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Abstract: In order to assay. the content of hydroxymethylfurfural derivatives and evaluate the safety of soy sauces, five soy sauces that
were collected in the local market were analyzed for the hydroxymethyl furfural derivatives by headspace solid-phase microextraction (SPME)
combined with.gas chromatography-tandem mass spectrometry (GC-MS). As a result, three kinds of hydroxymethyl furfural derivatives, i.e.,
furfural, 5-'methyl furfural and 2- ethyl -1- hexanol were identified. The linear regressive calibration curve was plotted within the concentration
of 3.33+666.67 pg/mL with the LOD.of 3.33x10™ pg/L and the LOQ of 3.33 g/L. The original soy sauce showed that the spiked recovery range
was out of the national standard, and whereas the soy sauce after 5-fold dilution with distilled water had the recovery range between
82.23%-~115.04%, with the inter-day recovery range between 93.31~111.50%. The inter-day recovery rate was ranged from 93.02% to 115.91%.
The inter-day and intra-day precisions were 4.36% and 8.02%, respectively. The furfural content in the five soy sauces was between 70.14~98.75
pg/L, the 2-ethyl-1-hexanol content was between 66.61~79.20 pg/L, and the 5-methyl furfural content was between 221.87~527.40 pg/L. The
above results indicated that the content of hydroxymethylfurfural derivatives were significantly different in different soy sauces. However, the

daily consumption of soy sauce is safe because the intake of hydroxymethyl furfural derivatives is far below the bottom level to cause safety

ks EHA: 2018-04-16

HeWH: ERAARFEETE (31271914)

&N AEIE (1994, B, MEHRE, WnE: fREYEAR

BREE: BER (1966-), &, BIEIR, ML, MAE: ARENUENRRLE

208



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

problems.

Key words: solid-phase microextraction; gas chromatography-mass spectrometry; soy sauce; furfural; 5-methylfurfural; 2-ethyl-1-hexanol

2 R S I LY, MR
RN E R S P, 3F B 5 O R A
W, 2-2.5-1-CUEA 5-FRIEgEms AT el Hi,
WS 2-2.3-1- CREfE IR E D RV 1 & &Rk
U, i 5 F e A2 — A SR FH A ),
B2, eI EE A —E ek g, Wk
SETRIE SEEERE G — N, T AR R
KW, SEGLHIUR R, R fhE . oV IER
BEESER. DRI, X1 R R e S LA AR
Y AT W S 2 A e VPN B T S A N ) B
S

T E N FRATT H Az e BT AS B /b 1) — R gk
i, RSERFEWR . B — PR E s KRG i
Wy ANEREIREMEL, Salhlm. KRR
REFR G B BREORIRR TS, AR e
OB, HER. AR, nELEREPE, X
Tt ST 6 7o (12 R SRR 1Y) B R AT 1) — L8 A BT AT
T AHRAREN S HATEYIRHT KRG TL . F2 H R
T FIREA, WER, R, Heess
5y 2 BRI TP, R T A T AU A Sl
REBEA REHATACR T, sk, M msEM ST ot
R P T 7S [ AH 43 AE B (Head Space-Solid” Phase
Microextraction, HS-SPME) FEHU#5 i FR A PRI
5y CELFRF2 HE RS LUR- 25 R (Liquid-Liquid
Extraction, LLX) ZE¢aaT4ab3 a4 R 54T . Al
WA 5 F0 HS-SPMIE. (IRF SR AL TR 7 1300563tk
AV

BRI, O VT Al i v s AT AR i B i
Koz atE, ASURGEARF T EA=HEm~ W, KM
HS-SPEM ZHX,. GC-MS 37 i1 7792 & e (12
ST A 0y O R TR T R AT A
(1) Er B 2 TN o TR R T 2 M e B it

1 PRSI

11 EERFA. BRGNS

R, SR, SRR, IR
RGNS T AR 3 .

IERBERE(Ca-Cao)~ FA U HERIE L 2- £ FE-1- U
5-HILIEE . 1E Cibeddi 13 Sigma-Aldrich 2]
2 F B T p i BB TR A ] .

QP-2010 Plus < AHEIE-F SR Rtx-5MS

(60 Mx0.32 mmx0.25 pm) ST H A B
H]; 57330-U F3)) SPME #EFE#F1 75 um CAR/PDMS
AL -2 [ Supelco A Labostar 7 TWF UV i
Al KU T8 E 615 RO-03A HlKHUE TR
HER A2 R AE

12 Ik
121 ALk 3E 5 A48 @8 B0 R X8 o
MragtE &t

V[ R B S i NS E BE A 11 PP i 3
min, &SR EAN 3mL/min, 4k 30.mins BL 25 mL
JKE T 50 mEZEROR A, 0N 5 mL ASRIEE S, BN
A 1 po/mLAYEE A 100 BN AR, SR 2E B
BT 60 CARIBAAFFAT5 min & K OB ZEE
FRAZERUR T, WRP20 min. MR SERE, KRR EK
Tl NEUH BRI 3 min, F2HE LT N ERAE
BE4 7 GC-MS 4347 -

o A B BN RX-5MS (60 m>0.32
mmx025 pm), FHSNFEARSR (A 99.999%), F
&N 3mL/min, 4N 1:5,

FHEALRF: VIR A 40 CHREF 1 min, 2R)5
A 5 “C/min FHEZ 220 CJGfREF 1.5 min, JEFE R
N 250 C.

JRE S AT B IR A 250 C, BB UM EI,
HEREE N 70 eV, IR 250 'C, SCAN
R, B PR FEE R 7R 33~450 miz 2 JA].
122 #h P HFEBBITA M ST

SR MR R T =R 2 AT 5 k-

(1) F A BEZHE & (NISTO8. NISTO8s
FFNSC1.3) #HTHMABE R Z . REAEIE T

(2) i IEM bR AR R B Fa 3, IF2
AT R CHRARIE O B HR B0 T 25 A e ks

(3) SR b FRRAE B T i AR R 4R B0 AT L
BE k.
1.2.3 BT EAMRBITAMNE EITEMAE L

Pt SR PR FH ARV O ATRRERR RS, AR N
0.33 pg/mL [I3A AR FRE 1.2.1 F it 7t
BT RS &AE, 15 SIM BT /4. LA
WERE . 2-2.35-1- AN 5-FILMERS & 80h 1. 2. 5.
25. 50, 100. 200 pg/mL XPHERE, 2-2.%:-1-CUEF. 5-
FH BRI RN A R UEE TR L 2t B v i 28
1.2.4  FrikAemfRAed 2Tk

209



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

1E GC-MS {4 #%H, (50 Ll o 1yt i R g%
(RIS, 2 GC-MS {X i — AN E BN, (5
AR HE YR TEA A AT U s S A B AR LR e e 2
L, B I I (TR A AR SV 1) AR RS, B3
B LE=3 B ARAE SR A DI PR, T e bb>10 B
v e Ay e PR,

HS mL 2 [ARER, BN 1 L IR hraEAm O
. 2-2.5:-1-CU . 5-HIIEMERR S bRk SV, 10
pg/mL) 110 pL 1 pg/mL KPR ORI, 25
BEEMEE>10 AYZMEHE>3,

125 Fikwmg®

TEM RS, TR I —E &1
PR EA TN, BT A AR I A 55 A (AN
IARE AT Z LRI RIS, (RIS RN AT i B 5256
G AIOCTE A R

R PRI AT A B R IS S
VERENCZEM ERE o BL 25 mL EmRE S04, 43
RN 4 MK (25 pg/mL. 50 pg/mL. 100 pg/mL. 200
pg/mL) FRRAFREAR, BMNREFATIE 3 K
LI E R AT AE I B, AR PR
SOREREATAEMI IR . BRI E LA (1-D,

[ (%) =100 >N A/ EFE+IIPRE) - (1-1D
126 ik EAAE

TR P R D B 5 SE PR B 2 MRS TR L I —
T E by, B AR ER R TSI PRI
TR EE VR — T E IR bR, 8 B A A
(RSD) k&&7w. it H Py LR Bl & 228 4
RPN & VR IAER SRR 25 5 AT S A f )
Fasetk. HWARL R Rl RE 3 41 TR A ARt
WL ITEESEMRE. AAEREIES:3d TE
[F— /MR A IREMIE, FERIE —IR, RS S
W, HEREITHE R (1-2)s

THERAEE (%) =100 S (1P A AR (E) (1-2)
1.2.7 £ il A FHEARBAT A M AF 09N 2

& AT EESE ) HS=SPME/GC-MS 234512, *

FIMPMARL IE A REVE N B 715 0 R
=R AR AT AR AT A AT, BRI 3 I
=R R AR T AR Ay B A L b 2R AT
e .
1.2.8 #IE4ITHE

L Excel 2013(f#k, FEE)AITAI T,
SPSS 19.0 FAFXIAN )y A IR AT AR I
BT EEET.

2 HBR5HH
21 FEARE TR T RET S8 £

(x1,000,000)
/ (¢ / ‘
30F A A° Y Z° OH
a frit fural bs.methyl furfurat ¢ 2 ethy1-t-tecayt ateebel
25+ ‘
W H | ‘
20 J - i A e
15 S0 T B
1.0 Y T | AR
0.5 L A 2 i
..MAI.‘LJuLxlkkL lh | -l b AL
0 5 10 15 20 25 30

5} 1] / min
E 1 AMERERPELMEYRNEE TR
Fig.1 Total'ion chromatogram (TIC) of the volatiles in different
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Table 1 Identification of volatile components in different soy sauce samples

. RTx-5MS %5 BAER
e Ak Ak RI? RI? I TR
1 Furfural S 828 827 MS R 3995
2 5-Methylfurfural 5- % oAk 965 977 MS REE 53109
3 2-Ethyl-1-hexanol 2-THk-1-TER 1029 1024 MS RE 5783

i Rtx-5 KA E ARG 5, REEAFLNTAL, RI°PAHIKRBAGIAE, RV R FA0 S 09 5 H bk,

2.2 F AP p A T AAREAT £ 0 AT b & R R RBUE
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Table 2 Detection limit and quantitation limit of analysis method

FAF AREH (ug/L) 5-F AARES (ng/L) 2-T35-1-TEFl(ug/L)
Ao PR 3.33x10? 3.33x10? 4.1710°
TEMR 3.33 333 6.67>107
. RIS RIIFEFS 25, =R AT %
23 JrkElx RS, RIFGRES 55, =P R

DNARAIE SEG S SR A RERR 1, B R BRE S
HOBRE RN 2- 2 5-1- CORE S AR AR HAHZEA K, 3
SR B FINFR 25 pg/mL. 50 pg/mL. 100 pg/mL
BTV, S-S B AR, LRI Mk
PIbz 50 pg/mL. 100 pg/mL. 200 pg/mL BEATHH5 .
X B AR AT RISCR I B B B, —Fhs A
i A7 A= 0 [e] U 5 BBl 7E 123.93%~285.52% ] (&
3~5). TMiHRHE GBIT 27404 (S = 5 4% Hil IS & dh
AR Y, iz s BN T 0.4 mo/kg s
FHLRSCRTE I NAE 60%~120%2 18], AT AEAE H ¥ A
MR AR T WO R AT AR SE AT [

[FSCR TG 7E 82.23%~115.04% (£ 3=5) 28], &
GB/T 27404 A8 ER . DRI, ff i Xof 3 9H 5 i FH 25 1
IKFRRE 5 155 34T SPME AEHL K, GC-MS 7 Hrifife..

24 IR BFE T

& FR AT AT A P A P ARTORS 23 PN 52 485 S
® 6 Fian,03 FikE W H N AE R G R
93.31%~11150% . I8 , H [&] (1) #E # & 5 /2
93.02%~115.91% ], H MK E<4.36%, HIAIK
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Table3 Recovery of furfural insoy sauce (undiluted and after dilution)

24k A (ug/L) AT (ug/L) T3 E1E/ (ug/L) I ERE /%
25.00 122.00 128.23
HEE (RAE) 70.14 50.00 166.19 138.33
100.00 308.69 181.43
25.00 69.81 82.23
HREE (HHEE) 59.89 50.00 96.57 87.88
100.00 143.77 89.92

4 &l s-REERIERRI R ESE

Table 4 Recovery of 5-methylfurfural in soy sauce (undiluted and after dilution)

AR JEAHAB (ng/L) FaAFE/ (ug/L) P 18/ (ug/L) e %
50.00 343.07 123.93
5-9 Aok (RAAE) 226.83 100.00 451,59 138.18
200.00 775.00 181.57
50.00 240.53 91.49
5-9 ks (R ) 212.91 100.00 305.56 97.65
200.00 401.59 97.26
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Table 5 Recovery of 2-ethyl-1-hexanol in soy sauce (undiluted and after dilution)

AR JRAAE (ug/L) ATt (ug/L) F )M F 18 (ug/L) F e E %
25.00 167.11 182.42
2-TH-1-TB (AHHE) 66.61 50.00 283.80 243.38
100.00 475.71 285.52
25.00 106.79 114.69
2-TH-1-T8 () 68.11 50.00 135.87 115.04
100.00 192.13 114.29
6 FEEREIEEE
Table 6 Accuracy and precision of analysis method
s ik A% ‘ #i % RSDI% ‘
A B 8] AR B Ia]
1 i3S 93.31 93.17 4.36 499
2 5 F A ARES 105.95 108.63 2.23 452
3 2-T3k-1-0.E 111.50 11591 2.86 8.02

DIRASR,  H TR T s T G, G
SR A A, | 5 R o B izt b7t

- RN AT R 5-F R R A i A ko R
"~ SO RA T AN, R SRR A e P 3

25 AfPEWTRF SMBATEN S EWN

TR T o T B S YA i R P AT A
TR A GR T, eI b o =
Ak 98.75 ng/L, TTEHSEEAEH (70.14 pg/L) H
BRI 2- L FE-1- CREAE ISR F vt o 2 e
N 79.20 ug/L, {EMSEEHEMN P ERIK, 6661
ng/L; S-SRI I E il (527.40 ug/L)
R, (ERRHEg N (226.83 ng/L) HERER
K. 18I HROR DR Jhg i 3 P A R el
A B, TS AR Tl 5 R B AT
AP S B, X )RR A A 2%

BRSBTS v i g
SR i . RTINS
Klaus 2578\t 5-32 HIEMERE R IR R OB 72, 45
SRR TR i o AT AR A R A T
SRR, BILUER BAE A 60 kg 115, 4 K4%
NFE IS 5.8~6.0 g LEASEEAR
[, DAFR PR T A o B o (R g T
GITEL, GREDFEEAH 83454 L UL 3425
RN BRUSORE, i R P R 2 A

®7 IMHEEHPREPEFERITEYNESER

Table 7 Five commercially available sample results of HMF derivatives

) % E/(ug/l)
H St A , -
S 5 MR 2-THk-1-T B
F 72.96:41.77° 237.3744.73° 67.4140.39"
g IF € 95.5549.73 527.40-49.36" 72.0443.65
R nd 221.8746.20° 72.7741.82
R 70.1442.67° 226.8345.01° 66.6143.33"
B 98.75412.28 304.50420.48 79.2044.37

E: nd AHREART 50 pg/mL AR MR, F—7F, RRNQFE (ab c) REMMERGEEZEMEF (p<0.05).

3 Zhig

AN HS-SPME 454 GC-MS Ff) 7 125 # ity vh
52 F SRR AT AE AT AT 52« N B Fh i B3 i
WS E I . 5-FRELRRIE AN 2- 2. 3E-1- O X 3 B
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