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Determination of cholic acid and derivative
residues in eggs by UPLC-MS/MS
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WE-BMN:. 2 XNERERESEHARAMEHE SR
Jit # %k (UPLC-MS/MS) 4 i %6 & b 2 8% | & B2 # Ao &
ffem ey gk, Ak A &S P ERIR,PRIME HLB 4
e, 2 Cy #4100 mmX2.1 mm,3.0 pm) 5 &, ¥
B0 1N RAKRBERABRYBOARDAR A AR, 7B
Fiadh e i B R p Bl B X (SRM) Al , A7 ik 2 &
SR . 2m(CA) & R MiEk (DCA) & & M2 8k (DHCA) £
0.5~500.0 ng/mL. FEZRECLE A ZRIFHLEMBLX A,
#E R >0.999, CA.DCA # DHCA 9 # & R %
1.0 pg/kg, T R A 3.3 pg/kg, EMmAFAKF H 1~
10 pg/kg. CA, DCA #= DHCA #n 4% w1 # & % 93.7% ~
102.5%0,RSD 24 1.8%~9.2%0 . T REALIb R4 30 bR 2
BT 28 PR R IR, iR A A Kk Hik,
RBBA A B TAEA G E T s £ B A KLATA
W A Ty B

KEW: e X R ER;, XA IR B R R HHARME
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Abstract: Objective: The pretreatment method of through-type
solid-phase extraction was improved to be coupled with ultra
performance liquid chromatography tandem mass spectrometry
for detection of cholic acid,deoxycholic acid and dehydrochloric in
eggs. Methods: The samples were extracted by methanol and

purified by PRIME HLB, then separated on C;g (100 mm X
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2.1 mm,3.0 pm) column with methanol—0.1% ammonia as the
mobile phase for gradient elution. Meanwhile, the samples were
quantified by external standard with negative ion select reaction
monitoring (SRM) mode. Results: The results showed that the
linear relationships of cholic acid (CA) . deoxycholic acid (DCA)
and dehydrochloric acid (DHCA) were good in the range from
0.5 ng/mL to 500 ng/mL(R?>>0.999). The detection limits and
quantitative limits of CA, DCA and DHCA were 1.0 pg/kg and
3.3 pg/kg. The average recovery of CA, DCA and DHCA f{rom
1.0~10 pg/kg were 93.7% ~102.5% , with the RSD of 1.8% ~
9.2%. 30 batches of randomly selected eggs were tested, and
cholic acid was detected in all 28 batches of samples. Conclusion:
This method is rapid with high sensitivity,accuracy,and it can be
used as a method for the determination of cholic acid and
derivative residues in eggs.

Keywords: cholic acid; deoxycholic acid; dehydrochloric acid;
egg; ultra performance liquid chromatography-tandem mass

spectrometry
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SRR S E R B FE AT AR R T ek R DL B
TR 25 Sk BF gE 4 4, 8 ¥ A HPLC-ELSD 3577,
HPLC-CAD 307 F1 HPLC-MS/MS 307, HPLC-
ELSD ¥ % g #:38 , HPLC-CAD ¥ & 5 #E 5, & FH T AL o
e IR R A DU Rk R AR, B SR A
PR, AN BE S IR B A U, SOk 12 1438 T W Ik
I S XA R 25 W AR BR L H R WX 4 b I R K A A
5% B R DGR 9T . 2 0 AR BRI i A B O oA TR A
HCL AR A B QuEChERS 3 450 190 5 1 =X [ 4 4% B
S — o AR g Al 20 ST N TR T,
WA LA G 2y OF 55 % %, DU R (CA) . K A R
(DCAY AL A MRER (DHCA) g H A7 1, £ 5 24 2 4 B
J& & PRIME HLB #t 1k, L8 57 UPLC-MS/MS &
X0 25 v A R R B HC AT A ) 1 ik LA ) S X 2K b R R
T AT A= 0 (g RS O A R A A SR AR 4
1 MES5Jik
1.1 %8

Xt IR 5 CA (CAS: 81-25-4) . DCA (CAS: 83-44-2) Al
DHCA(CAS:83-44-2) : & # ¥ >9800, 11§ % 3% Bl 4 {X
A R F

PriME HLB A # B4 : 60 mg/3 mL, 3% E Waters

/L\\#

Zl

FRE . NG AR - (i i, I 220 R 22 A A BR A T 5
SK BTl 1 2 4R AL S0 A R A A
KA AlK
1.2 UFEH5EE

O ROWE A G B BT RS 364X Vanquish
UPLC-TSQ Quantis %!, ¢ HESI, 2 [E Thermo Scientific
N F]

31 K. SECURA225D-1CN %, K5 BE 3 0.01 mg.,
T8 [ Sartorius 2 7 ;

I3 R : ME204E 8, 45 B2 24 0.1 mg. Fi - Mettler
Toledo 2\ d] 3

1o 4 R O WL TXN-26 Y, 32 [E Beckman Coulter
NFE

SEATRAEAX : M64 R, AL 5 AR R BHUER R A IR A A .
1.3 Fik
13,1 FRUEVE W EC® 4 0 % AR CALDCA Al
DHCA £ 10 mg, W EEVE f## I € 2 £ 10 mL.IR 2, BL il ik
JRHLHEE R 1.0 mg/mL 1 bR i 5. B 2090 H R
0.1 %6 S K W (PR FR 43 B0 i 8 S A 1 2R 9 VT
1.3.2 FEMATAIE IR BS  RE BRI 2 g 2
0.1 mg) % 50 mL B0 AL A 10 mL W, 4k 37 $2 K
15 min,10 000 r/min B> 3 min, EE$2H 1 &. 53 L
W, W3 mL B3R PriME HLB & AH % B, B

B#%% . UPLCMS/MS B EHEBRRITEY

2 mL W 45 CHEMEE T .55 M 1.0 mL KRB 5
720 % W EE—0.1 0 Z K IR B W - 38 0.22 pm AL UERE
fit UPLC-MS/MS ¥l 5 .

1.3.3  WHAH S &0 g &L G Cs B8
JEAE (50 mm X 2.1 mm,3.0 pm) . LB [F] (0 3% 4 19 4 25
RO s X O R 5 AN TR 3 8 A A R % B AR AL A 0 A B
A0 R OF W5 H bR AL A 9 R RN BB RE e AR
J¥:0~0.5 min,80% A;0.5~1.0 min,80% ~10% A;
1.0~4.0 min,10% A;3;4.0~4.1 min,10%~0% A;4.1~
7.0 min,90% A;HR 30 C i # 0.2 mL/min; #F#F A& FH
5 pl. 76 B0 #4 B8 % BT R (HESD T, B8 55 i R
2 500 V; 8 FAL R4 IR 350 °C; 853 JE 4.58 L/min; 4
BIAE 7.97 L/min, LKA 1.5 L/min, 38 i 45 9 5 1
AR TR 25 25 1 oL S 4

1.3.4 k2O SR AIARHE IR Nk 75 28 ARG 8 B
TR I R R IR R R AT A TR A A o U 4
b 35 W DAIR R K AT AR W 0 TETAR(E M LE S/N =3
P4 e AT Ve B Dy Ay b B W TETBRAS R L S/IN =10 RV BE hy
EEMR., 7825 A E PN 3 A A 7 vk B A9 I8 R & H Ay
A TR B A T AR AT [0 o R 0 L AN VR E R AT 3 A
FE R SFATIR S . AR 3 W, 5 E RSD.

1.3.5 FEADNE O IR T By O ik TR 30 itk
X0 T4 i AT AR 2 24 4 B AT AR AR

2 #R55W

2.1 BEEHMRL

¥ B Thermo Hypersil GOLD Cg (100 mm X
2.1 mm, 3 pm) Al GOLD Cy
(100 mm X 2.1 mm, 3 pm) Fb48 2 iR [R] 28 8 6 3% 4 Xt
JIEL PR e HG A7 A= W 0% i o7 B R 43 5 ROR B S A B R 3R
B 7E LAZK— W B R ik sl AR, 6 B R 09 45 11, G 3
A e 13 Cs (3% #£ 9 55, Thermo Hypersil GOLD
Cs (100 mm X 2.1 mm, 3 pm) {4 i H A9 43 25 B 5% 22, 1M
Thermo Hypersil GOLD Cj5 (100 mm X 2.1 mm,3 ym)ﬁ
A A WA T A 43 S B g AT B L T 0 S DR
R B R, R 2% % Thermo Hypersil GOLD Cyg
(100 mm X 2.1 mm,3 pm) 4%k,

2 A ML B A B e R 2 R R R 2 i .
Wk BB A HLR S AR . M ITCHLR S A 0.1 % &K
o WA IR T W 1 i B 24 A B BE—0. 190 R K IR
W 10 £, 24 TCHLGE 30 AR b K vk BE 78 A5 1 e, AR R
Ak W 1 i 7 B 5% A0 WAL, B O S R 10 e £ I sl AR Dl R
B —0.1 %6 UK B W (R T80 R i shAd .

I L3 T HBE .50 %0 F B K 0.1 %0 S K ¥
W RFRAT 0 20 6 B REAK IR 0.1 %0 K W (IR AR5
BOB IR A AR S W0 RN . S5 SRR, DL EY

Thermo Hypersil
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BRI DHCA H 2 A ki, DL 5056 I EE—0.1 %6 20K
W R B0 N IER A CA L BL™ 5362 0 . [N ok
20 %0 FBE—0.1 %0 SR 5 T CHA R 43 50 S 15 30 s At A A
M B HHA
2.2 JRIGHKMEGML

I35 1.0 pg/mL By CADCA DHCA #5 1 5 % i 4
b ik B A B AT AN 38 A A 4T T R AT SIM 5
i, U4 0 58 TR AU, 45 R % W] CALDCA M
DHCA 7€ ESI™ B0 N HA d5 s i o A [MEHD ™ 4+ 8
T, CARAHKERLM, BA 1 AR 3 ABE,
DCA fil DHCA 2B ELAE FHl L A8 7B, 1
ESI # = T CA,DCA,DHCA fl] & i $2 2 Bt & i 55 Hy
R-COO™, 43 #fi € CA.DCA.DHCA &8 T m/z N
407.45,391.45,401.35, i@ 35 SRM AL 436 , 5 w43 e
B B8 L 55 0 S 80, e S L TR S 8% SRM 1

BE 2668 | 202345 12 A | AR5

B Z AT 1 R N R R 1Y 2 A R R
SEVERRAR A5 20 T Ak J5 B9 BT 2605 . BE R Je FLAiT AL B0
B AN S B3 1 7E S L @1 A 0F AT RS 4516 T L R
S B HAT AR W bR W S T (G PR AN AT 1 TR .

x1 BEREAYRESH

Table 1 MS parameters of cholic acid analytes
it A
&Y EMHEETFRN FE BT . .
JE/eV J&/V
CA 407.45>>343.375 407.45>343.375 33.22 191
407.45>>289.292 38.28 191
DCA 391.45>>345.375 391.45>>345.375 33.01 181
391.45>>343.375 38.57 181
DHCA 401.35>331.321 401.35>331.321 23.04 159
401.35>>249.238 29.85 159

)
S

RO ESES
Retalive abundance
o
S

3 4 7 3 4 6 7
1] i 1]

Time/min Time/min

(b) DCA (¢) DHCA

Bl RREBDBTENIETETREECHER

£ 100 €100
5 80 5
W E B E
&2 60 w260
= =
Eiw E:
2 2 3
< <5}
£ 0 o
0 3 4 7
|
Time/min
(a) CA
Figure 1

2.3 BUAME &M

RO PR A%FR— OIS0 019 R
K—MEURTRSEO HEE— ZME Vg * Vo B 1 1D
PERBREBGR , LR BRI . 45 R F W, b 3 8 B 42 B
DHCA B, BRI FF AR, BUZBEAUHR—2Z
Ji§ B4R 50 L0.1 % &K — B (R4 B0 1 A $2 BOGR)
B, CA Fl DCA [ H<<30%: M LAFBE— O (Vg
Vow R 1 DGR, CA A DCA [ FR<<50% ;4
DL PR Sy B TR I L CA A DCA TR 28 45 4 Bk L BRI
PP O XY 7 o AR AT AR R B O]

TR SR AL A, B R E I B S RN I, v Ak b
A A A0k 4w HLAG I o B B . K 6 ] PRIME HLB [ 48
AL IR W A B B, v AL VA 2 B T T, LR S B
T T, R BR 22 W W, A R B . PRIME HLB [
AR EE URE T 2 B 3 AR AR IO 95 %0 LA (4 2 3 R R 4%
FEFR T8 M A 5 HLB B A2 BUH: . PRIME HLB [#
B v R (AN R (IR NV o Sl SRS O 151
50 min 458 2 5 min, KRR & TR, ZHEEN®
P 2090 B —0.1 Y0 EUK B (IR B 43 850 , T 7 %008 /0 i
FUBURE AN 23V ik B 28 W0 I3 A R0 0 T B T4

Quantitative ion chromatogram of cholic acid analytes

2.4 HEEWMR

2.4.1  ERPEEHE 43R R i BUR G AR A W,
20 %6 P —0.1 96 S0 /K V5 Y (R R0 450 s 88 L 0 2 ¥R 2
Mk 1,2,5,10,20,50 ng/mL (IR & rdE TAE W, LLERIE
JE i B 0 3 0 1A AR A AR B, B o VA TRk
R Al bR 2 I AR E T 2.l 2R 2 T 1, CALDCA Fi
DHCA fE i 8 ¥ ¥ 4 0.2~500.0 ng/mL 74l A £k %
AR LR >0.999,

2.4.2 KEHRFEER REBMERNE E2 AGE
FE B H SN A A ME R R HL A A W TR A B o T
o AL B S W0, LLIR ER Ko HC A AR W 0 T R AR MR L
S/NZ= 3 e e R B e T BUE M LS /N =10

T2 BEREAAYZEFEREXRY
Table 2

Linear equation and correlation coefficient

of cholic acid analytes

L&y w5 5 i R?
(ng * mL™ 1)

CA 0.2~500.0  Y=2 391.55X —4 909.94 0.999 7

DCA 0.2~500.0 Y=5 226.48X —12 343.6 0.999 7

DHCA 0.2~500.0  Y=5471.23X—14 226.2 0.999 6
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HIHeE ] E R . S5 5. CA . DCA FIl DHCA % H
PR 1.0 pg/kg, EHIR N 3.3 pg/kg.

2.4.3 KG9 B AN MR B E%Exﬁt&ﬁﬂfﬂ%ﬁﬁnsﬁ\mﬁlm
JE B9 RE R K LA A= W TR A b o I IR AT T iR R B L 3
HRSD.Z5 R L% 3, 33 ﬂ%u,CAjb 1~10 pg/kg ¥
FEYE PN I RO 93.7% ~99.1% . RSD 7E 3.5% ~
9.2%:DCA 7E 1~ 10 pg/kg ¥ 35 Bl A 11 g 2R
95.4%~102.5%.RSD } 3.4% ~6.6% ; DHCA 7 1~
10 pug/kg ¥ BESE N Il e 35 95.7 %6 ~98.5% ,RSD
1.8% ~3.7% s Iz B Y R F1 RSD 4 45 4+ [H 24 25 5% B
T B AR ISR,

x3
Table 3

AEREBBEGYMIRERENREEE
Average recoveries and precisions of cholic

acid analytes (n=26)

1.0 pg/kg 3.0 pg/kg 10.0 pg/kg
fL&a® Wi RSD/ mlg  RSD/ mlfk  RSD/
/% % /% % ®/% %
CA 93.7 9.2 98.5 6.2 99.1 3.5
DCA 95.4 4.8 97.3 6.6  102.5 3.4
DHCA  95.7 3.7 95.8 1.8 98.5 2.7
2,404 SEBRAE S E R R B ST Y O vk T
30 LR NG AR St R AT IE R 28 24 g M LA A g A e T 2

L E ORI DCA Hil DHCA, 28 HEUCRE & v 1
il CALLS HEREES 1 CA &8 <<10.0 pg/kg. AR & £
4 1.06 pg/kg, 13 LR FE AL H CA & &2 >10.0 pg/kg. ;&
AN 128 pg/ke.

3 é'nllﬁ
W55 #5377 UPLC-MS/MS [r] i ] 52 XS 45 A 0 iR &
Efﬁi%%mﬂu%*ﬁﬁ%,izmzeﬁﬁﬁiifﬁ%%iﬁ,iﬁﬁ

JSE R0 0 R e T NS PR R | 25 R RE R R 2 I R 4
PERE L E R 1 o W SOR TR e AT AR 0 1 A 9 9

Ji 2500 B HE I L 3 i *x\/fmﬂﬁfﬂxlﬁlxﬂﬁﬂfﬂﬂﬁﬁa‘iﬁifﬁ
B IE S v A BHL R XY 4 o AH R R R TN R A R R
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5% 3 Hk
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