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[HE] L3 Fhlgie RO ndak s s ekl RIS BARGCE B S B ATE (head space solid
phase micro-extraction gas chromatography-mass spectrometry, HS-SPME-GC-MS) IR AN H o He A g 5-5
TR AR MRS i, 5K, FIFH HS-SPME-GC-MS J7 1 IS AL 5 S 58 11 3 b 5-352 B L MEE AT AR )
3 P Tt e BE M FRIA  B RAFRO LM S R, HOCRE” >0.990; KR FRIKT 3.33 x 1072 pg/LL, IR
{87 3.33 ng/L, NARITDICHRTE 80. 76% ~115.5% , WIFEAI, BRETE 3 FioinFAukdr i a & i 2 i Txd
NERY 3 i, T 3-H -2 IO B 2- £ HE-1- B R 7E 3 i BA 4 e 55 0k oy D 2 [T W 3 25 5, U
B, K] HS-SPME-GC-MS 12l 7 8% v (A 55 et ] LA DX 70 J5 U B IR 4 ) e 2
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Analysis of Hydroxymethyl Furfural Derivatives in

Honeys by HS-SPME-GC-MS
CHEN Lufangl’z, LI Dandan', NI Hui"?, YANG Yuanfan"’

(1. College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Research Center of Food Biotechnology of Xiamen City, Xiamen 361021, China)

Abstract: In this study, three kinds of raw honey, as well as their heated and concentrated products were
used as experimental materials to analyze the content of 5-hydroxymethylfurfural (5-HMF) derivatives by head
space solid phase micro-extraction gas chromatography-mass spectrometry ( HS-SPME-GC-MS) . The results
showed that three 5S-HMF derivatives were identified. All three derivatives showed a good linear relationship in
the range of mass concentration, and the correlation coefficient is 7> >0.990. The detection limit was lower than
3.33 x10 ~* pg/L, the quantification limit was lower than 3.33 wg/L, and the recovery rate were in the range
of 80.76% -115.5% . The furfural content in three heated and concentrated honey was significantly higher than
that in raw honey, while the contents of 3-methyl-2-pentanone and 2-ethyl-1-hexanol showed no significant
difference between the concentrated honey and raw honey. This study indicated that determination of furfural
content in honey by the HS-SPME-GC-MS method is able to distinguish raw honey from heated concentrated
honey.
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matography-mass spectrometry
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BEERFFBORIYIEL , AR AT T T R 2OR . TP ANG 7RO T H, AHX 7%
Ge25w), AT TRy, AR R O U R R IR S N A R R
FH B 50 CHs R A B (2 S SR et TR RO > ek HF, OBl dused, #hrhas s,
TR RN . BRI AR K 5Tk, ST SRR IR, RS2 RSB E RS REK
AR RO CUERR R R 2018 AREERT R 54.25 J5 v, M FURERIBR & EAERFAE 199% DA B

W () BN AR, A R TR 75% , EELIIARE . R RO 1D ek
B, SRR eI T S et R v g B A AL AN SR B R N, PR AR 5 HHIEAERE  (5-hydroxymethyl-
furfural, 5-HMF) ', BET G A 3-F 3E-2- 00 BRI SGEAT AR 917 o 66 VR N 1) e 26 R 3% 5-HMF,
(ELBEA I OIS T) A A, e s v 8 5 4 4 W R R AR ZE BRIV 25 10 T B K 2 B 5-HMF, 1R P A
FALNESE YT, AL AL S-HME S BT, A8 S e B S-HME B f R AR B Tk, 5-
HMF Big, REELEA R, SUET#OE A, SeE R R G REEZ e, ¥
b 5-HMF & ZOR R T 40 me/kg™ o BRT, WE 5-HMF & 5 19 5 2 3284 54071 WAoot
1 (spectrophotometry, SP)' ERLWEAH 1S (high performance liquid chromatography, HPLC)!'"' |
M OIE-FiEE: (gas chromatography-mass spectrometry, GC-MS) ™! Fl¥ A 43 - i3t ¥ (liquid chro-
matograph-mass spectrometer, LC-MS)'™'%:  Hid  GC-MS FEA ik iy /> B e Fr, [l B g
REPENIIEE, BASRHCE . RBOER SRR, LAk, TS AR UK 3 B 3% (head
space solid phase micro-extraction gas chromatography-mass spectrometry, HS-SPME-GC-MS) 731 R 7E
B U ) T BOR B, BT DLSE B AR R B R | E R AUEVE AR — RIS, AEBGE R
T EIMAF LR, HUTHILRES 3R, AT e TR S b i S-HMEF S8R PR

1 T Y 5-HMEF 0] DU P S T L8R, I, XL 5-HMF Sy 38 ArxE LA ) 283
TS AL BRI FA g e s 1) it 0 REARL S O T e 4l S IR 1) S 5 i 3B LAt e 4 2 55 o T
BIXAPIFR, FXNZAIAE, ASCRH] HS-SPME-GC-MS %7 W% b 5S-HMF fiT A4, #2377 f A I 7
2, XA IR AU 4 e R D S-HMEF TR S R 2SS, NI g E R BRI S H 18R

1 MBE5RE
1.1 #REiRFH

A AR IR SR W T AR e SR T AR T 4, Ve A SRS | VAR . R HIR B P AR S FE A
60 ~65 CHREE T HIHAJEE 30 min 155,

5-HMF, iz, FEZ54EN Flpfe sl A RA R 3-IRE2- Il | e | 2-20k-1-ClF | 1ML
Y2, RO, 5 Sigma-Aldrich A,
1.2 {UE5E%E

QP-2010 %Y Plus GC-MS f¥ | Rix-5MS BIELHE (AIEHE (60 wm x0.32 mm, 0.25 pm) fAiEtE, H
AR HEANE] ;. HH-157330-U AUF-3) SPME BEFESS . 30 wm PDMS ., 50/30 wm DVB/CAR/PDMS ., 65 pum
DVB/PDMS . 75 wm CAR/PDMS 83k, [ Supelco /A7,
1.3 KIEFHE
1.3.1 FRELATALEE

HHLS mL FEAH T SPME SREEIRH, JNA 25 mL KA1 10 uL WS CER, LRI ERRS), FE
TRK 5 HL 60 C TAALRIR 5 min, K2 A0S B9 ARG UK 28 BGR BB ARE SR, 10025 MR 20 min,
B JE AR A GC ZERE IR 3 min, RIS HEATECE RAE .
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1.3.2  5-HMF #i4=9ihl

UG 5-HMF, #OBRE LG (g2 mL) =1:200 A LLEIINA 1.5 mol/L HYERER T 90 C 7K i B i ik
90 min, ZRJESLEIVKIGARHA, HASMMBERTE pH =7, KIREGIAE
1.3.3  5-HMF A9y T0i2s B AR o BG4k

¥ HS-SPME $2HX 5-HMF iAW AR HUROR , AEERMRBIUAR 2R F XAE h pH i, ZEHCL | %
B E K st 18] BEA T AL 5286 3l i AN [A) 2 BGK SE 90 8 Al i pH ()5, F5AEECKL | 2BURIE K
s P 4o e T AR S, S e T R AR BUAR A

1) pH fHMEERE, =S £ 100 mL 5-HMF fii4: 9, HESELE R h A, %] pH =4, 5,
6, 7, 8BS FhEEM, RIEROLMAE, A 0EE S mL LR 5 FEES T REM S, A 25 mL K,
60 °C HFRIE 5 min, A 75 wm CAR/PDMS ZEHCLWEFE 20 min 5 2774, I 5E 4% B4 AL

2) FEPCLMEER, 3B HCS mL 5S-HMF fif2E9 (pH =7) MARER Y, A 25 mL K,
60 CHHALR 5 min, A 4 FPAHEL IR 20 min J5HEATARHT, DU 25 B,

3) IRERIVERE, B mL 5-HMF 8744 (pH =7) IIACREEHT, A 25 mL 7K, FiHEE 5 min,
A 75 wm CAR/PDMS Bk 2097 30, 45, 60, 75 CWHH 20 min 5 HEATHENT, 245 MG HE R,

4) WAL, SELS mL S-HMF 74249 (pH =7) IIAREMF, A 25 mL K, 60 °C Hik
{315 5 min, 1A 75 pm CAR/PDMS EBLTE 60 °C 43 BIMeF 10, 20, 30, 40 min J5 FEATA#HT, W
FEAS BT
1.3.4 5-HMF fii 900 B 544

R4 SCAN A 7 s T2 e 0T, GC-MS 42 ARSI E R sL R

1) GC &M, it Rix-5MS (60 m x0.32 mm, 0.25 um), &SN ESLERS, HREN
3 mL/min, AR SR RSN 250 €, HEFHRFET . FIGRIREN 40 C, fRFFS min, DA
5 °C/min R THEZE 220 C s 1335 1 min,

2) MS &M, BEFIRIEE N 200 C, HEE TR EI (electron ionization) , L& e ~0. 80 kV,
i Hz LU A3 B A 250 °C, BT R G L T LU AE S 35 ~ 450, 22 43 B i BT i 4 0 =X
BN SIM (selected ion monitoring) 53,

3) EME T, B IE A e R AURE B E AT GC-MS TR, SR RIS T B AY S BOPE JFE ((NISTOS |
NISTO8s, FFNSCI.3) #FATHZ, Kl hE &R CaLE R ( >80% ) MfkAY, 45aE, +F
0 | R BR H8 505 SCHRIRGE (AR R R BGE AT e e v . AR (1) TTARR I o (4 £ B HE 5

RI, = 100n + 100 x (RT, - RT,)/(RT, + 1 - RT,) (1)
Hor, RICARFINAY GRS R n A IEABEIE BRI 50, RTONFRINA) SR A PR B I R]; RT, M IE
Fee C PR RE I fa]
1.3.5 5-HMF fiAPbnifE R vk i 4 i vy

3 Fl' 5-HMF fi2E W bR Sl R FH C VR BE A INAR S W (RO ) AT BB BERG R, il — & 41
VR JE AR T TV TR
1.3.6 5-HMF fiiA= ¥y adke i BR A e 5t PR

PR B (TR B B o i T VRO A ) — R0 BRI B TR B o S VS, H TR 3 A (R MR L (sig-
nal-noise ratio, S/N) Bl S/N =3 BUMREEAE A kA bR, 10 550 LLED S/N =10 A9 BEAE b 7 e
ERY ) BES mL A FRER, AL pLIRAARERT (3 PP S-HMF IR A ARHESE, 10 mg/L) Al
10 pL N9 (1 mg/L), FBERBER S/N=10, 3,

1.3.7 S5-HMF fiE4 a9 i

3 S T AR D P S N L R B R A AR R AR, TR AT JE 64T HS-SPME-GC-MS Ab#53#r, LU

WU TR B o 28 AR IR, A VR BE A TINE 3 Wk, AR (2) ISR mDE.
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R /% = [ AR (e / CGRAE EE + bR ) ] x 100, (2)

1.3.8  5-HMF 17 4= ¥y i) G 22 FOkS %5 2
TFEAXT AR AR 22 (relative standard deviation, RSD) R FE/RKHEE, MHXTIRZE (relative error,

RE) JBERfREE", MRIE (3) 5.
HEWRRE /% = [ (1 - MEAERFYE /7 SIS EIHUE) ] x 100, (3)

1.3.9  findhafe %t 5-HMF fi72E 4 52
Xif 6 Ffide AL b 5-HMF 774 W14 T HS-SPME/GC-MS Kl 4047, BNRE S EATINAE 3 IR, %

FESICAE 4 °C VKFE P29

1.3.10 BIEGH0#r
K H Excel 2016 F1 SPSS 24. 0 #4347 58 5 047 .
ER55H

2.1 5-HMF $TE9TN = BB RZFEREGHMRH

& 1a 7T, 24 pH =7 B, WS R Ym mAUR R, A S-HMF AT E 0 et pH (E,
Kb AT%, H# 4 FPARECK AR BUSUR, K75 wm CAR/PDMS AEHUSk 7] LS G W ffH% & M pl g, PRI
e 75 wm CAR/PDMS FUZEBCL HEATS2H . & 1e nlH1, ZEBUEEE M 30 CH] 75 °C, 0w R pE I
2 B P BT gl i v RE R UARIR AR A B 5-HMF 77749 il o044 2 M o A a5
TEETE S, HERVEYIRIE R VERER , AR T AR R SR, 60 Ch, B BLUA SR A,
PR, R, SR 60 °CRFEBGIE , PP 1d Al G AR A ECRS R 8 i S ek s
W/INE AR, 20 min (AL ERU R AR B A R T RUR R, PRI 46 20 min Sy fe AR USR]

ARSCHIE T RO AN o A R BUSCR IR, B2 HS-SPME ZEEUR A4 . FEAAY pH =7,
75 wm CAR/PDMS BYFEL , ZKBUREE A 60 C, ZEHUR ] 20 min,

61
= 1.5
= s
X —
= 4+ S
E E 10F
% Z
LI E
x 2 Z 05|
= =
¥ £
O | | | = 0 | |
4 5 6 7 8 PDMS DVB/CAR/PDMS PDMS/DVB CAR/PDMS
pH B3k Extraction head
a) pH {H pH value b) ZEHL K 24 Extraction head type
1.6
0.6 &
=) X 12¢
s E
3 04L 5
] ~ 0.8 b
= = §
= 02t =S
= = 0.4+
= &
&gﬂ- 0 | | 0 | 1 |
30 45 60 75 10 20 30 40

0/°C

C) %KH'Z{DE]ll J&# Extraction temperature

t/min

d) FE B} [A] Extraction time

B 1 MZEEMBEMEREGE 2RETRAN N
Fig.1 Influence of head space solid phase micro-extraction conditions on total peak area
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2.2 MEEHERPS-HMF iTEYMNEE RIRE/LHE

ASCULFRR IR R R, 28 HS-SPME-GC-MS 74T, 15 28 % i A MY B i) S B i i (I
K2), MBEERES TP YEH 3 FhS-HMF AT2EY (W3R 1), BEEHSEDY | EHF™) | Rering %24y
AE AN ) 0 2 TR B R A | 3-FR 2T 2- 2 K1, XU I AR T 5 4 SR 5 A O M 2R

FEHA—HE

3.0
2571
E / 2
X201 . OH
E 0
< 15( .
E A:3-HJE-2- 1 BRI Furfural C:2-4 3E-1-C i 2-ethyl-1-hexanol
= L 3-methyl-2-pentanone
N 1.0 B
#o|A
0.5 C
0
5 10 15 20 25 30
t/min
2 BEHRPELAMYRNEAEFRE
Fig.2 Total ion chromatogram of the volatiles in the honey sample
1 o MEEFEREBELAERSHEEER
Tab. 1 Identification of volatile components in different honey samples
Y44 7K Rix-5MS Y EARAE RS iR
PubChem CID
Substance name RI* RI® Identification basis Characteristic ion fragments
3-FH L2 - IX
21N 764 759 ms!! 43 100 11 262
3-methyl-2-pentanone
HEEE Furfural 828 827 MSL® 39 95 7 362
2-2. 312
- m 1 029 1 024 Ms! 57 83 7 720

2-ethyl-1-hexanol
BT RIS RO IRBRHERG RIS SOk HGE 1o PR B 5

Note:; RI® represents the calculated retention index; RI” represents the reported retention index.
e 2 P, 3-HIE2- AR | BERE A 2- £ 21 -C BB ERR T R 2000 ¥ = 0. 124 X - 5.820

FR2 5-HMF iTEMEFRE fh £ 16 H IRFNE E IR
Tab.2 Standard curve,limit of detection and quantification of hydroxymethyl furfural derivatives

= i AN =t JESN=N
mmsx  PORIGE bRl e HERB HHBR Detection AE LR
Mass concentration Equation of ] o o B Quantitation limit
Substance name range/( pg - L ) standard curve line Correlation coefficient  Jimit/ ( g - L ) /( e - L-! )
3-H L2 -1
6.67 ~666. 67 Y=0.124 X -5.820 0.994 1.67 x1072 0.033
3-methyl-2-pentanone
B Fusfural 3.33 ~666. 67 Y=0.0148 X -0.757 0.996 3.33x107° 3.330
2-2H-1-CU R 6
3.33 ~666.67 Y=0.128 X -7.935 0.990 4.17 x10 0.667

2-ethyl-1-hexanol
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Y =0.0148 X-0.757 .Y =0.128 X —7.935 , tHRFREIET0.990, FHX 3 F S-HMF i LY 7E
R L N R AR £, X 3 B S-HMF A7 2E 9 696 i BR A E PR 45 R W5k 2, Zsaligs>
A A (3% - B B 205 8 FhE SR Y 5-HMF, o i HBR R 50 we/kg, Ui IHA 5 ik R
FERFA Rl K
2.3 FkEER

A SEERE S oI AR A FR AT 25, 50, 100 mg/L, SRFHAHIRIAY /7 Eeab 50 48 R A 42 Fi
AR - = EE DU ER K BT I R EEL T 4 RIS T, P GRS R 82.2% ~ 118% .,
AT 3-SR A 2- 2 551 - EE A3 [ SR [ 80, 76% ~115.5% (W3R 3), 3R
Ry i S IR A, B AT EE

%3 M S HMF $TEY R E KR
Tab.3 Recovery rate of 5-hydroxymethyl furfural in honey

Wy TR AR Sub p (JEFE Original sample) p (YR Average NS SIEES
PR PR Substance name /(pg - L™ measured ) / (g * L™ Average recovery/ Y%

70.72 98.03

3-H B2 3-methyl-2-pentanone 47.14 82.53 84.96
118.80 80.76

65.50 85.21

BERE Furfural 51.87 85.73 84.16
131.40 86.53

99.70 107.20

2-4.FE-1-C i 2-ethyl-1-hexanol 67.97 116.30 98.58
194. 00 115.50

2.4 AEEWMENBEE
S IR R 22 | A AR 25 25 5 7 Tk TR B AR 2 1, e g R L 4, ek 4 I, #%
FE PRI E] A 3 B S-HME 7772890 0 WERf B 33538 100% , HAFEATYER U, AT AR R 22 0 2. 86% ~
8.02% , JEXREEFIH GC-MS M2 % i b R 2K 5, RSD N 2. 1% ~8.3% , ML WL, Ak
FEREMERL, ME R EE, T H T SCBREE S B I E
R4 FHEEHENERE

Tab.4 Accuracy and precision of the analysis method

W) 5t 4 K Substance name MR Accuracy/ % WAL Precision/ %
H ¥ Within days H [a] Day time H PN Within days H ] Day time
3-HFE2-8HH 3-methyl-2-pentanone 94.17 93.02 3.15 3.79
BEME Furfural 93.31 93.17 4.36 4.99
2-4.3E-1-CLBE 2-ethyl-1-hexanol 111.50 115.91 2.86 8.02

2.5 ZRREFRBNE

USRI T B s | e . KIS TR i b B v iR B T v (o SR 25 0 I /K 2
S S-HMF, EfiEAag S-HMF fiiA:4) . B G e A Tt i AR TR A g =) 28 ep S-HMF 35 b 453
o, ELIREE R, S SRR X 6 R B RE S T S-HME At T B (WLEES) A,
3-F L2 R ERTE IR R & b & R (55. 11 pg/L), TR o IR b & /A% (23.55 pg/L);
MR TE W AR I 2 v B B fe i (563, 4 pe/L), FEMLAR R Ak (51,15 pe/L); 2-43-1-CU
FEFERLREE TP o e (67.97 ng/L), FEMUAEREE PHcf (63.55 pe/L) o ddad BT, BREEAE 3
P S ARG, (X (0 e A e 2 S T R T T 3-FE 2R A 2- 2 -1 - B A
3 P KO N VR AR Z M o 2 2 5, SRR, M S, 5-HMEF R HEAGTAEY SRS
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Fwn . RN, e R R R A B T A AR AR, M R E T R S R RS T
R, P, BERE ATV DX B AR I P B AR R T, O i e B RCERR I TR 2

EARR

£S5 6 MWEHRPRS-HMF fTEMNEL R

Tab.5 Determination results of hydroxymethyl furfural derivatives in six market samples

p/(pg- L")
FE i A FR Sample name 3-F 32 TR R ) 2-7.3E-1-C
3-methyl-2-pentanone BRRE Furfural 2-ethyl-1-hexanol
AR JFZE Loquat honey nd 51.15 +0. 14° 63.55 +0.21°
WAEHAL IS Concentrated loquat honey 47.10 £0.01" 563.40 +54.22° 65.81 £0.80°
HEMUEE Locust honey 47.14 £0.01" 51.87 +0.27° 67.97 +6.46"
WeAETEAR I Concentrated locust honey 47.35 +£0.03" 410.90 £9. 63" 65.68 £0.44°
TR Longan honey 55.11 £0.40° 51.56 +6.25° 64.32 +12.03"
We i AR IE %S Concentrated longan honey 23.55 £3.58¢ 543.60 +15.02° 67.37 £2.27°

B : nd FORAAGIE 5 AR S PN A P BRI F) 22 5 A S (P < 0.05)

Note; nd represented no detection; different letters in the same column represented statistically significant differences between values (P < 0.05).

3 #ig

AFFE R F HS-SPME-GC-MS S0 e 28 v S-HMF A72E4, M6 U K hn ik 4 Ab B 22 Ji5 1) 36 2
e 3 2T | RS AN 2- 231U 3 Bl S-HMF ARy, Hovb, BEREAE 3 R AAMR 45
W S L T TR Y 3 R, T 3-H 3E2- TR K 2-2 B 1-COBE A AR 3 RPN Bk A e
X0 R 2 B R 2, I, W P R i T A AR e Al AR Y SR S T g At
XS8R
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