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Determination of 9 kinds of short-chain fatty acids in salt by headspace solid
phase microextraction arrow-gas chromatography-mass spectrometry
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ABSTRACT: Objective To establish a qualitative and quantitative analytical method for determination of
short-chain fatty acids in table salt using headspace solid phase microextraction arrow-gas chromatography-mass
spectrometry. Methods A phosphoric acid solution was added to the salt samples, and the headspace solid phase

microextraction arrow technique was employed to extract and enrich the short-chain fatty acids. The effects of
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extraction fiber, extraction temperature, extraction time, and incubation time on the extraction efficiency were
investigated. The target compounds were detected by gas chromatography-mass spectrometry and quantified using
the external standard method. Results The 100 um Polyacrylate extraction fiber demonstrated good selectivity for
short-chain fatty acids. Under optimal conditions (extraction temperature of 40 °C, extraction time of 30 min,
desorption time of 5 min and incubation time of 20 min), the method showed excellent linearity for 9 kinds of
short-chain fatty acids, with correlation coefficients greater than 0.995. The limits of detection ranged from 0.25 to
25.00 pg/kg, the recovery rates were between 92.2% and 100.1%, and the relative standard deviations ranged from
1.4% to 9.4%. Conclusion

characterized by simple sample preparation, high sensitivity, good recovery rates and stability, making it suitable for

The established method for analyzing short-chain fatty acids in table salt is

the detection of short-chain fatty acids in table salt.
KEY WORDS: salt; short-chain fatty acids; headspace solid phase microextraction; gas chromatography-mass

spectrometry
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1 MR5RE

1.1 #R5ERF

AR HEAE S SE T AU T, AhRAdE: AR
] N N B N 17 R N S Y B/ 0 = ST

ZRARAE S (BB =99.9%) . NIR(ZEE =99.9%) . &
TRRAE =99.8%). THR(ZIE =99.7%) . 2-H 3T R (4
B =99.7%) . SRR (4 = 99.0%) . 2-F N R (4l E =
98.0%) . 4-H JL R (4l = 99.0%) . IR (4l =99.5%)(
T s B R R AR IR S5 A IR AR, B2 A (o at,
E 25 AL AR B RAF); Bk Milli-Q ARl K AL
HRYFBALIK)

1.2 UFE5E%

Agilent 8890-5977B < M 4 i - i % Bk H X .
HP-INNOWAX EH¥E A i%H (30 m=0.32 mm, 0.25 pm,
2 [ 2254 7)), Milli-Q 1Q7000 8 4k 22 45 (12 [ ¥R 7
ZvH]); ML304T T RF[HEE N 0.1 mg, MFFE-FEH 2
A8 (WA PR 717, MCA225S-2CCN-1 Ht, - K- O 2
4 0.01 mg, TEEFFZRHTAF),

1.3 ZWFE
1.3.1 Habl&

FREL 4 g BrEbREA T 20 mL TZSAEALIHH, BL 0.2%
(V:V) BERRVSWE S0 pL IMARE SR, e S, WRIER S,
o AN ZE ORI
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1.3.2  ARBIEIR 6 BLh)

HEWAPRI SCFAs FrifEfh, FBLIKEM . B4, Bl
B9 AR o 43 A BOE AT AR, R AlKAR
FATENR ARG, P R ERE N 5.0 mg/mL,
WiR. FTRERKE N 2.5 mg/mL, T, 2-HET
B DGER . 2-FHJR IR . 4-F LR AN O R Y o IR
4 0.5 mg/mL, SEEAT, B AR R A bR HEAE 5 R
4~2000 £, Tl pl 2R 510 He B2 TR G bR UER I -
1.3.3 & B AR

F 100 pm Polyacrylate #iJE [l A A€ Bk 647 2K B,
FEMBIFE RN 40 °C, HidkElE R 1000 r/min, 5% 7 A (A]
2 20 min, ZEHURE N 40 °C, ZEEUETE S 30 min, fREATAT
[E]2% 5 min,
134 &#E&H8

{6,341 Agilent HP-INNOWAX (30 mx0.32 mm,
0.25 pm); FASCH RGN 99.999%), iy 1.0 mL/min,
Aot R, SR LR BE A 250 °C, fRRiZinE N
280 °C; JHIRFRY: PIIHIRE 60 °CLEEE 2 min, DX
10 °C/min J+2& 200 °C{#45 5 min, LA 10 °C/min FHEZE
250 °C, fR%F 2 min,
1.3.5 F#iht

B S s R, BRI 230 °C, H
FHER 70 eV, PUBRAFIRE 150 °C, ¥ T3 Hli(selective
ion scanning, SIM), A ZER 5 min, EHETFSEWE 1
2

F 1 97 SCFAs BIRIL S

Table 1 Mass spectrometric parameters for analysis of
9 kinds of SCFAs

B RbEeam R0 ERET R

8] /min (m'z) (M'z)
1 LR 6.86 43 60, 45
2 5] 7.94 73 73, 45
3 TR 8.30 43 73, 41
4 TR 9.00 60 73, 41
5 - TR 9.49 74 57, 87
6 g 10.27 60 73, 41
7 2-F LR R 10.57 74 87, 43
8 4-F LR R 10.97 57 74,73
9 R 11.43 60 73, 87

1.4 HIEALIE

ARG Ao I F0CHE 04 5 P R o 43 B A E BR A €6 33 E
TEZHEAS MassHunter #044HF 588, s [T S8 F0AE % i 5K
BEE 6K, HMLEL 3 . R Excel 2021 #1748
THTE LT EIE .

2 FER5SH
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AR T A [ R AR RN AR 2 IR B S 0 X H AR Y
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SERRPEDUE TR0 AP R ZEIGEE 71, A4 F AR
PIRRrE . SGBERER] . bR R BERHIE S B, RS
ALK, T LU T R R R . A
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WR/PDMS. 120 pym DVB/PDMS. 120 um DVB/Carbon
WR/PDMS % 5 282 Bk %t 9 Fift SCFASs [ 38 M A1 A% Bk
RME TR, AR A ORGSR, 2EHEK 100 pm
Polyacrylate %f %5 Hr# 378 B A BUSCR, NH LR .
IR . TR TR, X4ZH°4 100 um Polyacrylate &tk
PEWR)Z, XF SCFAs SEM W e il A k. R, k4%
100 um Polyacrylate Bk XF 9 Fit SCFAs #EATEHL,

5 =100 um Polyacrylate
=100 pm PDMS
=120 pum Carbon WR/PDMS
4 120 um DVB/PDMS
. =120 um DVB/Carbon WR/PDMS
S
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SCFAs

B 1 RIFZEE SPME k% SCFAs ZE IR 1 5211 (n=3)
Fig.1 Effects of different SPME fibers on the extraction efficiency
of SCFAs (n=3)
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A TR EE 5 W R 00 0 A SR RR A =2 1) P S A
BRI Z M RIS RE, FEREERET, £
R ZETGR B, AT B AR A A R AR T A S
REERCE., (HERREELS, &S ER LGN
IR AR . AR EEET 35,40, 45,50, 55,60 °C
SERFNRET, 268k 100 pm Polyacrylate X SCFAs Z£H
SR RE N S5 RN 2 iR, 4B M 35 °CTHE & 40 °C
B, Bk 2-F SRR AL BUHUR B T AR A, Fith SCFAs (192
TPk AR AT B S 1 0 sl SR AR — B, 2RI 40 °CHF
LeTHRET, KA BARPIAEBUSCR TR, JUHE 2-H AR
%, ST, CRA2-FIETRABHCEHBIFL. 546
IR, AW A BUR RIS 40 °C.
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' FRYMRBUSCE I . 25 4 BiR, TR Bw
)R TR A R TN SRS/, T 2- S TR i O R T
& 20 min AU HBLERIN, 75 20 min 5] 2 R R
g3 PRI, ASBIFSE O IR 7 I )65 20 miin,
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ST —T
0.8 t ——2 T ——
— - R R ——q-H IR
1.5 ¢
0.3 . . \ . . ) — — =
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HGRE/PC
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P2 ZEHUREEXT SCFAs ZEBUHER II5E IH (n=3)
Fig.2 Effects of extraction temperatures on the extraction
efficiency of SCFAs (n=3)

2.1.3  FEIRE R

HERERUR R AT AR, (KA ) B bR
HEBU 2 L AW Bt 2 B 2 3N AR ST 5 52 T AE 40 °C
ZERURET, 23k 100 pm Polyacrylate ZEH( 5, 10, 15,
20, 25. 30, 35, 40 min JG X} SCFAs ZEHUACR MM, 45
RANE 3 R, BEEZEHON SN, SCFAs [ e FH 1,1
BFE. BEFEREEEE] 30 min, RAER, NER, F TR
Gb, HAth 6 A~ EFRYIRIGE R BIEARE T VAR, S
iKE] 40 min, FB4EHFRYIE RS TR . LR ZEBUICE
R BAN R 2, A5 () 2K B[R] 2E 4% 30 min,
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06t
0.2 i i i i
0 10 20 30 40

HEHU ] /min
K3 AEEIX SCFAs B B (n=3)

Fig.3 Effects of extraction time on the extraction efficiency of
SCFAs (n=3)

I TRIFR (< 10°)

05}
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55 7 15} 1] /min

4 SEE TR SCFAs ZEBUSH 1 % (n=3)
Fig.4 Effects of incubation time on the extraction efficiency of
SCFAs (n=3)
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PERYE, HERFORT 0,995, LODs 24 0.25~25.00 pgrkg,
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o [F] S0 2R FAR X BR vEJ 2 (relative standard deviation, RSD).
ZERILER 3, 9 A SCFAs RYIFRENCR SR 92.2%~100.1%,
RSDs 4 1.4%~9.4%, ¥&5%55 5 15 MERH B RLAT

120
3
< 90 7
= 3 8
= 60 2 4
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E 30
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0 |
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. ZRR; 2. R 3. TR 4. TR S 2-HIE TR 6. IR
7. 2-HIE R 8. 4-HENHR; 9. C K.
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Fig.5 Total ion chromatogram of 9 kinds of SCFAs

*2 BIRHAYNEMRRE. EXAR. KMEEMGHR
Table 2 Regression equations, correlation coefficients, linear
ranges and limits of detection of the target compounds

Hix . HXFRE  LMEE KRR
etk
E Q) Nug/kg) Ang/kg)

LR Y=799.01%+50.77 0.9995 125.00~2500.00 25.00

TEZ  Y=2407.83%+98.17 0.9990 12.50~1250.00  2.50

SR Y=5268.73X+30526  0.9960 12.50~1250.00 1.25

CR  Y=20016.92X+468.88 0.9970  2.50~250.00 0.50

TER  Y=14003.28X+123.57 09990  6.25~250.00 1.25

2-HEE TR Y=18927.86X+223.17  0.9985  2.50~250.00 0.25

A4-FSLIGER Y=9152.82X+73.45 0.9980  2.50~250.00 0.50

2-FSLIGER Y=26180.56X+299.42  0.9951  2.50~250.00 0.25

ER  Y=3218.61X+63.50 0.9995 12.50~250.00  2.50

®3 MAREBER B R ELER(n=6)

Table 3 Results of recoveries and precision (n=6)

Hirb &9 TR B/ (ug/kg) [ /% RSDs/%
50 96.3 5.7
2 250 98.4 1.6
1250 99.3 2.5
25 95.6 6.6
5] 125 97.9 3.2
625 97.9 2.7
25 94.7 8.2
5 TR 125 97.9 42
625 100.1 1.4
25 96.8 4.1
TR 75 97.5 4.0
125 100.0 4.4

5516 &
= 3(8)
Hirfb &9 bR/ (ng/kg) /% RSDs/%

5 97.4 7.4
2-HEE TR 25 96.0 6.4
125 99.7 4.4
25 98.7 9.2
iz 75 97.1 6.2
125 98.5 43
5 95.5 9.2
2-HRE R R 25 93.5 9.0
125 96.4 4.4
5 94.2 5.6
4-F IR 25 94.6 6.1
125 952 5.4
5 9.5 9.4
iR 25 92.2 7.0
125 952 5.8

2.3 SERRAEmAE

ISE A S S 57 09 20 A7 053, %0 DAAS St i SR A 114
25 MEUCEER AR A DL T ZA4TH) 2 iUk ke b b i 9
il SCFAs FEATRIN . S5 H IR, 2 HEUCRERFE AL B 4-
FIE A, oAb 8 Fh SCFAs YA K, MBS RILFE
s RIS LR 6, o M R T 2.0 me/kg, NIRA
RS HERT 0.1 mg/kg. T Ir ik RBE R, e B0
Rl A B BRI, IR, TRMCR,
W AT SRR A
120
100
80
60

Wi RO 56 /Yo

40

L 2
20 k

3 4 5 8
8

6 7 9 10 11 12
4 B3 B} 7] /min
Wl 4Wg; 2. IR 3. S THR; 4. THR; 5. 2-H 2 TR,
6. JLER; 7. 2-FILIRER; 8. Ok
Bl 6 AR SEBRERAE M SCEASs A6 45 B 14 s 70k 18

Fig.6 Total ion chromatogram of SCFAs in the typical
odorous salt sample

AWFFEIEST T T2 5 0 [ AR A - (i - B i vk
Kl Er kw9 Tt SCFAs B U5k, DLfl 1 AR AR



557 WA, % TS B8 B AR AR B -SRI RE R v 9 FhE G5 AR Vi R 253
SCFAs 7E— & MM FEE VL Rl N 26 ME R 4, MR R BUK T Science Edition), 2000, 19(4): 301-304.
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