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FAs Wy m ARG . A0 58 L PCF R AT A5 . 45 &
HS-SPME , # 57 3 5 PN 17 A= -T2 38 A Ao 2 B0 A
38 5 2 T R B S b il 2 SCFAs 19 5E , LA
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1.1 #HR5iRFH

K ERFE M iy A v Al R 2 52 56 3h i s 4t

LR N TR TR 7M. . C R,
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AR B 7 BN #] 5 1E P B ML RE (A3 Ar 4l F g [
24 AR 2R A BR S | 5 R 2tk

i 2l K BE ) SCF As 1RAA bR A% 4 1R W,
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W T 4 °C,

12 NFE5iEHE

SP-7890 #Y S AH 8,115 4% (T & M 2+ fh ks il
8 FID) o 111 25 6 B B 0 Ak T4 BR 23 1 5 N2000 63
TAES, WL R =R A E B TREAMR A A SE54 £
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1 min,%RJ5 A 5 °C/min J+ & 120 °C, A 10 °C/min
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B 1.1 g FES B M. A NaOH %M 47 pH 18
K8 AKWIMA 100 pL MEBE ,300 L THEEFT 100 pL
PCF, i€ 2 min #4707 4. ATA 2 585, n A 3R 1R
VW pH (E R 3.8 TE RN P T bR
33 1 000 r/min, & E 60 °C, R H OH-TSO-BMA-
DVB # Bk A B 30 min, S8 J5 BUH 2 Bk T 280 °C
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RO,

HL—80 °C VRAFRYZSME, LU AL 1L 1+ 4
AMALK (F 10 pg/mL § 2-H BB AE b AR
5138 10 min, A — 28 & BE 1Y TR & b 1 TR g TR
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SCFAs e B . >R HI N AR AR HE I A TH 30 5
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Fig.1 Schematic representation of derivatization of SCFAs with PCF
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below.
B2 fTEHEHATXXEE IS SCFAs iTEMR M
Fig.2 The effect of different auxiliary methods on the

derivatization of free SCFAs in rat feces
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Fig.3 The effect of pH on the derivatization

of free SCFAs in feces
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Fig.4 The effect of pyridine addition on the

derivatization of free SCFAs in feces
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Fig.5 The effect of propanol addition on the

B 5

derivatization of free SCFAs in feces
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Fig.6 The effect of propylchloroformate addition on

the derivatization of free SCFAs in feces
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Fig.7 The effect of temperature on the extraction of

the SCFAs derivatives in feces
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Fig.8 The effect of extraction time on the extraction

of the SCFAs derivatives in feces
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M AEBCE R Mok A AR 2, M & 9l b
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I IFAEEE N 1 000 r/min B 3k 31 5% 4 A Bk
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Fig.9 The effect of rotating speed on the extraction

of the SCFAs derivatives in feces

DOpH. pH X ik ) i fl SPME [ 5% i & A
. & 10 kel T AT A J5 R R 9 pH X SCFASs fit
AV AR R, A5 A 58 URR R pH &2 55 1R
PELFE 419 247l A — 8 W EE 9 NaOH %)
o HCl W TR R pH, & 324 pH N 3.46 I, 3%
JEX AT A R A BOC R eE. Y pH /N T EHE K
T 3.46 BF AT AW 0 25 U W] 0 R R AT RE R pH
AR B v 4 5 8 SCF As A A= Wy i K fit , 585 S04
A= YDA I L L S A
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- |
-2
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g N
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<
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Fig.10 The effect of pH on the extraction of the

SCFAs derivatives in feces

23 FHEBIEEM

A8 R B A S8 MU P 8 I AS [R] B 1) SCF As
TR G PR TR S N b 7 e A AT 2B 2% 12 0 T 25 [T AH
TR IR A ar S0 HY R TR IR A3 A - T s (1A (2
BRSO B A I 7 2 25 2R LR 1. 7 Ff SCFAs 1Y
LM B Y, g REC R KT 0.99, @t Jr ik
19 LOD 7£ 0.133~0.420 pmol/kg,LOQ 7E 0.444~
1.400 pmol/kg, %42 5 Y T 52 1050 (14 AH X A v i 22
(relative standard deviation, RSD) 7 7. 63% ~

12.84% .
Rl THESENBNEMEER RERY.
MR EERMBEE
Table 1 Linear linearities, coefficients of determination,

LOD,LOQ and precision of 7 kinds of SCFAs

L b i/

i il /) v KB/ EmR/ xR
Iy 25 2 ) i
i 17 1 N w8 ZH (umol/kg) (umol/kg) Wi/ %
_inear
SCFAs R? LOD LOQ RSD
range
7 10~
Zﬁ& . 0.994 7 0.420 1.400 8.57
Acetic acid 5 000
7 10~
Wﬁa . 0.997 7 0.364 1.212 7.63
Propionic acid 5 000
T R 0.1~
)E"TM . _ 0.996 5 0.345 1.151 8.79
Isobutyric acid 500
7 10~
Tﬁﬂ . 0.993 3 0.199 0.662 12.16
Butyric acid 5 000
¢ iR 0.1~
E‘)—Eﬁ& R _ 0.992 8 0.177 0.591 12.84
Isovaleric acid 500
'Rz 0.1~
Jk& . _ 0.994 5 0.145 0.482 10.32
Valeric acid 500
o 0.1~
Sl 0.998 6 0.133 0.444 10.45

Caproic acid 500

Bl ML S AR R RSS2 Ry sy ik s b &
B RS TR TR 5 0GR L R R O R )
I35 12.51.6.26.,0.36,1.80,0.35,0.17 #1 0.61
pmol/g,

Tl RE i PO N e P AR 3 R B TR A A
VW VE B b LR DS UE T 2% 10 o B 1 L 45
W 2 FroR . 53 R A O 1R A A1 o B8 b [ g =%
AR AL, % J7 35 0 bR Tl R R AR 65, 429 ~
117.69% ,RSD=<C11.60 %, Ut B 1% J7 ¥ 19 I 1 B 0
K& . MR T1TA R 1B Al . % 7 3 BT 5
BREE S AN BRRE & CBE D SCFAs B In i 21k 500
pg/g) M, 7 F SCFAs 1E AT 4 51 T . A 4E
SRR A G i (R A Oy T e, YA AT A R e 4 R B
SRR S NG AT AW 53 B8 BE AT R S X AT A
G 3 5 )
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Table 2 Recovery and precision of the proposed method

_ " Jings K-/ AR X B
55 4 1 R " Il i % / %
. (pg/g) W2/ %
SCFAs o Recovery )
Spiking levels RSD
7. %9.00 94.17 2.?5
Acetic acid 2 500.00 107.07 5.56
5 000.00 97.32 4.56
N 10.00 93.43 1.91
5]
Propioni . 2 500.00 98.25 11.60
ropionic acid
5 000.00 100.16 3.79
. 0.10 97.69 1.13
TR ~ ~
Isobutyric acid 250.00 109.69 6.78
500.00 97.24 4.83
" 10.00 80.67 11.06
m 25 52 2
Butyric acid 500.00 106.5 8.0
5 000.00 97.19 6.24
N 0.10 65.42 11.11
S ’
. . 250.00 90.61 8.16
Isovaleric acid
500.00 102.04 11.58
- 0.10 82.07 4.81
R ; '
Valeric acid 250.00 117.69 5.38
500.00 97.55 8.49
0.10 75.50 6.41
o 5.5
< . . 250.00 116.12 4.96
Caproic acid
500.00 97.66 5.51
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30p
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10F

1 % {/mV Response value

\

i
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910r
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410F
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110F

1 % {/mV Response value

1oy

12 34 5 6 7 8 0101112

B i1)/min Time

13

IS: WhRY) 2-H 3£ %2 . 1S:Internal standard 2-methyl valeric acid.

& 11

[N [8)/min Time

KR ZEFEH SCFAs iT &4 (A)F0
ER KR ZEFE SCFAs iTE Y (B) S HEEIEE

Fig.11 Gas chromatograms of derivatives of SCFAs

in rat feces (A) and spiked rat feces (B)
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AWFFE LA PCF b A5 A i), g 57 7 A7 4E fe-T
25 [T AR A A B ORE 8 3i% 12k 43 B R B ZE i v i e
BERRTER . PR 3 W, ARXT T HLA B SPME i,
A7 2B A -V £ B (liquid-liquid extraction, LLE)-H
P AR e LLE- B B b ARk S 5 i, AR
D7k BLAS B TR B VDG B RS A R BUE S
LR, TR A Ty R B T N AT AL 45 A HS-
SPME #4175 82 2 W, A 2> 17 KA HLL 5 i
it S AE 43 B R M B P AT AR W R BRI T 2
ST AR IR R B S A B E . Ak A T IR XA AR
BUOR AN R GC-FID # £ H) AT 35 12 2% 4 b SC-
FAs Ml &5 K .

FEA 7k T Bl BIL W 4 1 K B A b SCF A
FRE I AR R R NIRRT R T R R IR
RO R Y A B R 12.51.6.26.0.36.1.80,
0.35.0.17 1 0.61 pmol/g, T Fiorini ST KRR
FEAE o I A bR Y B R [ 4 i) o 58. 99
(27.31~108.12) ,8.93(4.44~15.58) ,2.43(1.45~
4.20),1.43(0.91~2.18),0.41(0.26 ~0.62).,0.67
(0.42~1.07) 1 0.39(0.26 ~0.60) pmol/g; Scor-
tichini % 7E KU E ool 45 F 3R ) T & i Kl
Rl 43 9 4 135.00(118.10~161.60),15.70(13.30~
19.40),1.80(1.00~2.20),34.90(26.00~47.80) .
2.00(1.60~2.20),2.50(1.70~2.90) l 2.30(1.40~
3.10) pmol/g,3 F 7 ik BT 15 45 R AH 22 AR K, i A
I A5 59 45 S 5 Florini 25857 il 45 S %5 b 4% 3T, 5
WAFAE 25 5, 3K 7] e 2 FF il R IR AS [R] 3 Bl 17 HLAE
i WSCE RAE T IE A 25 0 B I

WIR R AL W A NFEEh R NIRRT
i 5 TR S DGR L I R R R A S 38 R B 43 3 Ry
40,15,13,2,2.5.2.0 A1 0.5 mmol/kg Z&fEH"", {5 W
ST ST ) 5 VR RE 8 0 A N S FE M b SCEFAs 1Y A6 I
ok o AT A MW AR A 2SS AR YRR
SCFAs 11 72 B2 Rz 2t S, A6 5 g IR0 4 A
25 H A B B Y SCEFAs il Jy kst
AHEE s & A J7 ¥ 75 W 2 1 it SCF A's 1 A6
TR A AT B — DR A LA MW A
RS S/ = S A i MBS N [ 7
ZUEE Y RE S 1) SCFAs JE &8 /& I W #2 4 7 2
ZHE
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Determination of free short-chain fatty acids in rat feces by derivatization-
headspace solid-phase microextraction-gas chromatography

ZHANG Xiaowei, SUN Xin, LI Xiujuan,PAN Siyi

College of Food Science and Technology » Huazhong Agricultural University sWuhan 430070 ,China

Abstract Short chain fatty acids (SCFAs) are important metabolites of gut microbiota,and are cur-
rently important media and approaches for studying gut microbiota, diagnosing and treating intestinal
diseases and metabolic diseases. Feces are closely related to the intestine,and the types and abundance of
fecal SCFAs can sensitively reflect the changes in the intestinal microenvironment and gut microbiota. It
is currently one of the most widely studied biological samples for SCFAs. However, SCFAs are highly
polar,volatile,low in content and complex biological matrix, which makes the accurate quantification of
SCFAs have great troubles and challenges. Therefore,the establishment of a detection method with sim-
ple operation, high sensitivity and low cost of analysis is of great significance for analyzing SCFAs in fe-
ces. In order to be more suitable for the trace detection of SCFAs in biological samples, propyl chlorofor-
mate was used as the derivatization reagent,combined with head space-solid phase microextraction (HS-
SPME) technology for the analysis of SCFAs in rat feces. The conditions were optimized. The derivatiza-
tion conditions were pH 8.0,300 pL. propanol,100 pl. pyridine, 100 pl. propyl chloroformate and vortex
derivatization for 2 min. The conditions of HS-SPME were pH 3.46, extraction temperature 50 C, ex-
traction time 40 min and stirring speed 1 000 r/min. Under optimized conditions,a derivatization HS-
SPME-GC method for analyzing free SCFAs in rat feces was established. The LOD and LOQ of the
method established were between 0.133-0.420 pmol/kg and 0.444-1.400 pmol/kg, far lower than the
LOD and LOQ of the method in the literature. The linear relationship was good (R*>>0.99). The accura-
cy was high,the recovery rate of standard addition was between 65.42% and 117.69% ,and the RSD was
lower than 11.60%. The method is simple, fast, sensitive and low in cost,and can fully meet the needs
for trace detection of short-chain fatty acids in feces. It will provide new technical support and reference
for trace analysis of SCFAs in complex biological samples including blood and tissue as well.

Keywords rat feces; short chain fatty acids; propylchloroformate; in matrix derivatization; solid-

phase microextraction; gas chromatography
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