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Ttk BE KR 6 mol/L FRERTE 110 °CNI/KfE 24 ho LUESZRR AN, DL 6-Z FLMEmk-N-F2 5553
Tt IV friz 22 5 Y R TG M 435 A 37) o AT 2 7 )3 ] Acquity UPLC™BEH C g (138 4E(2.1 mmx 150 mm, 1.8 pm)Z732 54,
BN 0.4 mL/min, IR AT THEAR, BIIKA 260 nm. MAREERINE . GR 17 FHEIERES A
LR AN 2B RIS R, MEREKT 0.999, KHR A 0.06~0.14 mg/g, EREEHN 0.19~0.45
mg/g. RN 85.1%~108.8%, MFHRAEIRZE ] 0.3%~6.7%. SR 17 L4> Bt AR 3 Fhsiiy i =
JEBEATINE, 3 Fhah P i G RE oA 17 P B R, WY G . R G . S AR Sl 63.82,

95.61.93.52 mg/g. &€ ATTILAENETE 22 min SEEL 17 FVE SRR 408, HoA RIFpERtEmEE Y, 8
TSl GE iy 17 P Eme & =E .
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Determination of 17 kinds of amino acids in 3 kinds of animal blood tofu
products by ultra performance liquid chromatography with
pre-column derivatization

LI Bing, QI Yan, LI Li-Ping, ZHAO Hai-Yan, CHEN Dong*, FAN Sai

(Beijing Center for Disease Control and Prevention, Beijing 100013, China)

ABSTRACT: Objective To establish a method for determination of 17 kinds of amino acids in 3 kinds of animal
blood tofu products (duck, pig, sheep) by ultra performance liquid chromatography with pre-column derivatization.
Methods The samples were hydrolyzed in 6 mol/L HCI for 24 h at 110 °C. Norvaline was used as the internal
standard and 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate was used as the derivatizing agent. The derivative
products were separated using an Acquity UPLC™BEH C;g chromatographic column (2.1 mmx150 mm, 1.8 um),

with a flow rate of 0.4 mL/min. The column temperature adopted the programmed temperature rise mode, and the
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detection wavelength was 260 nm. The quantification of amino acids was performed using an internal standard

method. Results

The calibration curves of 17 kinds of amino acids showed good linearity with correlation

coefficients greater than 0.999. The limits of detection were 0.06-0.14 mg/g, the limits of quantitation were

0.19-0.45 mg/g. Recoveries were in range of 85.1%—108.8%, and the relative standard deviations were within

0.3%—6.7%. The established method was adopted to determine the 3 kinds of animal blood tofu sold online

respectively. The 17 kinds of amino acids were found in all products. The content of total amino acids in duck,

pig, sheep blood tofu was 63.82, 95.61, 93.52 mg/g. Conclusion The 17 kinds of amino acids can be separated

completely within 22 min by use of this method. The established method has good repeatability and high accuracy, and is

suitable for the 17 kinds of amino acids determination in animal blood tofu.

KEY WORDS: animal blood tofu; amino acids; 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate; ultra

performance liquid chromatography
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BRI S B BRI R 7 T AT R IR A
TEECT AR RO R RO € - R DU T
TEAUR IS SRR T U % TR 2 SRR 1 43 #T
&%, TTZRATEYPEERNNE, RAERTERN T
e JARR, TWEWE RS EFRT 2R
FHBORH 0 R v 8 R, iR TR d R s/ & A,
ANRER T, R AT R R €0 35k 004 5 2 B R 2
FAAS IR A A 0K S R MR AT 2R e, P P 2 A e T 25 ki 2
DRI R IEATAGIN 1T e A A 500 4B — i A
9-%5 AL A MR ER), FRaEEER! . SAR AR ER
2,4- T RYFEGRPY | 6 - LMk -N- SR SE BRI W e 2
M2 lig  (6-aminoquinolyl-N-hydroxysuccinimidyl carbamate,
AQQ) 01 . AQC REMSIR A AN AP A T RN, HAT AT
AR . REEERE . TR RT,

GB 5009.124—2016 {frih %4 [ Z R iE £ P
FERR I E ) T [\ B E g L6 R B iR, HAE
TREMEERR . R DR R TE ER K A o AR R AR,
FE B A B A R L A O B R T R, i T
e P82 A R SR AR R, BT — R R
BARKHOLT %508 T 768 (R IR K gl B oA 3,3
TERAR TR, I R A e R S A AR E

ey, il B i ss G R AT AR, B
4 IR 110 T 2 HERR I . AOAC Official Method 2018.06 7
K P R 3,3 RS T BRI E B AN
EPEARFEATREN S-2-RZHEMEMER, MRS
AQC FERTATA:, R M S RBORAH (35S0 T 00K . B9
SRR 17 R LR G R EHI E2

S G R S I . B S AL
Ay VT RG . F 5 A 52 2 et A il o 4 RIURS: 0y 32 40
e EsR . BT, AOAC Official Method 2018.06 7E 3
W5 R S R I S Y 1 i A D . AR R B
JrE T 3 S YIm S E T 17 FhaE R, RAH AQC
i, HEBORA @R E, FERETHIE. K
AR ]2 3,37 - oA N R & X 17 Fha 3
RN B2, DA s S 17 Fp eIk el =
RGN AR

1 MR5ERZE

1.1 #R5RF
AHHFEIE ARG I AL 210 SIS B PS5
CIE(EIEA, bt BRHEEBRAE]);, (A Rkad,
F LSRR SR IR ), HRRER (A 99%, L
SEAMRAE AR A A BRA R, R (Ll =99%) . 3,3°-—
BAC ARR(ZERE 99%) . L-WEE MR (cystine, Cys), L-IEAE
12 (norvaline, Nva)(4liF =99%) ., 17 #p & Il IR S PR A IR
[fuE: L-TN A& (alanine, Ala), L-¥5% /% (arginine, Arg). L-
KA E R (aspartic acid, Asp) . L-7+ & #2 (glutamic acid, Glu) .
L-H & (glycine, Gly). L-21Z & (histidine, His). L-5& %2
(leucine, Leu) , L-5+ 554 /ik (isoleucine, Lle) ,L-#1 22 (lysine,
Lys) . L-#5 %2 (methionine, Met) , L-Z& N % % (phenylalanine,
Phe). L-fifi& M (proline, Pro). L-22% & (serine, Ser), L-#i
% /R (threonine, Thr). L-f% %82 (tyrosine, Tyr). L-Zi% R
(valine, Val)fl L-Jt%&(cystine, Cys); H:H, Cys N
1.25 mmol/L, A2 BM W ¥k 2.5 mmol/L](3 [
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Sigma /AH]); #hilR . FEAAIWLHLE, FE25ERFEG
3 Hl); AccQ-Tag Ultra fir A I (SR ZZ il . AQC
RN . ZIERRER, EE Waters 23 w]); ALK (millig
4K R L)

1.2 UH#E5%%

ACQUITY UPLC H-class # i R (3 - — A B B
S ES . 0.22 pm PTFE & . Acquity UPLC™BEH C g
3% A (2.1 mmx150 mm, 1.8 pm)(3E [E Waters 2\ A]);
Allegra X-22R #.00HL(3E E Beckman 23 F]); FA2004 HLF K
(& 0.0001 g, FIGRPALEE); B-400 BIF{L(SEE
BUCHI 2 r)); OV120 ST 1A (I3 N 5 36 A= 1 B2y 7 R
BAHWRA ).

1.3 LA IRAEC S

PR TR A FL . FRICIE i %R 0.0586 g, 1 H
0.1 mol/L #h FRVEWRF R, 557 % 50.0 mL i, 4.
BE AL 10 mmol/L 14 1F 45 2 W2 N FR A T o

3,3°- i IR R HCH]: FREX 0.5000 g 3,3°- i
AR, 1 0.2 mol/L S bERIATRA MR, FE% 2 50.0 mL

B, BRI 1% (mV)) 3,3 - A N BRI TR -

o B bR E G 5 W A BT . AREBUDEEBR 0.0600 g, fifi
FH 0.05 mol/L S A AbANA VA, ¥ % 25.0 mL 45,
EA . B 10 mmol/L (14 b S R bR e 459 -

e S R b o i RV P . 43 3 10 mmol/L B2
FRFRERE AT 0. 20, 40, 100, 200, 400 pL, T 10 mL
i, A 400 pL IESEBRNRER, HMA 1.2 mL
1% (m:V) 3,3°- 8 BRI W, 1.2 mL 0.2 mol/L ;
B2, 5 mL % 0.1% (m:V)ZRE 1) 12 mol/L R, K
FEAE A 10 mLo B 5 mL FRofERS R 2K, AR, K
fife . TR AR E o FEm s EMLHREE R 0. 0.50., 1.00,
2.50. 5.00. 10.00 nmol/mL F¥ bt 22 R bR £ 14

16 Fhad SERRPRHE - 2RI W BCH: 78 10 mL &,
JIA 2.5 mmol/L 24 S5V GARMEAIR 0. 20, 40, 200, 400,
1000 pL, fMA 100 pL IEARZRE NAREE R, A 0.1 mol/L #hiR
TEZS, AR ME o Fowil s EHLHRE R 0., 0.50. 1.00., 5.00,
10.00. 25.00 nmol/mL AY 42 FEBRARME LR IF W .

1.4 LWTE
141 &#E5H

{4,355 Acquity UPLC™BEH Cjg 4 3%41:(2.1 mmx
150 mm, 1.8 pm); W EHAH A: 200 mmol/L I FREK I : 2.
&R K=252:33:15:1700 (V:V:V:V); Hishtl B: HiR: 2
I5=33:2500 (V:V); BHEVEAF: 0~5.50 min, 99.9% A;
5.50~15.22 min, 99.9%~90.9% A; 15.22~20.74 min,
90.9%~78.8% A; 20.74~21.26 min, 78.8%~40.4% A;
21.26~21.29 min, 40.4%~10.0% A; 21.29~22.84 min, 10% A;
22.84~26.00 min, 10.0%~99.9% A; 26~35 min, 99.9% A, ¥

#: 0.4 mL/min, HFFEER 1 pL; RS H 260 nm, EiEHT
IEFYF: 0~10.0 min, 50 °C; 10~11 min, 50~55 °C; 11~24 min,
55 °C; 24~25 min, 55~50 °C, 25~35 min, 50 °C.,
142 #HnlzE

FRIBUR A AT 00RE 5 20 me B T oK &, Rk
HIA 200 pL 9%R. 1 mL /K, 600 pL 7% 1% (m:V) 3-3°- %
AR 600 uL 0.2 mol/L $:2 2.5 mL 7 0.1% (m:V)
AT 12 mol/L 3hFERVE TR . /KM TRAIEFTA, 110 °C/Kfi
24 ho AL KBS AT E R, B 0.2 mL AR5, KK
A 0.2 mL 6 mol/L Hy& AN, /0.4 mL 0.1 mol/L £
FRVSWE, Fo4MIR4A, 10000 r/min 458 F 20> 10 min, fif2E:
TE 1.5 mL .0 F A 70 pL AccQ-Tag Ultra A7 4218576
H S IR 5% PUTIRRE/KIE (M), JIIA 10 pL A3, iR
FEE A 20 uL AccQ-Tag Ultra fi7 4= 3257 63 /P Ad 1l FHELAC AY
AR 1 mL ZIEIA AQCHYE, 55 °CHIE 10 min #1#),
ARG, B IRACE 1 min, 55 °CHIFA 10 min J5, FHLIIE o
1.5 HIEAE

FEMSR A 3 A TINRE, SR WPS Office 2017 #4441
SIGKARFIZE, P SPSS 19.0 B TR 2 )7 25439,
SERPFIELAMERmZE IR, P<0.05 FREHA BEHER.

2 HREDH

21 BIEFENMK

i FRR m BOBAH GRS 2 T 40T s 2 0 Met R 242
XA SR H WIS ) BT, I FGHELE H ARk, A
I 55 CCIMMBSBEIL T 50 °C, ZrEsPEfeig N 1.25 Hefna)
1.58 AFZ A 55 °CHT His 23 thgedeti, 55ILRTTH 1) (%
WAy BN 1.23, NIRRT PR AT 10 min A1
1545 50 °C, M 10 min FHE5 % 55 °C, {4432 25 min, M 25 min
F 35 min HEIRAEEF 50 °C, AT LU B ISR A I ILLL S
49 His FIHIFT IR 4 (s | Met DG 2R 9 XoF (2 3itde 1) 43
FEA BB A 3.22 F1 170, [RIHBER TAEREFFHEAS, £
AR S BRI, RS B R I DL,
SEEEARTE, Tork et mIE, IREARIESE | ul.
16 FhEILRRBRHENT A= ) e SRR AT AE W L R it W2 R
17 FhaE SRR AT AR I s E LE 1~3,
22 TEFIRERERE

A FCHIBAREE AR 1, 2, 4, 8, 10, 12 mmolL 1
AQC it Bl e Rk 43524 25 nmol/mL 110 nmol/mL /1
16 FI SRR A AR VA RORUME SRR, 558 T R [Ajik
JERTA I AT RCR 50, 2550 0L 4. MIE 4 Hn] LA
HH 0 7 HE A5 G R AT A4 A e i AR A 2 790 R P 1 g
B, AT AR e BT A AR R oA E A, AT AR
WREES 8~12 mmol/L B 2% Z AL MRATAE Y IE T ARAH ZE AN 22,
10 mmol/L I W 5. AA: IR, Wt BTt RIg i,
R AR FE 264 T fir A= 590k 10 mmol/L,
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Fig.3 Chromatogram of 17 kinds of derivatized amino acids in sheep blood tofu
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X 900000 = | mmol/L
§ S00000; ZimmolL G A 33— R, 2l
= 600000 = g mmol/L o 2o o R D R (0 S-2-¥0 2 I i,

=12 mmol/L
1 500000, A O R L e o R SR 0 B . A
Zé jggggg WERBRIE S 0.4 pmol/mL B, H%ET 3,3-ZHifL NI
2 200000 AR TR A TR B I 5 %5 R,
& 100000 e U A R TR 3,3~ AR PR e K W
ELEEFEEEFE LA EEEEE WEBE RTINS, 61 3.3 R IR A RERE T B
i T I TR TS L 3,3~ Bt ARk

VTRV IETRATTEE )
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Fig.4 Effects of derivatizing agent concentration on amino acid

derivatitives’peak aeras

R SR 0.8, 1.2, 1.6 mg/mL W77 A4 Myl HIFRAR 22 A
% RPRIEKRSE S, ARPFRER T 3,3 -5 NIRTE
TR P B MR B 1.2 mg/mL .
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& 450000 JET .
E4ooooo— Fz1 17T HERERNLMESTE. HXEH. LODs 1 LOQs
& 2(5)8888 r Table 1 Linear equations, correlation coefficients, LODs and
11250000 LOQs of the 17 kinds of amino acids
S 20000L fett etk e LOPs o LOOs
& 1500001 /(mg/g) _ /(mg/g)
:;g oL His  Y=3.11x10 2X+4.11x10 | 09996 __ 0.12 0.39
0 . . s . ' Ser  Y=4.63x102X+8.64x10"  0.9994 0.09 0.31
o 02 04 08 12 1.6 Arg Y=2.85x10 °X+2.44x10 " 0.9999 _ 0.08 0.26
3,3°- AR TR K R A S B B/ (mg/mL) Gly  Y=640x10°Xi832x10"_ 09998 0.13 044
IS, . . y As Y=3.60x1072X+5.66x10"  0.9997 0.06 0.19
Bl S 3,3 R PR A A SR A T L B0 Vo IO 0 099 oI 05s
Fig.5 Effects of 3,3’-dithiodipropionic acid mass concentration on Thr Y=4.17X10’2X+3.91 <107 0.9998 0'1 1 0'37
cystine derivatitives’peak aeras Al Y:5.46><10’2X+4.68><10" 0'9997 0'09 0'30
o sas Pro  Y=3.95x1072X+6.95x10"  0.9999 0.07 0.22
24 FHEFWIE Lys  Y=5.49x102X+5.32x10" 0.9998  0.09 0.29
o . ey an Tyr  Y=2.76x1072X+2.14x10""  0.9998 0.11 0.37
24.1 AR i ifi & Al Aot AR Met _ Y=331x10 X4.87<10 09996 __ 0.14 045
LA 17 Fhaa R i vk BE I ARAR(X, nmol/mL), DL Val | Y=4.25x10 2X+3.28x10"_ 0.9998 _ 0.11 037
— =y 2 5 S 221, = -2
TRV AR AY), LiilbafErige, L1 3 580 10 FREn e Lle  ¥=3.92x10 X+178 0.9994  0.09 0.29
. . ) . Leu  Y=3.94x10 X+1.75 0.9991 0.10 033
BT H BR (limit of detection, LOD)AIE %t FR(limit of Phe  Y=3.07x102X:3.93x107 09996 0.10 033
quantitation, LOQ). 17 FhE{FERR ML T . MK REK Xcys  Y=3.58x102X+1.16x10" 09992  0.12 0.41

(correlation coefficient, ), LODs. LOQs W3 1 . &5 5 %5, 16
P SR AU Z R 7E 0~25 nmol/mL 1 0~10 nmol/mL 7 il 4
FA RIFHZRMCR, MERECH 0.9991~0.9999, LODs A
0.06~0.14 mg/g, LOQs 4y 0.19~0.45 mg/g, BEALIH I SLBRAG I
M2
242 HEHEFAKEE

P2 B A2 1.4 ik ib AT 3 R AT I s DR 56,
BN EACEEATINGE 6 WK, T (RN A FIAR X b v i 22
(relative standard deviation, RSD), L3 2, Z55R3RHH 17 Fp
IR A AR 85.1%~108.8%, Il 5E {H i RSDs
0.3%~6.7%, 1By s HAT R (0 A B RIS 25 2

®2 17 HEEBRNEE

2.5 SEPfRMESRME

iz BRSO R kXt 3 Fhsh®y = 8 HE4T T 5,
ERLER 3. 16 3 AWl G TR 17 Fh R
Y. SIS TAA M (P>0.05) 5243510 95.61 mg/g.
93.52mg/g, 3 THYIM TIE(P<0.05)f) TAA 63.82 mg/g. J#.
2GR P R IR Leu, 051N 12.32 me/g,
11.78 mg/g, HUE Glu, Fri5MilA 11.22 me/g. 10.55 mg/g, if
A Asp, RSN 1098 mg/g. 10.23 mg/g. MM G+ &
T AR N Glu, Leu Ml Lys, a4yl h 8.41,
6.78. 5.88 mg/g.

EFREYERIEEER (n=6)

Table 2 Results of tests for precision and recovery of 17 kinds of amino acids (n=6)

s L AR BE AP b HBEKF b TR E K
" Nmgl/g) IbRE/(mg/g) [ICE/% RSDs/% Miim/(mg/g) EI#/% RSDs/% MARE/(mg/g) BICE/% RSDs/%

His 3.54 1.94 102.2 2.1 3.88 96.7 1.8 7.76 96.0 1.3
Ser 2.55 1.31 90.9 2.4 2.63 85.1 1.6 5.25 85.7 3.0
Arg 3.44 2.18 98.7 1.8 436 95.1 1.1 8.71 94.8 13
Gly  2.66 0.94 105.6 3.8 1.88 98.2 2.1 3.75 97.1 2.1
Asp  5.87 1.66 100.2 2.8 3.33 93.8 4.0 6.66 95.6 5.0
Glu 731 1.84 108.8 2.5 3.68 100.8 2.8 7.36 102.2 45
Thr 2.93 1.49 96.6 1.6 2.98 91.3 1.3 5.96 91.5 2.4
Ala 5.15 1.11 106.9 2.7 2.23 95.6 25 4.46 95.9 49
Pro 2.55 1.44 101.6 1.9 2.88 96.0 1.5 5.76 95.5 1.5
Lys 6.03 1.83 99.9 3.5 3.65 97.7 2.3 7.31 96.8 3.9
Tyr 2.46 2.26 91.8 6.4 4.53 95.6 0.8 9.06 94.6 12
Met 1.08 1.87 88.4 5.0 3.73 91.6 0.3 7.46 90.3 1.1
Val 4.59 1.46 105.1 3.5 2.93 100.4 2.5 5.86 97.6 22
Lle 2.52 1.64 103.3 13 3.28 98.0 1.6 6.56 95.5 0.9
Leu 6.74 1.64 107.7 6.7 3.28 97.8 5.1 6.56 95.8 3.9
Phe 4.04 2.06 98.5 5.2 4.13 94.7 5.6 8.26 95.3 1.8
Cys 1.01 1.50 100.7 33 3.00 96.5 1.1 6.01 95.0 1.4
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Table3 Amino acid composition and content of 3 kinds of animal
blood tofu products

IR L R (mg/g)
IR S 1, S fE ¥ NSNS EANEN
(n=9) (n=6) (n=6)

His 3.06+0.90° 5.71£1.50° 5.36+1.21°
Ser 2.45+0.54° 4.34+0.97* 4.06+0.55
Arg 3.28+0.73" 4.05+0.92° 3.7440.48°
Gly 2.54+0.51° 4.41+0.98° 3.96%0.56°
Asp 5.87+1.15° 10.98+2.33° 10.23+1.41°

Glu 8.41+2.21° 11.2242.44% 10.55+1.14%
Thr 2.82+0.67° 3.28+0.76" 4.57+0.64°
Ala 5.39+1.04° 7.33+1.58° 7.12+0.92°
Pro 2.3440.53" 3.71+0.83° 3.3540.43°
Lys 5.88+1.17° 8.46+1.82° 8.48+1.11°
Tyr 2.0620.63° 2.31+0.53° 2.69+0.61°
Met 0.84+0.29% 0.63+0.19° 1.08+0.34°
Cys 0.95+0.29* 0.92+0.28° 0.90+0.12°
Val 4.77+0.92° 8.73+1.88" 8.42+1.15°
Lle 2.30+0.55° 0.97+0.26° 0.77+0.32"
Leu 6.78+1.46° 12.324£2.71% 11.78+1.68"
Phe 4.06+0.85° 6.24+1.38° 6.4620.89°
EAA 27.45+5.87° 40.64+8.93" 41.56+5.75°

TAA 63.82+14.24°  95.61+21.10°  93.52+12.88"
NEAA 36.37+8.39°  54.97x12.17°  51.96+7.13°
EAA/TAA/% 43.11£0.80°  42.51+0.17° 44.43+0.13°
EAA/NEAA/%  75.82+2.50° 73.93+0.52° 79.96+0.43°

T EAA R0 2 I FR (essential amino acid); TAA & LR M E
(total amino acids); NEAA A iE 75 2 32 (non-essential amino
acid); FER A EHbRdE RN Z R B EM: 17 HEE N FE
BEF R R TE 3 W il 8 1a) 4 AR 1 25 AN i 3 (P>0.05); AK[A]
TN IR i 22 5 1 35 (P<0.05).

EAA ZIRTEIR NI ANBES BB A B0 B AS AR T A2 AL
RHTE, B EYHA R E IR . BEAA A Lle. Leu,
Lys. Met, Phe, Thr. (&8 . Nvall, % . FILZIEK
EAA BAHIE(P>0.05), 43524 40.64 mg/g. 41.56 mg/g, H.
Y82 T 1 5T (P<0.05) [ 27.45 mg/g. M8, ¥ . £
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