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Abstract: An ultra high performance liquid chromatography — fluorescence detection (UPLC — FLD)
method was developed for the simultaneous determination of 3 core kinds of sialic acids(SAs) including
N-acetylneuraminic acid (Neu5Ac), N-glycolylneuraminic acid (Neu5Ge) and 2-keto-3-deoxynononic
acid (KDN) in fish. The freeze-dried samples were acid hydrolyzed with 8 mL 0. 6 mol/L hydrochloric
acid solution for 20 min at 80 °C, followed by derivatization with 4, 5-dimethylbenzene-1, 2-diamine
(DMBA). The derivative conditions for DMBA were optimized by single factor test. All the target
compounds were separated on an Waters Acquity UPLC BEH C,, column (100 mm x 2.1 mm,
1.7 pm) by gradient elution, using pure water and acetonitrile as eluents, then detected by UPLC —

FLD. Under the optimized conditions, there were good linear relationships for NeuSAc, NeuS5Ge and
KDN in the range of 0. 02— 5.0 pwg/mL(7* > 0.999), with their limits of quantitation (S/N = 10) of
0.20 pg/g, 0.20 pg/g and 0. 10 pg/g, respectively. The spiked recoveries for three SAs at three lev-
els ranged from 90. 8% to 103%, with relative standard deviations(RSDs) of 2. 8% — 5. 0%. The analy-
sis was rapid, and it could be achieved within 4 min with good separation and sharp peak shapes .
With the characteristics of high accuracy and good precision, the method was suitable for the simultane-
ous determination of Neu5SAc, Neu5Gc and KDN in fish.
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Fig. 1  Structures of the three basic forms of sialic acid
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1.1 UE;5iKF
Acquity™ Ultra Performance j& & S0 AH (A5 (BE A5 28 ER s, SEE Waters 24 7) ) 5 MS2 JiERIR A
8 (8% [K /7)) 5 Avanti JXN — 30 2 ERMIRIRR 50 25O HL (3£ Beckman Coulter 23] ) Centrivap®E
25 IR EEAL (3£ 18 Labeonco A 1)) 5 ZD — 85A I R H% 355 i (o N 17 B BEA R il & AR 2wl ) 5
Milli — Q Gradient # 47K b 25 (3218 Millipore 24 7] ) ; N — EVAP112 &MY (3£]H Organomation 23 w] )
N-Z B ZZ R (CASS: 131 -48 -6, 4iE KT 95%), N-FHLMMALEIE(CASYT: 1113 -83 -
3, AiERT95%), Mk - A FEIHERR (CASS . 153666 — 19 — 4, 4K T 98%) ¥ H Sigma 237,
4, S-IPH AEIE-1, 24028 AL L 4, S-THISRE-1, 2, WA BTH TR ) AR AT 3
. &g, S5, & IERREI AL, B-HiEk LR ARG, B A b 2583
AR T SN (a2t e 1 2R Merck 23 H) 5 SE5S HZK A Milli — Q il 758 207K (FEBHZE > 18. 2 MQ-em)
Neu5Ac., Neu5Ge HI KDN FRUE I IIECH] : HEGHHRIL 3 FhFRIE 5% 10. 00 mg, 437 K I &
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AR 10mL, HEIFTEREEY 1. 00 me/mL ) B —bREAE AT . SL50 TR 4 7 2 /KR R A [R) ot
W IR B PRI TR

DMB AR I A EC ) . HEBIFREL29. 3 mg DMB, 24. 4 mgi& VHERERAN, MIAN 528 pL B-3hiHE 2%
859 pnLLIE, H/KERIEHREER R 10 mLo AT AR S 2050 . 13 mmol/L DMB., 1. 5 mol/L
%, 14 mmol/LIEIEHIREN . 0. 75 mol/L B3 L.

DMBA fii AR A WL . HETRFREL67. 6 mg DMBA, JIIN2.29 mLZ B, M/KIEMITHBEEARR
10 mLo PR8Il h & 40K E R . 49 mmol/L DMBA | 4. 0 mol/L &1,

1.2 XEWHZE
1.2.1 HmiE Mgakeh LK, BETIRILRVIEAKRT0.5em x 0.5 em x 0.5 ecm B)/NRGTE
A1, FEAIH, 18 CLL R ES .

FRELS. 0 ~ 10 g 21k B T EASBEHETEIRE T, PHERE AR . FRECL 0 g AR T 15 mL .0
B, A2 mL 0. 1 mol/L AL, 37 "C/KHE 30 min, JIA8 mL 0. 6 mol/LERFRHL, 80 “CHRf#
20 min, VKKIBBHEZR . FE1IER NV IELL 13 000 v/min &0 10 min, W& FERGHATHTAE RN .

1.2.2 fTHERRE DMBATARN : BB G A S T W e e — R B PRI 100 pL, 5100 pL
FHEALIRANATR ), 50 CHRTHREGATA 90 min, WHIR S, 40, 22 pm IERIS IR G ),

DMBA fiTAE SN« B i At W B 3 — IR B AR I 100 pl, 5 100 wL AR AR5
W), 60 CHRZEEEATHE 60 min, WHEEIR, 20,22 wm JEIIS IESFI
1.2.3 BiEEMH  Waters Acquity UPLC BEH C, fE(100 mm X 2. 1 mm, 1.7 um); #EFEE A 10 pL; #
SRETREE A 10 °C, HERCR 40 CC, PEEKENIES, DMBRTAEY . A K HR373 nm, KEHEK A 448 nm;
DMBA iAW . & KA 379 nm, B SHEK A 432 nm. WEIAH: A RhAiK, BRHE, BEEERN S
F: 0~1.5min, 92% A; 1.5~2.5min, 92% ~91% A; 2.5~4.0min, 91% A; 4.0 ~4.1 min, 91% ~
85% A; 4.1~8.0min, 85%A; 8.0~8.3min, 85%~92%A; 8.3 ~11.0min, 92% A,

2 HR5ITE

2.1 BIEEEGmMRL

MR TR EAT R AR M H AR e , IRt i AR e oty s EAE ¢ aitE B,
I R 52 BB R (8,5 43 25 B . Acquity UPLC BEH €, F:(100 mm % 2. 1 mm, 1.7 pm) BAAHRGE
Ao T A AR L, SCERR R A KRN Z IV TR AH , 38 3 e 0 B B S A AR AR OB BR ) £ 3
WETE R R 2> B0 . SREEATAE A, TS A el T B 407 L e C A AR B8 52 23 A2
T AH T MR ) b GRS T & 2 AR A 3 2350 me) 3 Frhnafe Vi 2 114 HE G by TR G B B L DRIt B BN P
B 4 min FEANAHECAEIL NS, A3 P 25 g s , PR Z SR LI PG b e e, 4oy gt
fa), SRR SRR 0] 8 NeuSAc. Neu5SGe FIKDN SEBLR 14355, 764 min N5e2 %, SER
If, VETEAREE, ELMRAEA . 3 PR IRTR AR (0. 02 we/mL) B ik & Qi 2 .

24 4
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Fig. 2 Chromatogram of 3 SAs mixed standard solution(0. 02 wg/ml.)
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2.2 HIALIEEMHIERE
2.2.1 BRFREMERMA DI RWIBR/KMEE RO/ R g, HABR o, Hoh R K gk
REFY NIRRT EAE 0. 1 mol/LERIRH 80 “C/KAE2 h, YeZ5E ISR, WoittihH
M T R 7K R e EE S5 1M 0. 6 mol/LERTR 80 “C/KfR 14 min, PRIMSZEG DAR 0 py dE e, LA 3 Pl R &
EONFERR, HRES T MEEIERAE 80 “C T 0. 1 mol/LEREA /KA 2 h LI 80 ‘C T 0. 6 mol/LERIR /7 HI/K M 14, 20,
30, 50 min 5 FRSRAE T KRR . ] A BRAF A0 B A0 A S N 30 /g PRUEIIR , B BR R SR A
3IANFAT. SERE), EHAMAZ0. 6 mol/LERER /KM 20 min J& 3 PRMER R M) S Rk B H K, P& B 8] ik
£, MEEER IS B R EAT, RHH 20 min B MRS CUREARSE 4T, TR B )i S A5 SRR 2 H AR
E MR I 4 e R . DRI, SRR S 4 80 °CTF 0. 6 mol/L R IR /K 20 min.
2.2.2 fTHEFEHMRA  EEEROITA IR TS . RIS WEALARIB T e . B SEIE
FARFNEE . AR 250 DMB G 96 550 . REUE S %R, {H DMB TR 7 ik W Ar e
s> DMB R HATAEY BADGEUERN:, SBESP ARG, BROER T 24 hEIAT
S, LN -20 CRURIRAE . ARITF R EFE SRS IR GETE, RIS A7 A 50 i SN & =
AR NN B-3 L LR SR IR R AR . (H B-3i 2t A RE A B ZUM R Bk, 3 DR A
B, XTHRES . PRWGE R R, 53 0MB AT AR R 2 A B RS A, AFF AR )E
DMBA 5 DMB [n] & 4828 2 ii AR50, (Haj& e, R, AR Sk
Sy 7B AP ACY . ARSI RE DMBA VE AT, DI s A28 4, 3 i
SEONIERR, FEETAESATA DMBA ARSI IARREL (9: 1, 3:1, 2:1, 1:1, 1:2)., FTAER MR
(50, 60. 70 “C)FIATHRFE) (30, 60, 90, 120 min)3MEZEXF DMBA T AR R A 200 (1813) .

WE 3R, ACEERETAE AR PSR DMBA ARSI AR RR L A 101, RSTEE A
60 C, ST 60 min, FEIZSEM FIIRTARCR S DMB MITAERCRARIE
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Fig. 3 Effects of volume ratio of sample solution to DMBA derived reagent(A), derivative reaction

temperature(B) and derivative reaction time(C) on sialic acid release
2.3 KXMEBEEEETR
A4 3 b 23 B P ) T 5 s T VR T ) ok 0 B ¥R B 43 ) 24 0. 02 0,05, 0.1, 0.2, 0.5, 1.0, 2.0,
5.0 we/mL HObRHE TARIE, RAAS T AT AR A g , DL 3 il I ) £ i 06 1 A oy ) b L o s
(v, pwg/mL)HATEMERYT, ZbrEthZe, 45REW, NeuSAc. Neu5Ge FIKDNTEO. 02 ~ 5.0 pg/mL
BN &PE R, MEREG)IEIRT0.999( W 1), K4 P KDN A9 5 & b HAtl 2 Fhd Ak 1 4%
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B, ORI ENIMESRA SR, SERRRE ARSI S 2 B NeuSAce, NeuSGe BIIIELLO. 1, 0.2,
0.5. 1.0, 2.0, 5.0 py/mLbrifE TAEB AR ERZ; KDNIELL0. 02, 0.05, 0.1, 0.2, 0.5,
1. 0 pg/mLbriE TAERS A TIARER 28 4 3 PR TR A bR R RO AL S BEA I E . DL 10 4%
{5 b A3 8] NeuSAc . NeuSGe FI KDN B & FFR (LOQ) 43524 0. 20, 0.20. 0. 10 pele.

F1 3IFMERIRHAVER R | GRS FRIE R (n = 5)

Table 1 Linear relations, recoveries and RSDs of 3 sialic acids(n = 5)

Analyte Linear equation Correlation coefficient Spiked Grass carp( i ff) Larimichthys crocea( K # )
’ () (pgle) Recovery(%) RSD(%) Recovery(%) RSD(%)

NeuS5Ac y=2.26 X 10'x + 2. 38 x 10° 0. 999 86 0.2 91.5 3.5 96. 4 4.0
1.0 90. 8 4.0 91.7 3.8
5.0 98.5 2.8 103 2.9
NeuSGe y =1.07 x 10’x + 9. 21 x 10’ 0.999 95 0.2 93.7 3.9 99. 8 4.2
1.0 98. 4 4.1 95.2 4.3
5.0 99.5 3.2 98.7 5.0
KDN y=1.33x10"x+9.03 x 10* 0.999 91 0.1 95.7 5.0 92.8 3.9
0.5 96.3 3.5 96.7 4.7
2.5 102 3.9 98.9 4.1

2.4 FHiERWERSHEMRERE

Sy LA FIOR B8 0 25 AR SE T, IR L 8 3 MIREAKCERIR S PRI, BRI
A, BEATIIRRIEDISCSEES (1) . 2520, 3 Pl i R 10 ~F- 34 [RIAC 2R 54 90. 8% ~ 103%, AHXSbRifk i 22
(RSD) 4 2. 8%~5. 0%, J7 {4 2 o Rk 1ff 8wl i A il oK
2.5 ZFRERSHT

M ESLE RN E TR, B H . WAk, Bf . R M SR DLIR KRN K )
NeuSAc, NeuSGe MIKDN &, 4 RE/R, Prillfapd s NeuSAc &S RIS, Him T KDN & &
Neu5Ge AfGH . HphHEAETN NeuSAc 2 (WWE2), @it LE4,

F2 BRRRSh 3 BRI A

Table 2 Contents of 3 SAs in practical samples

[ Content( pg/g)
Analyte Grass carp(5.f1) Crucian(#Jff1)  Piceus(7 i) Nibea albiflora(#4fiffi)  Perch(#iffi) Larimichthys crocea( K # ff1)
Neu5Ac 37.3 42.0 61.1 33.0 42.7 41.5
Neu5Gce = - - - - -
KDN 0.47 - - 0.30 0.53 0. 47
*not detected
kY 3.710, NeuS5Ac
3 &
N N P BRSO [T 1200 A
ARSCHEST T DMBA T A/ i ZCHAH £ 35 )
SE PR 3 AR O MV R Y 5, EIT AL b gk -
P S N P =2 ]
£ DMBA /R AT A IR DMB, FERfiTA & €

FEEAT T O, T I T, AR,
RN, RPERIF, AT R T A

KDN Neu5Ge
WL BI04 SR 0T A A 5 T e Nl i 12 1) 0 s sal ol B
ZAL A5 4 [ 5 S M U 9 4 5 0 s 0 s
AE SR 4 b i

P— Fig. 4 Chromatogram of a black carp sample
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