSE
Wit o5 A T TR D 2 1) 18 I T R, A ROK B, R R
FHIETE 12.00 mL 8 (A 5 a0 B BB KA, Bl A 90 T %
TEM E 75 AN 24 Wi e, WeamiR i 7E 10.00 mL H3 &
KA WEFIR T E=AE 20.00 mL B i TS K, Toikik
PG &, R ICEI A T, R TS RNE. §E
B R TR FH o I AN B4R e B 1 TR R, SO T A R
PR F AT 2808, AW LI A AL A=
50 mL, TEMRIEFEMTHILE BRI T, ETFHE AR
(250 mL)RR il DA S iR TR 9%, 45 A bn o 22 1158 0 BT,
W 5E KK AW B R PR 7E 12.00 mL, 75 Fial 4= 937
10.00 mL S HAE

xR 2 AR & B RN ES R0 (n=6)
Table 2 Effect of catalyst proportion on the protein content(n=6)

i R H (Ko O FT L K o AL
/CuSOs fiThD) BAFRARL R BARSRNS RN BARSRS A%
3/0.2 6.72 0.17 12.53 0.22 3.48 0.10
4/0.8 6.76 0.22 12.67 0.30 3.48 0.08
6/0.2 6.79 0.17 12.84 0.17 3.51 0.06
6/0.4 6.84 0.15 12.75 0.16 3.47 0.06
4.5/0.5 6.69 0.19 12.69 0.19 3.47 0.08
5/0.2 6.72 0.13 12.66 0.15 3.46 0.06
4/0.2 6.73 0.19 12.67 0.17 3.44 0.08
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Table 3 Effect of sulfuric acid amount on the protein
content(n=6)

PNS i 2
B il —
L EFUR fRdEz BPUR ez EOUR b

TR% % EE% % T/ Y% /%

4.00 3.73 0.16 12.08 0.39 3.46 0.06
6.00 6.56 0.10 12.66 0.17 3.49 0.06
8.00 6.83 0.08 12.73 0.08 3.49 0.02
10.00 6.85 0.08 12.81 0.11 3.52 0.03
12.00 7.03 0.07 12.67 0.07 3.47 0.04
15.00 6.57 0.08 12.44 0.08 3.42 0.04

20.00 — — — — — —

3.4 HWETERTNEL R R

T AR ] G 22 35 T Ak B g A 58 R LS RS bk,
AL DB, #F S TR 5E 4, 5 R T Hb3E SR AL AR,
AL IR, ROC R b 28 CHE B i i s Bk, 3K
I 25 SR AR ARG, TR IR SR AR IR, I e e T AR AN e 4, B2
M E 25 R . LATH AR ] AR i, HOKRMER R 0.8 g\
Tl 0.8 g, 4iZF0% 1.00 mL, LKA LK N 6/0.4,
[ A4 6/0.2, WesRER F ROk A 12.00 mL, &5 1
4l 4975 10.00 mL, JHALIRE 420 °C, W04 W] WL, BEE I E
FIBE N, &S A EAERWIE R, 240 fLET A £E 30~60 min
I, BEE AR, Y HE AT AR 4 R e P )
e, SR E AR IR SE 4 I AKBT I AE 70~90 min A,
THA R, BRI ot R K, 2 WA DA ()
PIRE SR T AL B 58 4, 1 SE A B [0 0 52 (B8 A 1 B S 1Y
P, R THRE LI RIRT R, GRS R, W
E S BT AL R] AT 458 0 7E 80 min, &A% 90 min, #4145
70 min,
3.5 HUWEREINELSE RN

THACTR B L i, BRSSO A0 2, I DU T ikt
FEME, AR SE A S O e 2 R A . RIS AT LR
JE, A SR AR [ S R IR IR 2 . AT AR TR S AR
KAFEREN 0.8 g MALFIEL L 6/0.4, V&R &
12.00 mL, jH1k 80 min; ) 0.8 g, HEALFIALLL 6/0.2, ¥k
WAL AR 10.00 mL, 44k 90 min; 2445 1.00 mL, 4L
B 6/0.2, HeRiR & 10.00 mL, 754k 70 min, 0% 5 fif
R, 3 FPRESR A IAE 340 °CHAL)G, THALICH B Ak, £
IRAE AR T AL S A, WO HEAT A RN E o MR EAE
360~400 °CHY, W IRET R, WEHERE AR HERE
U R L, AR S I E (R
THALEEALT 400 °CHEFANRESE 42 TH AL, MIEEAE 420 °C
F, W g g B K, BRI E e 4, HANRR

FEPEFXS BT, R R B 2R, WOHLE
BEEEWIAE 420 °C,

* 4 HURNEXEBRMNELS RO (=6)
Table 4 Effect of digestion time on the protein content(n=6)

ok £ afi 4

AL ] —— , ,
/min EEB fRdes WO fRfez EOR bR

/% /% TE % /% T/ Y% 1%

30 6.65 0.21 12.47 0.22 3.48 0.11
40 6.72 0.11 12.50 0.20 3.49 0.05
50 6.79 0.05 12.62 0.10 3.49 0.04
60 6.83 0.04 12.73 0.09 3.48 0.06
70 6.93 0.06 12.77 0.09 3.59 0.04
80 6.99 0.05 12.85 0.09 3.49 0.09
90 6.89 0.03 12.87 0.07 348 0.04
120 6.93 0.06 12.65 0.11 3.51 0.09

® 5 HWBREXEBRNELSRFE(=6)
Table 5 Effect of digestion temperature on the protein
content(n=6)

KoK 37 i 21
WAL
pe EOAB g EOAB bR EOR bR

% % TR/% % SE% %

340 - = — — — —
360 656 009 1210 004 334  0.03
380 670 003 1231 012 343  0.03
400 676 002 1266 005 351  0.04
420 684 001 1279 004 355  0.02
440 684 003 1274 012 334 003

3.6 HBEEXEKEMEXRE

Wk RS E 3 AR AL I BRI AL SR AR 6.
MRIGLIE S5, 4 A shPl R AT 3 R Skt TR 2%
FESEEG, FAEEMCEATINGE 6 WK, P (E AR X v
W2, G5 IR 7; 3 FRESL & FREC 3 4, A RImALL, Hr .
#1(0.005, 0.01, 0.015 g)3 MSEHK ViR e (24T 1.06.
2,12, 3.18 mg &), 1% 2.2.2 #E KK 6 THIL A1 PIAE
FEE, PEFTINPRIEE, TR, M3k 8 WA, ik
R, 3 FRE R AE IR R T 99%. ARHIET %
MIHERA TR, AR & EE MRy AR, DI E
0.8 g, fiEfbAIBCLLL 6/0.4, HRERER A 12.00 mL, 420 °C
TH 4k 80 min (Y2514 T %E 4222 # GBW(E)100126 HHL R [
FT,An3% 9 W] 0L, W02 (S AR HEY) BOIE B AR R (AR AT
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Table 6 The optimal digestion conditions
5 FE b/ fiE AL L (K,SO, i #:/CuS O, ) TR & /mL T AL} E] /min THALIRE /°C
Kok 0.8¢g 6/0.4 12.00 80 420
o 08¢ 6/0.2 10.00 90 420
4l -4 1.00 mL 6/0.2 10.00 70 420
* 1T RBEEXIRER
Table 7 Results of precision experiment
. BT E AR/ % o
FE i SESEE /% A XA D 22 /%
1 2 3 4 5 6
KAk 6.84 6.84 6.87 6.84 6.82 6.83 6.84 0.21
i 12.83 12.76 12.75 12.84 12.80 12.80 12.79 0.29
ali A= 1 3.57 3.54 3.54 3.57 3.53 3.56 3.55 0.50
* 8 EMESRERMN=3)
Table 8 Results of accuracy experiment(n=3)
. ~ . BT /%
i i A /mg Jinds & /mg SRR /mg SE /mg
ERE S SH5(E
9.22 1.06 10.28 10.27 99.1
K 9.36 2.12 11.48 11.46 99.1 99.3
9.25 3.18 12.43 12.42 99.7
16.38 1.06 17.44 17.43 99.1
Hhh 16.27 2.12 18.39 18.40 100 99.6
16.51 3.18 19.69 19.68 99.7
5.56 1.06 6.62 6.61 99.1
ali 4y 5.53 2.12 7.65 7.67 101 99.8
5.60 3.18 8.78 8.76 99.4
x99 WMEYMRSHER
Table 9 Results of standard substances
W5 16/ %
bruER T FrRUE(E /% %
1 2 3 4 5 6
GBW(E)100126 15.8+0.3 15.74 15.51 15.93 15.80 16.04 15.62 15.77

3.7 EPRMEERNE

JHZE 6 MITHALARIFR IR T B 1Y 3 RS ol
R, GEHRILE 10 B2 AIEEE 5 BRI S St T
R, FrNZE R SRS NMEIEA —E, FFAERZ SR,

4 &

AU SRl L AT A 21, 5838 A ShEl IR E A

MRS E A RS EN T, 2L BRItk sm:
KL 0.8 g MEAL AL HE 6/0.4 AR BR FH R 12.00 mL |

WAk 80 min., VHALIEE K 420 °C; FAE i 0.8 g, fitfk
FIBCEE 6/0.2 ., WHEER FHE 10.00 mL . {54k 90 min, JHALIE
B 420 °C; AiA-1BKES A 1.00 mL, #EILFIECHE 6/0.2. #k
TR FH& 10.00 mL . 744k 70 min, JHALIEIE 420 °C, @it
WG 2 B FIERA R SR 08, 7RI AR T, ik pugh i
PEUF, KRR, 45 Rl 5. AR SRR & 2 R
4y, A ERENAL, 8T R TR 2R RE IR A AL,
R TR R, SIEG A, WA T iR, Wt
IR S, PR TAERCE, AU ISR E 4 . RhRE
S G, BRI RS, WL H R RIER
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A 12.59 12.73 12.49 12.60 BEFED]. IPYRAEAAAR(E SRRERR), 2010, 33(2): 267-269.
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