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ABSTRACT: Objective To establish a rapid method for the determination of 5 kinds of nucleotides

(cytidine-5’-monophosphate, adenosine-5’-monophosphate, uridine-5’-monophosphate, guanosine-5’-monophosphate
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and inosine-5’-monophosphate) in infant formulas and dairy products is developed based on mixed-mode
hydrophilic interaction/ion exchange chromatography-ultraviolet detection (HILIC/IEX-UV). Methods A
zwitterionic hydrophilic interaction chromatography column (Alphasil S-Xion) was used, with mobile phase
consisting of 5 mmol/L KH,PO, (pH adjusted to 3.0 with H;POy)-acetonitrile (70:30, V:V) to detect nucleotides in
infant foods and dairy products. Results The five nucleotides were baseline separated within 10 min, demonstrating
efficient chromatographic performance. They exhibited good linearity within the range of 2—50 pg/mL, with limits of
detection (LODs) between 0.19 and 0.66 mg/kg, and limits of quantification (LOQs) ranging from 0.62 to 2.19
mg/kg. At spiked levels of 50, 100 and 200 mg/kg, the intraday recoveries ranged from 96.6% to 108.9%, with
relative standard deviations (RSDs) of 1.5%—6.3%, while the interday recoveries were between 101.0% and 108.0%,
with RSDs of 2.4%-7.3%. Conclusions Compared with the traditional reversed-phase ion-pair chromatography,
this method has significant advantages: Effectively reducing the matrix interference, shortening the analysis time,
improving the detection efficiency, and especially improving the quantitative accuracy of cytidine-5’-monophosphate.
The proposed method is rapid, accurate, and anti-interference, which provides technical support for the efficient
analysis of nucleotides in infant formulas and dairy products.
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Chemical structures of the nucleotides



2

BEEZAE, % JOK/E T 2B G O A P I B2 4 L dh AEL ah FP A IR 5 i 93

AR I G | AR A Al PR B I TR AN RS S 45 ]
B 7 LR P, 5 AU RO £ A R A 1
SR Cg (UEAL, TEAKAZEME T 0T T 5 MAZIT IR, Jf
RGFEEET ZRRE S A By 2 DLRRAR IS BT . SR,
TCB S B X (0 1% ki R M S 3 ik, SCHRHGE /Y
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CMP(4iiE 99%, CAS: 63-37-6) . AMP(4liJ&F 98%, CAS:
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7008 TR £l K R 55 (35 F Millipore 23 7]); XM-P101H KI#
I RAL N E B A AR (B A RS Al ]; Seven Direct
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0.2 g FERYEHES], T(37+2) °CHEFRAH B 30 min. BUH
BHEZR,

AT TER R IREE: FRBUR &5 M RIARIRFEZ 5 g(k
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M, B, UEACLUE, FTARUEIH 0.45 um SFLIE AL U,
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B: 2, &RV A:B=70:30 (ViV); i3 1.0 mL/min; 3
AR 10 pL; KRl 40 °C; SEAMSIPEC: 254 nm; DIfR
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Fig.2 Chromatograms of the nucleotides separated on an
Alphasil VC-C,5 column
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Fig.3 Retention and separation of nucleotides under different
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FH A 21 e T BV B (E ) I DNAR R, AZ TR 14 o vk T
(X, ng/mL) M A bR ST Bl 26, 2530 5 P iR A
2~50 pg/mL FUim i BEYE RN LM O R R AT, ZRPEAHC RS
(DA EF] 0.9999, LI{EME Ho(signal to noise ratio, IN) KT
T 3 s FR(limits of detection, LODs), SN K F2F 10
hy 7E 1 PR (limits of quantification, LOQs), 5 %2 #) LODs
1 0.19~0.66 mg/kg [, LOQs 7E 0.62~2.19 mg/kg i, ¥
AT R A AR . A OCEE RN 1 PR,
222 ©WREREEE

h T VEAR T B R AR R, RS LR L R
RN T 3 AHEEKE(50., 100 #1200 mg/kg)ﬂﬁfthr@&%
HEmh, BAWRBEEATIE 6 WK, ITHHEH W@H&%ﬁ*ﬁﬁﬁ
A 7% (relative standard deviation, RSD). il i%E%E 3 d &

8 RS, P PEAE T H RN RSDs ., 4551 iR
(& 2), ZI LM H N ERTE 96.6%~108.9%Z [H], RSDs
#1.5%~6.3%Z[]; H [l [l 238 F o 101.0%~108.0%,
RSDs N 2.4%~7.3%. Z5RRIIZERA BRI HERTE
T, & TR E & hT .
2.3 EPRMEmOR
AR L BT e, X B AN AN R L Y
WLy JLIE Jr 6 b AL P AR T R A A T e, 2R
T 3 H. WEERATIL, XFFARRAE 1 B & w R,
LRI ZE R HA SR i —3, HASInE L CMP Ry 32, X
FARFRVIR I A R FLE S, AR T/ B CMP,
i AMP, UMP, IMP, GMP K# i,

F 1 SHZERIZMESTE. BXRE,. LODs #1 LOQs

Table 1 Linear equations, correlation coefficients, LODs, and LOQs for 5 kinds of nucleotides

ST EACyiN LIEES (o) LODs/(mg/kg) LOQs/(mg/kg)
CMP Y=8057X-1149 0.9999 0.40 1.33
AMP Y=27356X-3208 0.9999 0.19 0.62
UMP Y=17789X-2214 0.9999 0.41 1.37
IMP Y=11886X-1501 0.9999 0.66 2.19
GMP Y=15586X-2013 0.9999 0.60 1.99

*2 BIEFREATRERNEEEREER
Table 2 Recoveries and precisions of nucleotides in infant formula
H P (n=6) H [al(n=18)
Wagiis He % /(mg/kg)
Bl /% RSDs/% /% RSDs/%
50 102.8 5.4 103.3 33
CMP 100 103.1 4.1 101.0 4.1
200 102.6 2.3 103.0 3.9
50 104.8 6.3 104.9 4.9
AMP 100 104.4 3.5 103.1 2.9
200 105.4 1.5 104.6 5.4
50 107.3 6.0 108.0 3.9
UMP 100 97.5 4.4 102.0 4.3
200 96.6 1.7 102.4 7.3
50 107.6 5.1 107.1 4.3
IMP 100 104.0 3.4 103.4 2.4
200 104.9 1.9 104.5 6.1
50 108.9 5.2 106.8 5.1
GMP 100 104.2 3.4 102.1 3.7
200 104.7 1.9 104.5 6.0
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Table 3 Actual sample analysis results
. BAF iR fr 2 /(mg/kg)
75 PRI/ (mg/kg)

CMP AMP UMP IMP GMP B
1 300 151.4 65.0 73.0 252 38.6 353.2
2 350 247.0 39.4 50.8 N.D. 61.6 398.8
3 300 125.3 60.9 67.7 42.6 25.1 321.6
4 N.A. 41.5 N.D. N.D. N.D. N.D. 41.5
5 N.A. 32.9 N.D. N.D. N.D. N.D. 329
6 N.A. 21.1 N.D. N.D. N.D. N.D. 21.1

TE: NA FORPREE RS AL IR N.D.: SRR A (G B T U573 LODs).

3 W55

ABIFEIT K T — R, RS Hu E 2240 L7 £ hh
FFLE S A BRI T 515 o 2R SR KA TP
BT EIEEE, 1EK/E TSR SRR T T 5 Fl
AT BRI P > 70 Hr . FRACT AR GE ) SO S 13 (3 7
W, ATERABENS: B, EARERT TR
LR T T B D T SR N Y O T N I PN
B, BERT TRIACR, R5, ADTEREISGE T CMP
1 REERRPE, SO TG IE T CMP 552 TR IR AL
L5 bRk, AOEFOENL AR BRI 5 75 B A P | R |
PO OURL, 24l JLBC T £ b AN FL Il oA IR 14 o
BOMHT M T A TR SR, R . BRI
il 2 FH G U HAT T I ) L i 5%
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