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ABSTRACT: Objective
and 5-hydroxymethylfurfural (5-HMF) in loquat fruit paste by high performance liquid chromatography-tandem mass

To establish a method for the determination of advanced glycation end products (AGEs)

spectrometry (HPLC-MS/MS). Methods AGESs solution was obtained by extracting loquat fruit paste with pure
water and treating with ultrasonic, centrifugation, solid-phase extraction and ammonia methanol solution elution, then
separated by using gradient elution with 0.1% formic acid in water and methanol as the mobile phase. The detection
method employed multi-reaction monitoring with positive ion. The 5S-HMF solution was obtained by extracting the
fruit paste in pure water, followed a liquid-liquid extraction with ethyl acetate, solid-phase extraction and 10%
methanol elution. The extracts were analyzed at 30 °C with 10% methanol in water as mobile phase. Results It was
found that the linearity of all the targets was good in the concentration range. The limits of detection and limits of
quantification of each target substance were lower than 1 [AGEs/(ng/mL); 5-HMF/(pg/mL)], which could fulfill the
requirements of detecting trace substances. The relative standard deviations (RSDs) of all the substances were less
than 10%, and lower than 0.6% in the range of 16 hours of sample waiting time. The recoveries of all the substances
were higher than 85%. Conclusion Results indicate that the method meet the basic requirement for quantitative
analysis and has good accuracy and stability, which offers a detection means of studying on quality and safety of
heat-processed fruit and vegetables.

KEY WORDS: loquat fruit paste; advanced glycation end products; 5-hydroxymethylfurfural; high performance

liquid chromatography-tandem mass spectrometry; high performance liquid chromatography
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chromatography-tandem mass spectrometer, HPLC-MS/
M) PRI A - TP G @Rk, et
EEA A . WAL BAER R RILE, (HERE ke
VEPRPE S LE, A SR By, BEE TR AR AR

H TR A AMT & AGEs RURSIINR Z 86 h T . A, it
KT PR L R SR A S A, TR TR R
W U AR TS KR B AGEs il 5-HMF AR 75 4
b, IR GEE . AN IR R AGEs il
5-HMF BYHEIC, 735 alifl KAl Jr ik, ot ik 4 Al
s TR B 5 AGEs fl S-HMF f9 4 Ml e 4245 %,
T2 R 5 A P

0 51 &

AL AT, WEEAT O, &R 2/, wm. 21
J. CHERE AN, HAaPik . %, 1k, ks Bilh
RIS A S 1 S Tk, e — R 2 RIIE R KR A
LSRR — i phy AR e A T Mk Al ) B . R
TR EIR S, B W A L fegk k% i o,
TS A MR . 5O G YR R S g
A G A i R T G s AR rh o AR SE R SN, AR AL B,
T SR RO B DB, 2 7 2 B kg ) g 30
Wi 5k b & K 7 9 (advanced glycation end products,
AGEs)P!| 552 F LB (5-hydroxymethylfurfural, 5-HMF)[©
SN TAEEEEY . AGEs 1E AARBEEE 1 A AR M 3k
UL R AL LT, W3R P M E R
(N°-carboxymethyl-lysine, CML) . & £ & #i & &
(N°-carboxyethyl-lysine, CEL) ., MM R MRS o &
RN T IZ 1 AGEs, 3 % 9 /E AR AIE i AGEs
fbric 8, WS R, AGEs (it FER B S5 HUARAE |
BIKORREREAL . P 2R AT P95 A8 RO PRI BT 1 & 2E 1=
FERIEE M BeAh, A ZAMENE AGEs 2515 S A NI

P AGEs!"? 1fii S-HMF 5 A {4 A 23 A QI 40 G HL A 2
RO OB B AE R OR S- i JE AP O OBE
(5-sulfooxymethylfurfural, 5-SMF)!"*), 5-SMF (i i & —
Filt BLATF Y s L 2L, 4N 5-SMF 5 DNA Z [l 6%
TSR, A BN 740, 38 e A A it B s g
B, &b AGEs Mkl Jr i B R AN [F] ] 43

1 MR5ERZE

11w K SEE

KLLMD . 377748 B0 M T I S DX A7 S ML AL 35 3
PRt

£ 4K (30000 U/g)  SFALHFE(20000 U/g) (7 JT 4k



%3

TR, S RRGRAH GRS - BRI T I E AL R v B SRR AL A W R 5-J68 PR R 171

TARHCARRATD; AEPROHT B A R A ), S-HMF(,
kgl AR =99.0%, N ARG RA R, B EE
(i al, 2R =99.9%) . ZK(25%~28%)( I3 bk 1k
B ERAR); LROBR(EiEsl, 4 =99.0%, 3
Sigma-Aldrich A wl); HER(A IS4, AiE =99.0%, EKE
Thermo Fisher Scientific /A 7]); UM M A5 K (BT LEA G
£ A BR A A ); CML(4E = 97.0%) . CEL(4fi & =
96.0%)(IEK TRC A 1)),

FE28 pH it. Quick-Brix 90 F4F=UHT A (Mettler
Toledo X% LA BR/NF]); DK-500S BUKIGH (ks 7
I AT B HD); TYZ-V907 HE i HLOUPH B A FR 2 1)
C21-L85 HLff k(B M JLRHAE IS s #8 A FRA F]); KQ-500DB
Bt e P I T DR RS (B LT 75 (R4 PR Rl ); MCX  HLB
[5| FHZEH (solid phase extraction, SPE)/IM:(H 18 b v 2 A=
PIRHEAT B v); SHZ-D(IDEH K 2 I B4 52 (1 Rk
PR EAL B AT PR F]); MD200-1 WAL (HL o B g
FRAAE]); 0.22 pm 7K R AL IE B I8 25 (WU BRI A AR B A%
HBRAFD; 022 pm LR MFLIEBGT IE RS CE AR AT
FRZAFD); 1 mL JCR VRS v (BEYL R BT de AT B2 )
Megafuge 11R 53 E L AL(Thermo Fisher Scientific H7[E 4
PR HD); XH-C iR A#F . LC-2030C 3D Plus &0
3% (H 7% Shimadzu 23 7]); Sun Fire C;g fi%41:(250 mmx
4.6 mm, 5 pm, 3%[E Waters /2 7); RE-52AA Jighk28 KX (F
W SR A AL ER) ), FA1004N J7 432 —HL T30 B K- (i M
SEIEH AR, SCIEX 5500+ S0 AH = 5 DU FF £
BE A (3€ [# SCIEX /3 l); Zorbax Eclipse Plus C g (A4
(100 mmx3 mm, 1.8 pm, FE[E Agilent £}$:/3F]); NDJ-79A
BESE KRG FETH( 1 B 75 MU T A A R A DD
1.2 EWHE
1.2.1  ARAR 7R o BL )

HERRFRAL 1.0 mg CML . CEL ¥rifEfh, 23318 T 10 mL
AT, IMALIKES, Bl 100 pg/mL bRk
i, F-19 CFORAFE A RIS FH 4K BAR HE s
W, BRI R BE i CML . CEL FrifE TAEVR . HERIFRIL
10.0 mg 5-HMF 35, &F 10 mL AFGERHET, A
Ak EZE, BOil Al 1.0 mg/mL BIARMERE #98, T—20 °C %
A K BUHE 4 CCRI M, A KR BAR RS
W, T A R M BE 14 5-HMF ARUE TR (R4 4 °C).
122 #mz*

(1) HPLC-MS/MS #a:3ll

O & 3% i Zorbax Eclipse Plus C g {43
FE(100 mm»3 mm, 1.8 um); i 25 °C; kR EE N
1~3 uL; WA 0.1%F BRK(A)FIFHF EE(B); TR E
2 0.15~0.40 mL/min. 88 BEVEIRAR T 4 0~1.0 min, 95% A;
1.0~4.0 min, 95%~10% A; 4.0~6.0 min, 10% A; 6.0~6.1 min,

10%~95% A; 6.1~8.0 min, 95% A, Tl &1 B TR
HR, 6% 2% 75 1~ VR 1F 25 T (electro spray ionization, ESI+); 4
77 20 £ 50 Wil (multiple reaction monitoring, MRM )
A TSR 350 °C; TS 10 L/min; M5 45 7)
25 psi; ¥HAUREE 300 °C; #HSUHE 9 L/min; BB HIE
3500 V; MEMEELE 400 V; CML., CEL Rl fE=R 2510
25 V Ml 32 V; CML. CEL W& BB 7452
205.1-84.1 Fll m/z 219.2—84.,

(2) HPLC #&:i]

{154 Sun Fire Cg (1i%45(250 mmx4.6 mm, 5 um);
o A% T ARCAE B 5 K #% (photo-diode  array  detector,
PAD); FalliE1 285 nm; WizhAH: HEE:K=10:90 (V:));
JLEN 0.5~1.5 mL/min; #Ei 30 °C; #EFERN 5~20 uL.
1.2.3 #oubl&
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PR (LA B85 SR B Ak ge 2] . 2l f v s 2
PR IELLRE, LABHRIER . Wk SR T 5°Brix, R FHERRL B
TIE 20 T 05 20 W 48 J5 19 1) A AR SR8 e b 1 ) 86
L Ve 4 2o R P AR SR (0 280 A P (AR A ke B, 4R
HMLAE 8 BH R AR A, LA SR R B AR X,
T B (f PR B AR 15 min, ST 45 F)RESE s 5 7
KB LREE 3 min LUKTE, A 4 °CokFf& M. Hil4& 34
FATHES

m/z

[w&%m’»[&m% - ]-»[ it |
3
[ W ]4-[ A | em| o J"[ i |

[?E%%ﬁ%% -

?ﬁ‘iﬁﬁ‘?ﬁ%}

1 HEREAR A LA

Fig.l1 Process flowchart for preparing loquat fruit paste

1.2.4  AAER FAfnaT 4L 2

(1) CML. CEL SPE JiEifk

FEORFREC 1 g MEARRE AR ST 10 mL B0, A
8 mL Zli/K TR 4R, B AIRY 30 s MRSl e e
10 min, #7200 W)ALFE 10 min. 3B T 7000 r/min .,
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4 °CF .0 10 mine U RV AR HE[ZE T 60 mg. 3 mL
f) MCX SPE /ME, KK 3 mL HEEFT 3 mL &K iG 1k
A7), FEWEW, 9 mL 4Ky 3 Wl Ak vE, #E
W . B 9mL &H 0%, 5%. 10%. 15%. 20%4%
K ZK - BRI A 3 IR, 15 mL .08 IR vk
B, AWET, H2 mL4UKER, WiE 30 s R, o
0.22 um K RIGFLIERE, #£47 HPLC-MS/MS £l .

(2) 5-HMF Wil % B0 ik

% MACDONALD 295 5 gkt A5 Ak, I BadiAk
Jo B AT SR A TR AR B . RERAARER 1 g AR SR
e T 15 mL B.08H, A 10 mL 40K iR, #H
FEWAHR T 30 s TRATIRSIEH#HE 10 min, F B 2 60 mL 43
W, AL H=1:1.0. 1:1.5, 1:2.0, 1:2.5, 1:3.0
HILLBIINA R BRI 2L . 2B REE 3 1R, ik
KA, WEEETRANLA, 52 100 mL BEGH, e
HIRRALT 50 )CTHEZEET, MA 10 mL 10%H k&
o AR R 15 mL B0, WE 30 s TR, {fif] HLB SPE
(60 mg .3 mL)Zifk =4 B AI#H A 3 mL HEFI 3 mL
4K IETf HLB A, PG RS d i, 5L,
SRJE 9 mL 4K o) 3 Rk, FEEWIER; )5 10 mL
10% FF /K e B0, WCAE VR IBET o VRN 0.22 pm K &R
T FLUERE, HEFT HPLC Al
1.2.5 FikFHic

(WX R

W RBEARIERS 2R, Bl TR AE 5. 100 25, 50,
100, 250, 500, 1000, 1500, 2000, 2500 ng/mL [¥j CML
M CEL IR&FRUEE W LI K 025, 0.50, 0.75, 1.00, 1.25,
1.50, 2.00, 2.50, 5.00 pg/mL B 5-HMF #RifEER . o
0.22 pm K RIEWG M 1.2.2 IR )5 BREIGE , S25
HE 3 W ST ERRHES RN R EE T R R LIAR
HEh ) BRI B R AR bR, WETH B R ARYR, 2xfilbnifEh £k,
PEATERIE A 43T, AT TSR BAR 0 A 5 25

()R H PR A 2 PR

A B T VS TR O A B AT S R, AR A M L
S/N=3:1 i & ¥ H FR (limit of detection, LOD), 10 f5{5M kb
(S/N=10) it % 7 16 5 1 & ok B AE b % i BR (limit of
quantification, LOQ), AGEs #1 5-HMF f{ 5.0 435 ng/mL
1 pg/mL.

()% i FfeuE t:

hg 2 B VR W A R R I, AT RS R kAT
WIE o B HER IR AE R — R ML 6 IR, 105 AU,
F TS A X BR U 22 (relative standard deviation, RSD)ZR/R
JLH KRG B R, AR — bR sz S: 5 d D JLg AR,
JJT4% RSD RIH I H A 25 1 o B R]—Halhm v 43 51 1
BCE 0. 2. 4. 6. 8. 10, 12, 14, 16 h [FIRE, iCR%
P, MR IZ L B 1 RSD {E R Wiz 7 T AE R S AL 3 S 1

o DN s ] 3 T PN AR R AR

(A)fmg [

HERRARIN 0.5 g MEALAVE ARG 9 13, A3BlmAfK . .
15 3NNl BE KO- RPREVS TR, B 1.2.4 1Y 7 TERTRE i
WEATHTALBE, FFHe 1.2.2 M50 E By & it . DO
TR BRI i SRy X6 BB, AR gt 00 L 9 2 % B 4 0
FEBRLAIMFREE, T 100 RPAIZ 7 ik i i micd

VL b AT SR 3830047 3 OTATHRAE
1.3 HIEALE

{i F§ Microsoft Office Excel 2016 ZtFH5Z56 5 #%, IBM
SPSS Statistics 26 #E1THE ZE 7 220 #7 (analysis of variance,

ANOVA)Y/MIT, F)5 2 8 HHER A Duncan 3, P<0.05 & X
MK, FH Origin 2021(3€ [E OriginLab 2y ®)/ER .

2 HREDR

2.1 WMFHERK
2.1.1 #HFrE

XFF CML. CEL, #E#FER50 1. 2. 3 pL 5%
PETR, WS W 0 1 £ B R I | 43 219 0 LA S A 5 0 o {1 e
Ko S5 LB, Bl JFRE R I B, 05 0 i B {F o, 7
Fo MUEFERCH 1 L B, EiEEfAfEE RIS, kR
W 3 uL B, @RS AE LRI B, RO 2 i
Ry 2 pL i, PRUETE A S HERE iR 3 pL BRI, AR
XIHR, filERE CML. CEL #3582 ul.

X} F 5-HMF, 7EdEFE& R 5.10.20 uL 4T, @
U ) 7 Al i o A B IN TT3 n S HERE RN 10 uL
i, CSIEIEIEARELS TRy, WN(EE T, Wigkeeat 5 pL
I, XELLDCAr B AR FIAL BT, FFEGRE 20 uL i, BT M
AUNGERER N 10 uL B AYSF LR R bn Sl o L2508, ik
¥ 5-HMF fikE s 10 pl,

2.1.2 AFHARAE GG SRE

TEW AT B4 0.15, 0.25, 0.40 mL/min 2514 F, %%
CML. CEL 4y U iy 43 2 A5 B R o A5 00 o 45 R B0 4 3L
K 0.15 mL/min B, fREGEFRIG, PG B2, H
Wi AR K 0.25 F1 0.40 mL/min B EOME; 2458 N
0.25 mL/min B, PRUEAELE—E M50 B 1, (H25 R & hh 5t
A A, A S RS T e R R A A A — s B 3R T,
e AE e T AR AT A I LR, e 4 40 S R O R A 9 ok
(0.40 mL/min),

RS9 0,50, 1.00, 1.50 mL/min 55T, %
5-HMF H bl i i I8 A 0 15 0l . 255 R 8, Mk h
0.50 mL/min s, AAGIEIBH B 00 kg, FiE K,
bR 14 F B8 B 1) 2 206 o, (L i) Bl 2 o € 10 A PR F7 38K,
T AR 2 T A 1 0 P 5 o X4 9344 1.00 mL/min B, 0
FEXIRR, Jepimess, T xR TR 5. LEE &P
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FH = 830ROHE g U T R0 5-HMF i, 33
4 0.80 mL/min I ¥ LOD F1 LOQ 435} 0.46 ng/mL Fl
1.40 pg/mL, ¥IETAMSEH 5-HMF I15E J5 21 LOD
LOQ (0.01 pg/mL F1 0.04 pg/mL), Zi&2% 0, wEEmHE K
1.00 mL/min,

k465 AGEs i HPLC-MS/MS iRl 5-HMF ¥
HPLC & 3% 5143 51 0L &1 2 FE 3,

CML
0.975

02 04 06 08 1.0 12 14 16 1.8
B4 i ] /min

CEL
0.994

\
02 04 06 08 1.0 1.2 1.4 1.6 1.8
£ 3 B 8] /min

7 Wi 0.40 mL/min, PEREE 2 pl.
€2 AGEs [y HPLC-MS/MS {43 4]
Fig.2 HPLC-MS/MS chromatograms of AGEs

5-HMF
9.621

0 2 4 6 8 10 12 14 16 18 20
{5 B4 s} 18] /min

e W 1.00 mL/min, FEEER 10 pL,
3 5-HMF fJ HPLC (%[
Fig.3 HPLC chromatogram of 5-HMF
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VBB AR /%

& 4 VR EEXT SPE AAR S H th AGEs & &

2.2 EIRCIBZHML

AR SR B A M, AERE AL DT AL B R, N
JRUEETH R AR 24 AT A B FE RN, AR AG: I 3 7 P
FERT TR DL R s B A A R 0 s MR, DARR i kil
FIAERAPE R AT (R o [Rt, ASHFSE S HEAE S A S A TR
SEIRAEAL, DAER R 1 ) (R R I AR 1 o
2.2.1 SPE %&#hit

AGEs I A A b & & A ks R N ™
Yo F 5T s AR S A L B R D,
AGEs &A%, UL ng/mL i, HAREREMERE Y, 4%
TP SPE 18 i B (o A VA 075 22 W A T EsF, - 0 40 S
PR B AE R B 00 rr, PRV R IR Ok T I 2 R B 3R A i B,
B2 530 B AR, B LD — ISR LR R ok, BT AT AL
FRAIC AR 22 32 0T R A SEAAR A0, U0 i ot Ml 7 %o A 0 45 SR
HIA BRI, CML Al CEL st pite s ka4
MCX SPE /NMEIUELZ AR & B SR RR - — O 5K
LR 2 TR T R 3 A TR A R BH B I B 5, BE TR
B B TR A Bk B F A 40k B AGEs, ferilid B
FASHE W W R B AGESS?T, BFSE RN, Bk
UK, BFCimasmk, WHPSeRSE, HAg [ m ABH
FRMRIERE, XIEES T AGEs ELAT &8ss i1 [l g 528
AWFFEXT MCX SPE /IMEVEMBLIK FLBIHEATOLAL, FFEXTRE A
1 AGEs & T .

e 4 JeR, BEEBETOREOKI RS, BRI N
HHBRIETHE R T R X FRMEUK-F B A
AT LARESR B AR S5 W B 700 22 18] A4 2 A AR AR AR,
{EI v B A 2K S U R B A 2R R B, DA TR R A
PR, SEBABIER ., Hdh CML(E 4A)RRINIE
TERK TR BE A 5% ik #I&(E, 1 CEL(E 4B)AKIN
THAEZKHSE R 10%BF RSN TG, (A3 H IR, Y2k
BEATHIA 5%FN 10%0, CML 282K, 56518, mA
BEF 10%%0K - e . 7RI 4504 F, MAESE 1 CML
A1 CEL 5873 45K 3.87 ug/keg 1 31.09 pg/kg.

B 45
36
e} -
< e
2o °
i 3
&1 18}
S
3
9t
0 1 s L 1 s
0 5 10 15 20
VR /%

G5 (n=3)

Fig.4 Effects of eluent concentration on content of AGEs extracted by SPE from loquat fruit paste (n=3)
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HLB SPE /IR FH 114 05 700 2 — A FL A 5k % B B
T TR A KAL), T4 M S5 K PR I N- 20 et s
Bt B FEE K PE Y — O R, wiE ol O AR A A, T
Jo B AR AL S, pHGEHIVER) . ARWSR 28
RO A BB B HLB SPE Y 5 1 X RE A BEATRTAL B, &
5k S-HMF 414y, DAREI 2 i

e s fron, B A BRI LB T, S-HMF 2EHL
BRSBTS, H 5-HMF & SRR ZEBOR=1:2.5 (V27)
HEA R . X R IR OB R BAF ARSI S-HMF
) AR B 3 7P 2 e E R R B . PR SR K
AIEI, BEFE 1:2.0 (VRRZEI B, R T,
HEAC S () S-HMF & 8458 6.13 mg/kg.
23 FHAEFWIE
231 &KEXAE

LA 3 s 5 b o it 14 O VA B O R AR AR, TR
PABKR, SN2 i bR e il O E R T A [ 2 A . 25 SR dn

% 1 R, HERBEWRT 0.999, XxEW A B
TR E T B N L R BT,

6.4 |

6.0

|

52+

5-HMF & it/(mg/kg)

{/}

48

1.0 115 120 125 1:3.0
B LL (R AEIOR, V)

B 5 R LT [ AR B S v S-HMF [ 5210 (n=3)
Fig.5 Effects of solution ratio of sample to extractant on content of
5-HMF extracted by solid-liquid extraction from loquat fruit paste
(n=3)

F1 3MEEYHEMEEE. SMHEEAHFEMEXRBC)

Table 1 Linear ranges, linear regression equations and correlation coefficients (r’) of 3 kinds of hazardous substances

feEY L R Il Y177 7 ”
CML 5.00~2500.00 ng/mL ¥=3579.76508X+1583.81934 0.99999
CEL 5.00~2500.00 ng/mL ¥=5226.58057.X-672.78032 0.99928

5-HMF 0.25~5.00 pg/mL ¥=15301.9X 0.99910

2.3.2 LOD #= LOQ

MR e S/IN=3:1 F1l S/N=10:1 #E T FTA B s
By LOD Ml LOQ., H:#* CML., CEL. 5-HMF fJ LOD 434!
4 0.159 ng/mL. 0.113 ng/mL F1 0.010 pg/mL; LOQ 435k
0.531 ng/mL. 0.378 ng/mL £ 0.040 ug/mL(F 2). Fif H
FR¥ i LOD A LOQ {E¥/NT 1 [AGEs/(ng/mL);
5-HMF/(pg/mL)], X [z Bz kil 7 i A B R IR
R fER I BE S -

2 3MEEYAI LODs 1 LOQs (n=3)

Table 2 LOD and LOQ of 3 kinds of hazardous
substances (n=3)

feEY) LODs LOQs
CML 0.159 ng/mL 0.531 ng/mL
CEL 0.113 ng/mL 0.378 ng/mL

5-HMF 0.010 pg/mL 0.040 pg/mL
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CML B EME N 0.58%, H WAL N 8.72%, HIl
K# o 8.91%; CEL FEME R 0.33%, HWEHEN
5.62%, FAAKEHRE R 6.79%; 5-HMF gl 0.45%, H
WA 2.94%, HIWHEHE 8.79%. FTA ¥)E ) RSDs 1
INTF 10%, HLAE 16 h AR B 1) T FE PO T 0.6%, 136H

TR B BT AR AR 1
2.3.4 Feirenlk F

JIT A W 5 4 I [RS8 K T 85%, 1l 3% 7 vk vl il
JEE R HTIREACER

3 &

ARG T AR B H AGEs fil S-HMF (4 HL

438 alifb 5 R A B 53k, 40k Bl HPLC-MS/MS . #1
HPLC Zh#r, #F5E T ASFERIN S50 % g ab )7 6% AGEs
1 5-HMF KR IG5E0 . D5 2 e R0, 3 # HARY
MR ETE B ML R R, CML, CEL. 5-HMF
LOQ 43412k 0.531 ng/mL . 0.378 ng/mL #1 0.040 pg/mL, A
Tl ARSI IR S B R I SR, LR RS R oA 1 AR
FETE, BEWE R BT EEAZR . T A ik
T Z R EH 5P AGEs Fl 5-HMF & G, 4k Hopt
A, WIEZ LT ZE N, N5 SR 6 A
AGEs 1 5-HMF JE 5% i 8 38 I L4 il ik o7 25 S, DA
PRI AT SR B3 e 48 il R o % T A 5 2 R B B S0 1
AUFIXT 3 FRABRR 2 A T K -

S E 3k
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