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On-Site Aging Evaluation of Palm Natural Ester Qil via Portable Ra-
man Spectroscopic Diagnostics

LEI Yu', YU Bing—feng, YANG Xiao—jun, CHEN Wen—xuan, YAO Yong-liang, XU Dong—yun,
SHEN Jin—guo, QIAN Lin-zhi, YOU Zi-xuan, ZHANG Shi—jun, XU Yong-wu

Abstract: A portable Raman spectroscopy detection device is developed in this work for on—site eval-
uation of the aging status of palm natural ester oil. Using highly uniform biomimetic cicada wing flexi-
ble nanoarrays as the surface—enhanced Raman scattering (SERS) aptamer substrate, this device
establishes an integrated on-site analysis platform to optimize oil sample pretreatment and real—time
spectrum acquisition, enabling rapid on-site detection of furfural in palm natural ester insulating
oil. Experimental results show that the detection system has a minimum detection limit (LOD) of
0. 01 mg/L for furfural in palm natural ester oil, meeting the detection requirements for mild aging of
transformer insulating paper. This system surpasses traditional high—performance liquid chromatogra-
phy in terms of portability (total weight<2 kg) and operational simplicity (no need for solvent ex-
traction) . Linear regression analysis of the logarithm of furfural concentration in palm natural ester
oil and Raman intensity using the least squares method yielded a good fit goodness (R2=0.925) .
Additionally, the performance indicators of the substrate were evaluated: the relative standard devi-
ation (RSD) was 2.8%, and the signal reproducibility of furfural was good; the SERS signal in-
tensity decreased by 2. 58% after 90 days compared to the initial value, confirming the good long—
term stability of the substrate; in the interference solution with a concentration greater than 10 times
the furfural content, the relative standard deviation of the intensity of the characteristic peak at 1658

cm™! of furfural was approximately 3. 5%, indicating strong anti—interference ability. This study pro-
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vides a reliable technical means for on—site rapid detection of furfural in palm natural ester oil and has
important practical application value for evaluating the aging state of oil-paper insulation.
Key words: furfural; palm oil; cicada wing; portable Raman spectroscopy; on-site detection de-
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L AR FE 2RI A6 2% R 55 B 4 2RI R AR, 7 TERAEAIN I RE T, a2 AR i
BREE . DI RS AR IR T, SRS kil JS R T Aa kil vb o BRI VR A b AR 4e 2 A T 2248
bz —, FEMENAS s AL RS A G REIER . HanZnik g s i R REGE (Haribri
Jrik, TR ESHIFHIRM AR S R 5) A A R % . AR DL/T596 — 1996 Hi, i & i P 1
) BB, i OB AN [ KPR R L AR AS [ AR IR S 0.1 mg/L oARRE AL,
0.5 mg/L i EERAL, 14 me/LWAHFE AL, BB B, [N AMERX AR He s 4 2% i P BRI 20 53 (1) 2 &=
REIUAE S B, TR B AR R 25 S A O . B ARG I . RAMRMSOGRE | BRI . A A
VIR AL AMEIE s B s 1 SR, X ST R 2 B SL I S AR Tl N AR T 5E 0, Al
GHATBUZREI . R, HEZ —FhEES AR S B A B TIRAS T, il P s A 0 B e b
HEA TR DR i R BRI A R 7

FHEIERN SR (SERS) J&—Fhillid JA¥E 3k &R KR A M OIESR , BEmEREN B bror F9R3h
ek A5 B REOGRERAR , T2 M TR EY RTIN =27 AR ] R HASARR S Ak
LEH), MGEALSE SERS ZL (G5 EIUMEAS R A )L, W R 10 R AR P HED I 4R AL #) 0] ok SERS 2
JEESR A IR R, T4 IZ S . Zang 25 N LLZFES) NS, it IERERR 2R /K
it 5 Ag POIRPERY T =2k Ag/SiO A KFLFEFNFE NS, BE9RIA T3k 1. 7x107, X2 =R il s BRIk =
0.01 ppm, BEARTELER EMEE SERS TR 254 R & R, @&l THRMBAEYDHHr. 20234,
Luo %5 " R T —Fh4h & SERS S bh ik i) ARG, HFALIPN /. (MDA), %7 A3 Tilnd
IRIEHII B AR5 MDA FRERE Z MM 45 5 BN, SEBL T MDA B € s & . 1% SERS e J7 % =B
e S SR AR, B RGBSR (£9°03. 61073 M), T HANIRE G2 A b5 1
X ARG G B AR LS A SERS BN F 48 HE 8 i BRI 1) i RS ISR (I B 22 202448, A%
JE & il BREE ) SERS KL ARBUAS T H A 50 . FIR R T tm Bz IS\ i igsn i 1 . ST i
T2 RS & 3 S5 2 AN 5 OGP HORRRE RS I R AT T RGN T, I ST #25 5)
T HP R T ) A IR I BR A7 0. 025 myg/L, iR AR T 28 T 58 S A B R I 00 RS 0 bR o o AR
CNTs@NiO-Fe0s-Ag FE A Hl 2 AR E 2%, H H Ay BRI & il T HoAh 28 AR g 4a 2%
BRI A R SOk B . AR, BT RRERA S 2 A S . SRR ERE . o5
FIFEAPERE DL B 2R8I, e P X OB B AS FE 8% . RS IR 7 sl il 27 T 2 D
Tl v o7 K BERAS B sl B e T B, A A S R R OT R — o WIS R ARG
A 5 A LR B R AR IR PR ARSI SE , SRR B — AR 5T RARERAa 2% i i AL 0 KA
FERSRBRA SR AR AL T I 287 KARBRZAE SRR B NS, (N s R i i, AR B TR, AR S L)
FEAE IR RARER A SR VE 0 5, >R PRl () (s 485 37 S i e I 2 o HL AR IR S35 2
Wil 5T o A2 BT B SRS D0 7 v BRI . R PR v B ARG 5k S B ) ) i, W 1 A B R
SRR A8 2% T v Vs A RIS 1 DR o R AU I 7 28, AR FE i AR S ARSI VRIS TR 4 T R T
By, HAEZN TN HME.
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IKEEE (99%); RETFIK (218 MQ*em) FARAR K SRR i Hi [ 9 HR 48 B 28wl s s 2 w4t
1.2 RIEH

W RAEE (SEM JSM-6701 F) XHESHITESIE T T L. 76260 JEF M 1075 90° N i#Ef§



55 XX WO JET IR 2O R AR AR S B 3

T XSRS (XRD) 43#7. % H Thermo Scientific ESCALab 250Xi, F£FH 200 W B4, Al Ko 585+
BT T XHHEO L FRENE (XPS) MR, RABEEGABXSEIEHE (EDX) SRARMAE N5y B Al
PSR4 ER DR R AR rE R 4 [ o S SE 0 R T AR O IR SR 8 . B S e R {5 B R Rl m 4
i, WAH TSR FE PR RS A i O it
1.3 4-ATP-1#3#-Au-Ag 1 SERS EEAEIRME K

Xof ARG ) SEER R R T 7, B S AR S, RIS LN — A 100 mL B BERRH, L
BV, g Vo=l THNRGEW, 2E1720 min A8 FEBELL LR HTS Yo . 1EBECG , i Jerte
PIAS 2x2 ORI EH 2 ), FH7E 60°CRY H A AR T T . X8 1B 1 i i T i .
Bl ), SR BT S ARG S AR DU E M R, WS R)AE 15 s, MOMZRMS 7 W -Au
VPRI S 450 . TR, @Al T2 SHOR AL S A I 7E i — A v 6 W R A A KR AR R aT
1) AgNPs, & EA & REE - Au-Ag GORFEIN 250 " . E5E, K — i e iU It
BT 50 mL A L& 7oK, N AgNO, (0.05 g), K EESE B8 80°C, AR S5 HTE ST #8218 I 1% 1)
CHNa,0, (5 mL) &, ZM@IREm; PiTE 40 min J5153) 0] LLE 20 2 m e, BHEsn
JG, VT, TS ABEH-Au-Ag SERSIEK, Z@EM R SR RHEL SN EE ", ATk
PEPERG R SR ) S PR TR R LU 450 S (-SH) ‘B REHILL S RIS &)@ Ch e o 47 75
ARG, TR R 52 i fe e P IT 0 2k R 1 55 S OT IR TBUR SERS 555 40 F Al & 2k
(-NH,) ‘BREH HIETERIM 7 —i, BT SHRERERL (-CHO) WK% & Ay LU s EiisE , i
PEBA-FHRFERREY (4-ATP) VERERLE, B2 mL 1) 4-ATPIERUKIER E T 5 mL 08, A
PRUEFS AR 20 WL 65% 1 HNO, F 88 2] R, IR AR I ) i3 - Au-Ag SERS FLICE T Ead i
Wb, EEEEEEE 1S min FEUE, FEENPWR (60 °C) LA RS RE, BT E153] 4-ATP- B
#W-Au-Ag SERS LR,

2 (B P37t 48 i 3% B RV §I LK SERS E IR BRI HriE

2.1 H##-Au-Ag SERS BRI KRS 7

h T 5y TR - Au-Ag Ze PR A PPN R ORISR . AR S 7% IR R i, i — Au DL
—Au-Ag AT T SEM ZHEHT o JRAGWHE) SEM [ H (K1A) £H . WL E S & FREEL N
100 nm A JERIBOFES 254, BIgkil e, “lbE” SBUHE Fawss, Fimieassiwie s, Rl s
29743100 nm. PRI LN K BIBRLE 30-100 nm Z 0], XA HES H AR E R A8 K FE 5454 3
AR B b R AR AR T 5 B AR R, BN ISR S G AL S S A i i
-Aulf) SEM B (B 1B), wJLUEBAERE 4G, W mm i) e i AR K, Ll FelB) T s i) R AR 4 K Ta)
BRRESS Al o FHe AR g SE s ), i 2 e LR I AW R B o daE HY5) 200 M1 o 7N
XK RIBR I, £ 0 2 1 2 B A e S B AR R A R s B A AR, AR R HuBE5E T R
SAF TR SRR ENE, MR ZE LTI R BRI TE . B 1C TR - A FETH R AR KRR
S AgNPs ) SEM HEUR . MCSEM B W] LU H WEH 26 1 AR K B R AR R DRI ROT JRH AN, K&k 2-5
nm, [HIF, R RS —301) AgNPs 345) Hm SE R & T -Au 10, BT & A 7 B R S HES
YRGER, XIS4T ) AgNPs S - Au B S 2 [0 R 774 T2 Ul Ve, ifs = m s g
AR R A, FMPRTE SERSTR TR, b, AFAIER G & B AgNPs 7EME 3% 1 i it B A i ise 17—
JZH/NGE, AR b R AR 5 9K .25 A Jo SRR MRS 7 T IR o 2 25 B i, SEBURTIEE
ST ESE. WA, RS T ICE ST LR iIAR 1D, WE-Au-Ag B SR EA Ag.
Au, C. O, NWUFpFZILHE, FIIEHZERC ISR B 1R XA 2 - Au DL - Au-Ag
B XRD #E &, HFEVEE A 30-90 o ZREH, AR AIKFESZEME SERS 2K £ ZH Ag e KA
(Aut5 Ag ) XRD fi 506 7 B — 55, AN SCEMUN RSB TUB AuNPs, FERAZAE K AgNPs, Au G P Ag
TTERTRE S, KRR AgTTE) . AEL XRDFRIER F, 545 S ATt 457 BRI AT 35 22 2 1)
BN R R, UESE T Ag SN EE A RY, 40k (111) . (200), (220). (311) Fl (222), Hp
(111) F1 (200) UEfEAGR, BiHH AgNPs BEURZE R X PAp iR B o 32, 253800, WiEH-Au-Ag %
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PEE B AH Ol o Moo, FEZUD L I S A b, 0BT T - Au LS - Au-Ag O L3R

AR B 1F AW - A R - Au—-Ag I N, BER S5 h 2 . R R, R S5 2646 0. 9~1. 0 1

B HE TG N B H3 B /N s el 26 Y, FLR TR (BET) 43 7l 35. 70 m¥/g il 18. 92 m¥g, 4

SR Aw/Ag G IURL Y IINA AT LA 243 W B 5 25 40 () He AR, iy L b R AR S = A o

SRR A, AR T IR S RO
— - n
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- @~ S Au B iy
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] 2 = - s 604 d
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py | #3#-Au i
bl T g-ﬂ]- _:’,"
} & 339
i w“m“um%mﬁ g
A A A 20 F555 SIS IR PSS IR
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1 W3 (A), WiE-Au (B) KM-Au-Ag (C) MISEMBRY, B4t FB#-Au-Ag oL E 0 Mild] (D), SERSHE
JEEH X SIS (E), N BBkt S Zle (1)
Fig. 1 SEM images of the cicada wing (A), cicada wing—Au (B), and cicada wing—Au—-Ag (C); elemental mapping of
cicada wing—Au—Ag under dark—field conditions (D); XRD pattern of the SERS substrate (E); N adsorption — desorption
isotherm (F)

2.2 {EEXI gt miCnZEEHH

R SR AR ARIR S BRI, 7B AR SiRE S A S . 5 AR AR A
WARREI Yy, WP BERE S T 915 &, [FI T2k 4-ATP@IF M - Au—Ag SERS & JEAF S Ml 31 4 Sk v bl
EESRAE RN 25, Dok 7O ARSI B T IR A B 2 R . A R IEERESE B 1 Y
%, FiEhe, ASCGEREEE A 2 mm 0 & v JIARVE A 3E B B R 2 . o, HilfEFEh AT 122
BT cad B, AHERSEOZEMEFTR, B2t L= T3t i mdE 86 L, hmlli Fhg. H
o EAREEAE 4R, TEIMAL. RO, BEhiEZE . dEE . EET PRI . SERS
JBE . DEIHMFLALR; T AGE i Tl R S 2R FLI R S 2l R s PRS2 B P B i N MR MR LOR B i
EREIE R, BB R E TARBRISURA Gt DA B ZE T ] B I ) S IS %
IR R MR TR E60°C; £ PG LA . . FABESHIRS 7 e, SRR ke
SR G RN S E, A Aa S i bR i W B SR P 006 R I B P RS 5 e, g
I mLBUZ R, WIS G EEA B RN I, 5 min 5 RV 525, B BRI EHERS , ROV
R R L SRR A ST s, A IETFN, daZihimd Sesgim NIEIhFL, FEEEB R0
O FERPIRAWR)E, SEE EAR, FIRRERTE LR, SRMEIEN SOtS R3S 21T B 3)
RH, RERSOGIE . K ATR-3000 B35 BR800, KM 532 nm JOBES,
NI 30 mW, UM K s, BIFBSRECH 10k, FEEER 8155,
2.3 4-ATP-1#-Au-Ag E K SERS #4511
2.3.1 HE-IEMBRMEEERALHRSEEN TER

F3 7 VRO 4-ATP-Hf#H - Au-Ag Z2PE SERS ZE IR R PERE , FL ) 100 mg/L RIS - K KRR 46 2%
PRI, JFHE TR MR . O PRIERFAE SRR T o BRIE T W X 500, RPPRIEIE A 7 2 h R
it HEIAREIRE (0. 005~100 mg/L) 6 EERBRE-ARHEMARIEIE I . R 4-ATP-Wi-Au-Ag 2%
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FLREXS RV T SERS JEib i, SR nE 3A BT R, MNKET, K5 4-ATP-B#-Au-Ag R KFEB =
X B FE A IR P G by, TR LARFI A S Rahih g m Ehk, IEES EARTGR-EST,
FEFTFFRAIANE (3.7 V, 4 W, FREIEE60 °C) FFX, ILREEELE 60 CAL; B2 mLbriEMFE
ENFE IR N TR AR, B LN SE Y, JRR PR S N, # S
3 min, H R MEREE- AR KR AR R E IS 7 F I8 G 7007 5 4-ATP-W - Au-Ag SE IR H2 ik,
PRAEINE /i 256 7 2 1 (MRS 70 TR BB P IR S . R ATR-3000 fE#EXh7 S 6 ik {CR 4 SERS Ok
i, ZEARINIEIT TAE ™, AT 1080 em ™ AbIHL S04 4-ATP HH (1) -SH B RE ] 5 2L IS K 10 AgNPs LW,
JEAERL T S-Ag B, ZAFAENE R 50 B I AN B R B ) AT & AR s, HLHIFAS & T bl -4 2%
TR RN, BT L 1080 em ™ Vi Apfk R A SMmi = RIS T E 4— ATP-13 - Au— A g 3 T B X6
R AR 1658 em™, TZUERT I C=NEE, b 4-ATP SHEEELE & 5T OBRERT AR P ORI, D] M
VS BIERE A E BRI ARG o il A T SRR IR T AR, 2T 1658 em ™ AbARFAE Wi i 5 B2 47 i
/NEYFET A KBTI, MBREEIR 4 0. 01 me/L I, FEIEHL 1658 om™ Kt VT A75HE M52 B HIERE Xof I 1)
PE(ES, WG TmEY A 2642. 45 a. u. , HNAME(ES294818.30 a. u. , [FMELLEY R 3. 23, i
JEIMEEMRIL KRR, HETHARES ) LRI E 4 0. 005 mg/L B, o W ARRE (1) 43¢ AE 05 548 24 O
1829.34 a. u. , MEFE{E540833. 72 a. u. , {5MEEL R 2. 19, A 3HEMEELE R, A MR 1 S A%
KB 470, 01 mg/L, 548 FE 2855 B 240G (0.1 mg/L) HOBERERG AR, %1% SERS 2L AT B
TREREATREIN , RS T 330 kV B AT H VY, CB1T I84F, KR RmnE 3¢ BrRk. 45 RE,
% 4-ATP-13# - Au—Ag SERS FEJEEAGI , W] LATE 1658 cm™ AH A B W22 BB i b7 SERENE, HLIR
PLF 1658 em ZLAAFIEE SR, W] A BRIE IR BE(A 0 2. 34 mg/L, AT HAR 2840 T h B AL B
T R 2 Bl BRI W TE iR AR A AL PR IR S 5 o F /OB )y S i (8 . RIS
R, WA RS R BRI . RIER LR, 2001 FE R4, /AR B bR . ks
. BRSNS T | 2T AE R R ) 46 25 Tk BRI 1) SR AR BR300 A 2 me/L
0.1mg/L, 0.117 mg/L., 0.1 mg/L, 4.1928 mg/L, _FRJ7 kYT b BREEVEA T AXHL,  HASI 52 5 4
o MR SCSR H 0 ST B SR B SIS 71 (4-ATP-B-Au-Ag) TETFACHEL, BEREMRS HFR 4 0. 01
mg/L, HHIEIEHY , 55RO L S ) T BT 406 % el PN N B ARG I R R o s, RS TR B4
ZEAL R AR R R bR, ARSI 7 i, TR e gk AL R I T H R o8 e kR
55 HMNA.
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Fig. 2 Schematic diagram of portable Raman spectroscopy on—site detection device
73 1 PR 4-ATP-3#-Au-Ag SERS JEJIRHYE SOTATHCR , 22 7 BRIE B bridesin 55 O HoR %
MoC R, mE 3B TR, ZRIEHA, 1E0. 001~50 mg/L i BE T [ P i & 2P )5 fe: 12995, 59C+
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7285.00, HEAFH R =0.925, HAEMERIGER G, BT DLk HizE 207 R Ak AR FAEAE T Hopk
BRI B RE(E, SCOURENE @ AN H 0. A T IIEAR SCHY SERS Kl H AR W Emf T, o b odmis -
FER PRI 4 A LI = A TR, R AR (LC) o LA TR o 25 50 R sk 2 fy
IR, SR PRI IERT 6 A AN ] BE R AR — A AR T bRy Be T VA A TR, 75 Hh RO AR Xl 22 RN % 22
HAE 1. 5 mg/LAI9. 09%JEHE N, XT84 WA A SCHE H Y SERS Al AR HEBR PR 5, AV RESE XA
TR T PR ) e ZEERUSAIASIN ,  EL ARSI AR AT LC A AREL P

(A) [ mre-semn LB) - (C) [330kv TREWERIGI G718
1080 em™ 1658 em™ [‘. 15k 4

ol B o # =

] A o = R b A2 G
] ”~ 10 = 1

ol ] B! 10k -} = 1658 cm

i 5 3 ‘} oo

il g C = 4-ATP-8F Bi-Au-A, P
Bl 1 b5 # el f-Au-Ag

:‘2‘. A 0.1 -'E Sk. v . Y 2

IA A 0.0l 5 & }
. = 0l } o frerye
—J\—M—’\—A—-'—"‘ =2995.59 C+7285.00 R'=0.925
1000 1200 1400 1600 1800 2 5 0 1 2 900 1200 1500 1800
B (em™) Log € (mg/L) ¥ (em™)

3 W Au-Ag T BREE-AFHE A SERS LIS (A) | BREEIRBEXNE SHFIENE 1658 em™ SREH KR (B) . BUFINFER
SERS XL (C)
Fig. 3 SERS spectra of furfural-palm oil adsorbed on cicada wing—Au—Ag (A); Relationship between furfural concentration
logarithm and intensity of characteristic peak 1658 em™ (B); Comparison of SERS spectra of on—site oil samples (C)
Rl AT A IR ) foe fIRAS H AR
Table 1 Limits of detection (LODs) of furfural by different methods

Year Detection method LOD (mg/L) References
2001 RPN 2. 000 [5]
2008 sy ttEEk 0. 100 (8]
2011 TR O €8 1 7 0.117 (4]
2014 AN 0. 100 (6]
2021 HMEEE 4.1928 [9]
2026 (A30) RMEBALSEEE 0. 01 &3

2.3.2 WE-FMBTRMEERREN—BESKBBEESHT 1550 me/L FREE AR bR
HEANEAE I B A I, TP R P FEA S 7 B h B AL ISR m, FEALINIA 8 A Iml A B
) SERS b RE SR VRS FE IS — S0k . ARE B 4A 223 1) =24 S i B 2 S A 5L I R A I 1
b (1658 em™) AbHYSERS{ESHLIE N (K4B), MEREMNES HIMER IF, HAHX bR 24 RSD=
2.78%. AL, BEFE4-ATP-I#-Au-Ag SERS IS F T SE LA AR i o i Bz 16 I AT S B i 3L
WAk, K TR R ARSI 5K, % IEZIPT ] #51) SERS LIS (B SERS JL Il 77 7E
Hos ) BRI R AN, T E R SERS FEEAE L KRR G, HAG SR R AE L3I
TR B, XHZSERS HIEHATKINFREEVEY . I 4C IR, Pl A7 Tl R B0, Bes () W
()50 FELEAR FEAR . ARYERL S5 SRR E T LI — 00N, JEIRAELTT 90 RINE 2 G, hielE 54
BT AEICE N 1 2. 58% (B14D), Xi#F—P 48 T AuNPs I IIANIESE | v &)@ Ag %Ak, el
FEABAAE — IR R LS A, D7 EBA AN, Wi 0] 4 SERS 2 IRH IO/ bRl

2.3.3 4-ATP-1#3-Au-Ag SERSERMIMTHMEMRT DIEMERKBEITEREY, HTFHREHR
HELIVER], HAG AL Zih 27 2 R AR E =Y, CUFEREZS . M. RURZRLL KA T4
TER RBRIEAE S AR S TEA S HT , 2005 8 At AL RRAE P P 15 S RDBRIRE 70 TR NS 5 7= A
T Mk, AW T 10 IR B 50 me/L BRI -FRAE PR, FEAE Al b o i ik
Bk 500 mg/L BT B (BL4EK, IR, BEE, OBE, HEE, 4%, Wk, W, B, —4Aik
) o SR A-ATP-WfH - Au—-Ag FEREE A (EE IR A B, X &A T 10 4lh ke T
SERSHZI , FrfRhi SIS mE SA PR, LI R0, AR T b P it v B A e e 2 1 10
ft, FEMBEIMGRGEAE T, S SRS AR 5, #E— X} 1080 cm™ LAY SMRIEZES U5 —1k
SRFE, FEXT 1658 em™ ALMREE M SR BT 00T (EI5B), &I Fh AL =1 i 17 L6 R B
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SR BEA AL/, FAHRARE W 22000 3. 54%. 31X —BLRIH A T AWK H I B IR i d sl B A2 1
RERSTERR IR AL S AF TR e el R BEE 70 1, TS 2E  W2E  UARSE Bk 7y 155 SRR AR T
HIERC AR A A RO, AT G55 T 4-ATP-# - Au-Ag FERAIPTTILEE ST =

(A)  [50 mgn mems-bha (O) 50 mg/L RS-
X 1080 em” 1658 cm™!
1080 em™ 1658 em™ 0 A A A

E ;‘ 10 A AN k/\

& E |2

gical |30

ﬁ ﬁ 40

B B |

£ # |-
60 A

1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
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Fig. 4 SERS spectra of furfural— palm oil obtained at different positions of SERS filter membrane (A); changes of intensity of
characteristic peak 1658 cm™ at different locations (B); the SERS signals of 50 mg/L furfural-palm oil adsorbed on the sub-
strate for different storage days (C); the histogram showing the intensity changes of the furfural peak (D)
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Table 2 Comparison of furfural concentration values in furfural - palm oil standard solutions

SERS (mg/L) 50 10 5 1 0.1 0.01
LC (mg/lL) 48.5 9.29 4.83 1.02 0.11 0. 0092
265 i 2 1.50 0.71 0.17 0.02 0.01 0. 0008

A w2z (%) 3.09 7.64 3.52 1.96 9.09 8.70
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Fig. 5 SERS spectra after adding 500 mg of different aging interfering substances respectively in 50 mg/L palm oil (A) ; con-

tour plots of adsorption on the SERS substrate surface under the presence of different aging interfering substances (B)
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