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A Determination Method Based on Gas Chromatography for Analysis of
Short-chain Fatty Acids in Colonic Contents of Piglet*
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ABSTRACT Objective: This study was conducted to establish a more accurate method for analysis the short-chain fatty acids in
colonic contents of piglet using gas chromatography in order to accurately measure the short-chain fatty acid content in the colonic
contents to study the situation of intestinal protein metabolism. Methods: The experiment was conducted with similar weight 21 day
weaned piglets of Duroc X Landrace X Yorkshire hybrid, single bar feeding. After anesthesia bleeding to death, the abdominal cavity
was quickly opened, the end of the colon contents were collected and stored at -80 ‘C . Samples were treated with metaphosphoric acid
and then capillary gas chromatography was used for determination of short-chain fatty acid with a temperature programmed. Results: The
results showed that temperature programmed, 0.8 mL/min of carrier gas flow rate can effectively separate acetic acid, propionic acid,
isobutyric acid, butyric acid, isovaleric acid and pentanoic acid, the recoveries were 93 %~ 113 %, the relative standard deviations were
0.46 % ~ 0.70 % and the variation coefficient is less than 1 %. Conclusions: This method proved to be not only stable, practical, fast and
easy to operate, but also better in repetition and accuracy, and would be an ideal way to determinate the short-chain fatty acids in colonic
contents of piglet.
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Table 1 Concentration of standard sample

Concentration

—

(pgeml") Stock solution S1 S2 S3 S4 S5
Standard sample
Acetic acid 10276 205.52 513.80 1027.60 3082.80 5138.00
Propionic acid 3783 75.66 189.15 378.30 1134.90 1891.50
Isobutyric acid 896 17.92 44.80 89.60 268.80 448.00
Butyric acid 1817 36.34 90.85 181.70 545.10 908.50
Isovaleric acid 469 9.38 2345 46.90 140.70 234.50
Pentanoic acid 881 17.62 44.05 88.10 264.30 440.50
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Fig. 1 Chromatograms of standard solution ( a) and sample ( b)
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Note: From left to right are: acetic acid, propionic acid, isobutyric acid, butyric acid, isovaleric acid and pentanoic acid.
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Table2 Effect of metaphosphoric acid processing time(n=3)

R, SR BN E S R AR e 25 0.75 %o e, T
PR 5 225 AR AR A 0.32 Yoo PRI, vt b 3R i) LA
3h ks

Processing Time(h) Acetic acid Propionic acid Isobutyric acid Butyric acid Isovaleric acid Pentanoic acid
2 32.80% 0.11 11.45% 0.03 5.03% 0.02 7.32+ 0.02 7.63% 0.02 2.96+ 0.01
3 32.89+ 0.07 11.52+ 0.08 4.94% 0.05 7.75+ 0.03 8.98+ 0.05 3.00+ 0.09
4 32.77+ 0.44 11.45% 0.02 5.04% 0.01 7.72+ 0.06 8.85+ 0.04 3.04+ 0.05
5 32.74% 0.05 11.43% 0.05 4.99x 0.08 7.70+ 0.12 8.89+ 0.09 2.95+ 0.06
Relative Standard 02 0.34 0.91 2.6 7.46 1.38

Deviation(% )
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Table 3 Linear equation, correlation coefficient (r2) and detection limit for the volatile fatty acids

Hedhy k) 0,999, KM ER (RSN=3 )}y 0.54~1.38 pg-mL" ,

Linear equation

Correlation coefficient (%)

Detection limit(RSN = 3,

Linear range (ug-mL")

pg-mLY)
Acetic acid y=9.449x+1.628 1.000 4.01~1027.6 1.38
Propionic acid y=0.171x-0.117 1.000 1.48~378.30 0.87
Isobutyric acid y=0.226x-0.053 1.000 0.70~89.60 0.63
Butyric acid y=0.206x-0.023 1.000 0.71~181.70 0.68
Isovaleric acid y=0.230x+0.107 0.999 0.73~46.90 0.57
Pentanoic acid y=0.227x+0.013 0.999 0.69~88.10 0.54

2.4 EESRBEEMNE

ARG TR HC 1 g 50 N AR A, I B SCFA Arife
VAT IR I B, 2SR LR 40 AR i R A
93.63~113.41 % Ji],

TSI T8 FAF T HEAT T 05 DR R 2 B S0 o PR
FOTR 5 b R o T2 S R A 6 U, AR B ] AT T AR Y
RSD. #5171 A G 22 SRS 4 BE TR Pn a2 R AL 20K . &5

R 5,
2.5 HAENER

RIS W E I T A A ™. R

AT H OB AT IR B — 28 SCFA {77 A= B B A& H]
A KBS  EY)R TR TR SRR R Y

AR, SRR AN S T IRKF T 45 v s B RR T R 1Y

T S e i AR Uk R R R B
B2l B HTA FRAARSCHTTE 202 LA RO R4 S e i)
LR B A BRUR  A5 5 TSN AL, 5 A LSRR B A L

HARSMS . ASCE UL TS N P MERR R
FRAINET I AT S & PR AR E I CHE I S %

RHATTENFHEIBIE N A SCFA JETINE o 455 5%

B3 6 R R FRAEA PRI IE N A h S Gl 2 (3 6) .

3 WiE

A K e HE 9 SCFA BYBSCRE M BB TR 4 B4 A
R N i T P A T e ) RV A 4 X R B LR i 1
TR AR A AR , 7T 70008 25 11 6 P e e M s v

SR TEE (GC)ZE & KA S Kl 45 (FID ) 2 73 i

R 2775 o B SR L JRR AN R R A SECSEAE SR AGHI A
it SCRA &4, 22 R R Y TH , A7 AR F AR % A0
H1 T SCFA Gpd5k Mk SEAKVESR , B HTix seqb & Yyxk

R AR E TR BT, X 3 09 A= BRI D) eSS HAT HE24E:

FHP- S v iR A e BEAR e N A e I T X
Hhk B R 1 STORUIR A% e A SE AR IS I W s A 14

BER,— e # %t SCFA HEATAT AR T oA HER AL & W P47
GC iE , (BATA A 2 IR R P, W S8 A B R S B8 28
78RR L N

AT IR FHR M SCFA B 5% , B R LG T IR
R A VE P B S5 e 25 SR 22 [ SE R o B AR R, IR Tt ik
B 3 h 5 s SRR AR CH AR TE IR ZE7E 0.2 %~1.5 %2 (7] ),



REYES#E www.shengwuyixue.com Progressin Modern Biomedicine Voll5 NO.6 FEB.2015

- 1013 -

3 4 AR BB SR ( BB AL : wg-mL")

Table 4 The results of recovery experiment

Added Origin Found Recovery( %)
Acetic acid 5243 533.21% 5.50 586.25+ 5.47 101.16
104.50 640.40% 5.95 102.57
210.05 754.83+ 4.61 105.51
Propionic acid 18.21 133.92+ 2.49 150.97+ 6.85 93.63
35.88 168.73+ 2.89 97.02
72.20 205.61% 4.21 99.29
Isobutyric acid 5.12 31.31% 0.93 36.60% 2.91 103.32
10.81 42.42+ 1.77 102.78
22.42 54.30% 2.77 102.54
Butyric acid 11.99 72.51% 1.00 85.80+ 3.45 110.84
23.96 98.27+ 4.40 107.51
46.61 122.57+ 4.20 107.40
Isovaleric acid 6.04 50.61% 2.74 56.94% 4.19 104.80
11.57 63.63% 3.20 112.53
19.76 73.02% 2.66 113.41
Pentanoic acid 5.03 22.58+ 2.31 27.74% 2.85 102.58
10.46 33.38+ 2.40 103.25
21.58 43.49+ 2.55 96.90
x5 REMEMEERAOBTE(RL:%)
Table 5 Precision of Retention time and Peak Area
Retention Time Peak Area

Acetic acid 0.24

Propionic acid 0.41

Isobutyric acid 0.25

Butyric acid 0.30

Isovaleric acid 0.31

Pentanoic acid 1.32

%6 EEREMRINEL RN : pg-g,n=3)
Table 6 Quantitation of SCFA in colonic contents (ug*g, n=3)

Sample No. Acetic acid Propionic acid Isobutyric acid Butyric acid Isovaleric acid Pentanoic acid
1 486.59 + 2.48 12221+ 2.12 2857+ 1.32 66.17 = 2.99 46.19 = 2.47 20.61 £ 3.16
2 519.27 + 3.89 169.59 = 1.87 3329+ 241 69.52+ 3.24 5425+ 5.14 2645+ 3.35
3 548.25 £ 4.51 140.54 = 2.96 3145+ 297 78.67  4.13 57.81 % 431 25.81% 3.71
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mL") 75 Bl NG 56 R RA, M OC R AR E] 0. 999, Kl fR
(RSN=3)2} 0.54~1.38 ng-mL", A 7AHTAC AT 5L, T 26
93 %~ 113 % , MX PR 2/ T 1 %, B RR2E/NT 1%, 4
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