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1.1 &5

S433D A1 28 H W 7 M7 1 ED53 AU K§ % HE A 5
TVE-1100 {4 ¥ 4 1 ; Ethos MHP B4 {3 i 2 1
JR K i 46 ME204E BB F K,

17 Fh 2 KL TR 1Y TR G B VA M- DB R (Cys) 1Y
WA 1.25 mmol « L™, Asp, Thr, Ser,Glu, Pro,
Gly. Ala, Val, Met, Ile, Leu, Tyr, Phe. His. Lys.
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Arg B E S 2.50 mmol « L1,

W 1 RIURT B R N 11.8 g KT B R
6.0 g THEH T IMA 65 mL 2B .5.6 mL $hk LA I
KRR S K EA 2 1 LJH 6 mol « L3RR
VWK T IR FE R % pH 3.42,

Ge 0P 2 AR I IR =88 19.6 g BlTIR 5.0 g.
AN 3.1 ¢ TR HKIEMIFERE 1 L,
FH 20 %6 CJ5t 58 43 50 S0 800 BV V0K 1 VTR ) &2
pH 10.85,

AW FRBCE A AR 20.0 g TRERR R, K
BRItERZE 1L,

WO FRER RN 196 g = /K& RN 272 ¢
TR, MAZR 200 mL, HKEMIFEEE
1L e il B A 22 vh i, 45 s FRERLER =T 20 g &%
M2 g T —HMd AR EE 600 mL FIE 4452 v
W 400 mlL, %, 50 i B 50 R PR AT

R AL E AR /NTF 99.999 % 5 B o0 0 3 4l
R AT A R O AR L L
MR KA CTR . L TR R B B = T 34 R 3 At
ali s 50 K M B 4k,

1.2 BTSN

LCA K06/Na & 3% # (150 mm X 4.6 mm.,
5 pm) s A E 60~80 kPa, A THEFRT ¥ 1R IR
B 58 C, 4 4F 22.0 min; 22.0~27.0 min, F}1& &
73 °C A% 4¥ 17.0 min; 44.0 ~ 48.0 min, & & &
58 CLUightH A NGk 1,B R 2,C
AW R 0.45 mL o+ min 'L JE J) 3~4 MPa; fif A=
KAEN B AW, Wik 0.25 mL » min ', JEJ) 0.7~
1 MPa; #0394 440 nm (Pro) il 570 nm (H 4
15 PP & ) s HEFE R 50 pl, AR VEBCR T I
1.

1.3 REFHZE
1.3.1 % HLBR K%

Z: M GB 5009.124—2016 14 J7 B 4700 & .
1.3.2 Bt )5 69 BR K ok

PRI 1 g TR OIEE R MAT 0.1%
(JRESBO R ) 6 mol « L™ M 10 mL, 38
RIGE T, T 165 ‘CKME 1 h, KIBLEHE B, %
HLOHKERZE 50 mL, B 1 mL ) Hk 46 =38 1
PR 10 mL 0.02 mol « L™ '$h MRV W E 5 . 1L U L 8
T RS TAE SR A I A o AR AR o 1) S B i
AT HE— AR R

.« 78

R1 BERRER

Tab. 1 Gradient elution program

By |) / on/ s/ oc/
min % % %
0 100 0 0
3.5 100 0 0
12.0 85 15 0
18.0 80 20 0
24.0 67 33 0
28.0 20 80 0
30.0 20 80 0
31.0 0 100 0
12.0 0 100 0
42.1 0 0 100
45.1 0 0 100
45.2 100 0 0

1.3.3 kK ik

FREUHE AN 2y 0.1 ¢ TAKEEESD, N A 6 mol -
LT'Eh MRV W 1 mL, 7820 18 J5 , fF il A
6 mol » L' £h iR ¥ ¥ 19 MU 3 & 1 Wk v, 7 AL BR
S B 35 A B0 T A, T O A T R
1000 W, T 165 “CI4f# 12 min, 445 5. i
HOAHL KN MR %R E 50 mL & &, A
0.02 mol « L™ " h R B B 2 20 B L 4850, 1 B, U8
R FRASCRS TAE SR AT I 52 . AR 5 S B 17 1
Al HE— 2R

2 HR5WiE

2.1 BRKBEHHRKL

P v K R T B AT VS Ak A T4 2 K A R 4R
15 o A B LR A R A A R N HE LUK Z Eh IR AR R
FE % 24, 350 R F R VU R & 0 A R AT K R . LASE
98 IR A I 50 G2 L 8 48 T AN ) IR K Mg S A7 R R 4
16 Fha FLAR I /2 25 B, 3+ 5 GB 5009.124—
2016 (A A 45 SR HEAT H X, S5 5 WL 3% 2,

G5 L F W . B TR K AR BE 1 T8 KA B ) B
WA T, TR KR R B B R R K R E
180 CH, ¥/ & 5 /R 4 i, S BOL W E(E A T T
R o PRI L a0 2 9% R K i UL B2 2R 165 °C , R /K fidk B
H] 41 h, AT 5 GB 5009.124—2016 I 2 45
A3, HRK TR 22 h 4558 % 1 h,

22 MIHHEBEHNRK
BB T A T T DL P R Ak B R LU i
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Tab. 2 Determination results of amino acids under different acid hydrolysis conditions %
Ak GB 5009.124—2016
HHMR
120 C.12 h 135 C.4 h 150 C,2 h 165 C,1 h 180 °C .40 min 110 ‘C.22 h
Asp 2.01 2.08 2.04 2.02 1.47 2.05
Thr 1.02 0.98 1.03 1.04 0.96 1.01
Ser 0.87 0.89 0.82 0.85 0.77 0.85
Glu 3.29 3.33 3.28 3.32 2.91 3.30
Pro 0.82 0.77 0.79 0.79 0.67 0.80
Gly 0.94 0.98 0.99 0.96 0.84 0.97
Ala 1.25 1.28 1.24 1.25 0.99 1.26
Val 1.09 1.04 1.07 1.05 0.91 1.06
Met 0.61 0.64 0.61 0.64 0.52 0.63
Ile 1.02 1.06 1.03 1.04 0.92 1.05
Leu 1.83 1.78 1.77 1.80 1.55 1.79
Tyr 0.78 0.80 0.76 0.80 0.66 0.79
Phe 0.91 0.90 0.87 0.88 0.82 0.89
His 1.00 1.03 1.02 1.01 0.91 1.02
Lys 1.88 1.92 1.91 1.86 1.69 1.90
Arg 1.44 1.40 1.43 1.39 1.09 1.42
S8y 20.76 20.88 20.66 20.70 17.68 20.79

BRI L R TR K R R T RO B R DR —JE I RRE S R 16 A LR I e A5 SR s L It S
1 000 W, LATR /K fif Fe AR IR FE 165 °C o W L, % GB 5009.124 —2016 A9 I 22 45 3 E 47 Lo X, &5 2% W
T AR A (6,9,12,15,18 min) Xt 2.1 [ 3% 3,

R3 FARAHEBHETEERNNESER

Tab. 3 Determination results of amino acids under different digestion time %

B 6 min 9 min 12 min 15 min 18 min | &KW 6 min 9 min 12 min 15 min 18 min
Asp 1.99 2.03 2.06 2.07 2.02 Ile 0.84 1.04 1.06 1.06 1.01
Thr 0.95 1.03 1.00 0.99 1.02 Leu 1.59 1.81 1.75 1.77 1.82
Ser 0.81 0.84 0.86 0.87 0.86 Tyr 0.61 0.81 0.77 0.78 0.76
Glu 2.98 3.28 3.31 3.27 3.29 Phe 0.67 0.88 0.91 0.9 0.88
Pro 0.77 0.81 0.78 0.82 0.82 His 0.91 1.01 1.03 1.04 0.99
Gly 0.86 0.98 0.96 0.99 0.95 Lys 1.74 1.89 1.92 1.91 1.87
Ala 1.13 1.27 1.23 1.23 1.28 Arg 1.26 1.41 1.39 1.44 1.43
Val 1.01 1.07 1.05 1.04 1.06 Ju8ie 18.60 20.78 20.71 20.77 20.72
Met 0.48 0.62 0.63 0.59 0.66

M2 3 AL I AN 6 min BELEERY 2.3 AEBHBMAK
fi# SRS, M 2 b GB 5009.124 — 2016 1 5 {8 %% GB 5009.124 — 2016, % J B 2 F &8 ¥ 5,
AN RS 9~ 18 min BFL, W EEH 5 GB 1% B AR S AT AR AT . I R, A
5009.124—2016 4 22 {3 A — B, Sy kG T AR, B W W TR A8 5 AR 0 . RS2 Asp i
fifp BsF [ 3 e T 3 A 4 R TR O AR N IR R 42 TR AR AR K T 30 CC I, H A 3% 05 7E Thr
[vi) B 0 BT 8808 1 6 6 6 9 A B [RD 28 12 min, J T U AR R N T 45 CC i, A% e FE Thr

e 79 o



A BIligiz-EF5 1

UL, AR I RE AR P 16 Rl R R I SR HE DT i 1 it

F TR L 04 5 24 AR R A B 58 C T, Asp Fll Thr 43 85 5
B, JEHE . BEER R4S TF &, Thr A1 Ser 3
BEM L AR YR I FE 58 “CHY, Tyr A1 Phe i}
WS ERLR T EH— L THRA R PIE 2205,
2R, MR 73 CLOEA B e A, I,
ISR IR THER AR 7 oK 70 B & B s, tE THR 7
1.1,
24 EBBEFHMRL

TCE 2 R K iR 5 34 2 I T e 0 B 2 4 41
Cys Fe b 0 i 56 9 2 W2 » 3 B Cys 19 I 2 18 /) .
I HAR K S FE b & B, Cys MR B i [ 55 Val M3
TLEA A BITR RO S AH B B 4B E] X Cys 1Y
PR BT S M A R . ke fe Cys Xt Val a2 45 5 1
e I Cys E A4, B 48 T gh A A 1R

BE R sh A B 1% T 5 ) X 45 H AR 943 B ROR
M, 25 RN WA AH A B pH /NT 3.30 B
B B B F 4B A /N F 14.0 min B, Cys ({3 &
BRI IF H 5 Val (€035 06 3 76—k, 1 &
Val B ME {8 K i sh A A 19 pH KF 3.50 8¢
s AH B AR B ER KT 10.0 min B, 2% HAs 9
B4 B A 27 32 A7 2 Thr &5 Ser. Leu 5 Ile 435
AN5EL Y shAE A B pH A 3.40~3.45 LA i 5h
AH B A B ) 12.0 min B, Cys 5 Val 20 844
R, H, B A A R E N pH
3.42, B AH B M TR B[] Ry 12.0 min ., 86 B2 Uk I 72
JPULER 1.,

TE ER AL £ 2 T X 17 Fh 2 L 12 19 18 & b v
it £ S W AEAT I, BT AR (o5 R LI 1,

0 10 20 30 40 50
t/min
1—Asp;2—Thr;3—Ser;4— Glu; 5—Gly; 6 — Ala; 7—Cys; 8— Val;9— Met; 10 —Ile;
11—Leu;12—Tyr;13—Phe; 14— His; 15— Lys; 16 — Arg
(a) KPP 570 nm

Pro
1 1 1 1 1 1
0 10 20 30 40 50

t/min

(b) P4 440 nm
B1 @R

Fig. 1 Chromatograms

2.5 HREMZS5K R

FEIOE 5 1Y 17 Fh 2 FE R (9 TR G bR ME VA W,
0.02 mol « L~ 5 W ¥ W02 2 F B BC i) i 16 H
Fr¥ e A 10,20,50,100,200 pmol « L' #IR &
PRUE I R A o i B AR S X IR IR G Ar e
VRV R SN AT I AE | DL H AR P 00 VR B2 A s A s o
Xof o7 FR) DS TET A A G0 Al bR 2 il AR v 2k, 25 2R R
16 b2 3 % 1Y ¥R BE AE 10~ 200 pmol « L' 5 1
Xof o B A T AR S A MG R LA SRR 4,

N OLT B P AR AR L Jo kR HT B
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Tab. 4 Linearity parameters and detection limits

R w0/ %
HHER 2 o ] 1 Jy % R 5
PO S I R K A v TR T fire 1 GB 5009.124—2016

Asp y=74.58 x+10.85 0.999 9 0.000 11 0.000 12 0.000 13

Thr =76.12 x+7.705 1.000 0.000 13 0.000 11 0.000 14

Ser y=78.66 x —23.25 1.000 0.000 19 0.000 22 0.000 18

Glu y=77.39 2 +4.260 1.000 0.000 29 0.000 27 0.000 24

Pro y=18.81 x+23.96 0.999 7 0.001 9 0.002 1 0.002 6

Gly y=77.40 x —34.66 0.999 6 0.000 23 0.000 27 0.000 25

Ala y=179.92 x —6.900 1.000 0.000 37 0.000 37 0.002 9

Val y=280.10 x+51.31 0.999 8 0.000 19 0.000 22 0.000 12

Met y=72.69 x—1.276 0.999 7 0.000 24 0.000 29 0.002 3

Ile y=178.86 x—31.66 0.999 8 0.000 29 0.000 27 0.000 43

Leu y=179.31 x+3.962 0.999 8 0.000 28 0.000 31 0.001 1

Tyr y=77.61 x—25.46 0.999 7 0.000 40 0.000 38 0.002 8

Phe y=77.15 x—20.10 0.999 9 0.000 37 0.000 34 0.002 5

His y=175.86 x+18.69 0.999 8 0.002 5 0.002 4 0.000 59

Lys y=280.10 x+53.38 0.999 5 0.003 7 0.003 9 0.000 13

Arg y=70.41 x+13.95 0.999 4 0.004 2 0.004 1 0.002 0
P EAK YN 0.589,0.621, b MAX Wi ¥ 5 GB EAPEFFAK (20 pmol « L™ H1 (50 pmol « L1,
5009.124—2016 NFAHFE b 2 22 7% (P =>>0.05) , g 771 (100 pmol « L) %5 3 ANk BE 7K 7 19 A (8] i ik
g W F H R T R 55 BV BE KO AT I E 6 YR T3 RS 3 A
2.6 RBEEMEUIKE (B B4 AR X B o i 22 (RSD) L &5 L L3 5,

53 5ol e P TCIE TS 1 T 7 2 AR AR DB T A T % g5 W R R Ot IS R K R TR L 16 R R

K5 BEEMEKREER(n=6)

Tab. 5 Results of tests for precision and recovery(n=6)

LI 1R K AR 3 B I K A I
o IAREE ¢/ JindrdE ¢/
BRI (ol e Lot BUMCE/ RSD/ Flgek/  Rsp/ | RER 0 pge/  RSD/ BIE/ RSD/
Asp 20 96.4 2.7 97.3 2.2 Met 20 98.6 1.8 95.6 2.5
50 98.6 1.3 96.6 2.7 50 97.9 2.3 97.8 3.4
100 97.6 3.0 97.1 1.9 100 99.9 2.6 96.3 2.7
Thr 20 98.7 2.2 99.1 3.1 Ile 20 98.9 3.4 98.6 4.4
50 95.9 1.8 96.8 2.9 50 99.3 2.4 97.8 2.8
100 99.6 2.2 98.2 2.4 100 97.2 3.1 99.3 3.5
Ser 20 97.3 3.6 94.9 3.5 Leu 20 95.9 2.6 94.1 3.2
50 94.9 2.0 96.3 2.8 50 98.6 1.9 98.3 2.5
100 98.9 2.6 99.4 1.2 100 97.7 2.2 96.8 1.3
Glu 20 94.3 1.9 96.9 2.7 Tyr 20 94.5 3.0 97.9 2.6
50 101 2.6 98.4 3.9 50 98.8 1.9 96.8 3.6
100 98.9 1.6 94.9 3.1 100 93.9 3.6 95.3 2.0
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x®5(8)
P Y R K it i O T fife 122 B Y R K i v TR T ik

e MR ¢/ e R/
RER(mol-L-1) WMCE/  RSD/ Bk, Rsp/ | REE 0 mwR/ RSD/ R/ RSD/
% % % % % % % %
Pro 20 97.3 5.6 99.8 2.8 Phe 20 95.8 1.5 98.6 2.7
50 93.6 2.9 96.8 5.7 50 99.7 2.3 97.3 1.3
100 99.8 3.3 98.6 4.9 100 98.5 1.8 98.2 3.0
Gly 20 96.9 2.2 96.9 1.9 His 20 96.8 6.3 94.1 4.3
50 98.8 1.5 97.6 2.9 50 97.3 3.6 97.8 3.3
100 97.5 1.9 96.8 2.3 100 97.2 4.2 96.2 3.8
Ala 20 96.8 3.1 97.9 3.1 Lys 20 100 3.9 98.6 6.5
50 98.4 2.5 98.5 2.1 50 98.9 4.9 97.9 2.9
100 96.4 1.8 94.9 2.8 100 99.4 3.6 100 4.8
Val 20 97.9 4.0 99.4 2.7 Arg 20 96.8 7.2 97.9 4.8
50 96.8 2.9 98.6 3.9 50 99.3 5.9 96.8 7.0
100 99.0 3.2 98.9 2.8 100 97.6 6.0 98.9 3.8

FEWR Y 10 0 F K 93.6 % ~ 101 % , Ml <& 9 RSD Hy
1.3% ~7.2 %6 s R IO I M 1 B, 16 o 22 S 1R 114 [
W 94.1% ~ 100 %, Wl € fH 1) RSD 2 1.2%6 ~
7.0 % » PRI T % 1 U B E FIORS 25 BE 3 45 6 4 e T
gEoRM
2.7 H&HM

Fie Bk HF IS 1Y IR K il v L R T R VR R GB
5009.124—2016 , 73 XA [A] £ il v 16 b 2 25 i 3k
AR5 THAE 16 Fh 0 3 2 i, JF 38 43 e X AR AR ¢
R 56 75 o AT B S B R K M ik LB T R TR S GB
5009.124—2016 B HAAER EM2Z R 4R NE 6.

®6 HRBRHOWER

Tab. 6 Analytical results of samples %
FE b E&i&)ﬁé’gm I R GB 5009.124—2016
IR S

ik 1 11.8 11.7 11.8
Wik 2 13.2 13.3 13.1
AWEERAH 1 80.6 80.7 80.8
A EAH 2 88.5 88.8 88.6
XA 1 21.7 21.6 21.8
XA 2 20.9 20.9 21.1
HRP 1 15.2 14.8 15.0
HRP 2 13.3 13.2 13.1
A1 21.8 22.0 21.8
A2 22.2 22.1 22.4
NN 73.6 73.4 73.3
B% 10.6 10.5 10.5

.« 82

S5 WoN U HE S R R KRR RO T Rk S
GB 5009.124 — 2016 40 2 25 & FE A — 2, IF Bt
BB S R K R 5 GB 5009.124—2016 ) P
fH4 0.870, flI 1M M 15 5 GB 5009.124—2016 [ P
R 0.643, KT 0,05, i B 3% 1 Fh 7 2% 19 0 52 &5
H5 GB 5009.124 —2016 B AFEAE B PE 22 5, ok
— 25 B AIE T 33X WG R Tk R o AT

A T AR 3 % GB 5009.124—2016 H 4% HLAER
KR R AT O B TR 1 i Ak BR8] 22 h 45
F 1 h( ik J5 i R /K A 35D 30 12 min R I 3 f#
B IR — 2 A A TR N Y R L S TP
A M A0 1 1 I GE A R 16 Fh A IR A R A T Ik
U T ) TR 7K 5 R I8 T A v R R v T IR R Ak
L JF B R S A% A IS TR 16 Fha
FETR 1) DR H I E

SH Wk
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Improvement of National Standard Method for Determination
of 16 Kinds of Amino Acids in Food

LI Qiaoqi, LI Hongyan, LU Guifeng, ZHOU Hailian, XU Zhibin

(National Quality Testing Center for Processed Food (Guangdong), Guangzhou Inspection
and Testing Certification Group Co., Ltd., Guangzhou 511447, China)

Abstract: The national standard method GB 5009.124 — 2016 for determination of 16 kinds of amino acids
(including of aspartic acid, threonine, serine, glutamic acid, proline, glycine, alanine, valine, methionine,
isoleucine, leucine, tyrosine, phenylalanine, histidine, lysine, arginine) in food was improved. Improved conditions
of acid hydrolysis were as following. Sample of 1 g was placed into a teflon tube, and 6 mol * L.”' hydrochloric acid
solution containing 0.1% (mass fraction) phenol of 10 mL was added for filling nitrogen and sealing. The acid
hydrolysis tempreture was 165 ‘C and the acid hydrolysis time was shortened to 1 h from 22 h. Microwave digestion
was proposed, and the conditions were as following. Sample of 0.1 g was placed into a quartz tank, and 6 mol + L'
hydrochloric acid solution of 1 mL was added. The above solution was put into a teflon tank containing 6 mol « L'
hydrochloric acid solution and digested at 165 ‘C for 12 min after filling nitrogen for deoxygenation and sealing. LCA
KO06/Na column was used as stationary phase, and 16 kinds of amino acids were separated according to optimized
column heating program and gradient elution program. It was showed that linear relationships between
concentrations of 16 kinds of amino acids and their peak areas were kept in the range of 10—200 pumol « L™', with
detection limits in the range of 0.000 11% —0.004 2%. Recovery test was made on pig lean meat at 3 concentration
levels by standard addition method, giving results in the range of 93.6% — 101% ., and RSDs (n = 6) of the
determined values were in the range of 1.2% — 7.2%. The two pretreatment methods have been used for
determination of substantial samples, and compared with the determination results of GB 5009.124—2016. Values of
P were 0.870 for improved acid hydrolysis and 0. 643 for microwave digestion, indicating that there was no

significant difference between the determination results of these two pretreatment methods and GB 5009.124 —2016.
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