ISSN 2623 - 6575

UDK 63

T.$589 )T.25$7T8 )0 ' )S8L./8"

$-26=%G x26'BG.2 )-T$®'02S€ $= $x8G.8 $T)6.L9T$STZEABGLO

- JdNLNd VOIovMI1dNd

VOLUMENS BROJ 5-6
PROSINAC 2025.



UDK 63 ISSN 26236575 (Online) Glasilo Future R0X) 8 (5-6)

Glasilo Future

6WUXNR@RVWYHQL pDVRS

Nakladnik: $GUHVD XUHGQLaAWYD

FUTURA %DQD -RVLSD -HODpLuUD D / Croatiaa L
/ :+385 (0) 022 218 133
: urednstvo@gazettduture.eu editors@gazettéuture.eu

EMHGLAWH XGUXJH 4l P : www.gazettefuture.eu
8UHYVLY D p N EdRoGaEBbAI:

,]Y SURI GU V FighvRi UddyovdrriEediik Editor-in-Chief

(PLOLMD )JULJDQRYLU GLSO LQJ S Utddmnjemttid i o.XradniKaDehin EdGoinACtief Y SUHG
$QpPLFD 6HPDQ RIVH KOFLVP N D Reeliricel GditerD

3URI GU VF &HPOMNR ASDQMRO

OU VF OLOLYRMO®QDAHYLI

9HVQD AWLEULU GEHPODRQEDSUHK WHK

$QWRQLD 'RUELHOPQULFDUW

OHYyXQDURGQR Xhtednatnal BudivoRal Board:

Dr. sc. Gean Pablo S. AguiaSavezna republika BraziUfiversidade Federal de Santa Catgrina

Prof. dr. sc. Kiril Bahcevandzie¢Portugalska Republikar(stituto Politécnico de Coimbya

Prof. dr. sc. Martin Bobinae 5 HSXEOLND 6UELMD &aXPDUVNL IDNXOWHW %HRJUDG

Prof. dr. sc. Zvezda Bogevski&Republika Sjeverna Makedonijigkultet za zemjodelski nauki i hrana Skdpje

'U VF %RJGDQ &YMHW NRegublika Bivaiska (AdrdhohisW tédkvltet Zagreb)

Prof. dr. sc. Margarita Davitkovsk#Republika Sjeverna Makedonijeakultet za zemjodelski nauki i hrana Skgpje

3URI GU VF 'XEUDY N EReépuMiRaRHYVatska Qagrandriski fakultet Zagreb)

3URI GU VF -R\#Ré&bblika GveBskaRKemiiskaVHKQRORANL IDNXOWHW X 6SOLWX

3URI GU VF 6HP L#Bd3na HerédgbvibX @dromediteranski fakultet Mostar)

Prof. dr. sc. Péter Honft 0 D y D URabLRy of Horticultural Science Budapgst

B3URI GU VF #Bodn&iHecegolita (Univerzitet PIM)

Doc. dr. sc. Anna JakubczatRepublika Poljskalniwersytet TechnologiczrBrzyrodniczy w Bydgoszcgy

'U VF aHOMMKRMHKG®MHWHQH $PHULpPpNH 'UADYH (06/ $QDO\WLFDO ,QF 1RUWK &LQ
Prof. dr. sc. Mariia KalistatUkrajina (National Museum of Natural History of National Academy of Sciences of Ukraine) Kyiv

DU VF 7DM Dp@bDemerityskRBpublika Hrvatska (Agronomski fakultet Zagreb)

3URI GU VF :Bddgra{HermRegdvita (Univerzitet PIM)

60ORERGDQ .XOiHelerskaRepuklida (Federation Panhellinique del' Ornithologie)

3URI GU VF % UIDG@ENReputdlidaySeoijel(Boljoprivredni fakultet Univerziteta u Novom Sadu)

3URI GU VF =YRQ tRdpubliegdDHmMatdka KenVjskdVHK QRORANL IDNXOWHW X 6SOLWX

Semir Maslo, prof+.U D O M H Y L QmBinga¥yBdBaoN.Dnddkerskolan Gislaved

Prof. dr. sc. Ana MatintRepublika Hrvatska (Agronomski fakultet Zagreb)

Prof. dr. sc. Elizabeta Miskostdilevska +Republika Sjeverna Makedonijgdkultet za zemjodelski nauki i hrgna

3URI GU VF %RYHGMEOLNO/WWODYIDWVND 6YHXpPLOLAWH X =DGUX

3URI GU VF $\UHRédublika Qurgkak@hmet Akif Ersoy University+Burdur, Food Agriculture and Livestock Schpol

Doc. dr. sc. Andrea PauRepublika Hrvatska (Kemijskd0WHKQRORA&ANL IDNXOWHW X 6SOLWX

Doc. dr. sc. Nibir Pratim ChoudhurRepublika Indija (The Assam Royal Global University, Guwahati, Assam)

Prof. dr. sc. Tatjana PrebegRepublika Hrvatska (Agronomski fakultet Zagreb)

Prof. dr. sc. Bojan SimovskiRepublika Sjeverna MakedonijgP N XOWHW ]D &XPDUVNL QDXNL SHM]DaQD PUKLW
3URI GU VF "BSHSKXBNHNDRHUYDWVND *UDYHYLQVNL IDNXOWHW =DJUHE

Prof. dr. sc. Azra Skendet% RVQD L +HUFHIJRYLQD %LRWHKQLpPpNL IDNXOWHW 8QLYHU]JLWHWD
$NDGHPLN SURI GU VF OLUNR+tBREBROBMQLNIB URIY DAMAVUNKD &YWHXPHLOLEWH 6MHYHU 9C
3URI GU VF RépulikafdveQifaRakulteta za naravoslovje in matemajiko

'RF GU VF O0ODGHQND &b tReiiblika HvaRka (KeWilske H K @/KGRANL IDNXOWHW X 6SOLWX
3URI GU VF $R&publikiShveaildRbakulteta za kmetijstvo in biosistemske vede Majibor

Prof. dr. sc. EIma TemintBosnha i Hercegovina (Agromediteranski fakultet Mostar)

'RF GU VF OHULPER%RV@PODQRYULEHIRYLQD %LRWHKQLpPpNL IDNXOWHW 8QLYHU]JLW
Prof. dr. sc. Marko Turkk 5 HSXEOLND +UYDWVND 9LVRND SRVORYQD a@4NROD 3%$5

3URI GU VF YD Q DtRepuMikeMHR ¥tkkia (ARrdroinski fakultet Zagreb)

'RF GU VF %R MRRBika RivdtisdeRPrehrambe®)L RWHKQRORA&NL IDNXOWHW =DJUHE

3URI GU VF $ QRepabika Bdita YRoljoprivredni fakultet Beograd)

6DQGUD 9XNRY krepublkd Srhifa Poljoprivredni fakultet Beograd)

3URI GU VF 9 HReQuDlikalHB/R3K& (Agronomski fakultet Zagreb)

B3URI GU VF '"HQEWRWIDMR =HNEHIRYLQD 1DVWDYQLpPpNL IDNXOWHW ORVWDU

*UDILPND SULSUHPD $QpbLFD 6HpDQ PDJ DFW VRF

Objavljeno:30. prosinca202. godine.

yDVRSLV L]OD]L X HOHNWURQLpPNRP L]GDQMX GYD SXWD JRGLaAQMH tiko@d MHP
JRGLQH L] ELRWHKQLpPNRJ SRGUXpMD

yDVRSLV MH EHVSODWDQ 5XNRSLVL L UHFHQ]JLMH VH QH YUDUDMX L QH KRQ
$XWRUL FH VX X SRWSXQRVWL RGJRYRUQL H ]D VDGUADM NRQWDNW SRGDW
8PQRADYDQMH UHSURGXFLUDQMH VWDYOMDQMH X SURPHW GLVW LbdfoXrioU D
SUHUDGD X ELOR NRMHP REOLNX QLMH GRSXawHQD EH] SLVPHQRJ GRSX&aWH
6DGUADM REMDYOMHQ X *ODVLOX )XWXUH PR&H VH VORERGQR NRULVWLWL X
yDVRSLV MH LQGHNVLUDQ X &$% $EVWUDFW &$% ,QWHUQDWLRQDO


file:///C:/Users/Emilija/AppData/Local/Temp/urednistvo@gazette-future.eu
file:///C:/Users/Emilija/AppData/Local/Temp/editors@gazette-future.eu
file:///C:/Users/Ancica/AppData/Local/Temp/www.gazette-future.eu

UDK 63 ISSN 26236575 (Online) Glasilo Future R0X) 8 (5-6)

Glasilo Future

BWUNR@RVWYHQL pDVRS

FUTURA + VWUX@RRVWYHQD XGUXJD ]D SURPLFDQMH RGUALYRWHUDPREMD-RNKS!

ALEHQLN +UYDWVND
(2025) 8(5-6) 01 H7

6$'54%-
Str.
Izvorni znanstveni radoriginal scientific paper)

I1DWDOLMD %UDMNRYLUO ,QHV %DQMDUL ODULQD
Ljubica Vazdar

Dodaci prehrani, polifarmacija i interakcije lijekova i dodataka prehrani u st:
RGUDVORM SRSXODFLML NRULVQLND OMHNDUQL]
Supplements, polypharmacy and dugpplement interactions in older pharmacy us

from continental Croatiac « « « €« €  « « « € € & & & K K K & & & « K« 0144

$LGD AaXNDOLU $OPD OLpLMHYLU 6DQHOD 1D]GUI
The offer and quality of extra virgin olive oils in stores in the area of the Herzegc
IHUHWYD FDOWRQ ««& &K« KKK KL K K LKL R KKK L LKL KK 15832

$OPD OHPLUO 9HGUDQ NefeR PDHPR YD QICOHNV D Q/X L
The impact of location and planting time on the morphological characteristics
domestic ecotype of garli@ium sativuml.) « « « « « « & € &€ € € € K € & 3342

6 W U X b (profdddinBal paper)

IXFLMD 9XNRYLUO ,YDQD 9LWDVRYLUO .RVLU
(NRORANL DVSHNWL DOJL L YLALK ELOMDND -DGL
Ecological Aspects of Algae and Higher Plants of the Adriatic &eac « « « « « 4364

'"UXAWYHQH YLM Kacial bews Rrifl Brinauviddrdamts)

% 'RUELU
Edukativneprirodoslovni projekti udruge Futura u 2025
Educationainatural science projects of the Futura Association in 20285« « « « 6565

Upute autorima(instructions to author$ « « « « « « « « « «€ € € € € € € « .. 66867



$LGD aXNDOLU $OPD OLpLMHYLU 6DQHOD 1D]GuddHdr and'aH QLWL
quality of extra virgin olive oils«/ Glasilo Future(2025 8 (5-6) 1582

The offer and quality of extra virgin olive oils in stores in the area of the Herzegovina

Neretva canton
$LGD a¥NDHMIAD OLpLOMHYHOD 2D ]&SH@IMY D *$0elisa-idpatak
izvorni znanstveni ratbriginal scientific paper)
doi: 10.32779/gB.5-6.2
Citiranje/Citatiorf
Abstract

This paper explores the significance of olives and extra virgin olive oil in nutrition, focusing on oil
guality. The study aimed to analyse the quality of extra virgin olive oil available in the market of the
HerzegovinaNeretva Canton (HNK) by analyzinpree key chemical characteristics: free fatty acid
(FFA) content, peroxide value and total polyphenol content. Six samples of extra virgin olive oil were
analyzed. The results showed that sample no. 1 had the lowest free fatty acid (FFA) content (0.5%),
indicating better quality than the other samples according to this parameter. In contrast, sample no. 3
(0.89%) and no. 5 (0.9%) had elevated FFA values, which reduced both the quality and shelf life of the
oil. According to Regulation on Market Standards®tive Qil (Official Gazette of BiH 81/12), samples

no. 3 and no. 5 do not meet the criteria for extra virgin olive oil due to their higher free fatty acid content.
The lowest peroxide value was observed in sample no. 1 (2.83 mkg),Qvhile the highdswas in

sample no. 2 (5.26 mmolA®g). The acceptable limit for the peroxide value in extra virgin olive oils,
according to the Regulation on Market Standards for Olive Oil (Official Gazette 81/12) and harmonised
ZLWK (8 ,PSOHPHQWLQJ 5HIXODWLRQ (8 dolptienolsP PRO 2w
sample no. 1 had the highest value (411.229 mg GAE/kg), while sample no. 5 had the lowest (159.278
mg GAE/kg). Polyphenols are crucial for the quality of olive oil, both organoleptically, and inaérms

its nutritional and chemical properties. Statistical analysis (ANOVA test) revealed significant
differences among the samples based on sensory evaluation, confirming that the quality of olive oil
varies depending on the analyzed parameters. Thesaedmdighlight the need for stricter quality
control of extra virgin olive oil in the HNK market, particularly concerning free fatty acid content and

polyphenol levels.

!$JURPHGLWHUUDQHDQ )DFXOW\ 8QLYHUVLW\ 'aHPDO %LMHGLUO ORVWD
* E-mail: aida.sukalic@unmao.ba (corresponding author)

27HDFKLQJ IDFXOW\ 8QLYHUVLW\ 'AHPDO %LMHGLUO ORVWDU ORVW|
8 Faculty of Pharmacy 8QLYHUVLW\ 'aHPDO %LMHGLU ORVWDU ORVWDU %R\
4aXNDOLU $ OLpLMHYLU $ 1D]GUD MQRO25)6The pftet dhéiquiality oféextra drD OD N $
olive oils in stores in the area of the HerzegoMiteaetva cantonGlasilo Future, 8(56), 1582.
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Introduction

Olive (Olea europaed..) is one of the most significant plants in the Mediterranean region and is often
regarded as the oldest cultivated plant species. The fruit of the olive tree is primarily used for the
production of olive oil, which has become widely recognized as a dyshbdealthy diet and modern
lifestyle. Numerous studies have demonstrated that olive oil positively influences human metabolism,
and the health of the digestive system, blood vessels, arteries, liver, and bile ducts, while also
contibuting to increased life expectancy, particularly among the elderly population. Furthermore, it has
EHHQ VKRZQ WR VXSSRUW WKH JURZWK DQG GHYHORSPHQW RI F
health benefits, olive oil plays a significanteah the cosmetic industry, where it is used for maintaining
skin health and beauty. Olive oil is obtained from the fruit of the olive tree, where natural biosynthetic
processes within the olive contribute to the formation of oil droplets that accumutatg dpening.

Extra virgin olive oil, in particular, is highly valued in the market today, making it one of the most
soughtafter and expensive food products. To justify its high price and demand, this oil must meet strict
quality standards. Ensuring tiégh quality of extra virgin olive oil requires meticulous monitoring
throughout all stages of production, including fruit ripening, harvesting, processing olives into oil , and
proper oil storaging. Each of these stages significantly influences thegdesit of both desirable and
undesirable organoleptic properties of the oil, such as taste and aroma (Koprivnjak, 2006).

Due to its nutritionally balanced composition and distinctive aroma, olives and olive oil are considered
fundamental components of the Mediterranean diet, the efficacy of which has been proven in the

prevention of various diseases, maintenance of healthp@motion of longevity.

The Importance of Olive Oil for Human Health

Olive oail is aone of the most valuable source of fat in the human diet. Its nutritional significance is
primarily attributed to its high content of monounsaturated fatty acids, particularly oleic acid, which
exert significant biological and nutritional effects. Additionally, olive oil is rithbhenolic compounds,

which act as potent antioxidants, enhancing its health benefits. Tocopherols, or vitamin E, present in the
oil, also contribute to its stability and enhance its antioxidant properties. Num&raliss have
confirmed the positive effects of extra virgin olive oil on cardiovascular health, particularly its ability

to reduce blood pressure (Estruch et al., 2013; Schwingshackl et al., 2019; Sarapis et al., 2020). Research
on animal models, particulg rats, has shown that phenolic compounds in extra virgin olive oil, such

as tyrosol and hydroxytyrosol, significantly promote bone mass formation. The authors of these studies

suggest that the consumption of olive oil may help prevent bone mass lessghdurther research is
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QHHGHG WR FRQILUP WKHVH ILQGLQJY 3HMRYLUO HW DO OF
the risk of certain types of cancer, particularly breast cancer
GarciaSegovia et al. (2006) performed a study which was designed to assess the role of differential
fatty acid intakes and olive oil consumption on breast cancer risk among women in the in the Canary
Islands. The results of the study suggest that higivewnption of olive oil is associated with the lower
risk of breast cancer
The antiinflammatory properties of olive oil are attributed to oleic acid, which inhibits the synthesis of
inflammatory mediators and other antioxidants such as oleocanthal. Notably, oleocanthal not only has
antrinflammatory effects but also exhibits dégesic properties. According to some studies, consuming
50 g of olive oil daily is equivalent to ottenth of the recommended dose of analgesics for adults
aDUHQLuQ

Free Fatty Acid Content

The content of free fatty acids (FFA) in olive oil, commonly called acidity, is a crucial indicator of oll
quality. This parameter reflects various stages in the olive oil production process, including flowering,
harvesting, processing, and storagingireatly influences both the market value and the suitability of

the oil for consumption. Oils derived from healthy olive fruits typically exhibit low free fatty acid
content. In contrast, oils produced from damaged fauth as those affected by the elifruit fly
(Bactrocera oleagor fruits that have not been properly handled and stored for extended periods before
processing, often show elevated FFA levels. The total fatty acid content in the oil is usually expressed
as a percentage of oleic acid (Soldo, 2016).

Peroxide Value

The peroxide value is an indicator of the primary oxidation of olive oil, a process that leads to the
formation of peroxides and hydroperoxides of fatty acids. Although these compounds do not have a
distinct taste or odor, they can significantly affect dherall quality of the oil. The peroxide value is

expressed as the amount of substance in the oil sample that oxidizes potassium iodide and is measured
LQ PLOOLPROHYV RI DFWLYH R[\JHQ SHU NLORJUDP RI RLO PPRO Z
SHU NLORJUDP RI RLO P(T 2w NJ O0ODQGLU HW DO 7KH SHL
into oxidation processes, which can be either enzymatic or chemical. Since olive oil primarily contains
unsaturated fatty acids with double bonds, the »pdeovalue is more likely to increase during
processing, especially under high temperatures or improper storage conditions, such as exposure to air,
light, and high temperatures. An increase in the peroxide value is often associated with a sensory defect

commonly referred to as "rancidity” in olive oil (Dobra, 2017).
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Total Polyphenol Content

Polyphenols are natural antioxidants that effectively protect olive oil from autoxidation, thereby
contributing to its stability, preservation of quality, and extended shelf life. These phenolic compounds
protect the unsaturated fatty acids within the @igFHULGHYV RI ROLYH RLO IURP R[LGD
2007). In addition to their strong antioxidant properties, polyphenols also influence the organoleptic
characteristics of the oil, such as its bitternes and pungency and play a significant rolgeimstirg
evaluation of olive oil (GorzyniDebicka et al., 2018). Natural polyphenols are essential for human
metabolism. Studies have shown that polyphenols reduce the incidence and/or slow the progression of
cardiovascular diseases, neurodegenerativedtissand certain types of cancer. Their mechanism of
action is primarily based on their antioxidant activity, which helps reduce the levels of reactive oxygen
species in the body (GorzyniBebicka et al., 2018). Furthermore, polyphenols exhibitathiogenic

effects by binding to LDL particles and preventing their oxidation (Perona et al., 2006). Additionally,
polyphenols possess ainiflammatory, antiallergic and antmutagenic properties. They are also
capable of preventing DNA damage, potentiaffgiing anticancer effects and inhibiting the expression

of adhesion molecules (Gorzyrikebicka et al., 2018).

Sensory Evaluation of Olive Oils

The organoleptic properties of olive oil, such as taste and aroma, are primarily influenced by the olive
variety and its genetic predispositions. The effect of the variety (genotype) on these properties is most
evident in enzymatic activity, which contrites to the formation of desirable volatile compounds, as

well as in the content of phenolic compounds. These factors directly influence the taste and aroma
FKDUDFWHULVWLFV RI WKH RLO LQ DGGLWLRQ WR LW&yUHVLVW)
analysis is a crucial analytical procedure used to evaluate the taste and aroma properties of virgin olive

oil and plays a key role in its market classification. This analysis is conducted by trained and experienced

evaluators called panelists (Gal2al18).

Materials and Methods

The objective of this research is to analyze the supply and quality of olive oils available in stores within
the Herzegovindleretva Canton (HNC). The study begins with a review of relevant literature to
describe the biological characteristics of the olinee and to analyze the nutritional and medicinal
potential of olives and their products in the context of human health. Additionally, the peroxide value,
free fatty acid content, and polyphenol content were determined for six samples of extra viegail oliv
available in stores in the HNC. The results were compared with the "Regulation on the Methods of Olive
Oil Analysis" (Official Gazette of BiH 68/13) and the "Regulation on Market Standards for Olive Qil"
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(Official Gazette 81/12). Sensory analysis of the six olive oil samples were conducted in order to
evaluate their organoleptic properties. Finally, the results were compared with findings from similar
studies conducted in Bosnia and Herzegovina and iriienadly .
The olive oil samples analyzed in this study were obtained from the local market. According to the
lables, olive oils originated from the folowing countries: Spain, Croatia, Italy and France.The samples
were collected in their original packaging, iditer bottles, with identical expiration dates but from
different producers and various regions of the European Union. Following the chemical analyses, a panel
of trained evaluators, including individuals with no prior training, was formed to conduct theysenso
analysis of the olive oils. This analysis took place in the laboratory of the Agromediterranean Faculty.

The following samples were analyzed:

Sample 1: Zvijezda (Country of origin: Croatia);
Sample 2: Filippo Berio (Country of origin: France);
Sample 3: Blanqueta (Country of origin: Spain);
Sample 4: Trenton (Country of origin: Croatia);
Sample 5: Olitalia (Country of origin: ltaly);

Sample 6: Basso (Country of origin: Italy);

Determination of Total Polyphenols

The total polyphenol content in the extracts of the olive oil samples was determined using a
spectrophotometric method, based on the color reaction between phenolic compounds and-the Folin
Ciocalteu reagent. The intensity of the resulting color was mehsitir@ wavelength of 765 nm. The

total polyphenol content was determined by comparing the absorbance of the sample with the calibration
curve of the standard, and the results were expressed as milligrams of gallic acid per kilogram of sample
(mg GAE/Kg). The determination was performed in triplicate to ensure accuracy.

A methanol extract of each olive oil sample was prepared by mixing 1 g of olive oil with 10 mL of
methanol, followed by vortexing for 2 minutes. The mixture was centrifuged at 4000 rpm for 10 minutes

and the supernatant was used for further analysis

Preparation of Calibration Curve:

To prepare the calibration curve, 0.5 g of gallic acid was weighed, dissolved indiB@% methanol,

and then diluted with distilled water to a total volume of 100 mL. Gallic acid solutions were prepared in

concentrations of 50, 100, 150, 250, and 500 mg/L. Each solution was subjected to spectrophotometric

measurement to generate the calilraturve.
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Determination of Peroxide Value

The peroxide value is a measure of the amount of substances in the sample that oxidize potassium iodide,
DQG LW LV H[SUHVVHG LQ PLOOLPROHYVY RI DFWLYH R[\JHQ SHU NI
Rl DFWLYH R[\JHQ SHU NLO)RThe pefoxii¢ \RILis deteimified d¢cbrding to the

methods described in Regulation 68/13 and the Regulation on Market Standards for Olive Oil (Official
*DIHWWH 7KH DFFHSWDEOH OLPLW IRU WKH SHURK#.GH YDOX

Procedure:

A 250 mL Erlenmeyer flask with a grouggliass stopper was prepared. Approximately 5.00 g of the oll
sample (m) was weighed into the flask (or the sample was weighed in a glass capsule and transferred
guantitatively). A solvent mixture of chloroform and gl acetic acid (2:3, v/v) was added (e.g., 10

mL chloroform + 15 mL acetic acid) and the sample was completely dissolved by swirling.

Then 1.0 mL of saturated potassium iodide (KI) solution was added. The flask was immediately
stoppered, shaken vigorously for ~30 seconds, and kept in the dark for 5 minutes to allow iodine
liberation.

After incubation, 75 mL of distilled water was added and the released iodine was titrated with standard
VRGLXP WKLRVXOIDWH VROXWLRQ H J PRO / 1Dw6w2x ZLWK
became pale.

At this point, + P/ RI IUHVKO\ SUHSDUHG VWDUFK VROXWLRQ 8§ Z
producing a blue coloration. Titration was continued dropwise with sodium thiosulfate until the blue
color disappeared and the solution became colorless. A determination was performed under the

same conditions using all reagents but without the sample.

Calculation of Peroxide Value:

The peroxide value was calculated from equation 1,

28L——2>2% (1)
Where:
¥ V = volume of sodium thiosulfate (mL),
T T = molarity of the sodium thiosulfate solution,
¥ m = mass of the sample (Q).
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Determination of Free Fatty Acid Content

The content of free fatty acids in olive oil, also referred to as its acidity, is determined according to the
methods outlined in Regulation 68/13 and the Regulation on Market Standards for Olive Oil, where the
free fatty acid content in extravirginoli@LOV VKRXOG EH ”

Titration Procedure:

For the titration procedure, 10 g of the olive oil sample was dissolved in 50 mL of a neutralized mixture
of diethyl ether and ethanol in a 1:1 (V:V) ratio. The resulting solution was then titrated with sodium
hydroxide (0.1 mol/L) using phenolphthaleinasindicator. The titration was performed until the first

permanent color change of the indicator occurred, which must remain stable for at least 15 seconds.
Calculation of Free Fatty Acid Content:

The free fatty acid content (acidity) is expressed according from equation 2,

((#Lgen (2)

Where:

V = volume of sodium hydroxide used for titration (mL),

¢ = concentration of the standardized sodium hydroxide solution (mol/L),
M = molar mass of oleic acid (282 g/mol),

m = mass of the sample (g).

Sensory Analysis of Olive Qil

The sensory analysis of olive oils was carried out pgreel of 10 trained assessadrsaccordance with

the Regulation on Methods for Olive Oil Analygi®fficial Gazette of BiH 68/13). The evaluation was
performed undestandardized tasting conditignscluding controlled lighting and temperature, and
usingstandardized blue tasting glasgesrder to avoid visual bias during assessment.

A total of six olive oil samplesvere analyzed. The samples were coded and presented to the panelists
in a randomized order. Sensory evaluation was conducted usirdfiti@ evaluation sheet for the
sensory assessment of virgin olive pilhich includes the assessmentoiactory fustatorytactile

propertiesgustatorytetronasal propertiesindfinal olfactorysfustatorytactile properties
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Olfactoryyjustatorytactile properties were evaluated with a maximun3®ipoints including fruity
notes of olive (@7), green notes (olive or grass®Y), fruitiness of other fruits (8), other positive
attributes (@8), andharmony which increases when the attributes are well balanc&D)0
Gustatoryretronasal properties were evaluated with a maximu#d®b gfointsand included fruity notes
of olive (040), green notes (), sweetness (&), bitterness (8), pungency (@B), other positive
attributes (@8), and harmony (&0).
Final olfactorygustatorytactile properties were evaluated with a maximun2@fpoints including
complexity(0 A0), which increases with the intensity of aromas and flavorspensistenc€0 H.0).
Between samples, panelists rinsed their mouths with water to minimizeosamgffects and prevent
sensory fatigue. Thotal sensory scorfor each sample was obtained by summing the scores of the
individual groups of attributes, while theLQDO YDOXHV ZHUH H[SUHVVHG DV WKH

scoresin accordance with the principles of sensory data processing.

Olfactory-tastetactile propertiestmaximum score: 35 points
Tasteretro-nasal propertiegmaximum score: 45 points
Final tasteolfactory-tactile propertiestmaximum score: 20 points

Total scoretmaximum score: 100 points

Based on the sensory profikeyitiness category classificatiasf the olive oil samples (green or ripe)

was also performed.

Statistical Analysis

Statistical analysis of the sensory evaluation data was performed using analysis of variance (ANOVA)
to determine statistically significant differences between the olive oil samples and between the sensory
attributes (aroma, taste and aftertaste harmango-way ANOVA was applied at a 5% significance

level. When a statistically significant effect was detected, the Tkamner postoc test was used to
identify differences among the individual samples and sensory attributes. The results of the ANOVA
test showed statistically significant differences both among the samples and among the sensory

properties.

Results and discussion

This study analyzed the quality parameters of olive oils, including the content of free fatty acids (FFA),
peroxide value, and total polyphenols. In this section, we will discuss the significance of the obtained

results and their correlation with estabéghquality standards.
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Results of Free Fatty Acids (FFA) Content

The content of free fatty acids (FFA) is a crucial indicator of olive oil quality, as it reflects the
degradation processes of the olive fruit, which are influenced by various factors. The most common
causes of elevated FFA levels include mechanical damaddamproper handling of the fruit.. An

increase in FFA concentration is typically inversely related to the presence of other key components in

olive oil, such as aromatic compounds, vitamins, and polyphenols. Consequently, higher FFA content

can significDQWO\ UHGXFH WKH QXWULWLRQDO DQG KHDOWK EHQHILW
presents the results of the FFA content in the analyzed olive oil samples, along with the values specified

in Regulation 68/13. These results allow for a direchparison between the obtained values and the
regulatory standards, providing a basis for assessing the compliance of the analyzed olive oil samples
with market standards for extra virgin olive ails.

Table 1 Free Fatty Acid Content of Analyzed Oils and Values from Regulation 68/13

Sample Free Fatty Acids (FFA) Content (%) Regulation

(as Oleic Acid) 68/13
0.50
0.68
0.89
0.71
0.90
0.66

o oA WDN P

The hydrolytic degradation of virgin olive oils is determined by the mass percentage of free fatty acids
(FFA). This parameter serves as a standard market indicator for assessing the extent of hydrolytic
deterioration (Koprivnjak, 2006). The classificatiorteria for free fatty acid content were compared

with the standards defined in the Regulation on Market Standards for Olive Oil (Official Gazette 81/12)
and the Implementing Regulation (EU) 2022/2105. In a study performed by Gauta (2018), nine olive oil
samples from Croatia were analyzed and the FFA content ranged from 0.17% to 0.66%. Additionally,
Dobra (2017) reported the average FFA values in the analyzed olive oil samples ranged from 0.21% to
0.55%. Mena et al. (2018) cited a range of FFA content d.8% to 0.8% in the analyzed olive oils.
Research conducted by Carolina et al. (2020) on Spanish virgin olive oils, which focused on determining
the total polyphenol content and metal concentrations, revealed that the FFA values were either lower
or vely close to 0.2 g oleic acid per 100 g of oil. This indicated that all analyzed samples met the criteria
for extra virgin olive oil, except for one sample, which exceeded the maximum value of 0.8 g oleic acid

per 100 g of oil despite being labeled as exirgin. These findings align with the results of the present
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study, where two of the samples exceeded the recommended FFA limits. In a study on the aromatization
of virgin olive oil using seeds é&fimpinella anisunfYoussef et al., 2021), the FFA content in the control
samples ranged from 0,03% to 1,46%. In the current study, the FFA content, expressed as a percentage
of oleic acid, in the analyzed samples ranged from 0.5% to 0.9%. Sample 1 exhibited the lowest FFA
value (0.5%), while Sample 5 had the highest (0.9%). Elevated levels of free fatty acids have a
detrimental effect on the quality and shelf life of olive oil. Accordindriegulation on Market Standards
for Olive Oil 81/12, Samples 3 and 5 should be classified as virgin olive oils due to their elevated FFA

content.
Peroxide Value Results

The peroxide value is a critical indicator of oxidative deterioration in olive oil, expressed as the amount

RI DFWLYH R[\JHQ ERXQG WR RQH NLORJUDP RI RLO PPRO 2w NJ
for virgin olive oil intended for human consungati without any refining process, is set at 10 mmol

2w NJ .OHSR % H Q p L t-quality, fresRyJpreduddd oils, the peroxide value typically
UDQJHV IURP W R PPRO 2w NJ LQGLFDWLQJ PLQLPDO RJ[LGD
(Koprivnjak, 2006).

Table 2.Peroxide Value Results of Analyzed Olive Oils and Values from Regulation 68/13

Sample Peroxide Value (PV) Regulation 68/13
LQ PPRO 2v

2.83

5.26

4.75

4.21 i

4.81

3.85

o OB~ WN P

The peroxide value is a crucial indicator of oxidative degradation in olive oil, quantifying the amount

RI DFWLYH R[\JHQ ERXQG WR RQH NLORJUDP RI RLO H[SUHVVHG
guidelines, the maximum permissible peroxide vdbrevirgin olive oil, without any refining, is 10

PPRO 2w NJ .OHSR %HQpPLU ) Rduiality) &il¥, Khe \pe®okidRGaldbeH G~ KL J
WASLFDOO\ UDQJHV IURP WR PPRO 2w NJ UHIOHFWLQJ PLQLPD
Gauta'sstudy (2018) reported that, of the nine analyzed olive oil samples, the peroxide values were
within the acceptable limits for extra virgin olive oil. Among these, five samples had a peroxide value
EHORZ PPRO 2w NJ ZKLOH WKH KLBRROWW HNEBERIRGHWGDPBOMH Z,)\

Dobra (2017) analyzed five olive oil samples and found a broader range of peroxide values, ranging
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IURP PPRO 2w NJ WR PPRO 2w NJ LQGLFDWLQJ D KLIJKHU GH
The study perofrmed by Youssef et al. (2021), which focused on the aromatization of virgin olive oil
with Pimpinella anisunseeds, reported that the peroxide values in the control samples ranged from 0.51
PPRO 2w NJ WR PPRO 2w NJ VXJJHVWLQJ YDU\LQJ HIIHFWV RI
oxidative status. Similarly, Mena et al. (2018) observed a peroxide valddHtahU R P PPRO 2w N.
to46 PPRO 2w NJ LQ WKHLU VWXG\ ZLWK UHVXOWY FRQVLVWHQW
et al. (2022) conducted a comprehensive analysis of the chemical composition and health effects of
edible vegetable oils using chemometric methods. In stadly, the peroxide values of olive oils ranged

IURP PPRO 2w NJ WR P P R O-q@alityNoil com@ea@:t FoDottdr @ampes J K
HYDOXDWHG ,Q WKH SUHVHQW VWXG\ WKH ORZHVW SHUR[LGH YI
while thH KLJKHVW SHUR[LGH YDOXH ZDV IRXQG LQ VDPSOH Pl

this study comply with the standards set by the Regulation on Methods of Analysis of Olive QOil (Official
Gazette BiH 68/13) and the Regulation on Market Standard3lifge Oil (Official Gazette 81/12).

Results of Total Polyphenol Content

While the determination of polyphenol content is not classified as a primary quality indicator for olive
oil, polyphenols are among the most significant groups of compounds that influence the overall quality
of the oil. These compounds affect the organideghemical, and nutritional properties of olive oil.
The unique combination of polyphenols in olive oil distinguishes it from other vegetable oils,
contributing to both its distinctive flavor and its health benefits. The concentration of polyphenols in
olive ail is influenced by several factors, including the degree of fruit maturity, olive variety, altitude,
water supply, oil extraction methods, storage conditionsand any refining processes. Refined olive oils
generally contain the lowest concentratiofpolyphenols, as a significant portion of these compounds
is removed during the refining process. In contrast, extra virgin and virgin olive oils typically retain the
highest levels of polyphenols, which enhances their h@attmoting properties and onadl quality
AaLQGUDN HW DO

Table 3.Total Polyphenol Content of Analyzed Olive Oils and Literature Value

Sample Total Polyphenols Literature Values
(mglkg) (mg/kg)

1 411.229 150-300(Orva J.H. et al., 2014.)

2 201.287 73-265 (Pellegrini et al., 2001.)

3 214.670 85.59 + aADQHWLUO HW L
4 220.165 50- 500 (Espejo, 2005; Del Carlo et al., 2006
5 159.278 178 +591.8 (Ciafardini, et al., 2013; de la Torr
6 178.519 Robles et al., 2014)
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The total polyphenol content in olive oils, as reported in a study on the chemical composition and health
effects of edible vegetable oils using chemometric analysis (Shiling et al., 2022), ranged from 7.40 to
62.96 mg/kg. PerorArquillué et al. (2003) fand a higher polyphenol content of 631.3 mg/kg in olive
oil, while Baccouri et al. (2008) reported that the polyphenol content in oils from wild olive varieties
ranged from 182 to 430 mg/kg. Numerous studies have reported a wide range of total polyptienbl ¢
in extra virgin olive oils, typically from about 50 up to over 1000 mg/kg, depending on cultivar, ripening
stage and processing conditions (Albdady, 2023; Arafat et al., 2016; -B&sebn et al., 2024; De
Santis et al., 2022; Man&ijebali et al.,2023). The polyphenol content in olive oil is influenced by
several factors, with the olive variety being one of the most significant. However, thepienisds
FRQVLGHUHG WKH PRVW FUXFLDO IDFWRU DIIHF W Dbi@ do8d@O\SKHQR
various phenolic compounds, which can exist either in their free form or bound with other compounds
in complex structures. These compounds megradeand break down into other components during
the aging process of the oil. Similarly, Carolina et al. (2020) reported that the total polyphenol content
in their analyzed samples ranged from 93 to 375 mg/kg, which aligns with previous findings. Based on
the total polyphenol content observed in this study, it can be concluded that the restitssetent
with the literature data, as shown in Table 3. Generally, thedhiglity olive oils contain between 100

and 250 mg/kg of polyphenols (Saima et al., 2021).
Results of Sensory Analysis of Olive Oils

Virgin olive oils, afterundergoing physicehemical analysis, were subjected to sensory analysis. It is
important to note that oils classified as extra virgin, following physicochemical analyses, must not
exhibit any organoleptic defects (Median of defects=0) while fhaitinessmust be higher than zero

(Median of fruity >0).. In contrast, virgin olive oils may have minor organoleptic defects (Median of
GHIHFwWV " $GGLWLRQDOO\ WKH IUXLWLQHVV RI WitgHVH RLO
>0). (Jiménez Herrera and Carpio Duefas, 2008). The sensory analysis was conducted by 10 panelists,
who assessed the olive oil samples across different properties, After completing the sensory analysis,

the results were processed using statisticalifsignce analysis (ANOVA). To determine statistical
significance and correlations between the measured variables, the-Riagkagr test was conducted.

The analysis revealed significant differences in the sensory properties between the evaluated olive oil

samples.

Table 4 presents the scores from the sensory analysis of the olive oil samples. All assessors were
provided with brief guidelines for evaluation before proceeding with the assessment. The results showed
that Sample 1 received the highest score for albewet! properties (smell, taste, and overall harmony),
achieving the highest total score compared to the other samples. In contrast, Sample 4 received the
lowest score across sensory properties. Additionally, the results indicate significant variatien in t

ratings of the oils across the different properties (smell, taste, overall harmony), suggesting notable
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differences in the sensory properties of the analyzed samples. This variability reflects the unique

characteristics of each olive oil, which may be influenced by several factors such as the olive variety,

origin and production process.

Table 4 Results of Sensory Analysis Scores

Samples Aroma Taste Aftertaste Total score
harmony
1 245 306 159 710
2 169 240 114 523
3 237 287 130 654
4 134 143 79 356
5 225 279 132 636
6 215 257 126 598

Statistical Analysis of Sensory Analysis Results

A two-way analysis of variance (ANOVA) was conducted to assess the statistical significance of the

differences in sensory properties and between the olive oil samples.-VddaeFobtained for the

differences between the samples was 22.88, which was mfteatehe critical Fvalue (2.27), indicating

a statistically significant difference between the samples. Similarly,-treué for the differences in

sensory attributes (such as smell, taste, and overall harmony) was 109.90, which exceeded the critical

F-value (3.05). These results indicate a highly statistically significant difference in both the sensory

properties and between the olive oil samples, as also confirmed in Table 5.

Table 5.Results of Statistical ANOVA Analysis at 5% Significance Level for Sensory Evaluation

ANOVA 5%
Source of SS df MS F P-value F crit
Variation
Samples 2641.983 528.3966667 22.88348705 2.45E17 2.26996
Senses 5075.433 2537.716667 109.9019168 6.94E31 3.051819
Interaction 340.8333 10  34.08333333 1.47606063 0.152589 1.889561
Within 3740.7 162 23.09074074
Total 11798.95 179

The TukeyKramer test was applied based on the data obtained from the sensory analysis to confirm the

statistical significance in the measurements of olive oil samples and different sensory attributes. By
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comparing all individual samples and sensory attributes (odor, taste, and overall harmony), a highly
significant statistical difference was found between all analyzed parameters. TheKrakeyr test
showed statistically significant differences only fbe ttaste and aroma of sample 2 compared with
samples 1 and 3, and for the odor of sample 4 compared with sample 5. No other significant differences
were observed among the remaining samples. In 2010, during the Olive Oil Fair in Imola-(Emilia
Romagna, Ital), Predieri et al. (2013) asked 133 consumers to evaluate four olive oil samples selected
based on their sensory attributes related to quality. These samples were also evaluated by a trained panel,
and the results were compared. Most consumers highlighigshess, bitterness, and pungency as
attributes of higkguality oils, which was in line with the evaluations of the trained panel. Additionally,
66% of consumers assigned higher ratings to samples with more bitterness and pungency, considering
them ofhigher quality (Predieri, 2013). A similar study was conducted in Finland, where Recchia et al.
(2012) asked 74 consumers to taste four different olive oils previously evaluated by a trained panel. The
panel classified two of the oils as highality, withintense green fruitiness, bitterness, and pungency.
Consumers were divided into three groups based on their knowledge of olive oil, and the authors
expected a good correlation between the panel and the most dedicated group. However, all groups
disagreed Wh the panel's classification, preferring less intense oils. The authors attributed these
differences to the lack of sensory experience among the consumers. A high level of involvement with
olive oil does not necessarily mean that the consumer has soffsgnsory experience to accurately
assess its quality (Recchia et al., 2012). These studies indicate a similar trend in our research, where a
low level of knowledge regarding the evaluation of extra virgin olive oil was also observed, possibly
due to thdack of tradition in consuming olive oil in daily diets in our country. The sample of evaluators
was small (10 evaluators), which limits the ability to generalize, but it was sufficient to conduct a
comparative analysis of the sensory evaluations ofrthlyzed olive oil samples. Delgado et al. (2017)
compared evaluations between a group of 23 olive oil experts and 110 American consumers on 22 olive
oil samples. They found no correlation between the assessments of experts and American consumers.
Expertsclassified sharper and more bitter samples as higihality oils, while American consumers
preferred less intense samples. In some cases, consumers even preferred samples with sensory defects,
such as rancidity, mustiness, cloudiness and winey aciditly. i@ra few instances were the results
correlated (Delgado et al., 2017). Similar patterns were observed in our research, where some evaluators
gave higher scores to samples that were on the verge of a rancidity rather than to those with higher
guality. Howvever, ample 1 exhibited the best properties in the sensory analysis and received the highest

overall score, as clearly seen in Table 4.

Conclusion
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Extra virgin olive oil is highly valued for its balanced nutritional composition and characteristic aroma,
making it an essential component of the Mediterranean diet and contributing to its recognized health
benefits. This study assessed the availabilitg @uality of extra virgin olive oils sold in the
HerzegovinaNeretva Canton (HNK), leading to several key findings.
Sample 1 demonstrated the best overall quality, with the lowest free fatty acid content, the lowest
peroxide value and the highest concentration of total polyphenols. Samples 3 and 5 exceeded the
allowable limits for free fatty acids and should therefaeclassified as virgin olive oils. All samples
complied with regulatory requirements regarding peroxide value. Differences in polyphenol content
among the oils were consistent with ranges reported in the literature.
Statistical analysis (ANOVA and Tukd$ramer tests) confirmed significant differences among the
samples in sensory attributes, with sample 1 receiving the highest sensory scores.
Overall, the results highlight noticeable variability in the quality of olive oils available on the local
market. Increasing consumer awareness and sensory education may help prevestatieingand
PLVXVH RI WKH 3SH[WUD YLUJLQ" GHVLJQDWLRQ DQG SURPRWH KL.
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