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Structural Identification of Polyglycerol Fatty Acid Esters
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Abstract: A method for the structural identification of polyglycerol fatty acid esters was developed by
Fourier transform ion cyclotron resonance mass spectrometry (FT — ICR — MS), nuclear magnetic res-
onance hydrogen ("H NMR) spectrum and gas chromatography — mass spectrometry (GC — MS). Af-
ter the sample was dissolved, it was determined by FT —ICR — MS. According to the accurate mo-
lecular ion data, the basic structure of polyglycerol fatty acid ester and the polymerization degree of
glycerol were inferred. The basic structure of polyglycerol fatty acid ester and the polymerization de-
gree of glycerol were further verified by '"H NMR. After hydrolysis, the fatty acid part was methylat-
ed, then extracted with n-heptane, and finally determined by GC — MS. Based on the above results,
the structure of polyglycerol fatty acid ester was determined. This study provides a new idea and
method for the structural identification of polymers.

Key words: Fourier transform ion cyclotron resonance mass spectrometry (FT — I[CR — MS) ; nucle-
ar magnetic resonance(NMR ) ; gas chromatography—mass spectrometry (GC — MS) ; polyglycerol fat-

ty acid esters caramel pigment; structural identification
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AT SR FH AR L o A 36 8 - ] i R R T (FT — ICR — MS) . GRS ('"H NMR) L R S A £4,
W - S (GC = MS)FEAR™ " X H M HFTR IR M 25 1T 45 o A ShIE R S5 3617 FT - ICR - MS
W, ARERE 0 o0 7 5 B0, AR 2R T D R R 1 AR AE A LU i R A, RS R
F'H NMR BEATE0E . /KA X RIS 70 AT Rl , DUIEBRGEREEL, 2 GC - MSIE, st
TR Y . Z5fr bR BRI i S H MBI TR BE 0 4544 o IZWF0 SR S P i 240 S e it 7 — b
BRSBTS
1 Xy
1.1 =, AFS5HEm

Bruker solariX XR 7. OT {4 HLIH-A5 6 25 - [ol fig Je 4 H BX ST . Bruker Avance DPX — 300 #8 5 ik ip i
A A s R A (EE AT & Y08 1)) 5 Agilent 6890GC/5973iMS A (A, — BTt (B 21545
H); EFIMITP — 114 TR ([ Sartorious 1)) 3 WAL (_E 28R A R 1)) o

HHS (ool , [ Merck A 1)) ; SAC&MH (CDCL, 99.80%D, | ifF ik /RALSEH ARG L H]) ;
SR, =HARI . IEBERE . AL, TOKEREREN (rAral, TR s SEER KO kA%
K.

e AR, BRIEA AR, FEREAFURR. RRER . aEon . AR MR . S
S NI e TN o S N WA 5 5 I N 1 S
1.2 HmETabiE

FT—ICR - MS: FREUKHIEGIIFEMZT0.1 g, FMFRE, BT 100 LMY, IWAHEE, &
Wi, ERZZIE, 13045 um JENE, fFFT-ICR - MSIlIE .

'HNMR: FREGGEERIAEZI0. 1 g, DIANO. 5 mL CDCLEfE)E, F'H NMRWE

GC—MS: REUKIEEIIFESZT0. 1 g, FEBFRE, B 50 mLEETEHIH, 2% S AL A BRIl
2mL, 65 C/AKIEHMPEFE 30 min, L, SRIGHN14% =HALT A B AW 2 mL, TR kel
Ui 30 min, A, FNNEPEEE4 mL, ARZEAEKIE MBI 5 min, 048 S RIS AL BN 10 mL,
Pei%, FREMHZ . B ERW, HOKBER3 IR, BiK4 mL, SI0KERREN TS VE A3,
FEGC - MSTSE .

1.3 XI&KH

1.3.1 FT-ICR-MSMliX&H &I AL Jet Stream Ji (Dual Jet Stream ESI), DUIE | fg 4R
Iy SRR s ERERRE . 2.0 wl/min; BN HIE: 4500 V; BAEHEDHE: -500 V; BE%E
#EST: 40 kPa; THYSUREE: 200 °C; FRYME: 4 Liming Jtfef lFHHTER m/z 100 ~ 2 000,
1.3.2 'HNMRAX &M LLCDCL AR, R 2230 kb 751, e i 4 24 °C, w98 (SWH)
6 173 Hz, SBIGIEREFE(D1) A 1s, REBEI(AQ)HAS.31s, PkMPTEEE(PL) A 14 ps, HEFASHIKE
(DS) A2k, FERFFEREL(NS) 81K,

1.3.3 GC-MSMliX&# GC&ME: @iftH:: AB-INOWAX (30 m x 0.25 mm X 0. 25 pum) §i £ 98
BB, S He(99.999%); fEHIR, AEFE: 1.0 mL/min; 2 mHEFE, bk 10:1; JHHEE.
1.0 pL; FEFEONREE: 220 °C; FRFFHE: 4G 100 °C, LL30 C/min FF3 220 °C, {#4F 10 min,

MS & SR ELJE; S FURIRE: 230 °'C; DUARAFIREE: 150 °C; il — Wil i .
280 'C; HLTREE: 70eV; HLF(FMAZSEE: 1500 V; EFIERBE: 4 min; TR 2
(SCAN); 3l : m/z 29 ~ 550,

1.8.4 MEFZE B EZMREIER 1. 0 pLIEA GC - MS BT, RS GRS A B
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Fig. 1  The positive ion mass spectrum of the sample obtained by FT — ICR — MS
F 1 IR RS B R S SE I R A R
Table 1 Relative error between calculated mass-to-charge ratio and measured mass-to-charge ratio in positive ion mode
Predictive formula Calculated mass-to-charge ratio Measured mass-to-charge ratio Relative error o
No. S 2 X N X . o Remarks (£7F)
(T 43 5-=0) Uit A8, mi/z) B HESEIE, m/z) (FHXF22, ppm)
1 CH,,0, 171.063 3 171.062 9 -2.34 [C,H,0,+Na]*
2 CH,,0, 189.073 9 189. 073 4 2. 64 [CH,,0.4Nal*
3 C,H,0, 245.100 1 245.099 7 -1.63 [C,H,,0,+Na]"
4 C,H,0, 263.1107 263.1103 -1.52 [C,H,,0,+Na "
5 C,H,,0, 319.1369 319.136 5 -1.25 [C,H,,04+Nal"
6 C,,H,0, 377.1475 377.147 1 -1.06 [C,,H,0,+Na]"
7 C,sH,0, 393.173 7 393.173 3 -1.02 [C,;H,0,,+Na]"
8 C,H,,0,, 411.1842 411.1839 -0.73 [C,,H,0,+Na]*
9 C,H,0, 467.210'5 467.2102 -0.64 [C,H,0,,+Na]"
10 CH 0, 485.2210 485.2208 -0.41 [C,H,0,+Na]*
1 C,,H,0, 437.324 3 437.324 1 ~0.46 [C,H,0+Nal"
12 C,.H,,0, 455.3349 455.3347 0. 44 [C,,H,,0+Na]"
13 C, 1,0, 483.3298 483.3296 0. 41 [C,.H,,0,+Na]"
14 C,.H,0, 501.340 3 501.3402 -0.20 [C,.H, 04+Na]"
15 C,,H,,0, 511.361 1 511.3609 -0.39 [C,H,0,+Na]*
16 C,H,0, 529.3716 529.3715 -0.19 [C,,H,0+Nal*
17 C,H,,0, 557.366 6 557.366 5 -0.18 [C,H,,0,4Na]’
18 C,,H, 0, 575.377 1 575.377 1 0 [C,H,0,+Na]"
19 C,oH,,0, 585.3979 585.397 8 -0.17 [C,H,0,4Na]"
20 C,H 0, 603. 408 4 603. 408 4 [C,,H,0,,+Na]"
21 C,H,0,, 631.403 3 631.403 3 [C,H,0,+Nal*
2 €, H,0, 649.413 9 649.4139 [C,H,,0,,+Na ]’
23 C,H0,, 659. 434 6 659.4348 0.30 [C,H,0,+Nal*
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(Zi41)
Predictive formula Calculated mass-to-charge ratio Measured mass-to-charge ratio Relative error o
No. \ ) L . o Remarks (£57F)
(F 4 =) OFctos LE T 5ARL, m/z) O o FESICIAAEL, miz) (FHXTIRZE, ppm)
24 C,;H O, 677.4452 677.4453 0.15 [C,H, 0, +Na]"
25 C,H O, 705. 440 1 705. 440 4 0.43 [C,H, O +Na]"
26 C,H,O, 723.4507 723.4507 0 [C,H, 0, +Na]"
27 C,H,,0,, 733.471 4 733.471 6 0.27 [C,H,,0,+Na]"
28 C,H,0, 751.4820 751.4823 0.40 [C,H,0,,+Na]"
29 C,H,,0,, 841. 638 1 841.6387 0.71 [C,Hy0,,+Na]"
30 C, Hy,0, 851.658 8 851.659 1 0.35 [C,H,,0,,+Na]*
31 C,H,,0,, 869. 669 4 869. 663 4 -6.90 [C,H,,0, +Na]"
32 C, H, 0, 915.6749 915. 6756 0.76 [C,oH, O, +Na]”
33 C,,H, 0, 925.695 6 925. 695 3 -0.32 [C,H,0,,+Na]"
34 CH,0,0,5 943.706 2 943.700 8 =5.72 [C,H,,,0,,+Na]"
BFIER)H)E -

OF5 1~ 108 AR HMmE, HENT .

Fi A m/z 171,062 9 (& -, vl IHJE R 2R H I BOKTE i ERIR P i i [ CH,,0,+Na]™s it
BECH m/z 189. 073 415 T, WIHJE R B H MBI CH, 0.+Nal"; BrR3Hh m/z 245. 099 7 (55
T, wAE A =B KT B BRI A 0 ki [ CH, O +Na l's Btk m/z 263. 110 31§, W]
VA& A =2 H A ingiig [ CH,,0,+Na 1*; BBk m/z 319. 136 5HYE 1, BT VAJE DY S H il K ik
) BRR B 1 AN [ C L H,,0+Na ] s R HCHh m/z 377. 147 1IN ESF, BT V3@ Sk Y 58 H il i i g g
[CL,H,O+Na]"; Fi sk m/z 393,173 389 & 1, W IHJE Ay 10 58 H i it /K T8 i i) IR 4 i) o 0
[CH,0,+Na "5 BTBECA mz 411,183 R -, Wl AJE A TR H il sy g C H,,0, +Na ' B4
hym/z 467. 210 2 ) ESF-, BTVHJE R 7S 5 H BRI B BRIR P 0 e [ C  H,,0,,+Na ]"s R0k m/z
485.220 8 T, wlIHJE AT MAENE] C H,0,,+Na ],

Q7 11 ~ 28 1w A5 H il e iE AR ERE, HEIT .

A m/z 437.324 VWY ES T, BT VAR S 5 H T SR R i R R S K TR G BRI 4 ) T
[CLH,O+Nal"; JFiiEHim/z 455.334 T F, ol JE A 5 H i Sl A BR me ) @il C,,H,,0+Nal";
i EL m/z 483,329 6 IS T-, RISy = 2 H Ik SRR T2 5 H5E /K T2 1) BT 4 ) I e [ C, 41,0+
Nal; B m/z 501. 340 2 A &1, BT VAR S = 28 H i S B2 1R 00 AN ig [ € H, 0+ Na s e 4k
m/z 511,360 9 [ &5, WU )& > =2 Hr i SR isf R IR IR G /K T e it ERR A 0 e [ €, H,,0 +Na s s
Hm/z 529. 371 SIET-, WIIHJE A =2 H il SR AE SR EE Y INAhE [ C, H, O+ Nal™s FiE % m/z 557. 366 5
B 5, AT UE s A Y 5 T A e T A K TR 1 B AR A ) AN U [ C, H, O+ Na ™5 BT & 2 m/z
575.377 VBT, BTV JE R DU S H I S AE AR R IR 1 ek [ CH,0 o+ Na s JBEEE m/z 585. 397 8 &5
¥, AT R Y SR H i S AR IR R K T R ERAR P i I [ C, Hy O+ Na ]™; T2 m/z 603. 408 411
B, )R DY B I A R RIS 00 IR [ C, H 0+ Na ' BT m/z 631. 403 311, TIHIE N
TERH T SRR TR R B TR i ) BRIR P e[ C, Hy O, +Na ™ R m/z 649. 413 9R) BT, WIH)E
SRy TLERH T SRR R R 1 DA C, H,0 ,+Na ]™s BT EIm/z 659. 434 8101, WTVH & ok T3 H i S
HETR TR /KT B ERAR DI I [ C,H,, 0, +Na ]'s BTBHim/z 677. 445 305, VA A I Hl
TEHETRER Y MIENIE [ C H O, +Na "5 FUEEIm/z 705. 440 41981, ATAJE 7SR H s R s i K B
I ERR I AR [ C, H, 0,4+ Nal"; BTE%ms 723. 450 7HIEF, V)R RSB H i AR B s id
B[ C HO +#Nal"s BTEREIm/ 733. 471 6 BT, BT VHJE A 7SR H ISR AR RR IR R I A8 i ERAR 0 ()
g [ CoH,00,,+Na ] s 0T 5 B m/z 751,482 3 19 &5 -, W] U b 75 58 H T S0 6 5 158 1 1) i 0
[C,H,0,+Na]",

G529 ~ 34 1)@ M E Wi e ERE, BT .

FiEHm/z 841. 638 THYE -, WY& A DY 5 H AR R G IR I i gk [ C, H,,0,,+Na |5 FTE%L
m/z 851. 659 1 &1, W)@ A DU 5 H- it — AR AR IR K il i ERAR 0 ) Il [ C H,,0 0+ Na ™5 Fi iR
Him/z 869. 663 4 B, WIS J@E A PY R H- i A HEIRER I AN C H,,0, +Na s FiE%im/z 915. 675 6
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BT, WUk TSR H AR TR T R TR I ) MU [ C H,, O+ Na ™5 B im/z 925. 695 31 & T, W]
V)i ok T 2R T A R T 19 IS A i BRAR o 0 e [ € HL,0 ,+Na ]™5 BT B m/z 943. 700 8 (51,
ALY Sk TSR H I —EEHETR R 0 N[ Co H,,,0,:+Na ],
2.1.2 ABTFENX FERMEMEZLFT - ICR - MSFFFEIIR,
EIDLIE 2, J5etar b H SR 5 S G A R 22 N 2 BT /R .

T TR, 18 B T BN BUE

1=
283.264 34
6 4
=4
=
j
1-
255.2330 47734335 .
505.374 64 |
= »
55138007 | s
1- 579.411 46 B
o 43133789 I ,
387.18728 |, oLl 613.54137 761.614 06
313.150 51 e ’ 617266 178964589 |
l4 306 61 ] 43.604 36 83565050 |
239.113 6 369.176 72 669.567 39 817,641 360 S ook 4 953838 85
39.200 03 ‘ 93771193

Ah u m L 9R1.866 00
0 | R A L ul.A:M‘ Al
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2 FT-ICR — MS MU5AF5 SRR 0325 1 i 1
Fig. 2 The negative ion mass spectrum of the sample obtained by FT — ICR — MS

#2 G TR e b AR SE I EL A A X R 2R

Table 2 Relative error between calculated mass-to-charge ratio and measured mass-to-charge ratio in negative ion mode

Predictive formula

Calculated mass-to-charge ratio

Measured mass-to-charge ratio

Relative error

No. . X . . - Remarks(#511)
! (B4 F2) R A L m/e) CRAFHSIG, me)  CHIXHR2E , ppm) crmares
1 C,H,,0, 255.2324 255.2330 2.35 [C,H,0,-H]
2 C, 1,0, 283.263 7 283.264 3 2.12 [C,H,0,-H]
3 C,H,,0, 403.306 0 403.306 6 1.49 [C,H,0,-H]
4 C,,H,0, 431.3373 431.3379 1.39 [c,H,0,-H]
5 C,H,,0, 477.3427 477.343 4 1.47 [C,H,0,-H]
6 C,,H,,0, 505.374 0 505.374 6 1.19 [C,H,0,-H]
7 C, 1,0, 551.379°5 551.380 1 1.09 [C,H,0,-H]
8 CyHe 0y 579.4108 579.4115 1.21 [C,He0, - HI
9 C,H,0,, 625.4163 625.416 6 0. 48 [C,H,0,-H]
10 C,H, O, 653.447 6 653. 448 2 0.92 [C,H0,-H]
11 C,H 0, 699. 453 1 699.453 4 0.43 [C,HO,-H]
12 Cy H,,0,, 727.484 4 727.484 9 0. 69 [C,H,0,,-H]
13 C,oH,:0, 687.5775 687.5782 1.02 [C,H,0,+0H]
14 C,,H,,0, 715. 608 8 715.609 3 0. 70 [C,,H,0,+OH ]
15 C,.H,,0, 761.614 3 761.614 1 -0.26 [C,,H,0,+0H ]
16 C,sH 0, 789. 645 6 789. 6459 0.38 [C,HO,+O0H ]
17 C,eH,00,, 835.651 1 835.6505 -0.72 [C,H,,0,,+OH]
18 C,H,,0,, 863. 682 4 863.677 6 -5.56 [C,H,,0,+OH]
19 CoH, O, 909. 687 8 909. 686 8 -1.10 [C,H,0,,+OH]
20 CyH,,0, 937.719 1 937.7119 -7.68 [CH,,,0,,+OH ]
21 C,.H,,0, 743.603 7 743. 604 4 0. 94 [C, H,0,-H]
22 C, 1,0, 771.6350 771.6355 0. 65 [c,H,0,-H]
23 C,eHy 0, 817.640 5 817.641 4 1.10 [C,H, 0, - H]
24 C,H,,0,, 845.6718 845.6719 0.12 [C,H,,0,, -H]
25 C,H,,0,, 919. 708 6 919.705 5 -3.37 [CH,,,0,,— H]
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BTN )R .

OF5 1 ~ 2 1@ MiiF & IENTRNE, g T .

T S Bk m/z 255.233 0 19 5T, v VA @ A KR R R I Y s A 0 [ CL HL,0, - H 5 &80k mé
283.264 31N ET-, WIHJE AT E i EE C H,0,-H] .

Q@53 ~ 12 VHE AT H AR, HEa T .

i S5 m/z 403.306 6 (1251, WY& 2R H i P ARR IR ER Y s &% [ C,H,0, — H] s U= Hm/z
431.337 9T, W JE A 3R H i SR IR R i s & [ C L HL, 0, — H] ™5 TSR m/z 477.343 4195
T, I JE A =2 H ik AR A R 00 vs 4 [ C,H,0, — H 5 R im/z 505. 374 6 B 1, WIHJE =
S H I A IR TS A A [ C HL,0, — H 75 BiE%m/z 551. 380 1093, BT U9 JE AU 28 H il ki iR
Wi B0 8 0 [ CLH, 0, — HI 73 BeE % m/z 579. 411 5551, n] V- @ Sy DU 58 H b B R RS 1% 1 1 sk 0%
[CoHyO,, —H] 5 FEEE m/z 625. 416 6 (155 F, W] VA JE A 105 H I S A 92 g 16 D &% [ C,, H,,0,, —
HI; B m/z 653. 448 21 &, 0@ ok T3 H il SR a8 g ER IR (1) sl & W& [ C, H,,0,, - H ] s
m/z 699. 453 4 /&, WIHJE A ST H I AR R R 0 s E & C, HGO,, — HI ™5 FUEHim/z 727. 484 911)
B, IR ST A R R R ) J S C, 1,0, - H T,

@F5 13 ~ 25 HJ@ R H M e hRERE, BT

i m/z 687. 578 2 ESF-, RIVAJE D SR H AR IR AR 0 I OH W& [ C,,H,,0,+0H |75 Jit i
Hom/z 715,609 3 WY1, wl U JE oA 5 H Il A AR BRI A9 0 OHC 0 [ C,H,0+O0H |5 B % m/z
761.614 1 895 1, ol VA& S = 58 H i 4 b B2 6 S B2 Mg 69 il OH W% [ €, H,,0,+0H 15 Jit &2 % m/z
789. 645 9 ES T+, WU JE A =5 H ik 6E SR AR A I OH 1% [ C,H,O,+0H |5 &% m/z 835. 650 5 1)
B, RIS A 0 B ke R 5 A R AR 0 I OH & [ C, HL,0, +OH |5 5 m/z 863. 677 6 H 25 1+,
B U g A DY B H I AR RS ER IS Y I OH [ C, H,,0,,+OH 1 5 BT % m/z 909. 686 8 (&, wlIHJE AT
SR H H AR TR A TR TR (0 1 OH 04 [ C, H,,0,,+OH ™5 BT Him/z 937. 711 9 MBS F, RI U JE b L5 H il
ZREARERER YN OH U [ Cy H 0, +OH |5 %I m/z 743. 604 4 W5, 0T VA& A =28 HH Il A il B2 1 g
TR G Y 9 04 [ C,H, 0, - H ™3 R %im/z 771. 635 SHUES 1, @ b = B8 H il —mg S BR IG i vl 0
[CH O, — H1 75 BrR¥im/z 817. 641 41025, W YA @ Ay DU 2R H- A A 192 1 IS TR i 1) ok &0 [ €, HL,, 0, —
HI™5 FBiE%m/z 845. 671 9 ET-, A A U 3 Hih — 6l R lE () ok &0 [ C, HL, 0, - H 5 R Eim/
2919. 705 SHYE T, BIHJE R T3 H M A MR MR 09 i E %[ C, H,,,0,, - H] .

2.2 BEHMmEEMELIERN 'H NMR &S

BudE s Fes, DUOTUREDEMR G, 4 'H NMRIE, Z5RmE 3 PR, RHMABRRE T 'H NMR
WEEBARHEN:, Hn=42/(ax5)(a=A1/3, Al A6 0. 884 LLIF IR, AR HHTR H 5L
B 3ANE; A2 86 3. 553 ~ 4 172 0BV AR, RERH A 2 M—CH, Al 1 A~—CH, 354
201HE, BREHMBOREE L R4 ~5, 5FT - ICR - MSZ2RAHFT .

2.3 BRHimBERFERES # A5 RA ER 4 R I 43 A

BGE EAE S, KGRI A A TH AR, HIEBRE RIS, Z26C - MSllE, K& Fiilk
mE 4R, S NTRNIES T EAUbRE R, @ IBIRR 450, SR BUE bkt 5 i
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Fig. 4 Total ion chromatogram (TIC) of fatty acids composition in polyglycerol fatty acid esters
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Table 3  Composition and relative content of fatty acids in polyglycerol fatty acid esters

Retention time (min) Component Molecular Molecular weight Relative content(%)
10. 266 Palmitic acid (FEHRIER) C, H,,0, 256 29.6
12. 157 Stearic acid (B 52 ) C,H,0, 284 70. 4
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