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Abstract: Fatty acids are important indicators that can be used to rapidly determine food quality, which is of great significance. Traditional
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methods, such as chromatography and chromatography-mass spectrometry, used in the analysis of fatty acids have high quantitative accuracy.
However, the required pretreatments are cumbersome, time-consuming, and destructive, and need large numbers of organic reagents. In recent
years, food safety has become of great concern in China, and the rapid development of high-throughput, non-destructive, and expeditious
detection methods for testing food renders it necessary to summarize novel approaches that are under development. Rapid detection methods
such as near-infrared spectroscopy, nuclear magnetic resonance spectroscopy, and Raman spectroscopy are widely combined with chemometrics
and hyperspectral imaging for the rapid quantitative detection and visualization of fatty acids. Ambient mass spectrometry requires almost no
sample preparation, meaning that the method has significant advantages in terms of sensitivity, selectivity, high-throughput, and speed in fatty
acid detection. Both the traditional methods and the application progress of spectral analysis and ambient mass spectrometry in detecting food
fatty acids are focused upon in this paper, providing new ideas for food safety detection and authenticity identification.
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NEWTERAE & h &5 LUH W =8 (Triglyceride,
TG) FEIP. (il K il B I I e B i
FRA IR, RERATE R IR SS, (HEAIRRAT R
PR, 4k, ATAEALSEREAIDER, BN TR S ]
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P TR X B 2 A S R I A, — e A
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BRESHRGE B 2 s S &2 Sl sig
SEA R ST PR . SR TCIS S TOS
0T, TRIEFIESEEL T AR RRIG P AL 7T . HamE 55 i
WS L FLPS 25 A H B R PN A X L 25 LB A B
TR FUHEAR S Z gt %% (RSt AL
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SR B TR it B D ) SR AR SR
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1.1.1 A48 &3%% (Gas Chromatography, GC)
GC A NI AR MR ) [ S AR TS, BT
AR R SR A A 2 e B ey 2 S, R iR
EIFR AR, F IR BN (A AR TR AE UM
TR LR B BRI X500, T 2 B A 5 ) 22 S )
ReWiTR . PR AEIE G, S <A R
Bl RAVIOGZIR . Bt BRA R M,
i, —fEAEMT A GC B b AT HE S PR H A H sk b 2,
PARRAR A TR R R 1, R il 4 25 GC i@
Sl KIGE TR (Flame lonization Detector,
FID) D2 Bkl 3¢ (Mass Spectrometry Detector,
MSD) PR Mt [RGB T B AT
AT ERAL G RS %58, F GC-FID #fF 7t
TR, L) O YA ) A
IR R . BEE ATACEEF R 8, £ E IS [H
At A B ( Multiple Headspace Solid-Phase
Microextraction, MHS-SPME) fR# T &Gt HT
5 GC-FID 254 3K Shor 4l = (14 A i 15 i
il (FFA), %773 IR 2 F#KE ngkg™. 1t
b, IR B B Rl A s T AR R
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Perez-Palacios 2% it — 35 HIEAKVEA (Fast Gas
Chromatography-Flame lonization Detector, FGC-FID)
7 10 min PYSEIL T PRIZERE S IR 7 R ) s 2 25 A
SRR, [FR, GRS S B2 AT H
TR BB ERER,
1.1.2 FH kA €% (High Performance
Liquid Chromatography, HPLC)

HPLC LLRIAiznAE, RIS R A& R
AT KPIFEAT 2 00, R S AR AN R
IR S RE MRl (N2 B8 TRER. T IRSF /KA
PERRIER D 170 B 35 R« SR A MR A% (Ultraviolet
Detector, UVD). 7B kil (Charged Aerosol
Detector, CAD ) 222 | % 54 Il ( Fluorescence
Detection, FD) P& i kel (DAD) P4,
7K K6 B % K I ( Evaporative - Light-scattering
Detector, ELSD) PIRFiitai] (MSD) PP A
IR 3R 40 5 48 W A s 45 A I AR T TR -

HPLC E Wi RRITER K 2 #1508 F T Rk AT
2, WG SR AAREEL (Supercritical Fluid Extraction,
SFE ) . & A K ffi B 2 B ( Ultrasound  Assisted
Extraction, UAE) 2232, Sxubgiidiith 1 4 44 (ke
dn THAREE, RSP R ARy, [FIRE, HPLC &
B SR AL IS T RR I S S A Fr 20 B B0, ey T
FEG RIS B SE IR R E 2, 2%
FiEnt A48 (Central Composite Design,
CCD) R E s TR /IS4, Llskiiit
SMVBAR i o B K BEA A A BRI B 7925, 45
SRR HITIER R AR AR 3 R e

12 & A %

121 A A& - A& ( Gas
Chromatography Mass Spectrometry, GC-MS)
GC-MS HA LA it mn ity Rk, B nriR
PRI B 1 5 R A T A I S5 K T 5
SEIE, PRI R A TR R A R
A EARIET- G . GC-MS Z3HTRT, T HEATHEM I
PRHG difh. AR R, RICHRE (Soxhlet
Extraction, SE) B33 Folch =B v 3 % Bt
(Liquid-Liquid Extraction, LLE) BO. [ M AEHK
(Solid Phase Micro Extraction, SPME) ¥, SpeF,
UAERE | 4 3 8 B 2 B ( Microwave  Assisted
Extraction, MAE) &5 H T IRITRR 145 o AEAn i
T4 T EAFERR B EAG F IIRTAAL, H F IR
AR R PR ZEBEEM = HALE, sfTELL
WA TR, S-SR s, A
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EATAEAE I = A ET (TMSH) B O it
S (TMAH) 210,

A4 EA SCRRARGED > IR IE S IR L
TMSH fiTA N ARII R HEE (Fatty Acid Methyl Ester,
FAME) J&i, Fi454 GC-MS Skt B kst
IR TR TR S5 3 ] o S BRI U i 2,
JE s Bese ek . TMSH O ATAE A s A
FE il 28 7 T B (R sk, 45 SRR IR 22 AR DT R I =
B,

122 & A8 & # - fr & B A & ( Liquid
Chromatography Mass Spectrometry, LC-MS)

RE GC-MS #I N2 Alfg g Ehni, (H
PER S R 2, AR B A IRY, T HPLC
HAARIR AN R 7 DU A KU R L3 R3]
EETREE R AATEMERARIIR /1T
HPLC-MS REff 5T 2 AN hLFH i 7 T8 fok e 1) AU 7
B e BRI ARATAE AR, EA fi R A
L BRSO R

gi b, AAHERE KHS PO R AR 71 88
NSRRI FE R i R IR TR B4 73 B O AU

B, HIMELFIS, WRRENEZE. AR,
AP A B RIAT BR), #E 0BT R e e i
WCSHTAMLER, 55 51 R AR TIR A S8 A T3 B b
Bk WAREAEFAHRBOR ARG OGRS, B2
SRR A RIS 2L, R LB AR AT AL o
TR S S BRI S O E . s AT
FEEAVHEREIN, EPARSCIIE R dh b EiEE D
Hrif sk .26 1 538 7 2015 4 LLRAL GikG I:AE £
i I IV E R
2 RESH

PG T e il TS IR FH - ARAE £ b HE T
P, (HEN—RTHELR. $#ih. ATENEE
BULYR, TR T KBNS W71, FERIIBORERTR .
TGS AT AT A — RO . St eTs g GBI
PERIE R IR . SRR dh P i IRt
WERITERE . 3R 2 AL I =R SAerl 7
IEUE Gk G T 5 i S BRI Tt
177 eSS .

R 1 2015 FLURMEGHENIETE R RBERAER 34 Ry B2
Table 1 Application of traditional detection methods in food fatty acid analysis since 2015

B XLl FRBCAF) T A, AmHE A Xk
Kb ﬂ&fg;]ggiiﬁé ?QZZ j;;f*‘ E TR, KOH-MeOH Bt GC-FID [19]
TE. RBR. TER. FBER. RER. T RE. .
. . i/ (1.1, V: I,
415 AAEL. AR, ARANEL. LR RCRIRIE (L1, VIV) 3 GC-FID [16]
SIS . b, Tk SPE 46, TMAH TRl
y 1l ST W EHIFEELK (2:1:1, VVIV) 4RIR,
/’:: 2] /\\ ; /\\ 3 v -
4 FANER. RASER. hER MeOH.NaDH #7244t GC-FID [17]
A iR, LibER. TARER. TR T B AR F RIS, 2-(4-2A)
FRITA B RN A1 S [O,10-d) A HPLCFD [
FbFih AR, ARASER. JhER. TibER TREAE B R AR BN 4RIR HPLC-CAD [23]
I EB A , ‘
Jiﬁ;‘;z:u” FeAEL. ARASER. WhBR. bR ETHAER, TMSH 4741 GC-MS [14]
4
S, Jao 2 [ZEIN ‘EFQ%;}%EX) N-W%-N-(ﬁ?iﬁlﬁi&)
7 =AREL . A 4 . e _
ohuedf AFARER. ARAREA = RLBERTAL GC-MS [32]
; . . - . CO, A s FFARIEIR,
B4 9 2 NID 2 ZHEER . AZAED 2 2 l _
2% R, EhER. AZHIER. ARANHER e OHNAOH S 71 GC-MS [37]
Helih TohBh. TLARER. hEA. FEARER ETHER HPLC-ESIMS  [47]

K TiHER. hER
N EAy a-TARER. TohER. AFARER. ThER. ARRRER

WA/ AT (7:3, VIV) AR FIRER

UHPLC-MS/MS  [3]

BRI A IR UHPLC-HRAM-MS" [27]

JE: SPE A EAEEIR.
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Table 2 Comparison of traditional methods, spectroscopic analysis, and ambient mass spectrometry

AT ik H 5%
GCIGC-MS ARG, RS RAEEIT REERE TR RGBT B, X — BRI BAERT,
4k RMA L F A MR SRR, 55 FHIHRAL
M| 77 ik

K% BB B SME L, REITAL,

: “‘f—/;— 8] 4% B é\i\' 3 ? B
LC/LC-MS Vs R 4o i A A AT AR K, AR A ST GC-MS
sEF S RBIRME, SATRER, HBEE M THRABIETEEE, HuidEEiok, FHAK
., NIRS AR BREAEESF, LG HISEOTit—F  8&, LA FRRAM LGS, ForsmEsts P
f% RSN G AN, TEEZIY R A TAKA a4 69 NIRS TRMAEAL, X
AT ik
NMR A EE S, R, RSB ELH RAHEAK, THREAETEEE
RS Wik, AW, (245X RS LA T RGN THENETETE
s DEMS Rpr@EHaTAm, RHn. BEEE. GPRRARELE, SRR TR
Fiigs CEOIMS AR BN R4, 845 RILE S REFRD, FHRIEBL . Tk F R
ANz /

iEESI-MS

AR RAL. X HEELHT

(RMXA. DRE, pARSRER) FBE

7E: NIRS #Aif2rslki%; NMR AHREREE, RS 4352 K%, DESI-MS A &5k MR B i, EESI-MS 2 s £ 2R

W, % fik; iEESI-MS 4 A FIRAFE B ik,

21 wrzrsh it (Near-infrared Spectroscopy,

NIRS)

2L A0 T RIA ALY o i 58 L8 55 Sk 2 4 A
C-H. O-H. N-H. C=0 TELLAMEREIX KA 4idRa),
XA E RSP AN LI GRS AR E I, )
JR IR R AL A T P AR ] . IRITRR SR
AR, Bk, FIH NIRS B & i ie i
FRAER AT, NIRS Hi2ihiEss. & B
GG S T i IR e S E R LR,
AR FEREG . s, MATERETSE . A5IAE
B FHEIT . A IAER FE I S R It O & AT
P — R bR TV

NIRS #/ ZisH e, R /Y LRE
i tirdr, R AT A SO IR ITR
FRIE LA s BB, b Bl o T2
PEAKOE VR A S . BT 5 i 4 1 1 b
PR RN B E R AR T ORI S TR
JUTIR & B FUIARAY - BEMI PRI E 1 P R A
Wi gty B A E A S 2 N 5 Sl
HL (Least Squares-Support Vector Machine, LS-SVM)
S/ —Felal)] (Partial Least Squares Regression,
PLSR) Jirie) g HIRZMRAZ I s & 12 ) T AL 20 73
B, RURHER BN LS-SVM A58 55 2 ek /N A
HMERE, TR E R SEIL 0.88, ¥UTHRIRZE
1.371 6%; HIHE P SR AL R 55 7] R B Lk
BV SL TR AR &5 B ) PLSR A, sl 1
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WEF A T D RETE B DR & B RO B I E ;. Wan 455
Wi T IR LA SIMBR . SR S0 RS & 2[RI i
DAY AT SINEGIE, AT SR X = FhANT
MAGITIR & B AT E, RIMER . IhER A FRER
FRIBRAIE 225073 511 0.995. 0.929 1 0.907, FHRHREZE S
51 0.001. 0.13 A1 0.32; Lastras 20t FH etk )
/NIRRT T IR A LA MR ARE A,
SCHL TN R A & MR DT R A& B E
Barragén-Herndndez Z5PRas (L 5L AR Al N — 3%
SRR ENLEHEBE SR AN EERH, e T4
WA RERTER I &5, A AR A T s 1 R 42k et
U, “PHvee REEEIL T 092, HERMREMZEIAR T
4.8; Merce 25PN MIGRRAIR . TR VR AT
TR PLSR I 2L AME R & = SC i R DR
&, KU PLS-NIRS BA REFMTUNEE S, FAH
W TR AT BT 1.8%.
H LG RIIE LM AT R UE 65 BT
TRACEE, I8 I PR AR B G A A S B AR SR
NEWITR & &, DRI HER B AT RUIR, A5 a1tk sy
B~ Rt a3 2 1 B VM ) B =T - K SN
(Hyperspectral Imaging, HSD IR, BB
F s EGAE EIRIUFHIE R SCEAE B, A ERE
fEGHE 5 EUE(E BB A B E ST, dtmile 1
FE SR AT FR TR & B 2T EEAMNEEIL T X 2R
PRI ITIR & B RIfELL . o, e, EEW
TR T 26 AR R RIS TR & B 23 1) 0 AP0, [
B, ZHEAREH T ERHAMRAEITR G &8
BRI SE S & BEAR MR T8, oAb, A STk
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T8 7ML A ARAAE B S T LD AT I RRE Bl 4
AR, ST T HET AR BRI & 2 1 S AR 3
fhZe 2% (Backpropagation Neural Network, BPNN)
B, T KIS AR TR TR & g A T P
W5, BRI, FEREBATINGE /180,
RIS AR T B —BOR, BRI RSN T
0.926 5, HJJ AR ZEH T4 %] 1.100 5 mg/100 g,

22 W ouk # ¥k i ( Nuclear Magnetic

Resonance, NMR)

ARV s S R AL O e R P, B
RESCILAFIPD I AR e BbT. TR R L A
%, ik, NMR R FRRITRRISATZ A8 %
MAHRERE CH-NMR) Rt (BC-NMR) BLREf,
1) 8 BT 75 (0 B A SRR M O £ S b B R
BRI TCRARI ik

"H-NMR 1 &, ATHRE AN R RS T 5
ANEFEJR T IS B, PR R g m i S SR
TFHUR I AE i — A T 5 AN [ i B R A AR %o
GE. "H-NMR e g IR & BT I, M
BC-NMR I BEHE B S AR ITRR I AR (iR 7%
) T SO AT 88 A [i) B Ay A R) T i S 1A A
AR AETIZ ) NMR 54k 2t 2745 & i
JZ TR, B LA RS SA T Hh
IO S B AR B BC-NMR e il AR
PRI R & S A TR X A B Ao TRSe 7R
U] THNMR 2 B 1 AN [F A 2E 2L b g iR
L8, AR FLR R R AEAT VR4l A B
'HNMR SR/ 7 & Hh P IR, A 4G Sk
DL S ERR GC ik m M, v R T 1.
[ SN NMR 23Tt 2800 ikdRiE:  Hama 2509
K BC-NMR AUSHRINE T M A AN g i
P& &, EHRIIX 5 TR (C18:1A9) H1 57 iR
(C18:1A11) Stfd e g (C18:1A11) HIFIA —
% (C20:1A11) SHk; Ahmmed P2 A ®C-NMR
Jo S'P-NMR BF 5t T fa 2 A R 4L A (1 i P R 2L
FRFCIAL B 43 A . Lolli Z%V ] "H-NMR 523 T 347095
P it PR R T T S PR A, R B e A
'HNMR (600 MHz) J7iZEIKNIR 54434 GC-MS
HEMH. AN, NMR 53440 (Principal
Component Analysis, PCA) 4 &It AE S AR &
SRR IIIX 4Y, 40 Schievano ZEBE 1t 'H-NMR F
BC-NMR &% B 4T PCA 4007, BINIX 3 TFI/R
BRI A P (R s S AT L Tl AL T AR

I, 3K DRI AT SR BRI AR 3 T A AN VLR i R A
SRR S e, 1) P SR R R A
. MEHERRHREEE (AD'H-NMR) t, T4
A RS AR R S S S e R,
Al NMR Kl R B 2, B3R 7 —
USRS AR (2DNMR) 782 35 I8 5 7 43
frprm e iz PR,

2.3 Fr %t (Raman Spectroscopy, RS)

Fr 2k AR S e pr e i c=C. C-C.
N=N F1 S-S R SAME S F HA B2 iEME. Bk
JRIEN: XL Z R IR S, AR
PERE AN RSB, BEEAR T TR, —
PR e TR AR I 22 57 ok S IR b o R4 2
J#i, RS LARIFIEME LRI o BT adh
) FLA e L 1 S A

RS U H &M a5k R
153 2 0038 3ok A5 35 3RO G L ORI T 2 vk SR
CE MR AR, KPEEEAE 1 115 om™
A1 523 o™ A PN 0, T TR 2 R
O ZUBEATHER: Fowler 5B T4 2 e A
S 2 IR AT 140 R O B R TN PR (OB RE e 22 4, R
Vi T R U 2 AR 2 TR R AH St 4 S 0.42 il
0.47. 3 F RS Skt i @ i e 1
RS CHERIBAR, #E G m e B
ST RRARACMIZR ) PLS SE SR TRIAAY, it
RS AE AN T B e 1) s SRR I IR o o, AL A
R IR A S Pt B2 AR AH 6 SR 30 ) mT S8 0,949,
0.953, ¥R ZE /T SEHL T 0.188%. 0.191%;
Oliveira 2725 5 g 7 (1 FEL I 2 e i M i fp /s — 3fe
J) 505047 (Partial Least Squares Discriminant Analysis,
PLS-DA) HH HR A SRAS U 2R S B2 U v (I B TR »
MK 53 TGS A E & omega-3 ARITERIING £
Bin 2 BB B O K SRS EERIALR
Bk PLS TR, MIfTHERGIE 7 R R A
MURIR TR & i, R ISR ANYLRT HE iTR AN 22 AN AN
JIE 07 P S SR PRI A AH DG R 85003 A3 n £ 0.955 5 Al
0.996 3, TR 7 HR R ZE 4 w9/ £] 0.020 7 F1
0.005 4, FKAEHEA &k 550 g HIE N AIIBCRAE:
FAEE A PLS 52 BB AR T B I R AE SR AL T
—FhitgE . HERRA T

gi b, EAAMERE . BRERERE Kb 2kt S
WA S T & R R TER R PUE . TE
PRI o BOATTEL AR b £ TR R ] A 7R ZAar]
KEFE AN F R B R, 0 U 5t 1 R 2 4
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FoEFREI B R . (HEA R Re e BLE
SIEESEGN, B, TG 550 Sk
FIHRZRE AT G T R B I I e &
ERAAL,  [FIRERE S EOGHE R 4 A S A I R
B, BRHROGE AR T ARG, B
SE AT T HERA PEAR A 3T, PO RO PPl &
ahihfi, JCH ST RS S Rt dh AT
SUDIEESE N

3 EEBESH

G0 GC-MS. LC-MS S HSLHL T fr
T IR P EL AN, (LR S SRR
I3 BE SRR AL S T A G T A AR T
AT, TR ELARR V2, TP KB,

TG SO ST, I T AR, 52N Sy 4l
SRAPRETTETS, Sk R R AR I AT A K
Podifo T L TG T A ot TRUACR 3, (PR Joft vk R R
PR JEFEVESR. AT R i SN R A A T
SRR AT A RS A H, S Tl End R
HAI T TR T CEE T el R TR
() PR Joi Tl 2k PR 55 A T L B8 BT ( Desorption
Electrospray lonization Mass Spectrometry, DESI-MS).
LI 5% A U FL 9 T W% ( Extractive  Electrospray
lonization Mass Spectrometry, EESI). AR H FEIGE
Z -1 (Internal Extractive Electrospray lonization
Mass Spectrometry, iEESI-MS) JEJTHEiA. % 3 %1H!
T ARV A B EHR AR L

R 3 TEHENR AR EEIEARXEL
Table 3 Comparison of important indicators of different detection techniques

HemaE R oA o | PR EER FHEEYN  HEE% XK
GC-FID Ak 7~43 ng/g 9~149 ng/g >81.2 RSD<13  [19]
GC-FID £ b <1.91x10° ng/g <3.92x10° ng/g >99.2 Cv<36  [18]
GC-MS WA <0.584 pg/mL <14 1olg / RSD<10.2 [42]
GC-MS iR 10~20 ng/g 20~70 ng/g 90~119 RSD<9  [45]

HPLC-FD  ZXEFrt A 0.20~0.58 ng/mL 1.26~3.94 ng/mL 84.3~103.4 / [25]

HPLC-CAD FbFi 0.368~1.985 Lg/mL 1.080~6.800 pg/mL  94.88~105.00 RSD<3  [23]
HPLC-ELSD A 0.01~0.03 mg/mL / / RSD<1.95  [30]

1H-NMR  #h#pRkA& 00025 mg/mL 0.01 mg/mL / Cv<3 [65]

SG-ESI ok 0.11~1.30 ng/g / 77.68~91.52 RSD<9.54 [76]

E: CV AZ R 44, RSD AAxTARfERE.

31 W EMW e B (DESI-MS)

/N .kY-_zL

LM% Fier A
SHH

& 1 DES| THERIEREE
Fig.1 Working mechanism diagram of DESI
DESI /&5 — Pl R B HARYT, e Il
FH FELBE 55 B B8 7 A PR BRI 0T R o 3 T A T B i
RLE, SRR RERT LIRS RRPIT, AT 2508 T AL,
H AR5 7347 e A . DESI () AR R 3 2255
BRI, WIlEl 1 TR, DESI-MS BURRERIMT (JLRD
B R R B S L R R R AR A LSS R S
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BRZ & WIERMEAL, P, RIS M.

Gerbig 2 /e BRI A Bk — B g
SURBETERI A b, I8 E SRR FE K AAME R
FE, @A DESI-MS W7t 18 FIHAT s AL i
(17 H I =B B AAT A, I PCA BIX 43 T A
[E &, 5 HPLC 5 GC Jiktitl, % kB
BT REA ], R B E N R R
W51 FIRG I 7 [E)R, DESI-MS iBRENEM — -+ —
WSIEIR . IR TR fe a- AR IR 55 R 107 1R 11 4
1B, Suni SR RIS LT (DAPPI-MS)
A1 DESI-MS P B3 5 2 AE T A o A EE LAy
IR T R S A AN e g R TR ORI IR )
G A e o A it sg ), &5 R I 4 B AU T,
DAPPI-MS #11 DESI-MS #tsrill 2] 1 it 5T 1R »
4k, DESI ik GeAsill 2 il R ¥ %A L), DAPPI-MS
EA T PERAENE B R R R L ES, DESI-MS i&
AR RS 1 AT .
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32 WU EERE L (EESI-MS)

EESIB?BLEILT ESI T B HAR, BN T B
SR I A5 VB RE B T ¢ B — e L S AL
A EESI I TAERFL 2SR e, i 2 frs,
EESI 5 B ZALRE ST TR 7= A 5 B VA 75 0 75
BR824
AR AT AR, 3 250 A T B 5
FUMEBE 0T B TSR Sl AR BN =y el A,
FHIE, EESI ] DA 52 5 458 T (15 o g rh s
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