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Sample preparation techniques for the determination of short-chain organic acids in
coffee samples by the automated solid-phase extractor
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Abstract

The objective of this research was to study sample preparation techniques for reducing interference before analyzing
six types of short-chain organic acids: acetic acid, propionic acid, isobutyric acid, butyric acid, isovaleric acid, and
valeric acid, using gas chromatography (GC) from coffee samples brewed with a moka pot. The sample preparation
used a fivefold dilution of the sample with methanol and deionized (DI) water, then separated the larger particles
using a centrifuge, and cleaned the sample using an automated solid-phase extractor with Sep-ed C18 cartridges at
a loading rate of 0.1 mL/min and sample volume of 5 mL. The results from the study of the physical characteristics of
the samples before and after preparation showed a reduction in particle size from 6.78+4.69 ym to 1.40+0.74 um. The
values for red color intensity, yellow color intensity, and yellowness index decreased, while brightness and whiteness
index increased significantly with a statistical significance at P < 0.05. The method’s usability yields an adequately
broad analytical range, with a linear correlation coefficient (r) > 0.9997. The detection limit was in the range of

2.5-10 mg/L, and the quantification limit was in the range of 5-20 mg/L. The recovery rate ranged from 93.8+3.6%
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to 104.3+1.8% and the reproducibility was in the range of 1.6-4.7%, which was acceptable. Furthermore, the qualitative

analysis using GC-MS identified the area under the graph ranging from 36.4% to 50.4% and the quantitative analysis,

calculated per coffee bean weight, using of GC-FID revealed that the total content of organic acids to be in the range

of 3.08-7.92 g/kg.

Keywords: Automate solid phase extractor, Short-chain fatty acids, coffee, gas chromatograph
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Figure 1 (A) Roasted coffee beans extraction
with a moka pot (B) Sample preparation espresso
coffee with auto SPE
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Figure 2 Chromatogram of a mixture of
organic acids under optimization GC-FID
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Figure 3 Comparison of the extraction recovery using
(A) SPE Types (B) Loading flow rate
(C) Sample volume (n=3)
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feasmsmiswadlafisuiunaumaeion PUABHNNA
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Figure 4 Comparison of LPSA measurements in
different particle size ( ) before and ( ) after
sample preparation espresso coffee
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RRILAILULFAIAIAINNVIININAINAIDENIRUNNTLATLN
LRAIDINITAARIVBIRNTBUNIOTUNINA LAT99 LU s
NITUIUNNTLATONAIDENT A1 a* NITIRUAFTLAINTD
#3072 i b* lEnuadndeariafindu 61 YI [D65/10]
A8 ANATRANNLARDY B FNNZLARIRLAALRY D65
LLazquuaaﬁfﬁmmmirﬁ 10 89AN HANINAFOUNS 3 1338

A o o ' [ a A < A

Aldvasaiaginainsiasouazdana U duiuaduas
VA0 ATHANUARBINDLNINAIDENINDUNITLATLNLAZ
a ' aa 1 A o o s d' =
JanuuandransaiaedalnedIamn P < 0.05 ugaIN
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wilaslunafganiuuasldd agludnmidasnidiadng
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(A)

(B)

Figure 5 Comparison of Stereo microscope (A) before and
(B) after sample preparation coffee

Table 1 L*a*b* WI * YI Color values obtained from before and after sample preparation (n=5)
Sample Prep. Before After
L* 22.8+0.0° 23.2+0.0°
a* 3.5£0.0° 1.1£0.0°
b* 4.30.0° 0.2£0.0°
wi -50.2+0.4° 1.68+0.2°
Yl 30.1£0.2° 3.4£0.1°

*=different letters indicate statistically significant differences (p<0.05) within the same row by t-test
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4. wansansanalnlavasis

NANIAN BTN UL FUATIVEINTIADB S
n3a8uNIEs 6 Tila (Table 2) nIaduwndnnaTsznay
LEAIRNENU T AN T ENFNNHELFILAUAT (1) 71beran
TUsunsa Chem station AtdumandurIse1uImms
MIIez¥uesAIes GC (Agilent, 2009) agjlmi’m
0.99972-0.99999 6’1’%\‘1agjlummﬁmmau%’uﬁaﬁamﬂmfﬁ
0.99 LN UNN1TENTLEN9B9289 AOAC (AOAC, 2002)
waznIRduN3ET 6 Tilaldramsinneifinte Semn
FMUIHANTIATZRANRITDITN AN D0 6 9 1de79
MIIAVBIIDABNTABTANNTIVANNLTNTY 0.4-200 g/kg
nsalwsAlafnigisanuduty 0.2-100 gkg LaznIa
lolofafisn nsada9isn nsalelaniaedn waznsaniaesn
fit9nnaududn 0.1-100 gkg TefienRasnadomsldom

Natnaree Rattanakunsong, Kantida Kongtan, Pisamai Pinsrithong,
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gmsullumsiiensfanudutuusinadunsdnims
F89ulwIIE IUNIWISTINTINA oI B93589
nimazdanfinrianululsdaduszandmdasnii 5
e 70 g/kg U (Yeager et al., 2021) WAZANNATANEA
mmL?TaJ“}Tm'ilﬂq@ﬁlﬁé’tyzy'lmmaamseiaé’tgtymﬁumu
(S/N) Innwsawinty 3 uaz 10 Waldlumsdiwim
@1 LOD uar LOQ @Mu81au (Table 2) Laz@wInh
MIATNzRIaATaNRITe T sAn lude 6 azlaen
LOD uaz LOQ ¢aininalagny vadniaasdanivinny
0.2 glkg U8z 0.4 gkg n3alwsAlafnfiflenvindu 0.1 gikg
Waz 0.2 g/kg MUAG LAzNIABUNIE 4 Tha Adwvinny
0.05 glkg waz 0.1 glkg ANEIGY DIRLINFIWIL
asaiansaduridludmainaimuneaufiiimeneam
fawnii (Rune et al., 2023)

Table 2  Analytical performance of the method for the determination of SCFAs (n=3)
No. RT (min) SCFAs Linearlty Calibration curve R LoD Loa
(mg/L) (mg/L) (mg/L)
1 6.51 Acetic acid 20-10,000 y=2.82x-115.17 0.99999 10 20
2 712 Propionic acid 10-5,000 y=5.35x-89.19 0.99990 5 10
3 7.34 Isobutyric acid 5-5,000 y=5.35x-94.57 0.99991 25 5
4 7.88 Butyric acid 5-5,000 y=5.80x-107.12 0.99990 25 5
5 8.27 Isovaleric acid 5-5,000 y=6.63x-182.56 0.99972 25 5
6 9.00 Valeric acid 5-5,000 y=6.54x-158.65 0.99979 25 5

nmadszfinanuuwsinlugduuy %RR uaz
mwmﬁmlugmmu %RSD maumsmmgmﬁ?}mﬂﬁ
Tusogn (§reg197 5) wazshlUafauszuonaznan
Aaunasan nniulUvienuazenadisiaies Auto SPE
(Figure 1(B)) WRAIAIAMNLINLBINTIaUBIIFAANT
1961 %RR (Table 3) Aldwasis 6 M3Usznavdaase
Level 1 373 95.3 + 4.7 09 104.3 + 1.8 LAY Level 2
779 93.8 + 3.6 B9 97.7 + 2.1 wanlaliTanuuanens
9sdan P > 0.05 I@ﬂﬁmwmﬁﬂﬂugmmu %RSD
28974 6 M5UszNaw Level 1 a%isl,umﬁaﬂaz 2.0-4.6 Level

2 aglugaeaunz 1.6-4.7 FeonuailauaasliiAungs
33113150979 LENAZNEN LATNAINNRZENAAIBLATEY
Auto SPE fiviaua °ﬁ';m@mm@m&mﬂmmﬂlmﬁmﬁ]
aq@é’u"l,muai‘%%aﬂaﬁmi NANATAIAITTUNIBINNAT
Maenly uwszuaasliifinainuusinuazanufiosna
lunisdarzd dldlduanisianziegluinmat
MI8au5UE1989971N AOAC TaaMauain (%RR) ag’h
F195088z 90-107 uazilananfins (%RSD) ounii 5.3
fisrduanududuilddinm 100 mgiL (AOAC, 2016)
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Table 3  Accuracy (% RR) and precision (% RSD) of sample preparation for determination of SCFAs (n=2)
Level 1 Level 2
SCFAs
%RR * SD %RSD %RR * SD %RSD
Acetic acid 953+ 4.7" 2.0 96.7 £ 2.5% 2.3
Propionic acid 104.3 +1.8" 45 97.7 £ 2.1% 47
Isobutyric acid 99.7 + 3.4™° 3.8 96.7 + 4.3° 1.6
Butyric acid 96.9 + 3.3" 46 94.3 + 2.0 3.2
Isovaleric acid 955+ 4.0 3.4 96.2 +2.1* 3.9
Valeric acid 97.0+ 16" 35 93.8 + 3.6” 4.1

Different numbers and superscript letters for %RR indicate statistically significant differences (p < 0.05)

within columns (compounds) and rows (concentrations) as determined by ANOVA and t-test respectively.

5. HANNIMSANBGI RN ERR

MIANINEIY GC-MS Ui Table 4 :ndaya
waasliAninaanunaians 5 Svedlosdisznaunan
ﬁmmsm:qmﬁﬂmsﬂs:ﬂauvl,ﬁmﬁauﬁ'u flansaasdan
Allumslsasenlunun (Yeager et al., 2023) uaaslu
gﬂLL‘UULiJmﬂ%mﬁuﬁiﬁﬂﬁwLfimﬁﬂuﬁ'usluu@ia:ﬁaafha
AollFaRIuIosaz 27.1-34.3 %am:ﬁuﬁiﬁnmvxlguﬂuﬁuﬁu
#asfa iWaiWIauaanazed (2-Furanmethanol) #Afw
Yauaz 10.3-23.9 lasidusslisson wmiudon lngd
fwnannluniunmdnfisnaszaunans (Cerny et al., 2021)

Lm:wmﬁﬂmwwznajunmﬁuw‘%ﬁ%vlﬁé'@shui”aﬂazﬁuﬁ
léns sy 36.4-50.4 uaﬂmnﬁmmmnmmﬁ@mju
817U3TNaUBUNIEVING 5 A8t 1INANEN miwﬁmnwu
a o Qs v =1 1 a a 6 0 A

Susanuaauanliesfa NFUNIABWNIS NFUAITY

A LA o o & A o A

nquﬂi‘ﬂu uaz nguAuea fasInTauazAunlanwiade
AWUfa 41.0 £ 5.6,21.3+55, 91+ 28 uaz 1.1 £ 0.5
AMUEAL LRI AR INIT N TLATINAIB IR ENNIID
aﬁ'@m@'ém’%ﬂﬁg@q@aa@ﬂﬁaomuﬁmﬁizaoﬁmﬁLﬂi’]z‘vi‘
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Table 4  Qualitative chemical components of the extract coffees with GC-MS
RT Area %
No. Compound Name Groups CAS#
(min) sS1 s2 s3 s4 S5
1 5.62 2-Propanone, 1-hydroxy- Ketone 116-09-6 8.8 2.8 2.7 10.3 4.6
2 6.58 Acetic acid Acid 64-19-7 343 288 271 28.7 3041
3 6.68 2-Propanone, 1-(acetyloxy)- Ketone 592-20-1 nf 3.9 nf nf 24
4 6.76 2-furan-carboxaldehyde Furan 98-01-1 21 2.8 3.1 5.4 22
5 7.10 Ethanone, 1-(2-furanyl)- Furan 1192-62-7 nf 0.4 0.4 0.2 0.4
6 7.14 Formic acid Acid 64-18-6 3.3 nf nf 25 25
7 7.25 Propionic acid Acid 79-09-4 4.6 4.2 4.1 44 4.2
8 7.50 Isobutyric acid Acid 79-31-2 3.1 0.9 0.8 nf nf
9 7.69 2-Furancarboxaldehyde, 5-methyl- Furan 620-02-0 0.9 0.7 0.4 3.0 1.2
10  8.07 Butyric acid Acid 107-92-6 0.7 1.1 1.0 nf 1.3
11 8.37 2-Furanmethanol Furan 98-00-0 10.3 23.9 216 12.1 16.5
12 849 Isovaleric acid Acid 503-74-2 1.7 3.1 27 2.0 20
13 9.26 Valeric acid Acid 109-52-4 2.7 1.0 0.8 nf 1.4
14 9.74 1,2-Cyclopentanedione Ketone 3008-40-0 1.4 1.3 1.4 1.4 1.8
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Table 4  Qualitative chemical components of the extract coffees with GC-MS (cont.)
RT Area %
No. i Compound Name Groups CAS#
(min) s1 s2 s3 sS4 S5
15 10.51 2-Cyclopenten-1-one, 2-hydroxy-3-methyl- Ketone 80-71-7 nf 0.7 0.8 0.8 0.6
16 10.98 Phenol, 2-methoxy- Phenol 90-05-1 0.7 1.5 1.4 1.6 0.5
Note: The compounds were identified by using of Wiley10&NIST14 libraries, with a match score > 70%, nf=Not found
Table 5 Organic acid found in different coffee samples and their concentrations (g/kg)
Organic acid concentrations (g/kg)
No. Compounds
s1 S2 S3 sS4 S5
1 Acetic acid 6.54 + 0.34 3.08 +0.13 2.76 £ 0.14 2.63 +£0.13 3.88 +0.12
2 Propionic acid 0.53 £ 0.02 0.31 £ 0.00 0.30 + 0.01 0.31 £ 0.02 0.34 + 0.07
3 Isobutyric acid 0.28 £ 0.01 0.15 £ 0.01 0.14 £ 0.01 nd nd
4 Butyric acid 0.16 % 0.01 0.18 + 0.00 0.16 + 0.01 nd 0.24 + 0.01
5 Isovaleric acid 0.16 £ 0.01 0.24 £ 0.01 0.21 £ 0.00 0.15 £ 0.01 0.18 £ 0.01
6  Valeric acid 0.25 £ 0.01 0.16 £ 0.01 0.13 £ 0.01 nd 0.16 £ 0.02

Note: nd=not detectable, Vd‘s=25 mL, VSa e=5 mL, Vwa‘er=0.12 L,=0.03 kg

-
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