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ABSTRACT

Olive leaves are agro-industrial residues resulting from pruning and / or olive harvesting, and are used in animal
feed, as an organic fertilizer and as a source of compound extraction for various applications. This study aimed to carry
out the physicochemical characterization, main bioactive compounds and the fatty acid profile of olive leaves from the
cultivars Frantoio, Koroneike, Manzanilhesbosana andrbequina. Proximal composition, pH, titratable acidity
minerals by MIPOES, bioactive compounds were determined by spectrophotomietnyopein and tocopherols by
high performance liquid chromatography and the fatty acid profile by gas chromatoditapbiive leaves had a high
content of fibers and proteins, the predominant minerals were potassium and calcium, in addition the olive leaves had
a high content of bioactive compounds, mainly flavonoids and carotenoids and the cultivar Koroneike had a higher
content of oleuropein compared to the others. In relation to tocophasmsppherol stood out from the other
tocopherols with the maximum concentration (63436.79 mg:)@fgasured in the cultivArbequina. In view of the
results found, it is concluded that olive leaves are sources of macromolecules, bioactive compounds and fatty acids,
which can be extracted and applied in the most diverse areas.

Keywords: nutraceuticalQlea europaea L.; by products

INTRODUCTION bagasse, are considemmproducts of the olive industry
Oliveira (Olea europaea L.), is reported as one of the (Férnandez-Bolafica al., 2006, Tarchouneet al., 2019;

fruits cultivated for the longest time, being a rounded arlgtma-Mufioztal., 2020).
medium sized tree, the color of the trunk and the density The high consumption of olive-based products in the
of the crown are differentiated according to the cultivatioMediterranean diet, for example, is related to a lower
and cultivar conditions, and its fruits, the olives, serve dacidence of chronic diseases associated with oxidative
raw material for the extraction of olive oil and for thedamage, such as diabetes, some types of cancer and
production of preserved olives (Coutinho, 2007; @uo cardiovascular and neurodegenerative diseases, which is
al., 2018). mainly related to the high content of phenolic compounds.
The olive tree produces a large amount of leavedmong the phenolic compounds present in the fruit and
which in the juvenile period are shorter and thickad in  in the olive leaves, oleuropein and hydroxytyrosol stand
the adult period, the leaves are longer and thirdlare  out (Msioli & Galli, 2002; Gorzynik-Debickat al., 2018).
leaves are considered as agro-industrial residues, as theyThe industrial exploitation of leaves may represent an
are obtained after pruning and / or harvesting the olivesption for valuing the planting of olive trees, due to the
and are normally used in animal feed or gswoic fertilizer  increased demand for natural products by various industri-
Thus, the leaves, together with the oil post-extractioal segments, such as tband pharmaceuticals, in addition
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to indicating an alternative to minimize waste disposal arity muffle incineration (Quimis® 0318M24) at 550 °C until
environmental impact (Ferndndez-Bolaf@sl., 2006; constant weight. Protein content was determined using
Galanakigt al., 2018; Jabalbarezi-Hukemdial., 2018). the Micro Kjeldahl method. The carbohydrate content was
Olive leaves are considered a material rich in micrdetermined by difference (Equation 1). The determination
and macro nutrients, as well as in bioactive compound$the lipid content was carried out in a Soxhlet extractor
and for this reason they become an alternative sourgsing hexane as a solvent.
with outstanding nutritional an_d biologica_l poter_1tia|. Th%/o C = 100 - (% Umidade + % Lipidios + % Proteinas +
leaves have proven nutraceutical potential, being mam—‘yCinzas) (Equation 1)
used by the pharmaceutical industrgwever the leaves
or their extracts can also be incorporated into food The fiber content was determined by extraction in an
products due to their characteristi&mong the bioactive acid solution, using about 2 g of sample, and then
compounds, simple phenolics, flavonoids and secairiddncinerated in a muffle at 550 ° C (Quimis® 0318M24). The
des stand out (Rosa al., 2019;Talhaouiet al., 2015; titratable acidity was determined by potentiomeényd
Rahmaniartal., 2015). the pH was determined using a bench measurer (MS
Leaf characterization studies allow adding value tFECNOPON mR - 210) calibrated with bigr solutions
the raw material, reusing raw material and, consequentpH 4.0 and 7.0. For reading, the leaves were diluted in
adding value, generating jobs along the chain, and beingter and subjected to homogenization. Titration was
used in several promising areas (Lognal., 2020). In  done with 0.1 M sodium hydroxide to pH between 8.2-8.4.
view of the cultivation of the olive tree in the southern For the determination of minerals, approximately 250
region of Brazil, the scarcity of studies on the chemicahg of sample was used, which was decomposed with
and bioactive potential of the leaves grown in that regiomNo3 65% v / v distilled in a digestion block with reflux
and due to the fact that the composition of the vegetablegstem coupled to the digestion tubes, according to the
is influenced by many factors, this study aimed to objectiv@ethodology used by Oresg¢eal. (2013), for further
to characterize the olive leaves of different cultivars, iquantification of minerals @ble 1) in an microwave-
terms of the physical aspect, chemical compositioinduced plasma optical emission spectrometer from
bioactive and fatty acids aiming to obtain results that caxgilent Technologies, model 4200 (Melbourdesstra
add value to this co-product, arousing the interest of iig). The results were expressed in micrograms per gram

use in several areas. of sample (mg 9.
MATERIAL AND METHODS Determination of compounds present in leaves
Samples The following compounds were determined on olive

Olive leaves from five cultivars (Arbequina, Koroneiki,/e@ves: flavonoids, phenolic compounds, condensed and
Arbosana, Frontoio and Manzanilha) were acquired in diydrolyzable tannins, carotenoids, chlorophylls, toco-
olive grove located in the city of Pinheiro Machado / Rgherols and oleuropein.

(31°29'59.4" S and 53°30'32.7" W) in December 2019 Phenolic compounds content

(springer). Leaf samples were collected from the outermost

part of 50 trees older than 5 years and planted at a distance! '€ The sheets were analyzed for the content of

(7 x 5 m). In total, about 2 kg of leaves of each cultiva‘?henonc compounds present using the method described
were obtained, at different times, which were homogenized,

packaged and transported to the Chromatograpimyble 1: Minerals analyzed and their respective wavelengths
Laboratory of the Federal University of Pelotas (UFPelfpr detection

Pelotas / RS). Then, the leaves were frozen in liquid nitrogethalyte Wavelength (nm)
crushed, ground and placed in polyethylene containers 3961
and subjected to -80 °C and aliquots removed for analysis, 249.7
which were carried out in triplicate experiments. Ca 393.3
Physicochemical determinations E: 23‘11;
The analyzes were performed according to the 766.4
procedures described by tlesociation of Cficial Mg 285.2
Analytical Chemists (1995). The moisture content walgln 403.0
determined by weight loss by drying in an oven with aiNa 588.9
circulation (EthikTechnologyEST 402, Brazil) at 105 °C P 213.6

213.8

until constant weight. The ash content was determinéd
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by Kubola & Siriamornpun (2008), which consists oinm, 445 nm for a-carotene, zeaxanthin wad e2@49 nm
adding 0.5 mL of the sample, 2.5 mL of the 0.2 N reageand 470 nm for lycopend&.o quantify the carotenol

and after 5 minutes add 2 ml of sodium carbonate solutieontents, Equation 2 was used and the results expressed
(7.5%). The mixture was kept at room temperature for 2 m milligrams per 1g of dry mattepg.g™).

in the absence of light, and the absorbance was determil?:eatl}jOtenoi s (

at 725 nm in a spectrophotometer (JEANV6705 UV/ Hog
Vis, Spain) For calibration, a standard curve of gallic aci
(30 to 500ug.mL1) was constructed. were analyzed fo
the content of phenolic compounds present using the Assay of chlorophylls

thod d ibed by Kubola & Siri 2008), . .
method described by fubola Iriamornpun ( ) To assess the concentration of chlorophylls in the

hich consists of adding 0.5 mL of the samglé,mL of .
Wil ! g . A . leaves, 1 g of leaves was weighed, added to 5 mL of 80%
the 0.2 N reagent and after 5 minutes add 2 ml of sodium )
. . acetone (v/v) and centrifuged (Eppendorf 5430 R,
carbonate solution (7.5%). The mixture was kept at roog .
. . ermany) for 15 minutes at 3,000 and then the supernatant
temperature for 2 h, in the absence of light, and the

absorbance was determined at 725 nmin a spectroph()t{"’meerred to 25 mlflask and the volume was adjusted

0 .
meter (JENWRY, 6705 UV/Vis, Spain). For calibration, a :;;Zrigrﬁearzzﬁge.( ngea:;gg ; tnr\l/qv)a..:,] :ibg]clttrt:dh;?o
standard curve of gallic acid (30 to 508.mL?) was 'ng ! P P

) . . 0
constructed. The results were expressed in mg equivaI(reTr]f-%ter (JENWKY, 6705 UV/Vis, Spain), using 80% acetone

. . as the equipment blank. For the determination of total
of gallic acid per 100 g of dry matter (mg EAGOgY). . .
gaficacidp g i (mg 9) chlorophylls, ‘a’ and ‘b’, Equations 3, 4 and 5, established

Elavonoids content by Lichtenthaler (1987) were used. The results were
expressed in milligrams per g of leaf on a dry basis (g g

1) = Absorvance x extract volume (mL x 108
sorption coefficient x 100 x sample weight (g)

Equation 2)

For quantification of total flavonoids, 5Q0 of 2%
aluminum chloride in methanol were added to iD®f Total Chl=7,15 (A ) + 18,71 (A,) (Equation 3)

extract and 50 mL of distilled water (Funari & Ferro, 2006)p, -~ _ 15 o5 (&) -2.79 (A,) (Equation 4)
The reading of the total flavonoid content was made in a 6 47
spectrophotometer (425 nm), mgia standard curve of Chl"b"=21,50 (4,) - 5,10 (A, (Equation 5)
quercetin for quantification purposes. The results were _
expressed as milligram equivalents of quercetin per 100 Assay of oleuropein
grams of dry matter (mg EQ 108g Mass spectrometry-coupled liquid chromatography
_ (LC-MS) was used to assess the content of Oleuropein in
Assay of tannins olive leaves. Extracts were produced by weighing 100 mg

The total content of condensed tannins wagf olive leaves added to 99@ of methanol (90%) HPLC
estimated colorimetrically according to the method ofrade acidified with formic acid (0.1%As an internal
Price et al. (1978), with adaptations, reading on arstandard, 1QL of reserpine (1 mg.mb was used as
(JENWAY, 6705 UV/\is, Spain), at a wavelength of 500described by D¥os et al. (2007 he extract was submitted
nm. Quantification was based on the establishment ofar 15 minutes in an ultrasonic bath (Unique, 1400A, Brazil)
standard curve and the results were expressed dha temperature of 25 °C and subsequently centrifuged
milligrams of catechin equivalent per gram of leaf weightEppendorf 5430 R, Germany) at 12000 rpm for 10 minutes
on adry basis (mgCg?). at 4 ° C. For oleuropein extraction, the supernatant was

The total content of hydrolyzed tannins was estimateatided with 1 mL of methanol (already described), filtered
colorimetrically according to the method of Brugiel.  on nylon filters with a pore of 0.45 um and then injected in
(1991).The reading was performed on an (JEAXM705 UFLC (UFLC LC-20, Shimadzu, Japan) coupled to a high
UV/Vis, Spain), at a wavelength of 680 nm, using methanasolution quadrupole-time-of-flight mass spectrometer
to reset the equipment. Quantification was based on tfiaxis Impact, Bruker Daltonics, Bremen, Germany). For
establishment of a standard curve and the resuktkromatographic separation, a Luna C18 column (75x2 mm)
expressed in milligrams of gallic acid equivalent per graifMicroSolv Technology Corporation, Leland, NC, USA)

of leaf weight on a dry basis (mg EAG)g was used. The mobile phases were: water acidified with
) 0.1% formic acid (elueri) and acetonitrile (eluent B).
Carotenoids content The gradient used was (min: %B): (0:10); (2:10); (10:75);

To evaluate the concentration of total carotenoids if8:75); (18:90); (21:90); (23:10) and (30:10). The flow was
leaves, the Rodriguez-Amaya (2001) methodology wanstant (0.2 ml mi#) and the column temperature at 40°C.
used. Different absorbances were used to perform the The mass spectrometer was operated in negative ESI
readings: for &-carotene the wavelength used was 48®de, with spectra acquired over a mass range of 50 to
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1200 m/z. The acquisition parameters were: drying gasrataching 160 °C, maintaéd for 3.5 minutes, after a new

8 L.min*, nebulization gas pressure X bar capillary linear increase of 1, 2 °C per minute to 190 °C, with a linear
voltage at 4 k\drying gas at 8 L.mih source temperature increase of 15 °C per minute to 230 °C, which remained for
180 ° C, 150 Vpp RF collision; 70 ms transfer and 5 ms 15 minutes. The injector had a temperature of 230 °C
prepulse storage. For calibration of the equipment, 10mahd the detector at 250 °C. The carrier gas was nitrogen at
sodium formate (from 50 to 1200 m / z) was used. 1h.5 mL.min! (Zambiazi, 1997). For identification of fatty
addition, the collision energy values were adjusted: m facids, comparisons were made with comparison of
100, 15 eYm/z500, 35 eYm/z 1000, 50 ¥ and using retention times of the mixture of methyl ester standards
nitrogen as collision gas. For identification of oleuropeinSigma Chemicals Co., St. Louis, USA). Results were
a standard curve was uséahd the results expressed inexpressed as relative percentage of fatty acids.
micrograms equivalent to the standards per gram of dry

sample [ig g¥). Statistical analysis

The results obtained were expressed as means with
Assay of tocopherols contents standard deviation, referring to determinations carried out
For the determination of tocopherols, an extract wds triplicate. Using the SAS statistical program, analysis
performed according to Rodriguez-Amaya (2001), whichf variance (ANOW) and the means comparison test
was centrifuged (Eppendorf 5430 R, Germany) for 6 min &fukey) were performed at a significance level of 5%.
9.000 rpm. The supernatant was collected and 20ere
injected into the liquid chromatograph of the HPLC—RESULTSA'\ID DISCUSSION
Shimadzu system (UFLC LC-20, Shimadzu, Japan), with Physicochemical determinations
automatic injection and fluorescence detecteith From the results obtained in the physicochemical
excitation and emission wavelengths of 290 and 330 n@nalyzes, it is observed that the olive leaves are
respectively For chromatographic separation, a RP-18onstituted in greater quantity by watilowed by the
column (5um x 46 mm x 150 mm) with an octadecyl fraction of carbohydrates and the protein content, also
stationary phase was used, being operated at 25 °C witBraphasizing a high fiber contena(le 2).
flow of 1.0 mL.min-1. The separation took place by gradient The moisture content of the olive leaves varied from
elution, being used as mobile phase: methanol, acetonitiilg. 48 to 55.79%, with the leaves of the cultivars
and methanol (Zambiazi, 1997p quantify the tocophe- Manzanilha andArbosana showing the highest levels.
rols, the peak area was calculated and compared with thevalheiroet al. (2015) describe moisture values that
retention times (TR) of each standard, as follows: deltaried between the cultivars analyzed, from 39.30 to
(6.5 min), gamma (7.4 min) and alpha (8.3 min). The resulés.80%, with the cultivaArbosana having a content of
were expressed in micrograms equivalent to the standag$33% and Koroneike of 61.91%.

per 100 grams of dry sampleg.100d"). In the olive leaves it was found an ash content that
) ) varied from 3.00 to 4.38% with the highest concentration
Fatty acid profile attributed to the leaves of the cultivar Koroneike. Similar

For the fatty acid profile in the leaves, 20 g of samplevels were found by Cavalheim al. (2014) when
were dried (60 °C) in an oven for about two hoAfter  evaluating thérbequina cultivar from the city of Cagapava
removing the excess moisture (once the samples wele Sul.
frozen), the lipids were extracted (Bligh-Dy&®859) with The fiber content of olive leaves varied from 9.32 to
subsequent evaporation (in a water bath) of the solvedil.02%. Coppat al. (2017), who evaluated commercial
For the derivatization of fatty acids, 45 mg of oil werelive leaves, found a fiber content of 14.55%, a result
dissolved in petroleum ether and 0.5 N HCl in methanol @imilar to that found in this work, as well as Erbay & Icier
ml and 12 mL respectively), stirred and subjected to 65 2009) when evaluating olive leaves grownTiarkey;
for one hourAfterwards, it was cooled to room tempera-which found a value of 13.95%. It is evident that the olive
ture, and 5 mL of isooctane and 6 mL of distilled wateeaf is a rich source of fibgaind the intake of foods enriched
were added, under agitation (Zambiazi, 198R)aliquot  or fortified with fibers can provide a relevant alternative
of the phase rich in fatty acid methyl esters (n-hexan&) increase the content of this nutrient (Jetra., 2019).
was injected into a Perkin Elmer Clarus 500 gas chromato- The lipid content of the leaves varied from 3.77 to
graph equipped with an FID deter and a Carbowax20 7.85%, with the cultivaArbosana presenting the highest
M ID 0.25um column with dimensions 30 m x percentage. Cavalheiebal. (2015) report an average lipid

0.25 mm, coated with polyethylene glycol. The columigontent in olive leaves of 9.50%, with the leaves of the
temperature was started at 90 °C, and maintained for Qltivar Arbosana having a content of 9.80% and
minute, gradually increasing by 12 °C per minute untiKoroneike of 9.19%. HoweveBoudhriouzet al. (2009)
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report lipid contents from 1.05 to 1.30% in olive leaves dh all cultivars analyzed, and that the content of zinc in
the cultivars Chemlali, Chemchali, Zarrazi and Chetoui, atiultivars Frantoio andrbosana, were below the detection
cultivated in Tunisia. Martin-Garcéhal. (2003) evaluated limit of the method used. It was observed that, in general,
olive leaves grown in Spain, and found a lipid content dhe minerals present in olive leaves in higher concentra-
3.21%. This information is important, especially if the fattyion were potassium and calcium, and in lower concentra-
acids found in the lipid fraction of olive leaves ardion, iron, magnesium, sodium, manganese, phosphorus
essential. and zinc (‘&ble 3).A study by Cavalheiret al. (2015),

A protein content was found in the olive leaves thattho evaluated the mineral content of olive leaves grown
varied from 12.69 to 17.07%, and the leaves of the cultivar southern Brazil, found aluminum, calcium, iron,
Manzanilha presented the highest percentage. Thgsaassium, magnesium, phosphorus and sulfur in greater
values are higher than those found by several studiescaomcentration. Bahlowt al. (2014), when evaluating olive
which it averaged 7% (Martin-Garce& al., 2003; leaves grown in Tunisia, obtained higher concentrations
Boudhriouaet al., 2009). Cavalheiret al. (2015) report of Ca and K, and in lower concentration Mg, Na and Cu,
levels of 10 and 50% of protein in leaves of cultivargs in the present studstudies have also shown that the
Arbosana and Koroneike, respectivedypd of 12.24% in concentration of Mn, Fe, Zn, Ca, Mg, K and P present in
leaves of cultivaArbequina (Cavalheiret al., 2014). olive leaves of the Koroneiki varietgrown in Greece,

The olive leaves had a carbohydrate content thatas not influenced by the type of soil in which the plants
varied from 8.63 to 17.55%, and the leaves of the cultivarere grown (Chatzistathe al., 2010).

Frantoio had the highest content. Boudhrieta. (2009) The composition of olive leaves according to Noguei-
found an average carbohydrate content of 40% for tha (2012) can vary depending on factors such as cyltivar
leaves of the cultivars Chemlali, Chemchali, Zarrazi anclimate, soil, irrigation regime, and the state of development
Chetoui. Howeverstudies report that the carbohydratef the plant. The determination of mineral elements present
content varied from 8.74 to 32.63% among cultivarg olive leaves is important both in agriculture and in
Arbequina,Ascolano,Arbosana, Negrinha do Freixd, human nutrition, as it allows the detection of nutritional
Koroneiki and Grappolo (Cavalheisbal., 2014; Cava- deficiencies or excesses that can compromise the growth
Iheiroetal., 2015). and development of the plant (Fernandez-Hernaetlez

It was found a variation of acidity for olive leavesal., 2010), in addition to evaluate the nutritional value of
from 17.96 to 19.26%, and a pH that varied from 5.25 twods (Sahast al., 2007).

5.89. In a study by Lunkes & Hashizume (2014), when The leaves showed high concentrations of minerals,
evaluating the titratable acidity and the pH of commerciathainly potassium and calcium, micronutrients that play

olive leaf teas available in the Brazilian market, they founidnportant roles in the human body and therefore of great
values that ranged from 3.77 to 12.68 for acidity and 2.8&lue in the recovery of these minerals from the leaves or
to 4.03 for pH. No direct relationship was observedven the incorporation of these by-products in food

between high acidity and the pH value of the leaves. THermulations.

high acidity content may be related to the non-dissociated

organic acids and the presence of compounds of an acid Bioactive Compounds

character The composition of bioactive compounds is influenced

In the present study it was possible to observe thhy intrinsic and extrinsic factors, which results in leaves
the content of the elements aluminum, boron and coppeiith differences, varying between cultivars, between

Table 2: Results of physico-chemical analyzes of olive leaves of the cultivars Frantoio, Koroneike, ManAabdkana and
Arbequina

Determination Frantoio Koroneike Manzanilha Arbosana Arbequina
Moisture (%) 48.48+0.02d 51.79+0.16 55.79+0.16 55.55+0.158 54.29+0.4%
Ash (%) 3.75+0.045 4.38+£1.46 3.00+0.01 3.26+0.04 3.44+0.11
Fibers (%) 11.02+0.19° 10.45+1.05 11.01+1.31 10.46%0.90 9.32+0.91
Lipids (%) 6.20+0.19 4.62+0.12 3.77+0.1% 7.85+0.00 5.59+0.34
Protein (%) 12.93+0.49° 13.38+0.25 17.07x0.25 12.69+£3.01 13.25+0.25
Carbohydrates (%) 17.55+0.35 15.86+1.62 8.63+0.48 10.64+2.7% 14.61+0.11
Acidity (%) 17.96+1.58% 18.70+0.39 19.26+1.16 18.15+1.84 18.26%1.90
pH 5.79+0.08 5.63+0.04 5.86+0.0% 5.25+0.18 5.89+0.04

* NS Not significant by the F test of the analysis of variance, considering 5% of significang®esn (+ standard deviation) accompanied
by the same letter on the same line do not differ from each other by the Tukey test, considering 5% of significance.
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regions and therefore the importance of this stirdthe  researched in the present stuidyind higher chlorophyll
analysis of bioactive compoundsafile 4), the total content, confirming the hypothesis that different harvest
chlorophyll content of olive leaves ranged from 0.38 ttimes and regions may induce changes in the content of
0.48 mg.d. For chlorophyll ‘a’, a variation was found these compounds.
from 0.27 to 0.33 mg:gand for chlorophyll ‘b’, values The flavonoid content varied from 9.53 to 20.71 mg
ranging from 0.11 to 0.15 mgtwere found . Even though EQ.g*, with the leaves of the cultivar Frantoio showing
there was no significant difference, the leaves of the cikhe highest concentration. The highest results of
tivar Arbosana were the ones that presented the lowdkstvonoids were related to the highest content of phenolic
content of the total chlorophylls, also influencing the lowecompounds in the leaves of the cultivars Frantoio,
content of the chlorophylls “a” and “b”. Koroneike andArbosanaThese levels are in agreement
The literature reports that olive leaves grown imith those reported for olive leaf extracts from different
Tunisia had a total chlorophyll content between 1.132 wountries (5.46 to 12.47 mg EQ)gin addition the cultivar
1.795 mg.d, from 0.281 to 0.854 mgdor chlorophyll ‘a’  Frantoio showed the highest levels of this compound (Orak
and from 0.851 to 1.114 mgd-épr chlorophyll ‘b’, showing et al., 2012), also observed in the present study
that olive concentrations varied with the cultivar (Bahloul The samples of olive leaves showed levels of carote-
et al., 2014). In addition, the chlorophyll content isnoids ranging from 5.20 to 8.21 nfigcarotene.g, with
generally affected by several factors such as photoperidde leaves of the varieties Frantoio and Koroneike being
nitrogen, temperature, degree of maturity and water (Lélee ones with the highest contedtcording to Brahmi
etal., 2011). Oliveireet al. (2016), when evaluating the et al. (2012), when evaluating olive leaves grown in
same cultivars obtained from the same region as thoenisia, demonstrated that the content of carotenoids and

Table 3:Mineral content in olive leaves of the cultivars Frantoio, Koroneike, ManzaAilhasana anérbequina

Concentration, x + SD (RSD)*,ug.g*

Minerals

Frantoio Koroneike Manzanilha Arbosana Arbequina
Al <DL** <DL <DL <DL <DL
B <DL <DL <DL <DL <DL
Ca 3.92+0.21 (5.3) 2.98+0.18 (6.0) 1.94+0.19 (9.8) 2.91+0.19 (6.5) 2.451+0.12 (4.9)
Cu <DL <DL <DL <DL <DL
Fe 0.035+0.002 (5.7) 0.045+£0.002 (4.4) 0.03+0.002 (6.7) 0.047+0.002 (4.2) 0.0097+0.008 (8.2)
K 7.76+0.35 (4.5) 6.3910.31 (4.9) 5.21+0.32 (6.1) 5.72+0.10 (1.8) 8.0+0.3 (3.4)
Mg 0.60+0.02 (1.2) 0.50+0.03 (6.0) 0.39+0.02 (5.1) 0.58+0.02 (3.4) 0.51+0.02 (3.9)
Na 0.10+0.01 (10.0) 0.14+0.006 (4.3) 0.084+0.002 (2.3) 0.20+0.02 (10.0) 0.036+0.003 (8.3)
Mn 0.06+0.003 (5.0) 0.016+0.0012 (7.5) 0.05+0.005 (10.0) 0.012+0.009 (7.5) 0.02+0.001 (5.0)
P 0.03+0.002 (6.7) 0.05+0.004 (8.0) 0.013+0.10 (7.7) 0.05+0.004 (8.0) 0.05+0.002 (4.0)
Zn <DL 0.02+0.0019 (9.5) 0.01+0.006 (6.0) <DL 0.04+0.0023 (5.6)

* Relative standard deviation (RSD). **DL- Detection limited

Table 4:Bioactive compounds present in the leaves dérdiht olive cultivars

Determination Frantoio Koroneike Manzanilha Arbosana Arbequina
Total Chlorophylls(mg.g) 0.48+0.02s 0.47+0.04 0.46+0.01 0.38+0.02 0.44+0.07
Chlorophyll ‘a’(mg.g?) 0.33+0.02s 0.32+0.03 0.32+0.00 0.27+0.02 0.30+0.05
Chlorophyll ‘b’(mg.g?) 0.15+0.06Y 0.15+0.0%° 0.14+0.0%° 0.11+0.02 0.14+0.03°
Carotenoid¢mg a-caroteng-!) 8.09+0.48 8.21+0.10 6.87+0.35° 5.69+0.23¢ 5.20+0.26
Phenolics compounds(mg EAS3) 9.82+0.23 10.88+0.52 8.24+0.63 10.00+0.32 6.51+009
Flavonoids(mg EQ:9 20.71+0.69 12.69+0.85 9.53+0.008 13.13+0.63 10.18+0.72
HydrolyzedTannins (mg EAG?) 7.34+0.93° 8.2+0.70 6.52+0.04 6.33+0.48 7.39+0.0%°
Condensedannins (mg ECAg?) 0.01+0.006 0.0002+0.0€> 0.0004+0.06F°  0.0040+0.00 0.0016+0.00
Oleuropein(ug4 43.33+2.93 40.97+1.49 42.01+8.20 38.89+3.10 32.36+4.02
a-tocopheralmg.100gd!) 220541.20 168482.92 254071.69  51037.10 63436.79
y-tocopheroimg.100¢) 17620.51 13759.00 15028.45 14720.15 14647.88
A-tocopheralmg.100g) 12889.38 7808.48 8083.84 9449.59 7568.29

* NS Not significant by the F test of the analysis of variance, considering 5% of significang®len (+ standard deviation) accompanied
by the same letter on the same line do not differ from each other by the Tukey test, considering 5% of significance.
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chlorophylls are influenced by the age of the leavephenolic compounds, a result opposite to that observed
According to the authors, higher contents were observédthe present studywhere this cultivar presented the
in the leaves harvested in Febryavizen the leaves com- highest concentration. It is known that different variables
plete their growth, than in Octobevhen the leaves were can interfere with the content and synthesis of phenolic
still growing. In the present studinere was no evidence compounds present in the olive tree, whether in the oil,
of a direct relationship between the content of carotenoiftsiits or leaves, variables that include the cultitae
and the content of chlorophylls, where the leaves of tiposition of the tree, the type of soil and the minerals
cultivar Arbosana presented one of the lowest contengsesent, geographic location, solar influence, among
of carotenoids and also of chlorophylls; howewbe others. (Oteretal., 2020).
leaves of the cultivars Manzanilha afithequina also Oleuropein is the most abundant phenolic compound
had the lowest carotenoid content, but high chlorophyith olive leaves and is considered an ester of elenolic acid
content. In addition to harvest time, carotenoid conteaind 3,4-dihydroxyphenyl ethanol that can reach concen-
depends on several factors, including genetic variety atrétions of up to 90 mgigof dry leaf (Bnet al., 2003).
post-harvest handling (Capeddtal., 2005). These fluctuations were observed in the present study
The content of hydrolyzed tannins ranged from 6.38mong the cultivars studied, the one with the highest
to 8.2 mg EAGy?, again highlighting the leaves of theoleuropein content was Frantoio (43.33 iy, fpllowed
cultivar Koroneike. The higher content of hydrolyzabldoy Manzanilha (42.0fug.g%), the cultivarArbequina in
tannins was also associated with the higher content tofrn, it presented the lowest concentration of the
phenolic compounds in the leaves of the cultivarsompound (32.3fg.g%). In the present studgleuropein
Frantoio, Koroneike anfirbosanaThe condensed tannin had a low content, which could be associated with the
content was not very expressive, being the cultivaxtraction method.
Frantoio, the one that presented the highest concentration.Pacetta (2013), studying different methodologies for
Brahmiet al. (2013) when evaluating olive leaves, harvestedbtaining olive leaf extracts containing oleuropein,
in two periods, and observed that the highest tanndemonstrated that using ethanol combined with acetic
content was obtained in the month of October (1st period)cid, the oleuropein content was 4.80 g.19@gcontent
and it was found that in the month of January (2nd periotd)gher than the others evaluated methods and solvents.
there was a relative decrease in the content of tanniB)hmer-Maast al. (2020), when evaluating different
suggesting that the vegetative cycle of the olive tremnditions of extraction of oleuropein using methanol
affects the content of tannins. as solvent, found values that varied between 4.9 and
In the present studyg significantly higher content for 7.3 mg.kd". As is known, the polyphenols content of the
hydrolyzed tannins was found in relation to the condensedtracts can change depending on the solvent used in
tannin content; which was also observed in the worthe extraction, due to the change in polarity in the
carried out byAbbeddouet al. (2011). There are few different extraction processes (Lutheaal., 2006).
studies in the literature that analyze tannins in olive leave3ifferent authors have reported that flavonoids and
but comparing them with the leaves content of othedeuropein are the main components identified in ethanol
plants, it can be considered that olive leaves have a higktracts, in aqueous extracts, hydroxytyrosol and
tannin content, substances with recognized therapeupibhenolic acids prevail. (Lest al., 2009; Herreret al .,
activities, associated with its ability to complex with2011; Quirantes-Pinétal., 2012) According to Oteret
different compounds. al. (2020), oleuropein is used as an adjuvant in food and
The content of phenolic compounds in olive leavesosmetic technologies and therapeutic processes in the
ranged from 6.51 to 10.88 mg EA, with the cultivars treatment of diseases, where it has been gaining
Manzanilha anérbequina having the lowest content. Inprominence in research due to its anti-inflammatory
studies byAhmad-Qasenet al. (2013), when studying activities, antimicrobial, antioxidant and hypoglycemic,
the effects of drying and dehydration during the storagamong others.
of leaves of the cultivar Serrana (Spain), obtained an initial The tocopherol content (alpha, delta and gamma) was
content of phenolic compounds of 8.20 mg Ef\GGa value  determined in the diérent cultivarsArbequina being the
similar to those found in the present study leaf that had the highest contentiefocopherol (63436.79
According to Cavalheiret al. (2015), when evaluating mg.100g) among the cultivars while Frantoio stood out
the content of phenolic compounds in some cultivafsom the others in relation to the concentratiod ahdA
(Arbosana and Koroneike) of olive leaves grown in Santacopherols (17620.51 and 12889.38 mg.1)@gspecti-
Catarina, identified the cultiv&rbosana with the highest vely. Data regarding tocopherols in olive leaves in the
content of phenolic compounds. Howevdre authors literature are scarce, since these determinations are
found in the Koroneike cultivar the lowest content oEommonly made in olive oil, not in olive leaves.
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Fatty acid profile the concentration of polyunsatted fatty acids in

The composition of fatty acids present in the cultivarBlants, maintaining the fluidity of biological membra
studied showed very different profiles between the leav8§S- In addition to these, other factors such as the
(Table 5). degree of ripeness, processing conditions and tempe

As can be seen ifiable 5, the cultivars Frantoio, fature are reported, as well as moisture, light intepsity
Manzanilla and Kororeike have a higher concentration §0il composition and evapotranspiration also reflect
saturated fatty acids, whilarbequina andArbosana ©n the composition of these fatty acids. (Baktal.,
showed higher levels of unsaturated fatty acids. Franto?§14).
leaves are rich in tricosanoic acid (43.62%), Manzanilla Leaves samples were collected in the spring, which
(64.70%) and Koroneike (44.15%) in hexanoic acid)as an average solar radiation of 20 (M)Jran average
Arbequina in docosadienic acid (38.00%) andosan in temperature of 25° C and little rainfall. These factors are
eicosapentaenoic (39.09%). relevant to vegetables and, consequerdbmpounds

Cavalheiroet al. (2014) evaluated the fatty acidoriginating from the secondary metabolism of these plants.
composition of olive leaves of the cultivarbequina in Among the macromolecules present in olive leaves, high
the south of Rio Grande do Sul and observed a highewvels of fibers and proteins found suggest that olive
concentration of linolenic acid (46%). De Oliveatzal.  leaves grown in this region can serve as a food supplement,
(2012) performed the same evaluationsAshequina as well as for enriching food products. The composition
leaves grown in southern Minas Gerais, where they foumd fatty acids showed distinct and varied profiles between
oleic acid (61.30%) as the major acid. the leaves, in relation to saturated and unsaturated fatty

The composition of fatty acids can be affected bgcids, which is presented in a positive wsince these
environmental and growing conditioriBemperature matrices are sources of different fatty acids and can be
is of great importance in the composition of fatty acidgsolated and used by the pharmaceutical industries, food
regulating fatty acid desaturases, the literature reposd animal feed industries.
that temperature is inversely proportional to the fatty One of the most abundant by-products of olive
acid content, that is, low temperatures tend to increageowing is the leaves of the olive tree, whether they come

Table 5: Fatty acid profile of olive leaves from southern Brazil

) Cultivars

Fatty acids %

Frantoio Koroneike Manzanilha Arbosana Arbequina
C6 - 44,15 64.70 - -
Ccs8 0.56 2.82 3.76 - -
C 10 2.72 2.60 1.04 1.47 -
c1 - 0.15 - - -
C13 - - - 0.28 -
c14 0.73 - - - -
C15 1.05 0.42 - 0.68 -
c1ie6:1 0.32 - - - -
C 20 0.36 0.18 - - -
c18:3 1.21 0.52 11.11 15.06 20.51
C20:1 0.51 0.53 - - -
c21 19.22 12.35 - - -
C20:2 6.50 - 6.04 5.24 -
C 204 3.94 2.63 - - 4.40
C 22 2.45 1.58 1.25 - -
C20:3 0.45 - - - 3018
Cc221 1.19 0.54 - - -
C23 43.62 24.85 8.68 29.33 4.15
C22:2 11.35 4.16 1.50 4.28 39.09
c24 0.85 - - 4.04 1.65
C20:5 2.11 0.67 1.90 38.00 -
C24:.1 0.81 - - - -
C22:6 - 1,83 - 1.60 -
Saturated % 71.58 89.11 79.44 35.81 23.11
Insaturated % 28.42 10.99 20.55 64.19 76.99
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