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A comprehensive study of ground-roasted coffee beans
from Coffea liberica as dipeptidyl peptidase IV inhibitors
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Type 2 diabetes melinus (T200), ¢ degeneralive dissaze charactedzed by insaln mdistance, has been repoted as & serious
heafbcane problem, edpedally in kw-lo-middle-income couniries. Dipeptidyl peptidases & [DOPPE) inhibitian is & potential
salution ta cvercome TEDW- refated problers. Libenca coffes [(Cofeo Mberical was reposted to have several health benefids due bo
the bioactive compounids it contains. such 25 phenolics, lavoroids, and alkaloids. This study aired to pravide a comprehensive
saluatean of ground-raasted coffee beans (GRUE] from © Woenga, Including in wine. pvaluaton, metabolite fngerprinting
using LE-HRMS, and aitherticaticn analysis usng Fourss transfoem Infrared (FTIR) specirasoapy combined with chemomatric
rachinicuigs, (mwire evaluation proved tha inhibiteng acthdng of GACE salitian {with 3 peroentage inkditan of 320036, which was
comparable ta dtaclptin uied as a positive contral Metabaling idertification revealad the presence of caffeine and chiamgor:
aCid iszemers, namely ryprochsongenic acid ard Boch loregenic agid as potential markers hor lurther invesigation Chemometric
techmicues, nameéy prindpal component anafysis (POA) and partial kast squares-disciminant analysis PL-0A), were used
ta perform exploratory dats analysis and suthentication shudy, respectively, The PCA reqults generated the plot absesneatian,
capturing 99.4% of the total wvariance within the frst two components. It also Bacilitated the functional group identification by
evaluating waweriumbsers a5 the variabdes in the model construction. An authentcation study using PLE-DW was also carried
out, and it successfully differentiated GRCE with the pressnce of starch as an adulterant with the area under the curve-reosiver
operating chamcterisths (ALIC-ROC) autcame of 1.

AlCAREL

Keywords  cfTesiics - Caten Nherios — diaberes meiiTis - FTIR s oy - LT HS

INTRODUCTION geographic region, with mone than 8% of patients living in

bow-to-middle-Income countries (Galicia-Garcla et al, 200200

Type 2 diabetes mellitus [T20OML a metabolic disorder, Is
characterized by insulinnesisance folowed by pancreatic bata
call dFF'I.IrIt.‘.I:iﬁI'I [Dikewarth et al, 23211 Ik the last decade, the
incidence of disbetes mellitug had bean linked o morbidity,
mmortaity, and healthcare casts in different countries [Ely,
2016; Ui et al, 201% Nishimura et al, 2018; Wahidin et al.,
2024L In 2021, the global prevalence of TZDM in adults was
5366 milon peophe (1005%] and was predicted to increase
g o FB3.2 millllon pecple (12.2%) by 2045 worldwide (Yan
at al., 2022} The pravalence of T20W varles depending on the

* -k A kpoaiaerecoc AT

Copepticyl peptidase IV IDPP4) Is 3 transmembrane protein
widely presant an the surfacs of nemengus cell 1ypes. The
eypression of DPP4 s significantly dysrequlated across
warious pathalogical conditions wuch & abesity and diabates,
The significance of DPP4 has greatly increased in the scisntif
and medical fields since DPP4 inhibitors have been approved
for treating T20M (Réhrborn at al, 20151 In addition, DPFP4
inhibitors are frequently usaed for treating T20M because they
are well wolerated and have a low Incidence of adverse effects
such as hypoglycemia (Kang & Park, 121
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Utifization of patural products for - diabetes  mellitos
treatment has been highlighted and wellstudied, and they
might uitimataly knprove the healthcare of patients with
dlabatlc complications  In marginabized  low-mo-middle-
incoime cowniries {Usai et al, 3022; Vivd-Barraching et al,
20234 Previows in witro studies targating DPP4 reported the
antidiabetic activity of traditional medicina! plant extracts
tAnsaed et al, 2021) In addition, several classes of natural
compounds, including alkalaids, flavencids, phenolics, and
terpeneids, have also bean reported and reviewed for thedr
inhibitory effects an DPP4Y (Lin et al, 20095 highlighiting the
potantial of uing natursd products as albernative Treatrments
for T20M thicugh DPP4 inhibition,

Coffee consumprion has been linked to a decrease in the risk
of T20M as reported by saveral studies (Carlstrbm & Larsson,
2018: Yang &t al, 20221 The potential mechanism Behind this
effect may involve thermogenesis, antloxldant propertles,
ared antHnflammatory actions (Cardstridm & Larsson, 20181
These studies were further supported by earlier research
which suggested that the high concentration of bicsctive
compounds in coffer beans may ke responsibla for thesa
properties (Makbko et al, 2024). Ouwr previous study also
suggested the potency of caffeic acld In spent coffee grounds
as a DY Inhibitor based on wie and i sifoo analyses
lstyastono et al, 2093,

Variations in the chemical compoasition of coffee could srke
from differences between species singe there are warious
coffoe species, inchading Coffea arabica [arabical and Coffed
cangphang {robusta), which are the most widsly demanded
coffee varlaties [Monbeczka et al., 2020; Makiso et al, 20245
0. Zhang et ab, 30300 Coffea Nberca, though less popular
cormpated woarabica and robusta vanetles, holds a unigue
appeal due 1o its rarity [Buyoeng & Milian, 20230, Previous
studies have identifind binactive compounds in C dbericn,
such as phenolics. flavonoids, and alkaloids (Herawati el
al, 2022 Imsamu et al, 2021) These fndings highlight its
potantiad as 3 subject of scientifc imestigation, which is
tornparable o the exteniie redeanch conducted on arabica
and robuits cofiee. Dee o the high mierest innalural
praducts consumplion, coffoe handling and sdulteration
practices.are increasing {ferum ot al., 20030, Adulteration and
manipulation of fped products ane practiced by illegal partes
i foed the consumers by replacing partial contents of food
with those of lower gquality and poce. This process has not
andy resulted in econormic consequences, but alse had proved
harmiul an humaen health (Mofee @ al, 2030),

Owver the last Tfew years, Bguid chromatography'mass spec-
trometry-based (LOMS-based| and liquid chromategraphy-
high-resofition mass spectrometry-hased (LC-HAMS-basad)
resaach on metsbolite identification have shown iImpressive
pragress by offering an excellent combination of selactivity
and sensithity (Farag a1 .al, 3023 Lebeau-Rocha at al, 2037).
These technicues are becoming highly indispensable in seve-
eral applcations like biomarker discovery, discase diagnosis,
and plucidation of metabolic pathways becawse they enabla

defection and quantification of a wide range of compounds
witth prectsion and acowracy (Al-Sulat et al. 2023; Hdfez et
al.,, 2021; Qu et al, 2033

This study aimead to perform a compeehensive evaluation of
L liberica, In this stwdy, 0 vitie evaluation was performed
to prowe the DPP4 inhibdtory activity of ground-roasted
coffes beans [GRCE) from C fberice. An LC-HRMS-based
metabaliie kfentification was conducted to eaplome the
potential metabolites containad in GRCE. Furthermase, an
authestication study wsing Fourar transform infrared (FTED
SpeCtrosogy was perfonmed

METHODS

Chemicals and Reagents

A sample of GRCE of C fhercg {roasting date 10-16-2023)
wias obtsined frem Bursas Pertanian Teman Tani {KPTT),
Salatiga, Centrad lava, Incloneda, Stanch was ofxtained o
local supplier in Yogyakarta, indonesia. The solvents wied
in this study were methanol (Merck Millipore, Darmstads,
Garmanyt and cimathyl sulfode (DMSD0 [Sigma-Aldrch, 5
Louls, U5AL The DFP4 Inhibitor Screening Assay Kit item Mo,
700210 {Cawman Cherndcal, Ann Arbor, M1, LSA] Includes DPP
assay buffer, PP (human recasmnbinantl, DPP substrate, and
sitegliptin- positive contral inhibitor was used o evishaste the
inhibitory activity of samples against the DPP4 enzyme.

Instrumentation and Software

Merzbolite  analysis  was  performed  wsing ligued
chrgmatograahy (Thermo Sclentific” Vanguish”™ UHPLC Binary
Purmpl and Orbitrap  high-resohition  mass  specirametry
ATherme Scientilie” O Exactive” Hybwid Ouadrupole-Oriitrap
High-Resolution Mass Spectrometer). Ligud chromatography
wisa performed using ananabyticat cohemn of Thermo Scientific”
Acruoone” Phenyl-Hexyl with dimensions 100 mm = 21 mm
imner diameter (D) < 26 pm The column temperaiume wes sl
i el T, e T njecticn wolurms was 3 Pl The moabile phases
usid were M5-grade water containing 0.1 % formicacid |4 and
MS-grade methanol contsining 0.1% formic acid (Bl and the
gradiant technique was emploved with a fow mte of 6.3 ml/
min, The mobile phase Bwas set at 5% and inoeased graduafly
o 20% in 16 min. Ther, it was held at 90% far 4 min and
eontinued in the initisl condition (5% B] until 25 min. Metabolite
screening was perforrmed using full MSdd-M52 scquisition
ab  pesitive  mnization modes. Scamming  was  performed
al E&6.7=-100) md, and the mesolution wsed was 70000 for
full M5 and 17500 for dd-M52, both n positive onization
modes. Compaund Discoverer” 3,2 software with filter peak
extraction using the databases of MzClowd and Chemspidar
with annotation masses ranging from -5 1 5 ppoy was usad
in metabolite evaluation, A set of FTIR spectophotometer
IVERTEX BO; Bruloer, Karlzruhe, Germany] equipped with OPUS
Softemre wersion 8.5 was utiliped in this study, The FTIR data



specira in dpt format ware exported into Excel 2021 (Microsoft
b, Washingtom, WSAY and saved as csv fibes, BioTek Symengy
HTXY Multimode Resder (Agllent, Santa Clara, O, USA) was
utilized to measure the flucrescence intensity in the i wio
study. b this study, principal componrent analysis [PCA] was
parformed using B statisticad software version 4.4.1 supported
with “factoextra” and ‘FactolineR” packages. The sparse
partial least squares-discriminant analysis (PLS-[3% model was
ganerated by implarmanting ‘mixCmics® package,

Sample Collection and Preparation

GRCE af T Maesica fram KPTT, Salatiga, Central lava, Indonesia
wias collecied, GRCE solution for the evaduation of [FP4
inhdbitory activity was prepared by accurately welghing
50 g of GRCE followed by dilution in 4 ml DMSD and
centrifegation at 300 qpm,. The supematant vas filtered,
transferred inta § ml velemetc fladk, and diluted to achisve
the fAinal comcentration of 10 mg'ml Sltaglipting used as
& posithve contred, was oblained from o DPPS inbiitor
scresening assay kit and prepared as a 100 pM solution by
dissodving in DRSO, Byve hurdred milligrams of GRCE was
accurately welghed for metabolite ientification using LC-
HAMS method Five diferant concentrations in the range of
20— T [l ufEﬂEEm‘wpﬂparrd AL LR ponwckary
with starch for authentication -.I:ud:,r wsing FTHR spectroscapy
migthod, The mixture powdars were hamogimized and stored
at room termperatune bedore subsequent analysis

DFP4 Inhibitory Assay

OFP4 inhdbltory  activities of the GRCE solution and 100
M sitagliptin a3 the positive contral fram the assay kit
wera evaluated using the OPPY nhibitor Screening Aszay
Eit (Cayman Chemicad), The assay protocol was perfosmed
acconding - to the manufacturess Instrections, and S6-well
plates were preparad. Each well was added with 30 pL of
cilited assay buffer, 10 pL of dituted DPP4, and 10 gL of
the negative contral (D00 or sample inhibitor For the
Background messurements, 40 pl of the diluted assay bulfer
wirs added to the wells with no addition of diduted TP, and
10 L of OME0 was then added, Tha reaction was initiated by
adding 50 yl of 3 subsirate solution followed by incubation
fior 30 mun &1 37 "C Al wells of background measumements,
negative contol, positive contred, and GRCE wlution ware
conducted in triplicate a5 suggedted in the ssay protocol,
Flugresosnce intenaity was meaiured udng BioTek Synemgy
HTX Multimode Reader ot 3500450 nme The inhibition
parcentage was calculatad using Equation (1) as follows:

Xegntive condrol — mbibitor] v
M

Megatire contral e i

sahibitias (W) = |

Pecentage inhibition data obtsned from the catculation was
statistically analyzed wming rtest. Data comparison between
GRCR and sitagdiptin was then performeed,

LC-HRMS Data Acqulsition

The wantification of metabolites was performad using an
LE-HAMS consisting of an ultra-high performance liguid
chromatograghy equipped with binary pursps and a high-
resohrtion mass spectrameter, Tha elution of metabalites was
performad using a combxination of mobile phases consisting
of water (A} anc acetonitrile (B), both added with 0,1%
forméc acid. Blution was performed at 25 min with a gradient
technigue as follows: 5% B {0-5 min}, 5% B-90% B (5.1-15
miny, 9% B {15.1-20 min), and 0% B-5% B {20.1-25 minL.
Sarnple wis infected ot a volume of 5 pl snd passed through
the column which was maintained at 40°C during elution,
The compounds wene detected inan HRWMS with electrosproy
iomization (E51) operated in positive ionization moda, Tha flow
rate of sheath gas, auxiBary gas, and sweep gas was setat 32,
8, and 4 arbitrary units (ALs), respectively. Metabaolites werne
scaned in the range of G6.7-1000 mk with M3 reedution
o JO000 folloveed by MSZ resolution al 17,500, The applied
colliskon energy was Hnormaiaed collsion enengy (MCE) with
a spray woltage of 3300V, During detecticn, the temparaturs
of capiflary was set 3t 330 whareas the temperature of
gas heater was set at 30°. Compound Discoverer software
{ Themmo Scentifc, Rockfiord, 1L USA) was used to identify the
metabalite compasitione. Thie total ion chromatagram (THC
imparied from N-Callbur was analyzed wing Cormgound
Dhcowerer software Tor metabofite dentifcation, which
irvnlved the following steps: spectrum selection, backgrownd
correction, baseline correction, retention tme alignment
peak  detection, database matching, and compounds
anrotation. Compounds with mass emor between -5
and 5 ppm and compounds with full mandhy andem Mass
Spectrometry (MSME) (fragmentation) specira wens selected,
Thie identified compounds ware analyzed wsing the miCkad
and ChamGpidie r databases 1o extract specific peaks, The peak
imtansitles were normalized according to the total spectra
intensity. The TIC image was exported as _jpeg image. Data of
the identified compeunds, along with chernical formula, cale,
midecular weight (MW, retention tirme, and obtsned area
imlormation were $ored i xklee formatted fles for further
identification purposes, dentified metaboiites wene then
werified by systamatic identification, Repetitive and synthetic
compaunds were remasted from the Hst, which was foliowed
by imvestigation aocoadang to the LOTUS database {htops!
bostus nouralprodects.net] and Google Scholar information,
Only the metabolites from plants were verified far lurther
bdentification.

FTIR Spectroscopy Data Acquisition

An FRIR spectrophetometer equipped with attenuated
total reflactanca (ATR) was used in speciral data acquisitlon.

Sample of GACE with differen concentrations was placed on
ATR crystal, followed by measurement at the mid-infrared
region (4000-600 cm'). The scanning was st in absorbance
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mode with 1 resslution of 4 cm'. Al spectra were chosen as
background specirain the measurement. All the samples were
scanned n five replications. The ATH crystal cleansing used
analytical grade athanol after each sample measuement.

Data Analysis and Metabolite ldentlfication

Chemometric analysis of PCA and FLS-0A was Implemented
im this study, The FTIR spectra achieved from the data
atquisition stage were then evaluated Ten domdnant peaks
weere selected and used o generate PCA model, Scree
ploti, variable plots, and individual plots wiens displayed
1er vigualize the model The PLS-D6, moda| wtiized the FTIR
spectrum of 10 coffee sympes in differen concentrations al
the renge of 4000-600 om', FLS-DA micdel parformands was
avaluated using the area under the cure-receives operating
characteristic (ALIC-ROC) analysis. PLS-DH plot was displayed,
followead by evaluation of variable contribution (nthe first taa
components, Yariabdes with high contritastion to the PLS-DW
model were obierved, Classibcation error rate analysis was
performed to ensure the moded prediction qualing, Dominant
functional groups ware identified and utilized for further
metabolite ldentification refated to compounds obtalned
from LC-HAMS analysis.

RESULTS

This study was initisted with the. evaluation of DPPY
imhibitory azsay of GRCE The DPP4 inhilbkdor screening assay
kit was wsed to evaluate the inhibitory acivity of GRCB
compared to sitaglptinas a positive control, According tothe
manufaciurer's instructions, the assay must be executed in
thresreplications followsed by luorescence measurement, The

T St

mean of the fuorescence intensity was calculated acconding
to Equation (1] toobtaln the Inhibition percentage, as shown
in Figu 1. GRCH of £ dberfos from KPTT, Salatiga, Central Java,
Indonesia was further observed. The metabolites contained
In GACH were identified using Hguld chrsmatography and
Orhitrap high-resolution mass spectrometry.

Fig. } degécts the TIC ohtaéned from tha LC-HRMS analysis
The LC-HAMS anadysis revealed 24 metabolites in GAOB. Table
1 presents the 24 major metabolites which coresponded to
the chromatogram area af verified metabodtas. More detailed
informmation regarding the 62 imetabolites obaerved, inchiding
thieir 20 sod 30 struckured, narmes, formclas, ratention tmes,
and areas, are provided in supplementany materlals 1and 2,
Authentication analysis of GRCE with stanch as an adulterant
wies conducted by FTIR spectroscopy. In addition, Table 2
shows the spectral and functhonal group Identification of
GRCE samples by FTIR.

Fig. 3 shows the FTIR spectral profiles of GRCE, starch as an
adulterant, and sdulterated GRCB. The FTER ipectroscomy
method was coupled with chemometric techniques 1o

GRCE 1 il

Figure 1. infribiftton percentage of GRCE sodution and sitaplphin,

L3l .

Faure 2. Tara) ion chrovmatogiann of GROE of Caffea liberlea ahrained from [C-HRVE analysis,



Tiabde 1, Major metabolite compoamds weniifed using LO-HEMWE analysis,

Mo, Mame Formaula | Calc. MW | RT imin} | Area |9 References
i ‘-”"’“‘*;mjifgfd};:{;“”’“'*“' CHNGO, | 194080 | 4027 | 61344 | Mazzafers etal, 1994
2 Meghyl isonicotinate CH,NO, 137.048 L8049 13.210 Liu etal, 2004
| 1-Stearcyhglyrensd LH,.0, 358,307 1543 B[] Mla et al,, 2002
4 4-Hydrogycaurmarin CH2 16.2.032 3712 1356 Verrull etal, 20232
] 3-Hydlrowy-2-methylpyridins L, H N 15053 80 1138 Subarnas et i, 195
6 fladod CHOn 126.032 2,145 1.9 Stoffelsma et al., 1968
! Choline CH, O 103,100 i, 1o 1501 | Shirley & Chapple, 203
(1A, 3R 45,5504 [2E)-3-134-
B | et g e | CuM,D, | 354095 | 3705 | 1369 |  Morsiraetal, 2005
caroonylic acid
] 1-Linolesyl glycensd E,IHHEI‘ 354576 14165 nuaE? Tram et al, 2023
10 Picolinic acid CHNO, 123,032 1.014 0589 Du et al, 2007
" NE-011220 C H MO | 210337 513 0.585 Zhang et al, 2007
0192 -15, 16~ difvwydroony-19-
12 datriaconten- 1-y(}-5-mathyl-2{5H]- C,H.Q, 576,311 21.305 0.542 Gleye etal, 2000
furarong
13 -+ -Pyroglutame: acld L H N 129,043 1.053 0514 Crborne et al, 19949
14 Ethyl palmitcleate CHO, | 282155 15606 0465 Ekpendu et al, 1993
15 | AieeTevmreybiplperidinal | cumo | saer | asm | ose | Aprieral, 2025
16 N N-cimethylanilline CH, N 121,089 1135 0,435 | Thomas & Bassols, 1997
(15.3RAR5H)-1,2 4-trihydrowy-5-{1{ 2E)-
17| e prenphorot. | M0, | 368111 | 5083 | 0428 | Moreiraetal, 2005
acid
15 Guvacoline CH, NG, | 141079 1,766 0802 | Holdsworth et al, 1998
19 I-Hydroaypyridine L H NG So0ET 0,801 03E4 Miyazawa etal, 1263
A0 Monoodain L, H, 0, 354098 14751 0362 Okuyama et al, 2001
n | Trhlegemetoninovomer | couo, | mwase | s | e o
EE BIP-G1%9R11 CH MO, 125048 1.03% 335 Zhang et al, X8
23 Sitostenane CaHal 412,370 191546 (L2852 Xie et al, 2007
e erTaluidine CHMN 107074 1.13% 0373 Vitzthim et al, 1975
strengthen  the authentication analysis  Chemometic  DPP4 enzyme The inhibitory activity test results were

technigues, namsly FCA and PLS-DA, ware used in this study,
Individual and varizbles plots abtaimed from PCA techahpues
are predsnted in Fig. 4. The ALC-ROC greph and individual
Background plot viswalization obfained fram the PLS-DA
technigques are presented in Fig, 5.

DISCUSSION

The DFF inhibdiory activity of GRCE solution and sitagliprin
was evaluatad. Dur results reveabed that tha GREE soluthon
prasessed inhibition percentage of 92.09% + 22 05% against

analyzad statlstically wsing f-test. The p-value obtained was
G493, mdicating that rhe mhibition percemacges of both
GRCH and sitagliptin were not sgnificantly different. Thus,
aant fincings Wighlighted the remarkable potentiad of GRCE
a5 a natural DPPY inhititor, with just 10 mgdml offering
Brenefits rekatively comparable o 100 UM of sitagliptin, which
therefore presents an innovative, plant-based approach to
reduce T200M4 rish.

Cigr LE-HAME Interpratations also confirmed the presence
of ‘several phensl-containing compounds, which are lsted
in the supplementary matedals. These hndings indicate the
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Teihile 2. FTHR spectral and lunchionnl groups identification,

Wavenumbers [cm-')

Aelated compounds/

Ma Functional gra References
identified | Literature g matarials
OH [phenol,
i 3790 3660-2970 | aleoholcarbonyic | Phenic compound Abeaiet ok 412
}
F s 4 49352008 LC=0and C-H Lipind Sahachaimungrueng of al, X2
3 2E54 2858 -R-mathyl LCaffeine SHiva et al, 2018
Caabroxyl linkage
i} 174% 1745 denivesd from Calffaine We-Lung Chow, 212
wanthine derivatives
Lianger al, 201 6several indices
of browning and subsequernt
antiocidant values, Principal
o " componant agfel:.'sts \'-'ris- used
OFOGEenic ¢ to interpret the correlations.
5 1643 1650-1580 C=Cphernyl ring IscHIErs between plysiochernical and
andiodidant parsmeters of
coffeE, COA HSamer content was
pasitivedy cormelated ip < D0K
Simatupang ot al., 2023
Chlarogenic acid Albrau-ef al, 2030
f 11449 1176-1106 C-0H oyclohexane 5o Shmatapang ot al. 2023
C-0=-C of hydrogen
) LR 1077 bonds between Atarch Abdullah et al, 219
starch molecules
C-DOand C-C
I Lan 11657-4982 stretching with COH Starch Pozo et al, 2018
contributions
C-0-C ring vikwatian
o 430 o0 of carbokwdrate Starch Abdullah etal, 2018
10 BED BS6 Eﬂ';m“ihl “IL‘"” Starch Abdullah e1 al, 2018
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potency-of these compounds 1o inhibit DPPS activity, which (Ansari et al, 32021}, Caffeine was identified in TEC (Fig. 2) and
b5 supporied by previous research showing that the phencd-  LC-HRMS analysis resulfts (Table 1) as the major compound
contadning cempounds could inhibit DPPY eneyme [Fanetal,  with the largest chromatogram peak area at 3 retenticn tima
2013k Furtherrone, the inhibitory activity milght also be due  of 4.027 min. Howsaves, LE-HAMS daia revealad the presence
o the presence of caffeine (1,3, 7-rimethyl-2.3,6.7-temabvdre-  of compounds cepable ol undergoing ypdnodesis o viedd
1H-purine- 2 G-diane) in the sample, as this compound was calleic acid, narm:l:lr cryptachiorogenic acid ar (17,38 4555}
also reported to have an inhibitory activity agammst DPP4 3102E]-3-(3,4-dihydrosyphenyliprop-2- enoylloxy]-1,.3.5
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tribpdranycyclohexane- 1 -carboxyic acid and kochlorogenic
atld  or [153R45,558)-3,5-bisl {026 -3-3 4-dihyd rosyphenyl)
prop-2-emoyl]aael]-1,4-dihwdrogycpclohesane -1 -carboaylic
acld, imdicating that the additlan of water could facilitate their
cowersion into caffeic adid Thesa chlorogenic acil somers
were successhully dentificd with the malbecular formula of
C, H. O at 3705 mim and C_H, 0 at 6,632 min (Chang et al,
20225

Several matabaolite compounds listed in Tabde 1 hawve been
shown to be effactive in lowering diabetes risk, For instance,
it was repoited that guvacaling, & compound obtained Tram
Areca cotechin veed extracy, showed antidisbetic properties
in digbetic rats [Musdja et al, 20201 Malted was asseised for
its protective action against disbetic periphenal newropathy
i streptegotocin-induced diabetic rats (Gwo et al. 2018}, In
addition, pyraghutambc acid potentially assistad in bowening
the risk af TIOM (Yoshinarl & kgarashi, 201 1). Furthearmone,
siostenone was reported o effectively restore  Insulin
semitivity in bepatic cells (Kumar @t al, 20211 It was alse
oerved that increaded choling consumption was related
1 a lower risk of T20M in men; however, this relationship
might differ by sex (Al-Sulaiti 2t al, 2024; Virtanen &t al, 2023
Quir firedinegs, a5 presented in Table 1, may, therefore, be of
slgnificant Intesest in the exploration of bicactive compounds
identified in GACE from C, liberica,

This study wotved the authentication analysls of GRCR
with the presenos of starch a5 an adulterant, Presiows stucly
mysaled that coffee adulteration has bean widely practiced
since coffee by considered as the second largest commodity
in intemational tade (Martins et al, 2018, Frawd practice by
blending different speckes and adding lower-cost materlals
into coffes such asstanch, can be done by imesponsible coffee
distributons te gain economic prafits (Domingues et al, 2074),
Hoseer. o previous study roported that colfee praclically
contains no starch (Thao et al, 2004, FTIR spectroscopy
methad was applied to provide fingerprinting profiles of
functional groups melated to metabaolites contalned in GRCR
{Fig. 30. FTIA specira evaluation revealed unexpected findings
that caffeine, ayptochloregenic adid, and wochlorogenic
acid have Been successfully identifed 1o detect ooflee
adulteration and charactenzed severad chasactesistic regions
for authentication purposes (Barmios-Rodriguez et al,, J022),
This study Identified and chasactesized 10 dominant peaks
of GRCH, starch, and mdeturefadulterated GRCE contaimdng
starch (Tabde 2|, Strang bands near 3290 em' indicated the
presence ol -0OH wibratiaon fram the functional groups of
pl‘r&nnl. aleotod, andd Carbioxylic acid (Abrew o1 al, 20200, Lipsd
compounds contained in coffee, such as triglycenide, sterol;
fatty acid, and pentacyclic diterpene compaounds, were
characierizad by stretching vibration near 2925-2908 cm'
{Sahachatrungreeng ot al, 3022, The presence of C—H methyl
and carboayl linkages derivad from kanthine deriatives
i finked to caffeine, the major compourd in coffee, ard is
indicated by the presence of medium absarbance peaks ot
2854 and 1743 co”, respectivedy (Silva et al, 2018; Wai-Lung

Chouw, 201 23 Calfeic acid, asecandary metabolite in colfes with
imhiblzory activity against DPPY, was formed as a hypdnoytic
product crvptochlorogenic adid and Bochlorogenic acid
iChaowuttibul et al, 2020; Ishyvastono & al, 20231 Different
coffee production and treatrment may affect the hydrobytic
procews of calfee production and keep the chlorogenic acid
isormers in its form (Baraldi et al, 2016 Tantapakul et al,
2023), Howaever, the FTIR spectroscopy analysis performed
in this study was applied to coffee powder, Hence, it is
possible to find the presence of cryptochlofregenic acid
and sochlorogenic acid @ their lorm ar the retention Time
of 3705 and 6631 min, respectively. Several abnorbances
werd |dentifed at the ingerpint region (1500-400 crr') 1o
characterize peaks from starch sample, Strong and medium
bands at 140605, 994 930, and 864 o Indicated the presenca
of C-0-C of hydragen bonds between starch malecules, £-0
and C-C stretching with C-0H contributions, and C-0-C ring
wibration of carbahydrate (Abdullaly s al, 2018 Pora et al,
207},

Absorbance data ol 10 dominant peaks characterized in
previous stage ware further wsed to build PCA model. PCA
model was gemarated for exploratory daba anabysis bafona
performing  subsequent  supervised pattem  recognition
analysls (mawath et al, 2021), PCA enabled the constructlon
af linear rltivariate maodels from comples data sets to find
intrinslc information related o the olierved data (Prajgpogs
ot ad, 2024, Individual plot and variables plat that resulted
from PCA moded are presented in Fig. 4, Twe first principal
components provided total vanance nformation of 99.4%
with the contribution of dimension 1 and dimension 2 being
S4.1% and 45.5%, respectively. It can be obsereed from
individual plot that GRCE, starch, and adulterated GRCE can
be computationally separated, The vector positions i the
ity PCA projection swere affected by the variables wied in
maodel buliding, In this shudy, selected savenumbers wene
stated a5 modal varlabtes, Similar to FTIR spectra evalaation,
from the warlabdes plot evaluation, i can be found that
variables 1643, 1743, 2854, and 2024 ey’ contributed to GRCE
positioning. This finding indicates an inskghtful correfation
with FTIR spectral and funclional groups identification [Tablo
21, Caffeine and caffeic add played Important mles not
only due o thair antidiabetic acthity but alse as chemical
markers for coffee authentication. Howeeer, variables in the
fingerprint regions affected the positioning of starch in the
individual plat. Chemical bonds nwolving C—0-C, C-0, and
C-C charactarized the presence of starch and hypdrogen
imleraction between the stach moelecules (Abdulkah et al,,
2018),

Chemomatric technigue of PLS-DA was then applied for
supervised patiern recognition 1o improve the sample
classificathon with more advanced selectivity and specificity
Uimaner-Cansdo ot al, 2021). PLS-DA model was genarated
wsireg absorbance data ranging from 4000 to 400 om ' with
the resalution :.:lting of 4 om'. Faw spectral data was
analyred wsing o statistical package from B softwane, namely



“mixDmics” (Rohart et al, 2017} Evaluation of PLS-DA moded
performance was done using the AUC-ROC analysls. The
AU curve contains information on the degres of moded
separation, whereas the ROC curve Indicates the moded
descrirnination probabilitg (Markhede, 200188 ALC-ROC gragh
and mdividual background plot were obtained from PLS-DA
evatisation [Fig: 51 From the ALIC-ROC graph, model oitcome
of 1 was obtalned for GRCE versus others, starch versus others,
and adulterated product varsus others, This finding indicates
that the chance of the discrimination moedsl to differentiate
each class of samples was 100%. Individual background plot
constructed with the magimurm distance approach proved
amt wisualized the separahility of the model 1o clasify the
samples, The selection of the optimal number of dimensions
for PLS-00A rvoociels wias canniad out Considering the amalysis
of classification error rate In cross-vadldation stage (Martin-
Gdrez et al., 2023), It was Fownd that two dimensions of PLS-
D components provided [aw error tabe with considerstion
o mammum dstande, centroed distance, and Malalanobis
diEtance.

hora  advanced research involwing metabolemics  wsing
both fargeted and untargeted approaches enables the
implementation of powerful tools in @nalysls and metabolite
identification melated to bicksgical properties (Aurum et al,
2023 Windarsh o al, 30220, GACH alue cantained cowmanin
and it derivatives, which possibly contribBnned to its observed
DPPY. inhibitory activity, as supparted by provicus studies
(Durgapal & Saman, J01% Sngh et al., 200 Soni et al,, 2019),
Sewveral shudies abio exposed the potency of coffes axtract
as an alternative TIDM teatment, which s well comelated
o our research. Previows research reported the patential of
arabica caffes extract to have Inhibitory activity agalnst DPFPY
(Tantapakoul a1 &l 2033, In additian, robusta coffes extract
wirs also found to lower blood sucgar levals inan in vive study,
revealing the potency of the bisactive compounds ssch as
alkadoids contained in the robosta coffer extract (Tandi et
al, 2023, which were also found to ba present i the studied
GACE axtract. Althowgh GRCE i ke renowned than Ansbica
and Rodsita collfee, our frdings swagest that GRCE axtrac
may sEree as A promising attermative TIDM treatmeants
thraugh DPP4 inhildtany activity,

Beferances

COMCLUSION

Rasudts of this study confirmed the DEPY inhibltory activity
of GACE, and It was found to be comparable to sitaglptin
used as a positive control Metabolice dentification provided
weful mformation to explore the potential chemical markors
contained m GRCH Calieine was meported a 9% major
compound with the largest peak area compared 1o other
metabolites, Functional groups related to chlorogenic aoid
sormers, an ester form of caffelc acid and guinic acid, played
impartant mles in characterizing the authemicty of GRCE
wilth the predance of tarch as an adultesant. FTIR spectrasoogy
cambined with chemometric technigues of PCA and PLS-DA
wias successully implamsented in the authentcation study of
GCa,

fr our futues studies, in-depth analysis should be carried out
1o discowar bloactive natural products for TZDM reatment,
The Inhibitory activity of caffeins, catfeic acid, and other
metabalites toward DPPA can thus be studied
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