2022 4 8 A & 1% Vol.40 No.8

August 2022 Chinese Journal of Chromatography 712~720
BT B B M- AR AR B A2 - BRI B L DOI. 10.3724/SP.J.1123.2022.04002

EEREVIERME Uio-671 EE S FNFBHERE

MM, FER, F R, HNKH, HrH, EIEL”
(P E AR B B Al B S A I B AR 5T 7, JE 5T 100081)

WE o0& TR ERTAUR A2 AT 1Y &8 A ALAELE R KL MOF) UiO-67 4% H T 8 A 4 W A iy R 50 2
RN E LR, 456 0RO 1% - PUAR AT/ L U8 25 1B =i 43 BT ( UHPLC-Q-Orbitrap HRMS) |, &
ST RN RE 2R 45 7 Pl 2 i 25 5 BR ARG O i . SR X SR HL T RETE ( XPS) Xt Ui0-67 WMt i & 5 e £
TEE AT AT, B % A A Re AV BRI AR XS & AR IERR T Ui0-67 524 R M 24 T A #EM  IF 5
T Ui0-67 Xf 1 mg/L 1 5 mg/L Z3 R MR SRR . HEIEU0Ab T W BR300 FH a2t | e B0 v 7 28 80 0 pHL (/55 04 5
BV T RN X AR B S s, RS R EOR SRR A A 40 mg, TEAE AW pH (H R 5
i, 1 5 mL PR BRI B AR LT 3R R A DR, BN AE 20% Z P, FT AR, EfR 5,7 Fh e
BERAE 1~100 wg/L 3 Fl L P AR S R ARG R AR5 0. 99 DL, ka4 Hh BR (LOD) FiiE ® KR (LOQ) 4
HA0.06~0.30 wg/L A1 0. 19 ~ 1.0 pg/L; 7E AR R A MK T, BIE A 87. 10% ~ 105. 58% , FH Xt 45 7 i 22 4
2.66% ~9. 64% ., J7 % BTN T PR GRE P A BN , 45 R 5 SN/T 1980-2007 ARifEfS RIS R EA B
IRV RE . A i O HGE A 2 15 b i R T A SR AR ARSI 7%, 1% T 1k LA v ) R AR AR B TSR
N4 G X SEMBHE B 2 5 I A FE A F W B E AR A TR TR 0 i S SR

SR« = OB 135 DUASAT/ # B S0 T  F Bi vo  BR B s E T A 0 ; TR AR 45 A AL s 2R
fE 5> %S . 0658 SCRKARIZAD A XEHS:1000-8713(2022)08-0712-09

Metal-organic framework UiO-67-based enrichment and
purification of progesterone residues in milk
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Abstract . Progesterone functions as an endocrine-disrupting compound. Imitating endogenous
hormones disrupt the animals’ hormone levels. The potential hazard of progesterone in milk
cannot be neglected. Thus, research has focused on establishing an efficient and convenient
pretreatment and analytical approach. In this study, a metal-organic framework ( MOF) materi-
al UiO-67 was prepared, which possessed a large specific surface area and excellent stability. It
was employed to enrich and purify trace progesterones in a complex milk matrix as a filler to
integrate the solid phase extraction column. An approach based on MOF was developed using
ultra-high performance liquid chromatography-quadrupole/electrostatic field orbitrap high reso-
lution mass spectrometry ( UHPLC-Q-Orbitrap HRMS ). This approach could simultaneously
determine seven kinds of progesterone residues in milk. The element spectra of UiO-67 were
first measured and analyzed using X-ray photoelectron spectroscopy. The chemical interaction
between UiO-67 and progesterone was proved by comparing the changes in binding energy and
relative contents of functional groups, and the adsorption efficiency of 1 mg/L and 5 mg/L
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progesterones by UiO-67 was studied. The adsorption efficiencies of UiO-67 for 1 mg/L and 5
mg/L progesterones were 99. 73%-99. 95% and 88. 87%-99. 23%, respectively, according to the
results. It proved the efficient adsorption of UiO-67 to progesterones and ensured that subse-
quent studies went smoothly. Furthermore, key parameters, such as the amount of sorbent,
elution solvent type, and pH value, were examined and optimized to obtain optimal extraction
recovery of the progesterones. Spiked concentrations of 50 wg/L were employed for extraction
optimization. All experiments were performed three times. It also evaluated the matrix effect on
mass spectrum signal of the progesterones. The optimized results showed that the seven proges-
terones could be satisfactorily recovered when the amount of adsorbent was 40 mg, pH value of
the sample solution was 5, and elution solution was 5-mL acetone. Additionally, the matrix
effect of progesterone in the milk sample was <20%. The matrix effect could be neglected using
the aforementioned approach to extract and purify progesterones in milk. Finally, the seven
progesterones showed good linearity between 1 and 100 wg/L under the optimized conditions,
with linear correlation coefficients values >0.99. The limits of detection (LODs) ranged from
0. 06 to 0.30 png/L, and limits of quantification (LOQs) ranged from 0. 19 to 1. 0 wg/L, respec-
tively. At various concentration levels of progesterones in milk, the recoveries were 87. 10% —
105. 58% , with relative standard deviations of 2. 66% —9. 64%. Most importantly, the approach
was successfully employed to determine progesterone levels in milk samples, with results in
good agreement with the standard SN/T 1980-2007. The proposed approach had the advantages
of high sensitivity and satisfactory accuracy compared with the reported pretreatment and de-
tection approaches of progesterone in milk. Satisfactory experimental results can be obtained
without the calibration by isotope inner standard. Meanwhile, considering the excellent per-
formance of MOF materials in reducing matrix interference in complex samples, such the appli-
cation of materials offers a new approach. It can be employed to enrich and detect hazards in a
complex matrix in the future.

Key words: ultra-high performance liquid chromatography-quadrupole/electrostatic field orbi-
trap high resolution mass spectrometry ( UHPLC-Q-Orbitrap HRMS) ; sample pretreatment; sol-
id phase extraction; metal-organic framework material ; progesterone
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Fig. 1 Chemical structural formulas of analytes
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Table 1 Retention times and MS parameters of
the target compounds

Compound Retentic?n .Precmsor . Product
time/min ion (m/z) ions (m/z)
MLG 4.61 355.23 279.18 * /337.22
MG 4.68 343.23 267.18 " /325.22
170-HPT 4.99 331.21 97.07 * /109.07
AT 5.07 311.21 227.15" /269.16
LG 5.23 313.22 109.20 * /245.30
MP 5.67 345.24 123.08 * /97.07
PT 5.75 315.24 97.07* /109.07

* Quantitative ion.
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Fig. 4 Adsorption efficiencies of progesterones
with UiO-67 (n=3)
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Fig. 5 Effects of (a) amount of sorbent, (b) type of eluent and (c) pH value on
the extraction recoveries of progesterones (n=3)
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ZE e B R B 5T MG R 50N, {H I ME | 317E 0% ~ 20%
W BN R E S TIEAR (WK 6) , 445
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251 LMHEE RHRMEER
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15

TN
i

==

Matrix effect / %
Lo

MLG MG 17¢-HPT AT LG  MP  PT
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Fig. 6 Matrix effects of progesterones in milk (n=3)

PR LT DGR B A BR AN E s FR Ak 2
JiR, T PR A R AR ) ¥R F 0. 99,
VP 28 R A 0 R R 2 P AR G R, s 1
TRV TR IS TINAS ) Ve B () i R A A, AR 3 511
VR MR HEAT LRI, ISR L (S/N) =3
ETTERIR R M 0.06 ~0.30 wg/L, L S/N=10
W kA ERER 0. 19~1.0 pg/L,
2 ZHEEMNREFE HXRYE QYRINESR

Table 2 Linear equations, correlation coefficients
(R?*), LODs and LOQs of progesterones

LOD/ LOQ/

Compound Linear equation R? (bg/L) (pg/L)
MLG y=4.46x10° x+1.08x10°  0.9992  0.30 1.0
MG y=8.29x10° x+2.33x10°  0.9981  0.06 0.19
170-HPT  y=1.94x10° x-2.52x10°  0.9993  0.25 0.84
AT y=1.06x10° x+1.97x10°  0.9972  0.30 1.0
LG y=1.25x10* x+4.15x10°  0.9964  0.17 0.58
MP y=4.53x10* x-4.95x10*  0.9964  0.27 0.90
PT y=7.32x10* x+7.52x10°  0.9998  0.25 0.84

y: peak area; x: mass concentration, pg/L.

252 ERE BXE

FEA P A VRN 1 pwg/L 15 pg/L K Fh 7
P2 RAR A BRIV T, 40 B8 L3 f AR 2 9 B i
AR PRI LA TS N S SR B ALK, A4S
ZER K3 AE 1 pg/L M5 wg/L 22 X Rk F
T, W%k 87. 10% ~ 105. 58% , FH X b7 U i 2
2. 66%~9. 64% .

*3 ZHYEREARRMAETHEKREMFEELE (n=3)
Table 3 Recoveries and precisions of progesterones
in different spiked levels (n=3)

1 ng/L 5 pg/L
Compound
Recovery/% RSD/% Recovery/% RSD/%

MLG 99.64 2.71 105.58 5.86
MG 87.10 3.68 99.79 6.52
17a-HPT 101.78 5.54 101.45 9.64
AT 92.63 8.27 101.50 8.23
LG 93.55 7.46 93.83 7.98
MP 96.59 2.66 94.10 7.05
PT 97.36 6.63 98.40 7.08

2.6 EBREFSKET

FEAB T SE E AR (1 5 2 %) FTE A4
(35 .45, Al BE 1 R0 Ak 1 1 4R 2 2% 14 i
ATAb B, 6 B R 4 i AR IR ff | UHPLC-Q-Or-
bitrap HRMS il , 455 W3 4, %07 ka0 2] 4 1
S A NIEPERLER (17a- 24200 2200 ) AN T4 R
FPRE (W MR AE Bt 22T R 2 ) A T
BRI RGN 22 2, 7T e SR U5 4 B fal R s ik
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KR T E R 259, R84 b R R
ZR R E AN TR] fit R %) 2 7 v ARG DN e B e v, X 5 4
AbF AR BB G, 22T A DN 25 3 7E 14. 32~
20. 12 pg/L {u B N, S5FriE SN/T 1980-2007 75 %
PRI ZE SR b W &, B A BR 7, i HARE T
BT 205 2 M AR vk i, T AR R 2D 3R,
JE—T0A B 7% 7 U R AL BRI 5 vk . A, T
FRohPd (AR BRI SR U RN T A

SRR R,
2.7 SEAMTERR

W 22 TR 1 2 G v 27 R i Ak 3y 9k
5IZ07 AT OB, X5 0R ARG R BR E E BR A (i
HRPL AR B BT, 2R 5 R %5 A H R
BAR, ELREAE A5G0 2 1 [ Wi, BLAT e 8 i 1
U R R AR, T LS AR W o AR Y

(EF SRl

x4 ANFESHEEFENFNRBHEEESENNE
Table 4 Determination of progesterone contents in milk by this method and standard method ng/L
Compound This work SN/T 1980-2007
Sample 1 Sample 2 Sample 3 Sample 4 Sample 1 Sample 2 Sample 3 Sample 4
MLG N/A N/A N/A N/A N/A N/A N/A N/A
MG 1.46 1.05 1.08 0.98 1.13 0.98 0.89 0.92
17a-HPT 0.85 0.50 0.43 0.49 0.88 0.73 0.35 0.62
AT N/A N/A N/A N/A N/A N/A N/A N/A
LG 9.29 15.72 9.50 13.23 10.11 16.58 11.35 14.46
MP 0.78 0.97 0.89 0.73 0.74 0.86 0.64 0.63
PT 14.32 18.57 15.20 20.12 15.82 20.02 17.24 18.45
N/A: no data.
x5 KFEFHMAEHLR
Table 5 Comparison of this method with other approaches
Detection Number LOD/ Recovery/
Adsorbent method of analyte (pg/L) % B Advantage Disadvantage Ref.
Prime HLB UHPLC-Q-Or- 21 0.050— 80.70-  good recovery high solvent consumption [30]
bitrap HRMS 0.30 108.30
Oasis HLB UHPLC-MS/ 1 0.027 97.29-  low LOD and good recovery complicated process and few [ 31]
MS 102.71 number of analyte detected
HLB UHPLC-MS/ 7 0.10- 70.50-  good recovery high LOD [32]
MS 0.30 97.50
C,s, Oasis HLB UHPLC-MSD 3 0.50— 73.40-  low matrix effect high LOD and low recovery [33]
1.0 86.70
PSA and acid UHPLC-QTOF- 4 0.070- 77.10~  low LOD and good recovery troublesome experiment [34]
aluminum oxide MS 0.30 99.80 procedure
Oasis HLB LC-MS/MS 3 0.15- 86.00—-  good recovery complicated process [35]
0.20 91.20
Fe/CNT-SrTiO; HPLC 1 0.033 64.24-  low LOD and short time few number of analyte [36]
113.49  consuming detected
HLB UHPLC-MS/ 1 0.50 82.20- good recovery complicated process and few [37]
MS 103.00 number of analyte detected
Ui0o-67 UHPLC-Q-Or- 7 0.060- 87.10-  good recovery, low LOD, long material preparation this
bitrap HRMS 0.30 105.58 little material consumption time work

MSD: mass spectrometric detector; QTOF: quadrupole-time of flight.
SRR 9, 3R i SR i Hol a5 AR 4
ATAL BT 5 UL 207 VR R I 5+ | e SE B A= 3 o
ZPER T R AN, A A e
Py s AR AU 2%

3 #Fig

A 5E F) FH UiO-67 1 Jhy [ AHAE UEURL, 25 &
UHPLC-Q-Orbitrap HRMS Ji 1)) @ 57 7 [\) i} & 4 )
SE I T R AREER N AT Hoh Ui0-67 1R
kg AR ZE O R R e Ml | A P2 AR, 1 %
5% T/ [ AH AR IR (976 A A5 IR, RERE 44 B[R]
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