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Abstract ; To realize the accurate quantification of N—acetylneuraminic acid( Neu5SAc)in egg yolk and egg white of poultry,and
eliminate the matrix effect caused by substances other than analytes in egg samples,5—bromo—4 - chloro—3—indolyl-g-D-
galactopyranoside— N—propionyl-sialic acid( X—Gal-a-2,6—Neu5Prop ) was synthesized by chemical enzymatic method using
mannosamine as substrate. The hydrolysis characteristics and stability of the derivative under acidic conditions were studied.The
content of NeuS5Ac in egg yolk and egg white of quail, goose, guinea fowl, ostrich, duck, pigeon and turkey was determined by
using the derivative as internal standard.The glycoconjugates of sialic acid were dissociated into free sialic acid after being
treated in acidic condition. The samples were analyzed by high performance liquid chromatography with fluorescence detector
(HPLC-FLD).It was found that the hydrolysis rate of X—gal-a-2,6—NeuSaAc and X-gal-a-2,6—Neu5Prop at the same
concentration were similar under the condition of 2 mol/L acetic acid solution at 80 °C ,which could be completely converted
into free sialic acid after 90 min.The stability of NeuSAc and Neu5Prop were similar at 10 h.The Neu5Ac content of the egg
whites showed a wide variation across species.Quail egg whites had the lowest concentration of NeuSAc¢(0.13 mg/g) , while the
ostrich had the highest(2.20 mg/g) , which was seventeen times higher nearly. And NeuSAc content of chicken egg yolk and

albumen was found to be in agreement with previous reports.The method of analysis described herein could eliminate the matrix
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effect in biological samples and quantify the content of Neu5Ac accurately, with facile sample preparation requirements and was

well suited to the routine analysis of foodstuffs.

Key words:sialic acid; NeuSAc;egg white;egg yolk; high performance liquid chromatography - fluorescent detector ( HPLC -
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ME WX IR ( Sialic acid, Sia ), M Rl & & R
(Neuraminic acid,Neu) , J&— &5 & H JLARIE T 1Y
FRIA PR BEBEAL AT A W R GERR, S H A TR SR s
W 1 R 11 NG M 220 W e 45 SO A i A o i
it a—2,3/6 i B AE 2 FLME (Gal) /N - Z k21 ZLbE
i (GalNAc) Ik o—2, 8 34 422 2 HoAth Fp 2 A% e 44
MR b MERIR R IR FR I L, HETE &% 5 50
L2 Fh KRAFAE I MERR PR AT A= 4, A% O 544 43y T
e — 5 40 T B ( Kdn ) Rl 22 48 12 (Neu) 5 R0 S
H WP F YR Sy N— 2, BE i 22 2 B2 ( NeuS Ac) Fll N— %%
I 25518 (NeuS Ge) = Hih g fie 22 (I ALY
MY 2 S NeuS Ac, & 2 5 il Ath Fh 24 e 4 192 179 BT
AR T TR AW 2R i B B AH R 4y, FLRT
Y By B HE fef BE AR 12 40 g = 18] A9 AH B HE R, R 2R e
2L AR TR B PR B OV e Y R
HENAEY S BAL 25T, S 515018 £ 595 IR
AR 22 1] L R 4 i 22 8] 4 sz 02 7 2 15 e S 4T A i P
fish A RO G S S AN MR R 5 R B kR R R
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SRR, ERe e B S A K& T AR AR,
i R RIRRvAY | =B B - 27 DI W = = =2 T A 0] 713
2 I A~ BE 6 e HLAAR 75 22, W 5T & B0 AT DU i 1 £ kb
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REITER, B LS B IR AR A I r kT .

Warren 25 JF % Hy —Fl T e 30 1R 5 3000 2 1)
Hetaik iz ik B R R 22, BB AT AR B FR
REFNTERE , WSSO AR 3% (HPLC) (SAH 5% (GC)
I 3% 14 56 FH 45 40 AT i AR A AT e Ml Y TR 1) 5 A A
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WFFE L X—Gal—a—2,6— Neu5Prop & PN FT, 5 4T 7
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BEEFRTEARMES
1 #MRl5FE
1.1 5 NEE

RS R (X9, 4939 K BBERXY B 1Y 49T
LL3GFNKAG) W E VLT T SR TR R A SR A
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fiff (~0.02 U) MEWIREEAAF ( =13 mU) g Uk 3E
SeAEMRI AR A A FLBEE (~10 U) fEE
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1416R RIS A R ES L BRI SR ) 5 22 (U 4%
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J RF-20Axs BIZESEAG I 2% . SIL-30AC B [ sh it k¢
#5 .CO—-2000 FUA:IRAR (E IR AL FS) .LCMS—-2020
A I FHAY \LC solution T 4EME SR ( I
WF) i A A PR 4N 7] 3 UltrafileXtreme MALDI-TOF J&ii%
1% fEE Bruker 2\ F] ;B W EIR KA BN E AR
FELES A BRAE (ILIR) -
12 ZWHE
1.2.1 X-Gal-a-2,6—-Neu5Ac fll X—Gal-a—-2,6—
Neu5Prop (&% Llifb S5 A 2= PkE S vb v W 158
I E LB A Y IE A TR B AR 1 1 52
FLPEFR LA, P AS Sk $E T X-Gal—-a-2,6-
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Neu5 Ac 1E by A= MR 5 i W 1203 28 5 1) B 8, J1-1F
5% X—Gal-a—-2,6—Neu5Ac 7ERRVESAY T A 7K fif R
VLRSS 52 Az W0 il o e Y0 P 28 5 0 Mt 5 D) T 8 e R
T8 11 B A e I ) (], (W) EsE R P9 AR 0 7 TR M S 1R T K
ﬁ’q’:flfjuﬁﬂ_t b#ss, LA H W X— Gal—a—2,6 — Neu5Prop

FREAE NG IS R o
1.2.1.1 X-Gal-a—-2,6—Neu5Ac 1 X—Gal-a—-2,6—
Neu5Prop )& % LA Neu5Ac Al X—Gal HE G,
WAl X—Gal-a—2,6—NeuSAc™™ ™' J MES 2% Pk
(4 mL,0.5 mol/L,pH6.5) MgCl, (80 wlL,1 mol/L) g
T =M% (5.52 mL, 80 mmol/L) . Neu5SAc (0.92 mL,
0.2 mol/L) . X=Gal(0.6 mL,61 mmol/L) My fg55 %
1§ (19.68 mL) Fll CMP— ME R 2 15 il i (9.2 mL) iR
J& BT 37 CHEEFFFFE T RN . £ 10 min 30 min
1 h.2 h .3 h 452 W B [a] &S BRI HPLC S A W i)
X-Gal-a-2,6-NeuSAc Wi% L3, fFpi% L 31k 3
95% BN A ZLAERAG (1 mL) , k2 ) mii 1 h DABR ot
A X-Gal,

LLUH Ebi e i ik AL 24 g vk G il X—Gal -«
—2,6—Neu5Prop"** (X- Gal—a—2,6—Neu5Prop [ 4
SR AR K FHANE 1 PR ) o W NAR R E T 37 °C
TE R B FRAE T S N, B A HPLC 52 B e i 7% fh 22, £
A% =80% B in AFLPEWE (~10 U),37 C Iiﬁ”
30 minLFEEFEA X-CGal,
1.2.1.2 X-Gal-a-2,6—Neu5Ac il X-Gal-a—2,6—
Neu5Prop J4ifk % 1.2.1.1 7 X-Gal-a-2,6—
NeuSAc ) & W & R St & C, B AH % B 4=
(SupelcleanTM ENVITM - 18 SPE,45 um EHjfL4%,
500 mg/3 mL) glifk, S5 HH 4 mL KA+, 48
J543 B 10 mL 10% .40% . 100% 11 2. fil— 7K % W
(v/v) B BE SRR I WA S e L T SR B RE B, A48 I
4E 2 mL, FI A HPLC 7E 300 nm ¥R 4600 W 42 3]
HIZH 50 4 & 4 X—Gal—a—2,6—NeuSAc [4H 504
o B IS BRI R LIS R LA e 4 T4 (28 Pa,
1500 r/min, %) 5 FHAEERAT AT — R glifk, R A
SR FIVRIR AL, ik ey F B e S B0 30 A A2 A, F°F
AR S5 X—Gal—a—2,6—NeuSAc B0 2405,
IR 0y i it , 8 18 £, Fg: W s 7K (12:8: 11,
v/v/v) IRE T RIVE , JF AR Ve . ] HPLC X
LB RYAE ST R A, B & A X-Gal-a-2,6-
NeuSAc BYPEMNZH 536 I, R FH 1 25 ke 40 BR L 0 511,
55 10 mg X-Gal-a-2,6—Neu5Ac W25 (F=5 N
39% , ;7 ¥ W EE IR JoT 1/ ) Y BE R JBt & x 100) .
X-Gal-a—2 ,6—Neu5Proptt)aiifk 7 X 5 FiRAHFE] .
1.2.1.3 X-Gal-a—-2,6—Neu5Ac fl X-Gal-a-2,6—
Neu5 Prop WM X—Gal-a-2,6—Neu5Ac Fl1 X-Gal
—a—2,6—Neu5Prop ) HPLC &M ¥E BT 40 F : &
AH €4, 1% % . Phenomenex Hyperclone 5 um ODS C,,
250 mm x 4.60 mm, FRshAH A:50 mmol/L HH fig &%
(pH4.5) ;i shAH B: R ; i 1.0 mL/min; 484N K5
M7 300 nm; FEAE R 10 pL; AR H R, el RE
J¥:0~5 min B 10% ~60% ,5~6 min B 60% ~90% ,
6~8 min B 90% ,8~9 min B 90% ~10% ,9 ~15 min
B 10% .
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PNARAGHI & SR i NeuSAc &5 BRI R K]

Fig.1 The route of synthesis of X—Gal-a-2,6—Neu5Prop

from mannosamine and determination of

NeuS5Ac content in poultry egg samples
7 :1:NeuSAc;2;Neu5Prop;3 . H &b ;
4.X-Gal-a-2,6—Neu5Prop;5 : 4B7E i
LAPBEE T WEFRIC Y NeuSProp ;7 : 4828 — fFRIC ) NeuSAc,
Xt alifb )5 iy X—Gal-a—2 ,6—NeuS5Ac il X—Gal—a
—2,6—Neu5Prop FH =% AH (1 13%— BT ( HPLC—-MS)
R 5, % FH 8 Jo 4 B 06 A e He, 15 TRAT I R 5T 3%
(MALDI-ToF—MS ) X3 P4 Fft ) 5T i — 25 46 Uk LA i 2
FCHERM M . BITRE AN 2240 . Tt 25 55 T8, AV 57 R
B 250 °C, 25 b anifiid 3 L/ min, TRAHLIE 15 L/min,
MALDI-ToF-MS 573 55 2y : 2 ¥ 2 v, & 20 kV,
ﬁftt?’ﬂﬁ?ﬁﬁﬂ m/z 300~1500, >R 5 Ffs By F 306
I BER: S 6000 , 2% F Bruker Flexanalysis 3.3 4341 %2
X BT 1 B HEA T A B
1.2.2 X-Gal-a-2,6—-NeuS5Ac Fl X-Gal-a—2,6-



WR S Wit

Neu5Prop /K AR EAFSY A T 4 5 A2 WA il v e Y
Wi W 25 5 ) it 25 S U e VAR TR 1) e AR I B s (], -
2B HE X—Gal-a—2,6—Neu5Prop RE G /E N & &
NeuSAc & 1 K il 09 538 NARH , A SCHFSE T X—Gal
—a—2,6—Neu5Ac fll X-Gal-a—-2,6—Neu5Prop 7 iz
PR T KRR . S0 B 4 .20 (100 pL 1.2.1
4 %) X—Gal—a—2 ,6—Neu5Prop 5%, X—Gal—a-2,6—
Neu5Ac ¥ # (0.4 mmol/L) , I g ¥ #W (100 pL,
2 mol/L) FIZK ( B AT 200 pL) il A # 1.5 mL 5.0
B ,80 C/KE T AT W o TE M 0,10.,20.30,
60 .90 ,120 ,150 ,180 min 43 5IH 4 wL 2 h g,
PRSI R RE SR 20 wL S8R, R i HPLC i A
(I EF ]S B AR o o SO A B A DU 454 5 1.2.1.3
AR . JTARSE T I AT AR AR TR

IKAFFREE (% ) = (K MRTTRYAE & B - 7K R S5 1Y
FE ) /K AT YRR S & < 100
1.2.3  Neu5Ac Fl1 Neu5Prop 1EMRPE S F 0U e 2 1
WFIE AT R e e VR IR TE R M SR T AR e L R
1.2.1.1 &5 A X—Gal-a—2,6—Neu5Prop 5 X-Gal
—a—2,6— NeuSAc (4 pL, 0.4 mmol/L), ¥K I IR
(100 wL,2 mol/L) HIZK (96 wL) RIS T 80 °C /KA
R R L AEJZ R 010 30 min,1 .2 .3 .4.5.6.8.10. 12 .
15 h BFES WL 3 W I G ok v I A2k O,
SN IE WO T LS R AR T ) (28 Pa, 1500 r/min,
) IS8 1.2.6 TR0 7 A TR
1.2.4 Neu5Ac Fl1 Neu5Prop (1) & 5 {0, 33% W6 i FR 22
ISR B N T B EE5 T 7 B i HERA T,
ARSCHFSE T AS[FE U EE Y Neu5 Ac Fll Neu5Prop 5 (4%
WM AR Z B X R, H X-Gal-a-2,6 -
Neu5Prop 5, X—Gal-a-2,6—Neu5Ac 4351 T 2 mol/L
BEMR S W H Ee A 1.2.2.5.5,10.,15 .20 ,40 .60 .80,
100 pumol/ L\ e % iR 437 A5 4 , 1 WE 1l 2y 1) V3 W B 1
80 C/KIF _Ln#k 3 h J& , fH vk v ) AL 1E v,
P SN IR . B 25 W 4 T 1 (28 Pa, 1500 r/min, &
) IS8 1.2.6 TR0 7 A TR
1.2.5  EHEFESL T NeuSAc MBS o EA I 4
B S PRI 20 mg IS EE T 1 mL
BEBRVEWL (2 mol/L) v, NHRHCHY 100 L fil A 4 L
X-Gal—a—-2,6—Neu5Prop 7K ¥ # (0.4 mmol/L) F1
96 nLiK, LMK R B F 80 C/KE T i 3 h,
JZ N 25 B )i 10 HORE K AR S DKV Y I L2k N,
B0 JE (12000 g,5 min,4 °C) HL 500 wL [ 3 %O &
B34 48 (28 Pa, 1500 r/min, 7 75) 7= 0H 1.2.6
REGAR Y IA A TR (AR A 2 R ), I AR B
TN A E HEFRE S T NeuSAc & &

Pusse Nywson
N« PN(:lﬁPmp Msampl\'

Horp, Crusac s NeuSAc B S, mg/g; RMM ..
27~ NeuSAc AEXT 43 BT & 309.27 g/mol; N RIR
FE i H Neu5Prop WY JEE /R i & 1.6 nmol ; M 7R AL 5
S5, g; P FORIEH AR
1.2.6 MEMRIREDSICATAE SR ¥ LR RS
e PR Yt S R R R S VR E 100 L 0.1 mol/ L iy &8 Ak 8
R, B0 (12000 x g,5 min, 4 °C) 5 HX 50 pl |

Cyesse = RMM
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HH(Egg Yolk) < ',:l >
Hili(Bge White) <= — -
LERER L P bR 2

2 MV TR AT A AT R MR A PF T A 25 A0 Y 25 e 4
3RS IR AT A L HPLCH I

N- A P 48 2 R
(Neu5Prop,2)

N- LB 282408
(Neu5Ac,1)
K2 LI X-Gal-a-2,6—Neu5Prop
A I FR RN & B AR P NeuSAc 198

Fig2 Determination of NeuSAc in eggs by

X-gal-a-2,6-neuSprop as internal standard
EIMA 10 pL OPD 477 4= 5] (10 mg/mL £f 2K — i
(OPD) % F 0.2 mol/L NaHSO, ¥ ) , & T 80 °C /K
T RES'G RN 40 ming

K HPLC—FLD X3 477 A= J B ME R R A i 0B A T A
M, 2 AH 3% £ . Phenomenex Hyperclone 5 pum ODS
Ci,250 mm x4.60 mm, 256G A& % K Ex 2A7 373 nm,
RHTEAE Em 2y 448 nm , AL LR 10 pL, WSHAH A 2R
alivgoK, A B A g ali R , s A C b tagikal
PP, SO S 1.0 mL/ min, 56 BEWBEBEAT ] 2 22 min,
VRSER AN R - i shAE A B: C 1004E Lh s 25902 5: 5,
10 min PR BIAH ELAEHTAE SR 76: 12: 12,48 )5 2 min
PN 3l AH L 1) AE S 201 40 ¢ 40, I 7E I e B O £F
10 min,
1.3 #iEaE
K Microsoft Excel Office 2010 % #E & H , £ K

B AR Adobe illustrator 47 (4,35 F 25

2 HRE5HW
21 X-Gal-a-2,6-Neu5Ac #1 X-Gal-o-2,6-
Neu5Prop B & B S Sl

fifg 5 L X—Gal—a—2 ,6—NeuSAc L) K Ak 2 fif
AR X=Gal—-a—2,6—Neu5Prop, & C,, [& FHZ2E B
FERTHE LS Pk i — ik alifh, glifb )5 1) X-Gal
—a-2,6-NeuSAc 5 X-Gal-a—-2,6— Neu5Prop £
HPLC i, 5 SR an &l 3A iR, X-Gal-a-2,6—
Neu5Ac 5 X-Gal—-a-2,6—Neu5Prop [ {4 B4 i [a] 4
TE 7 min Z&45 , R LC—MS Xf e T 8630 , $2 HU7E
BT e F o E, g R E 3B TR,
X-Gal —a—2,6-Neu5Ac [ §T fif Lk (m/z) 2k 697.06
([M=-H]"),5#i{{H 697.14 ([M-H] " ,84% ) A
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o X=Gal—a—-2,6— NeuSProp [ JFifaf b (m/z)
711.08([M-H] ), 5#ig (4 711.18 ([M-H] ",
77% ) 3. % MALDI-ToF—MS %} X—Gal-a-2,6
—Neu5Ac 5 X-Gal-a-2,6—Neu5Prop #:— 3 461F,
ZER K 3C F1 3D Fros, K 25 2R 14 5 ES E AT o
Y, A58 il o) & IR 8l T X-Gal-a-2,6—
Neu5Ac 5 X-Gal-a—2,6—Neu5Prop FY4I 5 .

A
” ﬁ X-Gal-a-2,6-Neu5SAc
e
=
X-Gal-a-2,6-NeuSProp
5 7 9 11 13
fist 1] (min)
LS X-Gal-0-2,6-Neu5Ac
P j\ (m/z 697)
EL-E_K
o X-Gal-a-2,6-Neu5Prop
E h\ (m/z 711)
5 7 9 11 13
I [] (min)
» 100 C
Eﬁ 50 X-Gal-o2.6-Neusac o e
=< 699.15(100)
= 0 I 701.16(22)
600 750 800

0 700
JFAr Lt (m/z)
i 1003 p
620.30(10)
\l 711.18(77)

713.19(100)
715.19(15)
T

50 800

50 4 X-Gal-a-2,6-Neu5Prop

0 - T
600 650

700 7
Jpr b (m/z)
K3  X-Gal-MER 21 HPLC-MS #% &
1 MALDI-ToF-MS £ [&]
Fig.3 The HPLC-MS profiling and MALDI-ToF-MS
profiling of the X—Gal-sialoside
T 2 A X— Gal— HEVE R i W AH (035 18] 5 B : X— Gal - MR R 11
TR PR ECE IR C . X~ Gal-a~2 ,6—Neu5 Ac f
MALDI-ToF-MS & ; D: X-Gal-a-2,6—Neu5Prop
) MALDI-ToF—-MS j[] .
2.2 X-Gal-a-2,6-Neu5Ac #1 X-Gal-o-2,6-
Neu5Prop Bk ff4s 1R
AW 5T LA ) X—Gal—a—2 ,6—Neu5Ac 1E
SR AR it v R TR B 2R S ) AR B, DA Ak i
H ) X=Gal—a—2,6—Neu5Prop i NERY), F95 T
X—-Gal-a-2,6—Neu5Ac Fll X-Gal-a—2,6—Neu5Prop
TERRTESAT T B R . B AS TR AE B Y X - Gal
—a-2,6—Neu5Ac fll X—Gal—-a-2,6— Neu5Prop 7F
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