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Abstract

The manner of olive oil production and its dietary is one of the char risti the

O

e
traditionally produced and consumed within the Nort Cyprus.Shherefore, in the
% produced and consumed
offeredfby International olive oil

Standardization (ISO) were

Cyprus Island, including the Northern Cyprus. Despite its extensi jon, there

has not been known scientific research carried out so far {6 the olive oil

present study, we aimed to screen the quality of the
regionally. The guidelines and the related metheg
council (I0OOC) and International Organiza
employed to screen the quality indices produced employing traditional
methods without the presence of in liz hniques. In contrast to the regional
belief and consideration, the results\have indicated that the olive oil produced locally

is highly exposed to oxidatio efore, it is of lower quality according to the ISO

guidelines.
Ozet

eWeslenmesinin tarzi Kuzey Kibrisin da dahil oldugu Kibris

Zeytinyagi Urg
Adasini KOzelliklerinden biridir. Yogun tuketimine ragmen, Kuzey Kibris'ta
gelenekSel olaf@k Uretilen ve tiketilen zeytinyaginin niteliklerini belirlemek i¢in yapilan
sel galisma bulunmamaktadir. Bu nedenle, bu galismada, bdlgesel
ilen ve tlketilen zeytinyaginin kalitesini arastirmayi hedefledik. Uluslararasi
agi konseyi (I0OOC) ve Uluslararasi Standartlar Organizasyonu (ISO) tarafindan

ulan prensipler ve ilgili yontemler, sanayilesmis teknikler olmadan geleneksel
yontemlerle Uretilen zeytinyagi kalite endekslerini taramak igin kullaniimistir. Bolgesel
inan¢g ve degerlendirmenin aksine, sonuglar, yerel olarak uretilen zeytinyadinin
oksidasyona asiri maruz kaldigini ve dolayisiyla ISO talimatlarina gére daha dusuk

kalitede oldugunu ortaya koymustur.



1. Introduction

There is no doubt that olive oil consumption has been a significant component of daily

dietary in the Mediterranean region.! Indeed, the olive tree (Olea Europea L.)

agriculture, and the following olive oil production is a typical and one of the oldest

traditions in various countries in the region.’? Starting from the second half of the last

which, in turn, has forced the establishment of industrialization for t
production to guarantee the quality.3* This has further been regulate

by both the producer countries and the International Organization andardization.>
7

As a part of Cyprus, Northern Cyprus, also referred to agplurkish R lic of Northern

processing of olive fruits since from t ime&pmRecords, currently, estimate the
presence of approximately 1 million lea Europea L.), many of which are
cultivated to obtain the olive fruits (i'&, a typical breakfast dietary), and the olive oil.®

dicates that olive oil consumption per person is

few producers that utilize modern industrial subsidiaries,
the majority e aditional methods for the olive oil production in Northern Cyprus.
In publigy'these Iques are classified as either hot or cold procedures. As implied,
cold.andihot refers to the temperature in the extraction phase (i.e., lower than 28°C
perature of aqueous phase for the cold procedure and above 28°C temperature of

a us phase for the hot procedure). It is considered that the hot procedure
elerates the extraction phase, therefore aids in the yield and stability with respect
the time spent; on the other hand, it is a disadvantage for the transfer of various
beneficial chemicals (e.g., stabilizers, and antioxidants) to the aqueous phase
depending on the change of solubility at varying temperatures.'’'> Moreover, the

majority of the public rely on olive oil products produced through the traditional



techniques rather than the industrial products, since they find it more natural. Indeed,
the industrial local products are generally produced to export them to other countries
concomitant to analysis certificates guaranteeing the quality, whereas, almost all of the
local traditionally produced products reach to consumers, even, without an apparent
label on. The main difference with the current traditional techniques is that they do not
obey the manufacturing rules strictly regulated in the industrialized techniques.

exposure to air and light during the production phase, the non-employme

of olive oil, as well as the insufficient containers utilized (e.g., non

material without a correct label) make the traditional method pro

So far, there has not been a scientific research condue quality indices

of the olive oil traditionally produced in the Northern riosity of this
point of view, this research aimed to investigate, fo ime, the basic quality
parameters of the olive oil produced employi onal techniques within the
(i

peroxide value, UV-specific extinctio and 272 nm, total phenol, chlorophyll,

Northern Cyprus. Therefore, the qual

., free fatty acid percentage,

and carotenoid contents, and the f; acidfalkyl ester compositions) of the samples

collected were aimed to be de

2. Materials and metho

2.1. Chemicals andjReag

Hexane (99.0 oheXane (99.5%), ethanol (99.9%), methanol (99.9%), diethyl
ether (9 carbonate, sodium thiosulfate, potassium hydroxide (85.0%),
potassi iodide (99.0%), sodium hydroxide (99.0%), acetic acid (99.0%),
h | id (37%), gallic acid were obtained from Merck (Germany). Folin-

icalte henol was purchased from Sigma-Aldrich (Darmstadt, Germany).
amples

Although there are quite a lot number of producers, particularly within the western part
of the region, the majority of them produce limited amount for their own use. Therefore,
we have collected sample olive oils from the thirteen olive oil producers who also sell

their traditionally produced olive oils beside their own use. From this point of view, 26
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samples in capped non-opaque glass materials (i.e., a classical way of packing and
marketing of producers) from 13 different producers were purchased directly from the
producers (i.e., 2 samples from the same production of the same producer). Each
sample from 13 producers was subcategorized in the way that the first group to be
analyzed in their 3@ month, and the second group to be analyzed in their 6 month of
production. The samples to be analyzed in these periods were kept in light-free shel

at room temperature until analysis. In order to make a comparison with a refere

(i.e., cold or hot) of the samples analyzed.

2.3. Determination of free fatty acid content (FFA
Free fatty acid content (FFA), expressed as content of the free fatty
acids in olive oil, was determined t using potassium hydroxide
according to proposed procedure by | Accordingly, 500 mg of olive oil sample
was dissolved in 15 mL of ethanolland digthyl ether (solvent mixture), which was
previously neutralized by pota e. Then this solution was titrated by 0.1N
potassium hydroxide. Acidi esSed as a percentage of fat type, was calculated
according to the given
Acidity= (VxNxFx
wherein:

V= The volu KOH consumed, F= Factor of 0.1N KOH, N= Normality of KOH

Assessment of peroxide value (PV)
eroXide value, as stated in miliequivalent of O2.kg™' (meq O2/kg oil), was determined
ording to the method described by 1SO3960.' Briefly, 5 g olive oil sample was
dissolved in glacial acetic acid-hexane (6:4) solution. Then 0.5 mL of saturated
potassium iodide was added and swirled exactly one minute. Immediately after, 100

mL distilled water was introduced to the flask and shaken vigorously. Finally the




mixture was titrated with 0.01 N sodium thiosulfate. Peroxide value (meqO2/kg oil) was
calculated based on the formula described below:
PV= ((V-Vo)xNxFx1000)/m

wherein;

V: The volume of sodium thiosulfate consumed for the samle, Vo: The volume
sodium thiosulfate consumed for the titration of the blank (without olive oil sample
The normality of sodium thiosulfate (i.e., 0.01N), and m: Mass (weight) of

gram.

2.5. Determination of oxidation satus of olive oils (K232 and K

measuring their absorption at specific wavelengths (i
0.25 g olive oil sample was dissolved in cyclohexanggi

prepare 1% w/v. Then, the specific extinctions at 232/& m were examined.

2.6. Carotenoids and chlorophyll content
Carotenoid and chlorophyll (mg/kg of oi re determined employing a UV

based procedure."” As described . olive oil sample was dissolved in

2.7. Detection of tota

The Folin-Ciocalte met an assay in which the results are expressed in terms

0 llic acid/kg olive oil depending on the spectrophotometric
ed at 765 nm, was employed for the determination of the total
phenol gontent ordingly, 10 g of olive oil was dissolved in 50 mL of hexane and

hregitimes with 80% aqueous methanol. Then, the extract was added

ater to a final volume of 100 mL aqueous methanol and kept overnight. 5 mL

let to stand for 5 minutes. 1 mL of saturated sodium carbonate was added and
irled. After 1 hour at room temperature, absorption was read at 765 nm. 1 mL aliquot
of 0.05, 0.2, 0.4, 0.5 and 0.6 mmol/l aqueous gallic acid solution were mixed with 5 mL

folin-ciocalteaus reagent and 1 mL saturated sodium carbonate solution. Then, the



absorption was measured at 725 nm to obtain the calibration curve. Finally, the total

concentration of polyphenol in olives oil samples was determined as ppm of Gallic acid.

2.8. Determination of fatty acid alkyl esters (FAAES)

For the determination of fatty acid alkyl esters, the European Official Methods o
Analysis (EEC), suggesting a GC assay, was used."® Accordingly, 100mg olive oil
sample was dissolved in 10 mL n-hexane in 20 mL test tube and 100 uL of

potassium hydroxide in methanol was added. The prepared sample solution

vortexed for 30 seconds and centrifuged for 15 min. Afterward, supernatan

transferred into 2 mL autosampler vial for chromatographic analysis.

The Chromatographic analyses were performed on an Agile C (Agilent
Technologies, Santa Clara, USA) fitted with a FID detector. T¢ usSed was a
capillary HP-88 J&W 112-88A7 (length 100 m, id 0.25@am and filmithiekness 0.2 ym).
The operating conditions were as follows: the inlet te ure was °C; injection

volume was 2 yL; the carrier gas was helium with a flG
ratio; oven temperature was set to 120 °C ally and then it was first
increased up to 175 °C (i.e., 10 °C/min , ingreased to 220 °C (i.e., 3 °C/min

rate) where it was maintained for 5 mip; or temperature was set to 280 °C.

2.9. Statistical analysis

Statistical analysis was perfo sing the SPSS 20.0 (SPSS Inc., Chicago, IL, USA).
Mean scores and stand e\ ere calculated with respect to the assay results
practiced in triplicated”Pailged samples t-test was employed in order to show the
statistical significa

C tween the mean scores of 3 and 6 months samples.

3. Results a sion

In ordegfto det e the basic quality indices of the samples collected, the percent

fregacidgperoxide values, and the specific absorption coefficients were measured first.

res obtained for the percent free acid of the samples and the reference are

owh in Figure 1. Mainly, IOOC defines and designates the classification of olive oil
nly according to their free fatty acid content.?® Accordingly, none of the three month
samples can be classified as extra virgin olive oil. Since the results for the free acid
content for each 3 month sample was found less than 2 grams per 100 grams oil, each
were categorized as virgin olive oil. With respect to the free fatty acid content at 6

month samples, the categorization as virgin olive oil was saved for the majority of the
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samples, although 2 of them (i.e., 50, and 60, both of which were cold procedure
products) appeared to be ordinary virgin olive oil according to the I0OC guidelines.
Furthermore, the reference commercial sample was shown to be keeping its extra
virgin olive oil property in the first 6 months following its production. It is noteworthy to
state that the increase in percent FFA content in each sample and the reference was

found statistically significant (i.e., p<0.05).

One of the major parameters that shows the quality of olive oil is the peroxide

tendency for oxidation. The increase i
was also established, however, it did
(i.e., 20 meqg/kg oil), even at the oreover, the increase observed for
peroxide value of each sa the reference, was found statistically
significant (i.e., p<0.05). The tion status of each sample was also analyzed with

other experiments.

The measureme sorptions at 232 nm (i.e., K232) and 270 nm (i.e., Kz7o) are
important par or the estimation of oxidation stage of olive oil. The increase in
ated diene and trienes contribute to K232, while the secondary
oxidatian resulfihg in the formation of aldehydes and ketones is effective for K270.22 The
n lation standard limit value for olive oil expresses K232 < 2.5 for extra

in olive oil and K232 < 2.6 for both virgin olive oil, and ordinary olive oil. On the other

n 270 values are restricted to < 0.2 for extra virgin olive oil and < 0.25 for both

in olive oil, and ordinary olive oil.?* As seen in Figure 3, all of the samples,
regardless of their analysis time and extraction procedure, have Kzsz levels less than
2.5. However, it is obvious that there is an increase in the K232 levels from 3™ to 6"
month samples making the K232 levels getting closer to upper limit of 2.5, and 2.6 for

the extra virgin olive oil, virgin olive oil, and ordinary olive oil, respectively. On the other
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hand, the K270 measurements at 3 month samples classified almost all of the samples
(i.e., beside the sample 9F) under the extra virgin olive oil quality (i.e., Figure 4).
However, similar to the observation obtained for the K232 values, all of the samples
tested in their 6" month obviously indicated an increase all above 0.25. This is an
absolute indication of oxidation determined by UV studies (i.e., K232 and Koa7o
measurements) concomitant to the results obtained for the peroxide measureme

Besides the K232 value change for the samples 2 (i.e., 2F and 20), and 4 (i.e., 4F @
20) and K27o value changes for the samples 5 (i.e., 5F and 50), and 9 (i.g

90), and the reference, all changes for the rest of the samples wergy fe

statistically significant (i.e., p<0.05).

biological systems with respect to their antioxida

parameters that show the level of oxidation in olive oil

obvious that the total phenol content of the sa quite low in comparison to

industrially produced reference olive o h 3 and 6" month analysis.

Furthermore, hot and cold extraction does not make difference in terms of
the presence of phenolic compoundsj since®@oth technique employed products have a
total phenol content ranging a to very low 10 ppm. It is implying that the
missing control systems ingdh ugtion of traditionally produced olive oils (e.g., high
nd

phenolic compoun This otally consistent with the previous results obtained in

exposure to light and ufficiency of the packaging result in oxidation of
PV values, K232, and K270 measurements) displaying the

)les to oxidation. It is also clear that the decrease in TPC was

nce of industrialized systems. The percent free fatty acid, peroxide, and K232 and
measurements of the samples and the reference concomitant to statistical

alyses are provided in detail on Table 2.

Beside their function for the coloration, pigment contents (i.e., chlorophylls and
carotenoids), present in olive oil, are not only critical for the stability of the olive oil but

also for their antioxidant activity.?” Therefore, the change in the level of these
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compounds is another indication to measure the level of oxidation in olive oil samples.
As shown in Figure 6, each of the samples tested in both 3 and 6" months was found
to possess a quite lower chlorophyll amount in comparison to the reference olive oil.

On the other hand, the carotenoid levels were also found quite lower in comparison to

the reference product (i.e., Figure 7). In general, chlorophyll, and carotenoid levels are
expected to be around 1-3ppm range.?® Therefore, the levels obtained for the sa

olive oils definitely show their lower content in terms of these pigment cont

the carotenoid levels were all found statistically insignificant (i.e., p>0
the results obtained for total phenol content of the samples analyzed, t
the insufficiency in both production conditions and packaging sysie the olive
oil products highly susceptible to oxidation. The measuremen | phenol and
pigment content of the samples concomitant to stati

detail on Table 3.

| analyseSpare provided in

The composition of the fatty acids in the sag as measured via a GC

method. Table 4 represents the results 5iX major fatty acids considered
leic acid (C16:1), stearic acid (C18:0),
and linolenic acid (C18:3)). At first, it is

the fatty acid composition of the samples

in this study (i.e., palmitic acid (C16:0
oleic acid (C18:1), and linoleic acidi{C18:
noteworthy to state that there i
analyzed from three to alysis, regardless of the fatty acid type. The
percentage of oleic acj ten ve oil samples varied from 30 to 46% both at their
39 and 6™ month a Figure 8). This indicates that none of the samples can

in olive oil, since IOOC confirms 55-83% olive oil presence

e lower limits of appreciable amounts, expressed by IOCC. The

ation proven via several methods followed might clearly explain the

reference product was shown to possess extra virgin olive oil quality at both 3™ and
month analysis. Even, beside the change for palmitic acid (C16:0), the rest of the

changes for each fatty acid analyzed was found insignificant (i.e., p>0.05).



Conclusion

Although the olive oil production and consumption has been very popular in Northern
Cyprus, the quality indices of the oil prepared via traditional methods were found to be
lower with respect to the results of this study. Indeed, in almost all tests employed, the
exposure to oxidation was quite unique to these products regardless of the extraction
procedure employed (i.e., hot and cold extractions). This absolutely implies
insufficiency in production techniques, which may be mainly attributed to the co Q

out to the high oxidation exposure of olive oil produ
the traditional techniques. Therefore, the results will
both producers and consumers. Particularly, it will§p 3SPa significant effect on
producers to change their production charac i s of paying attention to
control systems (e.g., harvesting and p

labeling) to prevent the continuous oxidati olive oil produced.
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Table 1: The origin, extraction type, and the coding of the olive oil samples employed.

Code Place of origin Extraction type
1 Bostanci (Zodia) Cold
2 Camlikoy (Camlikoy) Cold
3 Yesilirmak (Limnidi) Cold
4 Yesilirmak (Limnidi) Cold
5 Guzelyurt (Morphou)

6 Guzelyurt (Morphou)

7 Yedidalga (Potamos du Gambo)

8 Yedidalga (Potamos du Gambo)

9 Yedidalga (Potamos du G Hot
10 Yesilirmak ( Hot
11 Yesilyurt (P Hot
12 Yesilyurt (Penta Hot
13 Ye Hot

Table 2: Percent free fatty acid, peroxide, and K232, and K270 measurements
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Samples | FFA% p PV P K232 P Ka7o p
(FFA) (meq0,/Kg) | (PV) (K232) (K270)
1F 1.06 0.07 . | 1766036 . | 0.48:0.02 oo0s* | 008001 .
10 1654008 | 0009 5634034 | 0:001 1.29+0.08 ' 049+002 | 0:002
2F 1.69+0.04 . | 1521¢008 . | 104003 oo0p* | 016002 .
20 238+012 | 0008 32.60 +0.26 | 0000 1.71£0.02 : 027+003 | 0053
3F 1.19+0.09 . | 14762027 . | 0.900.03 ooy * | 013%002 .
30 215+0.10 | 0-002 17.37+0.31 | 0004 1.34+0.05 ' 047+003 | 0:002
4F 1.19+0.11 . | 13482036 . | 0.95£006 o0 | 014002
40 170+005 | 90025 2276054 | 0003 1.48 + 0.01 ' 025002 |00
5F 0.97+0.06 . | 1390£0.18 . | 067001 ooop* | 017£002
50 1224006 |90l [Hig1+051 | 0001 1.57 +0.02 '
6F 1.06 £ 0.08 . | 17663036 . | 0.49:0.02 0,005 *
60 1664009 | 0009 [Hgg3ig3s | 0:001 1.30+0.08 '
7F 1.38+0.05 . | 1247£038 . | 081008 0050
70 166006 | 0-009 28.76 +0.28 | 0-000 1.08+0.04 '
8F 1.17£0.02 . | 1343:061 . | 0.85:0.03 . .
80 184+003 | 0001 17.16 £ 0.50 | 0-028 1.20+0.08 '
oF 1.53+0.03 . | 1227¢021 . | 086+ Q@5 0,054
90 191010 | 0-010 16.92+0.79 | 0-013 '
10F 1.09+0.07 . | 17562028 . « | 009:003 .
100 1434007 | 9003 3504033 | 0:003 025+003 | 0:004
11F 1.12£0.05 . | 2160020 . . | 015003 .
110 159+006 | 0-001 28.20+0.17 | 0-000 024+002 | 0028
12F 0.92+0.04 . | 896078 ooga | 012£003 .
120 159+005 | 0001 17.56 + 0.30 ' 022+003 | 0:000
13F 105003 [ ooos: | 012%002 ||
130 1894004 | ) ' 051+004 |
Reference F | 0.39 £ 0.05 % 0.58 +0.03 « | 0.10+0.02 0.138
Reference O | 0.66+0.04 | 0027 1.11+0.09 0.014° "515+002 |

F, O, and R represent 3 mon

*: significant if p<0.0
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Table 3: Total phenol and pigment content

Carotenoids

Chlorophylls p p
Samples TPC m p
P (ppm) (TPC) (ppm) (Chlp) (ppm) (Car)
1F 30.27+0.81 . |014x005 oors | 127006 0530
10 6.160.25 0,000° 5144003 ' 1.2040.20 '
2F 21.40£0.10 . |o11z001 oups | 099008 0151
20 14.13 £ 0.06 0,000 0.10+0.01 ' 0.91+0.03 '
3F 75.03+1.14 . |o14azoo1 01y | 108013 0236
30 33.03 + 1.97 0,002 0.10+0.02 ' 0.97 +0.17 '
4F 67.77 £ 0.65 . |0a13z001 0 yps | 020000
40 3157061 0,000° "5 1540.01 1225 5864006
SF 2253+0.67 . |o15:002 0y13 | 0:86%006
50 18.90 + 0.82 0,003 0.11+0.03 ' 0.82 + 0.04
6F 30.27£0.81 . | 014:005 074y | 127006
60 6.16 £ 0.25 0,000° "5 14+003 '
7F 51.70+0.36 . |013:004 0173
70 41.33+0.45 0,002 0.09  0.03 '
8F 3730+ 171 . |o015z001 0520
80 2613+ 1.16 0,013 0.11+001 >
oF 17.87 £ 0.49 0osy | 013%003 0109
90 15.77 £ 0.49 ' 0.11+0.04 '
10F 20.60 % 0.53 0303
100 12.40£0.20 0.98+0.02 '
11F 18.97 £ 0.25 1.13£0.06 0055
110 8.43+0.31 0.96+0.04 '
12F 76.83 £ 0.64 1.2040.10 0067
120 15.00£0.10 0.94 +0.04 '
13F 27.20£0.36 1.17 £0.02 .
130 9.90£0.20 0.83+0.06 0,016
Reference F | 263.73+1.35 2.53 +£0.04 "
Reference O | 212.83+2.32 2.48+0.03 0,014
F,O,and Rre t onth, 6 month and reference samples, respectively.
*: signifi if
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Table 4: Fatty acids composition of the samples and the reference.

Samples C16:0 p c16:1 p C18:0 p ci1s:1 c18:3 p
(%) (C16:0) (%) (C16:1) (%) (c18:0) (%) (%) (c18:3)
1F 6.79+0.17 0.39 £0.02 « | 1.57£0.02 » | 43.9410.13 . | 0.18%0.01
0.071 0.011 0.000 0.000 0.130
10 6.02£0.21 0.27 +0.04 1.33+0.02 34.83 +0.04 0.16 £+ 0.02
2F 7.87 +0.06 0.000" 0.33+0.01 0.014* 2.29+0.04 0.025* 34.63+0.10 0.255 0.22 £0.02 0.017*
20 5.96 + 0.06 : 0.26 £ 0.02 014 1.75+0.10 | 31.21+0.46 ' 0.15 + 0.03 017
3F 7.22 £0.03 » | 0.35£0.02 « | 249£0.08 . « | 0.26£0.02 0.078
30 7022010 | %938 [021:00s | 0% 1992006 | 2022 ) 0.004 0.19 +0.02 '
4F 10.24 +0.10 0.010" 0.59 +0.03 0.032" 2.38+0.04 0.015* 43.67 0.002* 0.32+£0.02 0.001*
40 7.69 £0.45 01 0.38+0.04 | 190z010 | 2% [3210+4 5.02 £0.19 : 0.15 +0.01 001
5F 8.50+0.11 « | 0.4410.04 2.05 +0.08 7.82+£0.21 « | 0.25£0.02
0.003 0.059 0.176 0.026 0.324
50 7.41+0.19 0.32£0.03 1.89 +0.19 6.97 £0.22 0.22 +0.03
6F 6.79+0.17 0.071 0.39 £0.02 . | 1.570.02 « | 5.56%0.06 « | 0.18+0.01 0.130
60 6.02 £+0.21 ' 027004 | %011 1.33+0.02 0.000 392:006 | 2000 0.16 £ 0.02 '
7F 10.06 + 0.14 0.045* 0.76 £ 0.05 0.015* 0.178 8.34+0.29 0.001* 0.31+0.02 0.058
70 9.13+0.47 : 0.51+£0.03 : #41.86 + 1.50 ' 4.93+0.16 : 0.21+0.05 '
8F 9.50 + 0.10 0.54 +0.07 . 41.63+0.38 « | 7.57%0.42 0.29 £ 0.03
0.065 0.019 0.015 0.280 0.069
80 8.30+0.46 0.40 +0.04 38.60+0.26 6.84 +0.57 0.25 +0.03
9F 8.97 +0.15 0.069 0.67 +0.04 41.73+0.76 0.015* 7.55 £ 0.05 0.005* 0.28 +0.03 0.034*
90 8.23+0.32 ' 0.45 +0.06 36.97 +0.93 ) 6.15+0.17 : 0.18 +0.01 :
10F 7.84 £0.07 .+ 0.45 +0.04 ; 0.06 0.054 36.83 +0.31 « | 5.38%0.08 .+ 0.18 +0.01 0.157
100 5.68 + 0.20 0.00 0.35+0.0 1.59 +0.11 ' 31.50+0.26 0.003 4.77 +0.05 0.00 0.13+0.03 '
11F 7.44 £0.48 41 +0.09 36.43 +0.27 « | 5.61£0.07 « | 0.18+0.02
0.434 0.026 0.000 0.001 0.188
110 7.13 £0.08 1.30+0.11 33.53+0.21 4.76 + 0.04 0.15 +0.01
12F 6.90 £+ 0.19 . 1.65 + 0.08 39.77+0.31 4.46 +0.09 « | 0.18£0.02
0.006 0.148 0.067 0.003 0.192
120 6.01+0.11 1.52 + 0.05 37.63 +0.99 3.33+0.12 0.15+0.01
13F 9.92 +0.30 0.007* 2.16 +0.06 0.025* 46.60 +0.26 0.001* 6.48 + 0.07 0.001* 0.28 +0.01 0.006*
130 8.33+0.46 : 1.80+0.04 | 30.60 +0.70 ) 4.40£0.11 : 0.16 £ 0.01 :
Reference F | 9.28+0.0 3.44 £0.05 62,57 + 0.72 8.89 + 0.02 0.50 £ 0.04
0.115 0.313 : 0.457 0.097 0.742
ReferenceO | 9.20+ 3.37+0.06 61,50 + 1.48 8.75 +0.06 0.52 +0.06
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Figure 1: Percent free fatty acid of the samples and the reference
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Figure 2: Peroxide value of the samples and the reference
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Figure 3: K232 level of the samples and the reference
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Figure 4: K270 level of the samples and the reference
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Figure 5: Total phenol content of the samples and the reference
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Figure 6: Chlorophyll content of the samples and the reference
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Figure 7: Carotenoid content of the samples and the reference
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Figure 8: Percent oleic acid of the samples and the reference
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