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Abstract

Butyric acid is an important analyte in gut microbial metabolism, quality assessment of
fermented foods, biomarker analysis, and process monitoring. However, the analytical
difficulty and the optimal methodology vary significantly depending on the
physicochemical properties of the sample and the complexity of its matrix. In this review,
we provide a comparative analysis of GC, GC-MS, HPLC, and LC-MS-based techniques
for the determination of butyric acid across biological, food/fermentation, and
process/environmental matrices. with a focus on biological samples, food and
fermentation samples. GC and GC-MS have served as the fundamental pillars for volatile
fatty acid analysis, providing high resolution, precise quantification, and reliability for
routine analysis. In contrast, While HPLC and LC-MS platforms offer scalability for
complex matrices and low-concentration samples, they require derivatization, higher
instrument costs, and technical expertise for operation. For biological samples such as
feces, blood, urine, and saliva, detection sensitivity and matrix removal efficiency
emerged as the primary factors for method selection, whereas repeatability and
throughput were the decisive criteria for food and fermentation samples, such as dairy
products and broth. In conclusion, the selection of a butyric acid analysis method should
be based on a comprehensive evaluation of sample characteristics, analytical objectives,
throughput, cost, and reproducibility, rather than the perceived superiority of a single
technique.
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9] A2 4%} 718 £t of} Sk wjAEo] FEsaL
= 0 o] A ufo] 7 ZH}lo]-2(gut microbiome)2]
AAAolcHAlali and Shori, 2026). Y ufo]3ZHlo] 9] X
7HA] A7te tiA 2 I T1E, WA, - E52 B8 A
A 28 (gut-bain axis), A P 1A 5 Y] 147 Adlo]
AH 593 G| disf Y5l PHValencia er al, 2025). &
5] A nfo]AzZHlo|E9] 7|54 7Hl= nE 1L AR ofy
2}, Aol 52 Edliote] sk tiAMFE(metabolites)©]
8% 92 e S FES 287t AtKZeng er al,
2025, Rahman et al, 2023). F v]A4=o] 9o A== o
St AR 5 DX Kshort-chain fatty acids, SCFAs)}<
S50} n g 7 AJSAgo] d4l mi7iA| 2 A-8]ttiFacchin et
al, 2024; Koh et al, 2016; Rahman et al, 2023). 2154
T FE 24 Hbutyric acid)} P AAI2Y] YRFAQ v A
o2 gy Hnt ofe, 5 A8y A Vs et anE
3ok QAR A A thFacchin et al, 2024; Valencia et
al, 2025; Xiong et al, 2022). A t|BE EF4FL vgh &
o, A58 G A 1 EIA 4 Akt DHsH o] it
= AMdo] BISA|HA RE|2AF e 83 ZEHP|QEA
AT dd 9ot A= N: dor FAsia Qlth
(Acevedo-Roméan et al, 2024; Jagodic er al, 2025; Shen er
al, 2025).

FE 24K A4l 7heul A= AU nE tAL 55114
£ AL, A5 2 dA A IoHA ddd 8 244
wolc}. tiR, @7, E4, A5, W 24 5 BAA| R4 FE
24t e U8 E AEY A AHE T 5 len, &9
7 Al tiArde, X5 dgiake] #R/do] RHEH o R A of
tHCzarnowski et al, 2024; Hatanaka er al, 2022). W
nAEe] o3t e 24 Y 582 ©ed] B F9] 0
ol&stA] grom i W pH, 7149 7H843, Ash S A fiet
n|8E k9] A o8t -2 =235k ggo] wet 4
AsHA 2Z@EHRaba er al, 2021; Van-Wehle and Vital,
2024). E3L 7149 SR 294 2L FEHEAS it &
of 21449l 9&-& u|ZIcHTeichmann and Cockburn, 2021).
o S g e R ek A AR, olsd, gY
T 5%t ASAQ FEEA B48E fEdks 583 7]
A= 283 HKovacs et al, 2025; Puhlmann et al., 2024).
E3h AE 9 IR FoplAk RE2ARE 5 tAR} 71E 24
o e B AEEA F4 et 34 o] €88t Brindle
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et al, 2016; Kumar er al, 2025).

ZPAAERETHY(GC) 2 PRI EvE o] - A gAY
(GC-MS)2 A E= RARE B0l 3 Hglo] 7hsdt
SghEe] £ 9 54 fIet d4lAel 74 EEeR de &
=)o) $tthGarcia-Villalba er al, 2012; Gu et al, 2021;
Kim et al, 2022; Zhao et al, 2006). GCE ¥ £2|%53} u}
£ 24 §5E Alstal, AgREARMS)ol AlFsks gt &
AEe} =2 e A 2 A 24 2] AFdS gHst
=d 244 gQlog -83itt Es| AEAL I, vt A
E4oM= GC-MSE ol&3 A9 840 B FdEt
(Wang et al., 2020).

FE 24 B4 AR §30 wet o R 28o] Basit=
Zo| d75 B8 21E T QUkjiang er a/, 2016; Kim et al,
2022). BAANROME W Tt =2 MEYA B4 dizo]
uize, Aed, 31480] 95(Gu er al, 2021; Kim er al,
2022), AE-HE AmoAE HE FAE 7 Bejet 24 AR
(fingerprint) 7%°] $831H(Jiang et al, 2016). ¥ A
o 2 WY Aae 4RI} A &4 24 tiZol HA] B4
o] Aol 583+ FFZ vIXH(Foote, 2022), 11 E= §HIg
Ags skl & a8o] d4lo] HrkWang er al, 2020;
Zhao er al, 2006). °|AY Y3t FE 202t BjEZ A
ute} 24 EAo] geprlvks Ho| sl )JtHCzarnowski
et al., 2024; Kim et al, 2019; Kim er al., 2022; Zhao et
al, 2006).

ol & AtoA= FEEA 40 E8E= IREIHYE
7|90 = sl= 8 FAH AT S AR RFEE st
I HWeke o ok 53] BANXE, A HaAE, 54 -SHAl
55 SHOoE AXY R, vAE, AW, A, 1549 7t
573, H& 2 @ 842 dESIL B4 A%l disl =25t

A} e,

GC2F GC-MSe 34 E= W0 A%t 7kt sRkEY £
219t TS 9t A B4 ZAHF 02 A ot YrhTable 1).
GC9 GC-MS EAH9] e ot A& 45 Tl XA
o, B3 E3HEolA Y] el I AETAE W] A%t
714 o7 olojA Yt} EFH 249 GC-GCxGC-MS,
224 B2 9] 7HE GC-MS, 12 GC-MS, Py(pyrolyzer)-GC-MS,
123 GC-MS/MSet 22 ¥y 7| s, Ae, B &
of wizket B4 tigt d-e2& =o17] ol WHs HrHAmirav
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et al., 2008; Buckley er al,, 1999; Vos et al, 2002). ©]2{gt
S5 GC-MS7t @ ARlep | Hot Alg B4 whet TRt |
Fo| 7Fset 24 EEolP= M-S HojEth

FE|Z2A B2 A2 A 59 E83iehd B4 e Aeid
o RE|2ARS Sdo] =l AREAL 7RRAAbelE: B4 7HA
GCE o]-&3t 24 o] RE|2Al A+ 27|15 E bzl 24
Ho = to] &8 ErtHBarnett and Duncan, 1953). ©]of GC
o} GC-MSe A== &4 Attt 93k Eefs= Alsshd GC=
GC-MSol| H]sf a4 ehegt HES AL RE|2AF SE7F A
o7 w2 Mg A, AA 43}, GC-MS &, A4
9, A8}, & guj| 7A, SPE, R&Ast 50] MZ AW
o] ZYE|H £ AJ7to] HEE| 1 AAZE = (Jiang er
al, 2025; Kim et al, 2019; Zhao et al., 2006). FE]ZAR>
HIF2A] Aol wES 12 FE7F BT 4 qlo] HE
oA ESh} A} T2 FEARE 5ot B4l ARE I §
tHGu et al, 2021). fF=Alshe 4= Qe T A2 &
UAIRE AA ] B, vk HAE, QY 7k, 1Ea B4 Az
71 BRIt ol BHE HYsl] Ao st gl &
AT AR Y QIEHKim er al, 2022). 3t B3 vjEY

—

Table 1. Summary of analytical methods for butyric acid

2oA= T2 FR, GEG) ARg, 91 7Hdo] EAIE doA T
GC-MSEto 2= JH3HA] g2 ARk Atk &2 AFE52 °]
3 AE E017] 93l F 7HA FeE E47]s0] WAk
o}, stEfojet £ AHdS SHdel Ett S si4
o= Wt 1A AL, tlolE AP, Al B4 ZYUYAE I
3lsl= Wik |thBorgsmiiller et a/, 2019). 124 A& §30]
oi§- TheFolal, EE3kE Wl AL BES, AA| 88 #opd
2|4 2700] Aolsithz A2 ko & sidsfop & Aot o]
o FAPL AR B AR 5 FEEA BAHORE o]
7FsT Ao wEnh

)
tlo
Hir x0 W

i

I

LC-MS 7|4t 24

HAAZoEE Tefju-AFEALC-M)T I AEA
(HRMS)2 £33 A =, &3 A=, A5, s, 9 A=
NA A B/3- 452 sBdhe B4 58& ASeUthTable 1).
E£3], UHPLC-HRMS, LC-HRMS/MS, LC-MS/MS+= g&9] &
2o} et A% 54 52 deote] 1ol w2 MEZ AN
= w2 A AFEE AT, 24 2430 BB 24 5

Analytical method Main advantages

Main limitations

Suitable sample types /

o References
situations

Excellent separation of
volatile fatty acids and

Unmodified butyric acid may
show unstable retention and

Amirav et al., 2008;

Feces, fermentation broths, Wang et al,, 2020;

GC 1 GC-MS high quantitative peak shape; derivatization is dairy przio(j;c:ixtvuorfgle fatty Gu et al,, 2021,
reproducibility often needed Lewis et al., 1967
Flexible for diverse
. . Butyric acid has weak UV Organic acid profiling, food L )
HPLC matrices and applicable to absorbance, so detector choice matrices, selected biological Chen and Lifschitz, 1989,

non-volatile or thermally
labile compounds

and derivatization are critical

De Baere et al., 2013
samples

High selectivity in

complex matrices and High instrument cost, operational
complexity, and ionization-related
issues for small molecules

LC-MS/MS / HRMS strong capability for
low-level simultaneous

analysis

Chen et al., 2021;
Mosen et al., 2021

Plasma, urine, complex foods,
high-precision analysis

Improves sensitivity,
selectivity, and detection
stability

Derivatization-based
methods

Adds time to sample preparation Low-concentration butyric acid
and increases
reagent-dependent variability

Gu et al., 2021;
Jiang et al., 2025;
Kim et al., 2019

and samples difficult to
analyze directly

Reduces matrix
interference by isolating
volatile components
effectively

Headspace /
distillation-based
approaches

Additional preparation steps are
required, and recovery must be
controlled

Feces, foods, fermentation
samples, volatile-rich matrices

Cruwys et al., 2002
Park et al., 2026

Curr. Top. Lact. Acid Bact. Probiotics 2026;12(1): | 51



&
(&
it
\%,

% s/
\Q{susgy

28 H9E He o

LC-MS/HRMS9] 71 & -2 B35t AlmollA THiEds &
gotal, W& A BAT 4 Atk o] Qlof o] A+l
A AR, A, Y, 5, AR, 23 AlEe] Hisl LC-HRMS/MS
E= LC-MS/MS7L =2 Adga} & A= g Aty 21
51 QItHChen er al, 2021). 3] 1 I3
A - FEFA7E B2 AlEoME Eolsat it A7 JEE
B9l 3HE 5749 AT E EHVenter et al, 2018). ] 7
e ABAQ1 HARHolL T XS 79t HEHo] ZH= WAkt
<, BB, B 1 JE S ZAIE BYsial Qlot. o,
Hepol&, 21, thapAof] TRE Thfet AtolA LC-MS 714 M
2 B33 BESH WEg AN Tkt SRIEE BAlO 24
Sh= o) Zglst Ao g H1EY 9tiMosen er al, 2021). TFt
olggl AHL HE3 JRulE Ty 2o} AHF YRERE
4, fEAeh 183 ARE =2 Hloly A9t Ajkd wofgt
HgHo=m ydd &

I3y LC-MS/HRMS7F BE 2704 ZA19] BAHpHol Ao
ofc}. AFEA 79t HH2 Meldat FEF SHAE ok
ot e B, 8 B4, Tloly AY i, 121 97 A2
A4 o] 23} Aot ZA|7F Fot IthBeck and Ericsson,

\,555554\

G D
A
g

A

Table 2. Analytical strategies for butyric acid by sample type

2014). Ed] #EEHo] AU #2271 vA 3RFE9] Aok
ol SHAZE Q7100 2 AFE2 dF 1Y, FAM 71 vEgEk
glolEEg] v, 181l glojg A7 g1gEE B dHAE B
W5t okl UtHliigand er a/, 2020; Palm and Kruve,
2022; Schneide and Kronik, 2025). Z2#&o& [C-MS/
HRMS 209} 4 =42 ‘A WA &84T 4 d=F e g
ot s AR 4= =7 730l Atk HRMS= E34%t
Alzo|A Y& ARt =& e AlFoIAT FF9] i
A @Y, 18a BEBollA= o ds] W 7F HAPL A4,
o= E3| v|#2 E40A FEHZAHPalm and Kruve, 2022).
webA] o= H] Je8 ofyet Hlofe A2 E&dh HA A
=, 181 Bt sjEE A0 tigh HAP] 22317} oA Aty
ojo 3ttKSchneide and Kronik, 2025).

dHAMze 24

b, 53] LC-MS/MSet GC-MS/MS7t #4] &
71&2 AMgEl0] SthTable 2). BAINE EA0M 5235 W

B o (el
po)
o
g ©
P

i

Sample type Main analytical challenges

Relatively suitable
methods

Key considerations References

GC-based quantification,
LC-MS/MS as a

Biological samples Low concentration, complex

Chen and Lifschitz, 1989;

Optimize pretreatment, use  Garcia-Villalba et al., 2012;

(feces, plasma, urine, matrices, limited detection complement, internal standards, ensure low Kim et al., 2015;
saliva) sensitivity derivatization-assisted detection limits Mahdi et al., 2024;
methods St et al.,, 2022

Food and fermentation Interference from lipids,

GC for routine analysis,

Reproducibility, removal of Aello et al., 2023;

samples (dairy products, . HPLC as a A . Danudol and Judprasong, 2022;
. proteins, flavor compounds, interfering substances, . ]
fermentation broths, ) . complementary . Hadinia et al., 2022;
. and variable production levels standardized pretreatment
culture media) approach Shelley et al., 1963

Volatile loss, separation of
homologous fatty acids, and
field applicability

Process and
environmental samples

GC or combined GC/LC
approaches

Ferreira et al., 2016;
Koper and Grabarczyk, 2014;
Zeng et al., 2013

Rapid handling, sealed
conditions, cost effectiveness

Multiple co-eluting compounds

Complex mixed matrices and difficulty in ensuring

LC-MS/MS, HRMS

High-resolution separation,
simultaneous identification and
quantification, high instrument

Chen et al., 2021;
Mosen et al., 2021

selectivity cost
Simple Analysis itself is relatively Fast routine analvsis. cost Jiang et al., 2025;
high-concentration  straightforward, but throughput GC / GC-MS efficiency. minimal ycon,1 lexity Kim et al., 2019;
samples matters Y P Zhao et al., 2006
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2

1A, mE FANE, 18 B

2l TS oA SolHA L B 24
=9 Spgat AeE A=Yl Qi) o W} REl2Ak 2
2 AR GCY GC-MSZ E4ok= 97 dutzo]H
(Garcia-Villalba er al, 2012; Kim et al, 2015; Mahdi er al,
2024) 3ot AHAY 3|AETF =11 2/J0] BT AlR0fA
+ LC-MS/MS7} Bgps o= ARG QUtk(Stp er al, 2022).
YA EOA GCY LC= B TA|Eet Ao EA 0= A
2%]o] 2om(Chen and Lifschitz, 1989) $9HA- GorgAd B4
Eoly f=AIs fEl’t B GC-MS/MS7F 3 8S HolA|gt,
T ko] Ea1 /o] Bl A5 /o] & AR
e LC-MS/MS7F &8o] ddid Zo= oddd oyt
LC-MS/MSE WEZA gaoj|A A3-F4] Fom, 5] QAR Ht
I:]—E IEQ] 2= /x-]‘ﬂo] lqﬂ O]%’ O]_‘Q: 9_{4}1]’ 24301: HokS 94

H

)

o
4

= o6 TE 8w
o % 9lo] 1A sk o] ohet A4 24
=k

olelgt AR BAeIA0) Fatt e T ekt A= A %
Y e M U Aole] FY08 B 799 WS I
3 WAt A AR IAE SRl Rssich o
BAN RS 25-AA-REAS A5 14301 28E 9
2E297h a7, AR 933 BAS B4 vt 24 oy
o] getA7|% Beh(emal, 2000). T2t ofeigh WO B
s, WAEA AR, Juis BYR, chiE 54 4 19
T W 71 lmel P E3to] thet G ofa8) St
A gre Aow g

O.

AZd wEAlRO 2

Al HaA| R4 FEEA B2 Tt 24 o ZelE |
o] BT Bt IR XY 9] 4, nldE At 49 sS4,
T2 3 Aolg fIek A EA4olgk= o] At Table 2).
FAE, A2, AFLYA, gad, A7 T8, FUHH Folx=
HE|2Ato] B2 ARS A4 B S AR IEE TR
o, AlR9] E3M] wioll 249 Aelat Axje] 2o £4Z
IE F3tHAiello er al, 2023; Brindle er al, 2016;
Hadinia er al, 2022; Jiang et al., 2016; Keen and Walker,
1974). 4153} FEAIR9 BAL HRE GCE FAHo= I
3 Sttt 27| AtolMe S5, AV/E7] A, odAHS}, ol
A ALt 22 AAYE ol oM EAN, 224 RE|24
< 29 ¥ HFoke E4%o] A=K Karleskind er al,
1970; Keen and Walker, 1974; Shelley er al, 1963). o]%

K«E EB;\

5 V)
%)
]

A
i L))
R\ s/
\Qrsusgy

S da iyt B9k A A=l s Eoh w21 A e
Capillary-GC, GC-FID, GC-MS, GC-MS/MS7} =15t
(Badertscher et al,, 2023; Danudol and Judprasong, 2022;
Darwin et al, 2018; Sandra and Miller, 2002). €3] &< A
WAbEo] 97 EAct= AlmoAe FEEANTS U2 He A
oF A A A4 ZERRAS FAlo B4k WS ARES
AtHDarwin et al, 2018; Keen and Walker, 1974).

0|9} 3| AlF MEZAS 72 o] Fofe] Hil JA 2 HHEH
OF AAEI ok A, T BejibE, n] A7, Mat
< 3E 242 13 25 Aset I5& At 8T 5 3k
AE £H A9 ZEsket RIS A 5ol 24 3 7ol
2935 BB o7 85It Hewavitharana er al, 2020; Keen
and Walker, 1974; Sandra and Miller, 2002). @W&tA HE|Z
Ab BAL ojd HE7|E Ae7FRe] EA7) ofdzt o wiEE
204 ofd PR HAT ARWF 7t B 2%t HES 24
2 A ot gt Hewavitharana er al, 2020; Keen and
Walker, 1974).

HPLC-UV H271E ARgsto] A4 3 oM Fel=its
A5 SHAIRE AETAL] Ao Qs f=Ast FF A
Z = MS 282 &9l 74 A=E VKA £49 a4
=91 A% AYPE T JrhSanches-Silva er al, 2007; Soares
et al., 2015). TEHA, A5 FaARolA FE2AT £42 GC
FA9] EYHE A85kARE HPLC 7]6e] Bk v B &
o AlgolAe] #E) AEA 9 A AF s SHT Q4o
St Keen and Walker, 1974).

<

S8 dAM=e EY

74 -SR] B2 ES WEZ M 21 RS iyt
‘1

AeE o Relsha, Axe) THgolHe) Fey £4 dnht 2
7

oo

ojn], &g A8o] 7Fs?t Y AP A2 £ FHT 5
A7t 240 oA YrhTable 2). §31, 371 37, dl=
AN

23|o]2, purge-and-trap 5 81 AM-Z S0l U IEH
S SslotA g JuS Addos x4 = Q=
02 olfojHtHFerreira et al, 2016; Kawata et al., 2003;
Zhang and Pawliszyn, 1993).

Z7] d7e 371 S5 AA Y AT £ 88 A0 ISP
m, o]2ofl= 3 A, A AlE, 34 Al A8 #97t g
%1 It Machado and Lepikson, 2023). ©] Al7]ol& ©<=3]
AES F50k= AR o}, AlEY, pH, SF7 AL 2%, 85
Z710] gt £ B4 ofd I3k F=A| ok B

E
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2 o|2ojHHDuerksen and Hsueh, 1983; Kromann er a/,
1967). ol=fgt 352 A A=Y £4E £017] Hsf g4l
<& AAE|9] "aAo] £33 AJARFHZhang and Pawliszyn,
1993).

2000 o]¥ofl= GC-MS2} 234 F|= AFo|A W F7] 7
Hw A77t S7HERAHCruwys et al, 2002; Park er al,
2026; Zeng et al, 2013), SEAHo0| A7} O W F|dbA AJE
= ZASIAY 7 & 9 ASAoA S Hlve A+ 23
o} S W R 37| S5+ doe gE, 550 5 2o 4
o] Aot BV EtHZeng er al, 2011). Tet thE A Z2IE
A= A= A 7] A= SHololA, A &4 378 A=
9 =2 L, I8 A0l =2 HEZA ] gt Yrslol=
SHAZE Q= Ao g g F K Ferreira er al, 2016; Koper and
Grabarczyk, 2014).

ral

A H AFsS 7R #R o R A HAT Al
g €011l F &S AxRoks WY, oE dke
< Pde sl 571 SFeE 35 A HAE
= W aAS AAoI K Ferreira er al,, 2016; Kawata et al,
2003; Zhang and Pawliszyn, 1993).

e

o

ol
o

- O

ox M

Aa 5 FEZARE AE2AL A AHtelgis 3632 7HAIA]
o AT AR BRE, 5 o AAY TR, AT &
27 AgHtt. GCe GC-MSE= 394 A|Hpate] &
gjel SR Aol S 7HH, dad-oiH-fAEAE
FEEARZ A-H 02 54 7hs3 AR T 5] thi#4] &
Ao ggo] 7hsoitt. W AL ]t AlEAH mEE
2 7Wdo] & 790l HPLC E= LC-MS/MS 7|4k EAJHo]
HAAow QEm, of= AF AU 1] AAIZE 74 Al
TE Ffolr] dzolth
HE 24 £49] 71 & 7|« BE HE AAER ofyt
At 9 A7) A=) Sk REEARS UV A& Al A58
Aol Agto] AL, BIFEA] AHiollAe B3 B} HEE AR
o] BT &= Qlof fEAIS}, slEAHoA o], WREEEE
2go] Fa3t MFog AAlFcHBadertscher et al, 2023;
Shafaei et al, 2021) o]2jgt £ HPLCY} olE8 0 2= Hf
Sk Algo] A& Thsottete, AARE FEAS) A7|55 A,
52 MS 2% §lol= FE2AR] B4 A7} 9171 wizolth

Uy )
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(Yavarinasab er a/,, 2023). Wb HPLC AE9 AAL A=
/gl L, B2 HE AA Aok ool Ath= Holth
AR = AEHES} HHEHA 7] 94| 58] 7MY 58
S|, ot SCFA B42GC, GC-MS7} guhd EMwold, d%F
ot AWAYE IAZT} EI FAo] EIRE Al B4
LC-MS/MS7} Aol A€t vlhs Alael et £
WA L&A A3 HY/ol AARE, ATt WsAol AA
S AN FEI7E BAo|tt. weha] BAA R A 0fA
T AgHe] E=URte 2 SESH] g, AIREE 54
FEASE 27% Aok gitiHe er al, 2018).

F FEA| B A= FEEAl0] Tegt 25T AJ=o] ofyet
5y, nPE B4, T4 ol oFE HolFe 7eA AEE
7kel=t, o] FGolA= GC 719t HiRo] 4R A Sokes
Al A5k A fEjsh, TR IPgolA AT HEkE HE
FAY = i HojA Y BEAo] = o A=, HE
U3, IR AEAH A o] W Algoji= A W
I WEEZEE AMCE BAATO] MRS ol Aol 8
SItHDanudol and Judprasong, 2022; Oliveira et al, 2024).
waha] A& g Holoale GC 7|4 E4Ho| Zel E2l50]
S=roto] AukA Wi o 2 ARESHIL Hofl EQMISE BAZMA] 24

o2 rr o oo

X ool ofl ol
—

ok

3 9 HPLC E& LC-MS A/go] RgH o ghgsl Wio]
8849l Zoa wehgr),

DA 7|5k w89} vledadA 71 BT A8 A
SRR, ] vlgat 29 dolert ke @Rlol Utk 53]
FEZAAY 2R BAHE o]23) 38 Ak

o v 79| dF=
7] 4191 LC-MS/MS #4 A 2 FeA|3t sk Wo] AAl=
Aot 25]8 AlE7F Beotal B 225 GC Algo] ¥ A3
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