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[PCA] mreocdet, Socandd derivative specica resulling from preprocessing of Ehe arginal spestra dee na) Bo Greabe moltivaruge Principal Componeni
Regression {PCE) and Fartid Lenst Squares [PLS) calilcatian mundsla The second derivacive apetra of Grapsd Seod 06l (G0, Olive 0R (000 and
triary dnictiipe GO0 aie ciied B peneratio sparse uiethal Bease soqlares-diserimlmang sl (SPLS-DA) inodel

Resaits The PLA model was successfully obtained with vissalization that depicied & wead of 23.8% o the first amd secoed dimenskons. Mulbvarate
colibration produced the best mode] in PLS with second derivative specira far both GO and Ok PLS model foar G2 resulted the valee of B, RoA,
Faaf, RMAEL BMSLCY, and BMSEF of (590, 0992, 00982, 0.700, 1557, and 2.331, respectively. The SPLS-DA model was successfully built and
ihiscriminated with AUC-BOC valees of 1000, 1000 ame 8954 for GO, 00 amed GO+00, respectively.

Condusion: Asthentication of grape seed fee oll can b andertaben usieg FTIR specimoacaple methads asd chemametrie technigies, which can

prodisce high sensitivity and specificiy valoes

Keywornds: Grape seed oil, Face oil. Adulierabon, FT 1R specirosoopy, Chemometrics
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INTHINGUCTION

The high demand for cosmetic products for boty men and womes
provides opportanites for the cosmetic industry o indocesia f1-3]
Modern cosmetics are reporbed to contain haredul chemicals and
have ecclogical Impacts on the emviromment |4]. With growing
Swareness, ooesumers tend to preler satural prodocts [5-8). One of
thar mcest swded cosmetic prodocts for borh wenagers and adults is
skincare, especially Racial skincare [93. One type of Tactal skincam is
e il alewdd ar molsgurzing and smdathing One widely usad cype
ol Fwee el i% grape seed nil,

Grape soedd all containg antingeiras that aro heneficial for akin carm
The ancioxidants contained in it are vicamin B ad Dligomerc
Proanthocyanidins [DPC] [10]. In the previous research, grape seeds
wene reported o contaln 800 ol in the dry state [11]. Grape seed
oil has a high vitamir E content. ranging from 1 to 53 mg per 100 g
of nil, which = higher than oime ol [10], Even though grape seed ol
hes prister econoemic value than other oils they appear 1o =hare
many =zimilar physical charmteristios. Cursently, ressarch an jirape
deed oil 1 detect whether the grape sewl extract is sdulteratesd or
not i% =1l lackiegh, Therelom, i g very signillcast o develap &
aimipls and Fisr wethod for ke detection of pgrape seed ol
schullevation [ 1E],

I previnus related research, amalyss of sunflower all in @ bernary
mixbere with grape seed ol and andiesar ol 0 @ mixed sysbeos
usitg FTIR spactrnseapy asd chomometrics was sutcesslully carried
out [E3]. Howeeor, research thar applies tha FTIR apectaasoeqy
method rorpbined with chemametne kechrigues on grape seed face
oil has never heen cared out This research aims tn mothenticate
prape seed ol products using FTIR spectroscopy combined with
chemometric methods. The undertaien chemomenic echnigues
Inchsde Priecipal Components Aralysls (PCA], Partlal Least Sguares
[PLS), Al Parmial Teast Squares Discsiminant Asaly s (PLS-DA

MATERIALS AND METHDODS
Materials

Geaps Seed OF [G0] snd Ofve O (00] are shiained Trom
disrrilbucore in |ndonosia, with a Cortiloste af Analveis W verily and
prove thiir suthentco

Tooks and software

I thiz mesdarch, & completo IdFiment was used with Thariso
Nicofet 1510 Therma Scietllc FT-IR spectrophotometer, Sncorex
Micropipette with slzes of 200200 jil and 1061000 il and & Globolak
measiring oup, the resulis of the FT IR spectmum dat wers exported
1o Exced 20009 software (Sdhicrosoft Inc, USA) and saived as o csv e
hetore being anafysed using statistical suftwars B Versios 4.3.2

Methails

Methods used in this sty were develnped acoording to e provios
stady from Riswanbe et al (2003) [ 14] with ssveral modifications. bn

thi= research, chemometries fechnigues  were implemented o
anthenticabe grape seed faoe ol from ol ve ol @ adulterant

Cakibration and validatiom sample preparation

Calibratien and walidation solution test samplks contalning grape
seed ol mnd olive oll were made froom g mixtare of the pao
ingredients with a conceptrathon range of 0-L00% (v /%] bo obiain 15
varations of the corcemrabion of the calihraton slution amd 30
variations of the romcentration of the validation solution

Kangple propararion fer discrinination

The solwtiom for PLS-DA anatysis b ovadlable im theee different
samples, namely grape med oil olive oil, and 2 binary midure that
cotzans grape s2ed oil and olive ol with 2 range of concestration O-
1005 (v vl Eizht pare grope seedl ail solutioss, eight pore olive ol
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solutions, and forty-three solutions containing grape seed oil and
alive il were shlsiped apd labelled 1o creste a discrimenation
el yer model

FTIR specirn acguisinbomn

ITIE  specra acguisibion was carried  oet wsing an FTIR
spictrophotometsr i which samples of pure grapes seed pil. pore
alive oil and the hinary mixed of pgrape seed oil were poaced on the
ATE vrwstal and then measwred in the mdd-tnfrared ares ($000-600
el ) FTIR speciza used shsorhasce mode on the resolugion of B em
I with a nuisdher off scars af 32, Ale (Blank] spectra snsasiranwcds
e applicd Tefore gach sample swasursineint &5 the heskgrand
spectra. Each sample was measured swing three replicitions. The
cleaming of ATR crystals was doee wsing sthanal after sads mmple
measurement.

Exploratary data amaly=is neing the PCA method

That FTIR apecira alitained fron the e acguisicion scage wor: Themn
eralumted [15]. The domimant peaks of the analysks, namely grape
sezd pll, olive ol and & mixies of samples comalnieg grape sead ofl
amed olive oll, were el o construct the PCA model. Scree plots,
variable plots and individual plots are displayed to visualize the
comstnucied modal,

Multivariate cafilration snalysis

The FLS mulitariace calibraton mode produced predictive models
for the two ofls. The perfurmance of the multivariaie calibragion
model was examined by evalmating stabistical parmmmeters, imcluding
euafficients of determination for cahbrabon (B, cross-validation
[Rea vabsdation §Redl rost mesn muare error of calioration
[RREED), ronl mean sguare error o crves-valiglatinon {RMSECV] and
il misii square sevar of prediction [RMSEF]. The cross-validatios
process ae an enternal validation,  applied the leavesoss-sal
Eranique. The selectisd multhvarste calibratios model for sich el
was determined by evaluating B, Kod, H.f, RMSEL, RMSECY, and
HMEEF [15].

Consruction of the FLS-DA mosiel

Thae PLE-TRA miodel ubilined the FTIR spectrum of grape seed ail, oliee
aill, and & misture of samples contleing grape seed ofl and ollve oil.
Background prediction and Z0 indvidual plots vismlized the
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discrimination model. Evalsation of meodel performasce appied
frea Ender Curve-Beceiver Operabng Charactenstios [(AUC-EOC],
Optrmization of this model wa ferther cirried out by selectng
oubput variables updil the final resll wis obimined considering the
error e s Clissilicatiomn and Ratury splecrion,

RESULTS

Thiz sesearch develops § rapid  dewsction  echagqus  for
counterfeiting grape seed face oll using the Foorier Tramshorm
Infrared  [FTIR]  spectroscopy meéthod combined  with
chemoiseteic  technigues. The FTIR  apecroscopy  method
combined with chemomeirics was chosen Im this research
hicause this analysiv reguires minvmal malecial proporation, i€
iy, sl Fast |17, 18]

The nfrared spectrum characteristics of samples in the range ot
ENN0-600 car? ared profuce 12 deminant peaks B graps sl ail,
olive ol and mivtures, namely &t 2970 2947, 2422, 79132, 1743,
1653, 1462, 1376, 1238, 1060, 10949, and 718 cm * [fig 11,

Explorstory data analysis using PCA

Primcipal Component Anadyss {PEA] isa dam processing technigqoe to
construct fmear multvariate medds fom oomplex data sets [149]) PC&
focilitates  visualizabon of data groopings. imtial  evaluation of
simifariteds between groups or cleses, amd fSimding Isclors o reasons
Teedyinud eshserved pratterns theoigth correkackn by conshsritg clivmical
of ghemical-pliysics progerties [20]. The prosessing of data from as
amalytical inswrumerd wsing an FTIR specrophniiseter with a range
of ACCO-R0D oot wath @ ressducion of B om® produces the ahsorhance
il b mnads poais, this data then peodoces a PCA nesded [fg Z).

Multivarinte talibration analyses

Im this resparddy o mmultiveriane calibeation (s developed using PR
anid PLS technigues; these tae rchmdgues are used n predice GO
and OO0 conkent and to nhtain the hest prediction mode in variows
spectral modes (ble 15 Absorptien data at each wave namber in
the range of 4000-600 cm! = ferther processed through a
preprocessing stage in onder to produce the eriginal specirum,
first derivabive, secomd dervative, standard nocmad variabe [SNV],
and savitzky golay [55] Flot of praps seed ofl and olive il
predictiond resulting fram  the best calibrathen  model wore
preseated =g 3

e (510
—
—— GO0

1600 1100

Wavenumber [em™)

Fiig. 15 FTIR spedira of G0 (Grape seed Gil), 00 (0five ) and GO= 040 (Grage seed Qik+ e 04l)
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Fig. &1 Reswits of principal component onaly=is of the original spectra with 12 selected wavenumbsers in the form of soree plet (a), variabde

pluot [b], and individaal phot )

Table 1: PCR and PLS models to predict the contest of mivtares containing grope seed odl and obive ol

oils Multivariate Type of specira Numberal Heai? BMSEC Bt HMSECY [ BMSER
calEhraisog tﬂwﬂ!ﬂﬂ
Girapee 2e6l PR i ganal ] ougs  L1Th s 1762 nupy 21ed
il First derremive 5 L LR Bl (EVE 1410 nepz  2ar
Serand darivative bl anos 1AM 0947 1,650 nath 260
MV '3 LIRS 1431 g 1657 LT 491
] a 005 180 98 1.771 nogd  2A59
PLE gl F ased 137 0.5 1785 0877 2&H
First deriwaive E o995 LgEs man4 1.383 nogz 2342
Secomd derivative 3 0590 7D 0992 L557 noEZ 2331
£ 2 augy  1aeT muuy Lhd4 nue? 3127
G 4 ausd 1 054 1780 nuTe 259l
el PCH firiganal A Qs 1.17% 0990 1762 n4n4 2164
First derresthoe % Qans 1.1%F naa3 1410 nang 2
Sivoml darivalen 7 a5 1,17 0z 1.559 na76 2
SHY 2 angs 1431 naal LEST no6E 319
3G ] ases  L1Eh 0969 1771 osfd 2159
PLE rlginal 1 onod 1317 nags 1785 nary 2503
First dermative 1 aE  10ER (LEE 1383 nagz  zan
Surond derivatlve H o 87D (BT 1587 nung  2En
AHY ] LT F s 1o+ nany ALY
EH 4 anod LI el 1780 natA 250

Mote: Selected modd of mlibration for each material were marked sdath bold. PR Princdpal Component Regression; PLS; Pamial Least Squares;
S5V Srandard Mormal Yarate: £G0 Saviezky-Golay smoothing with polynomial order of 3 and window width of 11 poinis
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Fig- 3z Flot of grape seed il (o] and olive oil {b) predicoiens resaltiog feem the beso calilratien nsodsd
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Fig 4: (utpat of sFL%:- D& processing for grape sesd ol anthestcation, includimg background prediction pot {a), ALUC-ROC plot {b),
comtributien plot [c), and 30 mdividosl plot (d)

Samyple discrinunation wsing sPLS-DA

Sparse Pardial Least Sjuares Descriminant Analysis {=PLS-DA] = 2
divelngment &l Sparse Partial Legl Sqpuases [SPLS) regressiom,
which = applied for dospfiention and discminabion purpeses [21]
SPI5-T, which s deweloped Tor second derivelive  epecira
ccosapamind by graphical visuslization [ig 4L & ol oo hi e
efloctive far the cuthentcating rechnlgoe n thic research | 14])

DESCLSSIHN

That FTIR spctrus of thi thiwe nils appears quite sbmilar. Howiver,
careful sxamination of the FTIR spectrum of the sample shows
soveral diflerences in the peak inithe arca 1T43.718 cuat: O
has a dominant peak at 1160 cnt while GO has o domimaest peak at
13443 em?, whikh marks pulling vibration [stretching vibration] of
the carbosyd groop {(C=0) |22]. The shzprption mtensty at 2922 and
1743 em is related o the presenor of ester groups and oliphatic
chaing found b= Eriplycerides [EE], ber areas ok 1376 1160, and
1095 ot pre refated to bending amwl Sreiching vibrations by the -
C-H-C-0-CHz-, and-CHy funclianal graups in fally peide [23] This
Mrqupney areg wiss Turcther optimiggd o messurg GO levels B 00
withe this bl of wadtivariate colilsation [24).

The main compomess mnalysts (g 2] used from the orgmal
spectrum s presepted m the data Scres Mod, Yarighle Mot and
Imdnidual Flot of the PCA model, Sorew plot: are ssesd novisaal
smaimimeni that show how moch vanatisn sach somponent o
dimenson  bas verishle ploks are uselul in evaluabmg  the
coEstrucling varishle of e main componentz ough the ssghes
Tnpmeed Baitveosn woctnrs, wihilo isdividual Hots e imilividaal
positioning of dita on & two-dimensieal display e che firss rao
enespanints (1]

Im the fig 2, the individual plot produces the separation of pure GO,
00, amel GO0 mile. The titsd varinnee generated to crmbe 5 twn-
dimenswonal POA model = 9348%, which 5 obaised frem Dimid
(605} and Dimd (T4 3], Smee the speciral deta were ohtained
Trosn twilve main peaks 0 corstruct the PCA, U B [sfensting o
raliate the eontribution of each eriginad variable, The variahle plot
shows e [nad of eackh varighle, o well & s comributien profile
The shsorbance nuexbers at 1783, 1653, 1238 1099 and 710 cm?
are the maln contributors Inthe corstraction of the PCA model |s

ronclusion, the vihratonal bands In theze areas provide specilic
fingerprint propertes for GO and 00, The wvibration hands dose o
165%F apd 1099 ol are generated from the GO rostent. Meanwhile.
the Ol comtent coniribntes to the edstence of bands close w 109%
ancd 710 et

That sitfpeted spascrum Cppe kb e secsnd derivative geectrumn in the
PLS madel for hoth G0 and 000 Dn eable 1, 10can be saen that dor Hag,
the valse 15 high, while for RMSEC, the value is fow; this iedicates
that FTIR spectroscopy combined with the PLE method & precse
amel accurate for G and 00 quantsties [25].

The pradiction model generatiod Tram i wainiog date st refirs 1
ther calibrabon meodel in chemometrics, Boe anl BESED walues are
determimed o cvadupte this model, The performance of oross-
vabcabion ax internad validatinn of the training data set 15 reviewed
usisg the legve-onc-out technique. The Bod and EMSECY values
indicaze the quality of the model developed when the nberoad
vabidation moded is applicd, Considering that the construction of the
eatermal valldation model comes from am independent data set or
test data set the model’s predicive ability |s vertfied quanti@tively
therongh the Re.? amd RMSEF values (g 3).

The sPLS-0A modsd on the backgoand prediction plot provides
visualizabion and discrimination markers for each group. The ample
categoriztion  dassfication 5 developed wsing the  masimums
distamere approack model [26]. For the G0, 00, and GO+00 samples,
1y ALIC-P0EE pluk prowides an illustration of the ability of ke 2PLS-
D model o diserimenate, The AUC corve represents the degree af
muilul separatios, while the ROC curve regresenty the probabality of
discrimimation model, G0 wodl 880 are separsted into another dass
hiause the mindel resulte show & valis of | or 1000, while the
vl Fod GO0 & (RO04, Thieee ressalta indicane char the eliarse of
ihe sPLS-DA moded o diferentise GO from the othrs (s
U9 %, The contribucion plot prosests the comtribution of each
real variahle o cosstructing the components ef the discrimination
mndel. The constructor of the sFLE-D mode with the highest
coniribotios values for GO, O3 and G000 were 1720, 1737 and
1734 oo, respectively, The variable with tee Righest comtribution
is greadmeed fram @ nareow Basd shove 1700 el ip othe wiards,
e sretcling  wibration  of  cthe  carband. group  cen be
characterized In this anea [27]
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COMCLUSION

T rsarch  devidaped 4 rapild  desoion oechnbges  Tor
cousterloiting  grape seed fee il wsing cthe Fouror Traitsform
Infrarid [FTIR] spectroscapy miethnd combisng wich chemosseeric
techminues. Exploratory datn analysts was camried oof using e PCA
techmigque, foflowsd by ronstructing @ muoltvarabe callbrazion modsl
usizg PLS and PR, as weell 25 the discrimination wsing sPLE-DA The
best mdtbvariate calibravion model wa obbieed from second
dervative spectra processed wsing PLS for both GO and 00, The
SPLS-DA mod 6l was veccessfully coostrucied and discrimensted with
ARCROC walues of 1000, L0060, and 50994 for G0, D0, sl GOHD0D,
reapecinrely,
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