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ABSTRACT

The influence of a series of organic solvents on the UV-VIS spectra of hot red
pepper extracts was studied by implementing solvatochromic theory. As a part of
our effortsto interpret the effects of solvent polarity and hydrogen bonding on the
absorption spectra of extracted capsaicin and capsanthin, the study design was
based on thelinear solvation energy relationship (LSER) concept using Kaml et-Taft
and Catalan solvatochromic multiparameter approach. Accordingly, by dividing
the solventsinto two groups (protic and aprotic) it was ascertained that improved
solvatochromic models for the group of protic solvents were obtained. The data
from these experiments were used to establish correlations describing the proper-
ties of corresponding models while measured solvatochromic properties. More-
over, the statistical evaluation of the datafollowing some statistical parameters (R,
Sd, F-test, PRESS, SSY and Q) was also presented. The statistical evaluation of
obtained correlation models for capsanthin demonstrated that protic solvents mod-
elscan be only accurately used to appraise the solvent effects. However, the statis-
tica data of obtained correlation models for capsaicin showed unsatisfactory re-
sults. To the best of our knowledge, this is the first report of the solvatochromism
studies on extracts from hot red pepper with the expectation that this approach will
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gain more attention in natural matrix study.
DIA

INTRODUCTION

Worldwidedistributed varietiesof hot pepper (Cap-
scumannuumL.) havebeen cultivated asavegetable,
spice, and medicinal plantsin particular withregard to
the pungent propertiesof their fruits. Hot peppersare
also described by many traditional medicinesand con-
firmed by variousreported study to possessarange of
phytocompoundswith recognizablemedicina and com-
mercia vauefor food processing and pharmaceutical
industry. Among the most promising groups of
phytochemicalsfound in hot peppers, that have been
extensvely invedigated - over theyears arecgpsacinoids
and coloured components. Neverthel ess, capsaicin, an
akaoid or predominant capsaicinoids, isthemgor pun-
gent constituent of hot peppers. Many recent reports
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provided some pharmacol ogicd evidencefor capsaicin.
Hot peppershavebeen d so utilized astheprimary source
of pungent capsicumoleoresin (POC). Itisanorganic
oily resinthat isderived fromthedried ripefruitsof hot
pepper varieties, usng solid-liquid extractionwith sol -
vent of lypophilic characteristics and subsequent sol vent
removal**3. POC basically, contains pigments caro-
tenoids (predominantly capsanthin)i428l, |n addition,
besidethe pigmentsinthe POC ared so present flavours,
tasteagents, vitaminsand fatty oil**8. However, asur-
vey of research literaturefocused on this plant matrix
revealsthat thecurrently employed solid-liquid extrac-
tion proceduresfor POC do not involvesolvatochromic
studieson important hot pepper pytochemicds.
Conventiond methodsof extraction canbemodified
to reduce costs and increase convenience of existing
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method. Itisperhapsobviousthat condgderation of phys-
ca propertiessuch asmelting point, boiling point, vis-
cogty and polarity of asolvent areessentid when choos-
ingasolvent for aparticular gpplication. Solvent polarity
isamong themost widely used conceptsin chemistry**
2 Most solvent polarity scesareempirica and differ-
ent empirica solvent polarity scaleshavebeen shownto
correlatewell with each other, pointing to theexistence
of anunderlying common featurd®22, Around 35 sol -
vent scal esareknown. However, only about ten of them
havefoundwider gpplicationinthecorreaion anadyss
of solvent effects, i.e. o, g, 7*, EN, SPP, SAand SB.
Empirical solvent polarity scaesbased on spectroscopic
measurements usualy employ changesinthe UV-VIS
absorption maximum asanindicator in different sol-
ventg9228, Multipleintermol ecul ar solute/sol vent inter-
actionscan be described by thelinear solvation energy
relationship (LSER) of Kamlet-Taft and Catalan s sol-
vent polarity scaeg92°3, Although, Kamlet-Taft and
Catalan approach first was used for determination the
solvatochromic behavior of thedyes?*3, it was chal -
lenging to apply the sameapproach for natural matrix as
isPOC.

Theoverdl god of thispaper istoinitiateprdiminary
investigationsof solvation of POCwhichisclosdly con-
nected with thestabilizing and destabilizing effectsof sol-
vent on capsaicin and capsanthin structure. Therefore,
the study of solvation processes of PCOinvariousor-
ganic mediaisimportant for further studieseucidating
the connection between their chemicd structureand bio-
logica activity. Theobtained knowledgewill contribute
to further successful devel opment of processing method
and dsowill hepwhen choosing theextraction solvents
for effectiverecovery in effort to characterize pungent
peppersasava uable sourceof certain phytochemicals.

EXPERIMENTAL

Materials
Plant material

Red hot dried pepper fruitsprecisdly, pericarp (Cap-
scumannuumL., Ssp. microcar pumlongumconoides,
convar. Niska) used in this study were obtained from
Scientific-Rereach Center in Stumica, Republic of
Macedonia. Thedried pericarp (6.25% dry mater con-
tent) wasgrounded using Retsch ZM 1 mill (Haan, Ger-
many) and sieved (0.25 mm particlesize). The pepper
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samplesplacedindark glassbottleswerestored at 4°C
inrefrigerdor.

Solventsused for extraction method and for evalu-
ation of solvent effect

Tetrahydrofuran, 1-propanole, 2-propanole, etha-
nol and ethyl acetate, were used during the extraction of
theplant material. For investigation of solvent effects,
beside previously mentioned solvents, polar and non
polar solvents (water, methanol, acetoneand chloroform)
wereasoincluded. Pro-analysis-grade solventswere
purchased fromA. D. Alkaoid (Skopje, Republic of
Macedonia) and Merck (Darmstadt, Germany).

Methods
Extraction procedure

Thesamplesof 1 gdried red hot pepper (0.0001 g
accurately weight), wereextracted by meansof Soxhlet
procedure (AOAC, 920.85)2 using solventswith dif-
ferent polarity degreeand solid/liquidratio of 1:100wi/v.
After 5 h extraction, the solvent was removed under
vacuum (rotary vacuum evaporator, type Devarot,
Elektromedica, Slovenia, 35°C, atm. pressure). After
that, solvent tracesweredischarged by dryingthesample
at 40°C, 105 mPa(vacuum drier, Heraeus Vacutherm
VT 6025, Langenselbold, Germany). Obtained POCs
were cooled in adess cator and weighted. The steps of
drying, cooling and we ghting wererepeated until thedif-
ference between two consecutivewelghtswas smaller
than 2mg. Theextraction procedurewas performedin
duplicate. The extract wastransferred into a 100 mL
volumetric flask and filled to 100 mL with ethanol (1%
disolution).

Test solutionsfor solvent effect evaluation

Test solutionsfor evauation of solvent effectswere
prepared by dissolving volume 0.5 mL of 18dissolution
in gppropriatesolvent into volumeof 10 mL volumetric
flask (2™ dissolution).

L SER concept - Kamlet-Taf and Catalan approach
for investigation of effects of solvent polarity and
hydr ogen bonding on theabsor ption spectra

Multipleintermolecular solute/solvent interactionscan
be described by thelinear solvation energy rel ationship,
concept first described by Kamlet and Taft using Eq.
(1), andlater by Catalan using Eq. (2):

v . =V +aa+bp+sr* (1)
v ..=v +aSA+bSB +sSPP 2

m
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where z* B, o, SPP, SB and SA are solvatochromic
parametersand s, b and a arethe sol vatochromic coef-
ficientd'¥. Solvent parameters: o, S, 7#*, SA, B and
PP of solvent chosen for investigation of solvent effect
aregiveninTABLE 1.

UV-VISspectrawererecorded on Varian Cary Scan
50 spectrophotometer (VarianInc., Switzerland) in1cm
quartz cells, at 25°C. The statistical evaluation of the
data was performed using ORIGIN 7.0 Professional
(OriginLab Corporation, Northampton, USA) and
STATISTICA 6 (StaSoft, Inc., Tulsa, USA).

TABLE 1: Solvent parameter g9

Solvents a B == SA SB SPP
water 1.17 047 1.09 1.062 0.025 0.962
methanol 0.98 0.66 0.60 0.605 0.545 0.857
ethanol 0.86 0.75 0.54 0.400 0.658 0.853
1-propanal 0.84 0.90 0.52 0.367 0.727 0.847
2-propanal 0.76 0.84 0.48 0.283 0.762 0.848
ethyl acetate 0.00 0.45 0.45 0.000 0.542 0.795
acetone 0.08 0.48 0.62 0.000 0.475 0.881
chloroform 0.02 0.10 0.69 0.047 0.071 0.786
tetrahydrofuran 0.00 0.55 0.55 0.000 0.591 0.838

RESULTSAND DISCUSSION

Toddineatethedifferent interactionsof proticand
aprotic solventswith previoudly obtained POC in or-
der to evaluatetheir limitations and a so their further
applications UV-VIS spectra of the PCO were re-
corded in nine sol vents and the position of eectronic
absorption bandswere determined. Theeffectsof sol-
vent polarity and hydrogen bonding on the absorption
spectrawereinterpreted by means of LSER.

Investigation of solvent effects on the UV-VIS
spectraof thePOC

Modédlling of solvent effectsisoneof themost use-
ful methodsto obtain information about the mecha-
nismof al reactionswhichincludeorganic compounds,
such as solute present constituentsin POC. A solvent
would provide not only abackground for the reaction
to occur but it would al so stabilize the reactants and
thetransition state species by solvating process. This
solvation isdueto solvent-soluteinteractionsduring
which a solvent act either as a nucleophile or an
electrophile by donating or accepting electron pairs
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fromthe solute. It can a so form hydrogen bondswith
the specific sites of the solute mol ecul es. For that rea-
sons, it isimportant to explore solvent effectson the
UV-VIS spectraof the POCs.

UV-VISabsorption spectra of POC

Inorder to explain thedifferenceintheinfluence of
solvents onthe POCs obtai ned by five chosen solvents
(ethanol, ethyl acetate, 1-propanol, 2-propanol and
tetrahydrofuran), first stlepincludesrecording their UV-
VIS spectrainsolventsasgivenin TABLE 1. Inaccor-
dance with thereported data**34, we al so considered
that /_ absorption at around 282 nm (v, =35.46 x
10°cm) ischaracteristicfor capsaicinwhile, 4 ab-
sorptionat around 462 nm (v =21.64 x 10cm™) is
characteristicfor capsanthin.

For thelowest absorption band generally, absorp-
tionfrequencies(v, =1/, areat about: 35.09 x 10°
cmlinwater; 35.21 x 10°cnrtin methanol and 34.96
x 10°cmtin ethanol. Moreover, 35.09 x 10°cm?;
34.96 x 10°cm™ and 35.34 x 10°cm™* areobtained in
1-propanol, 2-propanol andin ethyl acetate, respec-
tively. For the highest absorption band, absorption fre-
quenciesareat about: 21.55 x 103cnrtinwater; 22.22
x 10%cmtin methanol; 22.08 x 10°cmtin ethanol;
22.03 x 10°cmtin 1-propanol; 22.08 x 10°cnrtin 2-
propanol; 22.03 x 103cm™* in ethyl acetate; 21.98 x
10%cmtin acetone; 21.65 x 103cmtin chloroform, and
21.83 x 103cmtintetrahydrofuran.

Thespectra band shiftswered sorelated to solvent
parameter ¢(s,n) whichisgivenasfollowsEq. 3,

#(&.n) =f(gn) +29(n) ©)
Thefunctiontakesinto account two important proper-
tiesof the solventsnamely, thedid ectric constant (g)and
therefractiveindex (n). Thefunctionisasum of two
independent terms, f(¢,n) and g(n), as giveninEq. 4
and5:

f(en) =[@n*+D)/(n*+2)] [{(e-Ve+2)} - {(n*1)/(n*+2)}] (4)
g(n) =3/2[(n*1)/(n*+2)7] ©)
wherethediel ectric constant and the refractiveindex
or both these values refl ect the freedom of the elec-
trons motionsin the solvent and the di pole moment of
themolecul es. Specific solvent effects occur by inter-
actions of the solvent and the chromophores. Figure 1
showsthetrend whenthe spectra position (v, ) of the
POC inprotic solventswere plotted against the solvent
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polarity parameter ¢(&,n).

Next step included correl ation of the absorption
frequencieswiththetota solvatochromic Egs. (1) and
(2). TheKamlet-Taft («, fand 7*) and Catalan (SA,
B and SPP) solvatochromic parametersareshownin
TABLE 1.

Theresultsof the correlation of the absorption fre-
guencieswith the solvatochromic parametersare pre-
sented by Models 1 - 11. The study is based on the
quantitativeva uesand thesgn of thecoefficientsinthe
corresponding modd s, and the comparison of theseco-
efficentsamongthemsdves. Basc qatidticd parameters
such as: correlation coefficient (R), standard deviation
(Sd) and F-test were used to preliminary eval uation of
theregresson models.

Evauation of correation modd sobtaned usngthe
absorption frequenciesof thelower energy bands (pre-
vioudy mentioned as characteristic band for determi-
nation of capsaicinand Egs. (1) and (2) showed unsat-
isfactory results. According thevauesfor R< 0.2 and
Sd>1itisobvioudy that unacceptable correlation mod-
elswere obtained. Dueto thisfinding, wedidn’t take
into consideration thosemodes.

223

222 . y=-8.162x + 32.71

R =0.9460

221 *
22
21.8
21.7

21.6

>

1.36

21.5

¢ (e.n) 1.34 1.38
Figurel: Plot of absorption frequence (in cm™) of POC in

protic solventsversusthe ¢ (e,n) values
Kamlet - Taft approach

1.28 1.3

Three- and bi-correl ation model swere devel oped
using experimental obtained data(Modd 1-3). Thus,
inal modd sareincluded important contribution from
the classical solvent effect (#*) whichisrepresent by
thehigher negativevaueof thecoefficient s. Statistica
eval uation of Models 1-3 showed satisfactory values
(R=0.86+0.90; Sd=0.11 + 0.13).

Model 1 v__=225840.37+0.27+0.192-0.09+0.383-1.18
+0.4277%

a=17.53%b=5.84%s=76.63%
R=0.9025Sd=0.1193F ., = 7.3162

(35)

n=9 R2adj =0.7031p<0.0281

v, =2249+0.13+0.24+0.09¢ - 1.10+0.22 77
a=17.91%s=82.09%
R=0.90135d=0.1006F, =12.98
n=9R2=0.7496 p<0.0001

v, =2213+0.24+0.38+0.203- 0.68+ 0.26 7+
b=35.84%s=64.15%
R=0.8578 Sd=0.1299F , =8.3617
n=9R2_=0.6479p<0.0184

However, it isexpected that protic and aprotic sol-
vents should havedifferent solvationsand specificin-
teractionswith cgpsanthin, duetotheir polarity and hy-
drogen bonding. Asaresult of thisfact, wedivided the
spectral-solvent correl ation into two groups (protic/
gprotic). Inlinewith this, statistical dataconfirmim-
proved model sonly for group of protic solvents (Mod-
els4-6).

Sincetheobtained valuesfor R and Sdfor aprotic
solventsmodels, arenot satisticdly sgnificant (R<0.65;
Sd >1.72), and they are not discussed in this paper.
Hence, further discussionisfocused onthesignand
valueof Models4-6.

Model 4 v =2268+0.72+1.23+0.57a-0.68+04343-2.07
+£0.2877*

a=30.90%b = 17.09%s=52.01%
R=0.9957Sd=0.04729F, ,=39.057
n=5R2,=0.9661p<0.1169

v, =21.61+0.32+1.81+0.58c - 2.01%0.37 7
a=47.38%5=52.62%
R=0.9850Sd=0.0625F,, =32.773
n=5R?,=0.9407p<0.029

v, =24.01%0.63-1.28+0.56f - 1.70+0.374 7+
b=42.95%s=57.05%
R=0.9756 Sd=0.0797F,,, = 19.766
n=5R2,=0.9037 p<0.0481

According thevauesof s, band a, the solvent ef-
fectson the absorption spectraof capsanthininprotic
solvents (Models4 - 6), generally includeimportant
contribution from the classical solvent effect (7*) as-
sign by thehigher negativeva ue of the coefficient s. In
Model 4, dthough S parameter actsin samedirection
as 7, itsinfluence can beignored, dueto thesmaller
valueof the coefficient b. The percentage contribution
of the cal cul ate sol vatohromic parametersa so confirm
those conclusions. The negativevauesof sindicated
better stabilisation of thetransition stateby the classi-
ca solvent. TheHBD effects, inModes4 and 5, work
intheoppositedirectiontotheclassica solvent effects,
indicating better stabilization of theground state by the

Model 2

Model 3

Model 5

Model 6
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HBD solvent effects. Regarding the correl ation coeffi-
cient (R > 0.97) and standard deviation (Sd < 0.07),
satisfactory valuesin bi- and tri-correlation M odel s (4-
6) have been achieved.

Catalan approach

Inthe present study, weimplement the samemethod
(Eq. 2) toinvolvethe Catal an approach, where experi-
mentally obtained v, are correlated with Catalan
solvatochromic parameters(SPP, Band SA, TABLE D).

Asweexpected, the results have showed that no
corrdaionswerefound for thelower energy band. The
resultsof thecorrel ation of the higher energy band with
SPP, B and SA are presented by Models 7-11. Con-
cerning Kamlet-Taft concept (Model 1), it has been
shown that obtained Catalan tri-parametric model
(Modd 7)isnot satigticaly significant (R=0.87).
Model 7 v__=22.5541.28+0.18+0.22SA+0.71+0.19S8-

1.19+1.555PP
a=8.65%b=34.13%s=57.22%
R=0.8660 Sd=0.1385F, =5.0011
n=9R2=0.6001p<0.0576

Whenbiparametricmoded (Modd 8)isconcernusing
PBand PP, it hasbeen confirmthat thismodd wasddis
ticaly unrdiable. Inaddition, bi-modd with SAand SPP
indicatetoevenworst satisticaly results(R =0.2896).

Model 8 v__=21.81+0.85+0.68+0.1958-0.24+0.97PP
b=73.91%s=26.09%
R=0.84735d=0.1343F , =7.6363
n=9R2 =0.6239p<0.0224

The approach of grouping solventsinto protic and
gprotic reviled much better fitsto theresultsfor protic
solvents. Moreover, the excellent bi- and tri- correla-
tion models(Models9-11) wereobtained in water and

alcohols (R >0.983, Sd < 0.08).

Model 9 v, =3525%9.61-0.35+1.995A-1.86+3.235B
-1381+7.965PP
a=2.19%b=1161%s=86.20%
R=098745d=0.0812F,, =13.03

n=5R?, =0.9002p<0.2003

v =29.86:1.69-0.770.34SA-9.48+2.145PP
a=7.51%s=92.49%
R=0.98325d=0.0662F,,, =29.12

n=5R?, =0.9336p<0.03320
v, =3371+281 - 131 £ 0485 - 12.61 +

Model 10

Model 11
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2.93PP
b=9.41%s=90.59%
R=0.98715d=0.0583F,,, =37.88
n=5R2 =0.9486p<0.0257
Implementation of the Catal an approach showed
that protic sol vent effects on the absorption spectraof
capsanthin include dominant influence of solvent
dipolarity/polarizabilityinal Models.
Intri-parametricmodel (Modd 9), theinfluence of
the and o parameters can beignored, because of the

smaller valuesof b=11.61% and a=2.19%.
Validation

We have also undertaken a cross-validation
methodol ogy for choosing predictive power of the pro-
posed models. Themention methodology is essential
because a model with good statistics may not have
good predictive potentid. Thus, thevariouscross-vai-
dation parameters cal cul ated for the proposed mod-
elsarepresentedin TABLE 2 and are discussed be-
low. To test the quality of theregression models, be-
Sidebasic parameters R, Sd and F-test, the additional
statistical parameterswere al so used such asPRESS
(Predictiveresidual error Sum of Squares=X(Y ored”
Y., p)2; SSY (Sum of squares of deviation of the ex-
perimental valuesfromtheir mean=2(Y -Y, )%
whereY -predicted,Y  -experimental andY -
mean values of thetarget propertiesv,__ respectively
and Q? - Cross-validation squared correl ation coeffi-
cient (Q?= 1-PRESS/SSY).

Kamlet - Taft approach

Good cross-validation values (Q?> 0.72) obtained
for modelsin protic solvents (Q?= 0.9494-0.9914)
suggest that the Models 4 - 6 are useful tool for pre-
dicting sol vent effectson the capsanthin UV-V IS spec-
traextracted from hot red pepper. PRESS appearsto
beimportant cross-validation parameter accounting
for agood estimate of therea predictiveerror of the
model. Itsvaluelessthan SSY indicate that the model
predicts better than chance and can be considered
statistically significant. In order to present areason-
ablemodel, PRESS/SSY should be smaller than 0.4.
In our case, PRESS/SSY ranges between 0.0085 -
0.0506 (TABLE 2).

Catalan approach

Based on the values of Q?(0.9657 - 0.9744) and

———————, Natural Products
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TABLE 2: Validation par ameter sfor models 1-11

Kamlet - Taft approach

Catalan appr oach

M odel Q? PRESS PRESY/SSY Model PRESS PRESS/SSY
0.7722 0.071189 0.2278 0.66610 0.0959 0.3339
1 Vinax OD. = 0.81 eyl + 4.17 7 Vinax OD. = 0.75ynaxcal. + 5.50
Roe’ = 0.8144 R = 0.7500
0.7688 0.0720 0.2311 0.6071 0.1082 0.3929
2 Vinax OD. = 0.81vnaxcal. + 4.11 8 Vinax OD. = 0.71 vinaxcal. + 6.26
Ry’ = 0.8122 Ry’ = 0.7179
0.6410 0.1013 0.3587 0.9744 0.0066 0.0256
3 Vinax OD. = 0.601axCal. + 8.63 9 Vinax OD. = 0.98 viraxcal. + 0.54
Ry = 0.7109 Roe = 0.9750
0.9914 0.0022 0.0085 0.9657 0.0088 0.0343
4 Virax OD. = 0.99virexcal. + 0.24 10 Vinex OD. = 2.5 vy cal. — 33.15
Ry’ = 0.9915 Ry’ = 0.8125
0.9494 0.0127 0.0506 0.9736 0.0068 0.0264
5 Vinax OD. = 0.97 i cal. + 0.55 11 Vinax 0OD. = 0.97 v cal. + 0.66
Ry’ = 0.9704 Rue’ = 0.9743
0.9648 0.0078 0.0305
6 Virax OD. = 0.95 virexccal. + 1.12
Ry’ = 0.95
124 # Model 1
i B Nodel 2
22.2 o B A Model 3
* =} # Nlodel 4
212 + ] a
: A A < Model 5
- [ N N N
2% = # Madel 6
g [ |
- d Model 7
21.6
[ Model §
1.4 + Model @
Model 110
L - Model 11
11 : S S : :
1.5 1.7 219 v, I11 2213 225

Figure2: Valuesof v,

imental

and v for models1-11
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PRESS/SSY (0.0264 - 0.0343), it hasbeen confirmed
that only Models 9 -11 were statistically significant
(TABLE?2).

Inorder to confirm our solvatochromicfindings v
values caculated by corresponding Kamlet-Taft and
Catalan models (v__,,) arecompared withthosev__
values, experimenta obtained (v, p.). Withintherangeof
acceptableexperimentd error, theva uesagreewell, for
protic solventsonly. From the plot, constructed between
theexperimentd andcaculated v, vaues(Figure2) we
have cd culated predictivecorrel ation coefficient (Rpre),
(TABLE 2). Onceagain, theobtained predictivecorrea
tion coefficient, confirmed our findingsfor protic solvents.

CONCLUSION

An effort hasbeen madeto interpret the effects of
solvent polarity and hydrogen bonding onthe UV-VIS
absorption spectraof capsaicin and capsanthin present
in POC by meansof linear solvation energy relation-
ship throughimplementation of two concepts, Kamlet-
Taft and Catalan.

Thestatistical evaluation of obtained correlation
mode sfor capsanthin demonstrated that protic solvents
models can be only accurately used to appraise the
solvent effects. However, satistical eva uation of ob-
tained correlation model sfor capsai cin showed unsat-
isfactory results.

Tothebest of our knowledge, thisisthefirst report
of the solvatochromism studies on extractsfrom hot
red pepper, and we expect that obtained results will
draw moreattentionin natural matrix study.
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