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Abstract: Terpenoids are a class of naturally occurring lipids biosynthesized by organisms,
characterized by their isoprenoid unit structure. Following the death of an organism, these chemically
stable biomarkers become buried and preserved in geological sediments. The characterization of the
molecular composition of terpenoids in geological formations can effectively reflect the composition
of the maternal biological communities, thereby providing crucial evidence for the reconstructing of
paleoecosystems and biogeochemical cycles. However, the detection of lipids in natural environments

is challenged by matrix interference, particularly in marine sediments, where the presence of
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inorganic salts significantly hinder lipid detection. This study employed ultra-high performance liquid
chromatography coupled with Orbitrap mass spectrometry (UPLC-Orbitrap MS) to detect terpenoids
in marine sediments. By utilizing the separation capability of liquid chromatography for compounds
with various polarities, the method enabled online desalting and rapid detection of 78 distinct C,,
oxygen-containing compounds in marine sediment samples. Separation was performed using a BEH
C18 column (100 mmx2.1 mm, 1.7 um). The mobile phase consisted of a 0.1% formic acid aqueous
solution and a 0.1% formic acid solution in acetonitrile-methanol (1:1, ¥V/V) for gradient elution. MS
data were acquired under positive ion electrospray ionization (ESI') mode, with targets ionized as
[M+H]". Salts and organic matters eluted at different retention times. Under conditions that minimize
inorganic salt interference, the molecular compositions of the detected C,, compounds were deduced
by matching their molecular formulas to the primary mass spectrometry data. The ion with the highest
relative abundance at m/z 599.409 8 was selected for tandem mass spectrometry fragmentation using
high-energy collisional dissociation (HCD), and the detected compound was identified as
myxoxanthophyll. Based on the principles of natural product chemistry and corroborated by tandem
mass spectrometry (MS/MS) analysis, these oxygenated compounds were inferred to predominantly
comprise xanthophyll-type tetraterpenoids. Xanthophylls were a major subclass of carotenoid
pigments, which themselves represented an important category of tetraterpenoid pigments widely
distributed in photosynthetic organisms. This study provides the molecular composition of C,,
oxygen-containing compounds along a gradient extending from estuaries to marginal seas. This
composition serves as a reflection of the primary productivity structure dominated by diatoms, green
algae, and brown algae in the water body of the East China Sea. This method enables real-time
removal of polar salts and achieves online desalting of saline organic matter, providing an effective
technical approach for the detection of terpenoid compounds in complex geological environments.

Key words: ultra-performance liquid chromatography (UPLC); high-resolution mass spectrometry

(HRMS); marine sediments; lipids; tetraterpenoids; xanthophylls
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Fig. 2 ESI" mass spectra of the sediment extract



&4

KA LA S E SR AN 78 . b, K
PR 3801 b K AR SE A B, K v s SR R
L MBS TR AE W AR T A E A K AR
TEZHRBRIE R, R S RGN R, R &
L R B AR KRR T 0 T e

R S 56 78 R W) A B2 0 R G T B Bk
1~6, DBE } 6~20 [ 78 Ff C,, &S Y . 7E
ESI'F, X 24k &4 i Ak 2 2T s 2o — 2 % .
FEU 7, TR B Y Cy & AL A W0 37 X

AT T B TS T35 1,

7E S01-1~S01-9 SR YH, ik Cy & &
b4 W 1 4857 B0 -DBE 43 A5 15 B R T8 3, 4%
SR I ME— 8 1Y 4 12, S KM R X
o3 120 o e Ry R TR R, [ —
Gy FREOFARFRACME— 8 AL G W . AR
BL DL Y Cyo & AL A W) B A A (]
(5> 4L, B0 1~6 N E R T 19 A 1k
G BEAETER KRR AR R, X

F1 ESI'EXT, MARYHREMENZEE C,, 8EXEY

Table 1 C,, oxygen-containing compounds detected in sediment extracts under ESI' mode

ATt SN 5467 LY Measured m/z HE i fnf e Caleulated m/z
Molecular formula [M+H] [M+Na] [M+H] [M+Na]"
C,Hy0, 539.3315 561.3129 539.3308 561.3129
C4Hy0, 541.3455 563.3298 541.3465 563.3284
C4Hy0, 543.3626 565.3447 543.3621 565.3441
CHy50, 545.3782 567.3593 545.3778 567.3597
C4Hs50, 547.3935 569.3767 547.3934 569.3754
C,H5,0, 549.4093 571.3912 549.4091 571.3910
C,Hs,0, 551.4249 573.4071 551.4247 573.4067
C,Hs0, 553.4406 575.4225 553.4404 575.4223
C,Hs0, 555.4564 577.4393 555.4560 577.4380
C4Hg0, 557.4718 579.4549 557.4717 579.4536
C,Hg,0, 559.4874 581.4692 559.4873 581.4693
C,HgO, 561.5031 583.4844 561.5030 583.4849
CHgO4 563.5184 585.4989 563.5186 585.5006
C4HgO, 565.5347 587.5152 565.5343 587.5162
CH700, 567.5488 589.5305 567.5499 589.5319
C,H,,0, 555.3245 577.3080 555.3258 577.3077
C,Hy0, 557.3413 579.3235 557.3414 579.3233
C,4Hy60, 559.3569 581.3394 559.3571 581.3390
C,Hi0, 561.3730 583.3554 561.3727 583.3546
C,H500, 563.3885 585.3712 563.3884 585.3703
C,H5,0, 565.4042 587.3861 565.4040 587.3859
C,Hs,0, 567.4199 589.4020 567.4197 589.4016
C,Hs60, 569.4355 591.4179 569.4353 591.4172
C,Hs0, 571.4512 593.4332 571.4510 593.4329
C,Hg0, 573.4669 595.4487 573.4666 595.4485
C,Hg,0, 575.4825 597.4644 575.4823 597.4642
C,Hg0, 577.4981 599.4800 577.4979 599.4798
C,Hg0, 579.5137 601.4957 579.5136 601.4955
C,HgO, 581.5293 603.5113 581.5292 603.5111
C,H70, 583.5448 605.5270 583.5449 605.5268
C,Hy60; 575.3521 597.3339 575.3520 597.3339
C,Hi0; 577.3678 599.3498 577.3676 599.3496
C,Hs500; 579.3835 601.3656 579.3833 601.3652
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AT S 5 faf . Measured m/z BRI LY Calculated m/z

Molecular formula [M+H] [M+Na]” [M+H] [M+Na]"
C,H5,0;4 581.3992 603.3812 581.3989 603.3809
CyHs,05 583.4147 605.3969 583.4146 605.3965
C,Hs60;4 585.4305 607.4125 585.4302 607.4122
CyoHs05 587.4461 609.4277 587.4459 609.4278
C,Hg0; 589.4617 611.4435 589.4615 611.4435
CyoHeOs 591.4774 613.4591 591.4772 613.4591
C,HgO;4 593.4931 615.4749 593.4928 615.4748
CyoHesOs 595.5087 617.4905 595.5085 617.4904
C,HgO;5 597.5243 619.5062 597.5241 619.5061
CyoH:005 599.5397 621.5217 599.5398 621.5217
C,HyO, 589.3316 611.3125 589.3312 611.3132
C4Hy04 591.3471 613.3292 591.3469 613.3288
C,oHyOy 593.3627 615.3445 593.3625 615.3445
C4Hs004 595.3785 617.3603 595.3782 617.3601
C,oHs0, 597.3941 619.3759 597.3938 619.3758
C,Hs,0, 599.4098 621.3917 599.4095 621.3914
CyoHs60, 601.4254 623.4072 601.4251 623.4071
C,Hs0, 603.4412 625.4229 603.4408 625.4227
CyoHeO4 605.4570 627.4385 605.4564 627.4384
C,Hg, 0, 607.4724 629.4541 607.4721 629.4540
C,oHeOy 609.4880 631.4698 609.4877 631.4697
C,4HgO, 611.5035 633.4854 611.5034 633.4853
CoHesOy 613.5192 635.5011 613.5190 635.5010
CyH;00, 615.5349 637.5167 615.5347 637.5166
C4Hy605 607.3420 629.3241 607.3418 629.3237
CyoHyOs 609.3576 631.3396 609.3574 631.3394
C,H500s 611.3734 633.3552 611.3731 633.3550
Cy4oHs,05 613.3891 635.3709 613.3887 635.3707
C,Hs,05 615.4046 637.3866 615.4044 637.3863
C4oHs60s 617.4202 639.4021 617.4201 639.4020
C,Hs5Os 619.4359 641.4178 619.4357 641.4176
C4oHgOs 621.4514 643.4334 621.4514 643.4333
C,Hg,Os 623.4668 645.4491 623.4670 645.4489
C4HeiOs 625.4830 647.4648 625.4827 647.4646
C,4HOs 627.4982 649.4803 627.49830 649.4802
C4H4605 623.3373 645.3195 623.3367 645.3187
CoHyO04 625.3520 647.3345 625.3524 647.3343
C4Hs006 627.3681 649.3502 627.3680 649.3499
C4oHs5,04 629.3838 651.3658 629.3837 651.3656
C,4Hs,06 631.3992 653.3813 631.3993 653.3813
C4oHs604 633.4152 655.3971 633.4150 655.3969
C,4Hs53Og 635.4290 657.4126 635.4306 657.4126
C4oHgOs 637.4475 659.4284 637.4463 659.4282
C,4Hg,06 639.4622 661.4438 639.4619 661.4439
Cy4oHeiOs 641.4782 663.4598 641.4776 663.4595
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Fig.3 Relative abundances of DBE versus oxygen number of C,, class species in the sediment extracts
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