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Abstract

Background and Objective: Olive (Olea europaea L.) is one of the most important
horticultural crops in Iran and worldwide. Its oil plays a key role in promoting human health
because of its high content of unsaturated fatty acids, particularly oleic acid, and its unique
phenolic compounds. Olive oil quality depends on various factors, including cultivar and climatic
conditions. Because Iran has a diverse climate, this study evaluated the fatty acid profile, quality
indices, and bioactive compounds of olive oil from the promising genotype Bn6 and the
Konservolia cultivar in two regions: Tarom and Sarpol-e-Zahab.
Methodology: The research used a randomized complete block design with three replications in
2023 at two olive research stations in Tarom (Zanjan Province) and Sarpol-e-Zahab (Kermanshah
Province). Olive fruits were harvested from genotype Bn6 and the Konservolia cultivar based on
fruit color index, and oil was extracted at laboratory scale. Fatty acid composition was determined
using gas chromatography (GC). We measured the following quality indices: acidity (as oleic acid
percentage), peroxide value (milliequivalents of active oxygen per kg of oil), extinction
coefficients K232 and K270, and total chlorophyll and carotenoid content. Total phenolic
compounds were evaluated using the Folin—Ciocalteu method, and antioxidant capacity was
assessed using the DPPH assay. Statistical analysis used a combined analysis of variance across
locations in SAS 9.4 software, and means were compared using the LSD test.
Results: The combined analysis of variance showed that the genotype x environment interaction
was significant for most fatty acids and some quality indices. Konservolia oil had higher oleic
acid (63.47%), monounsaturated fatty acid (MUFA) (67.14%), MUFA/PUFA ratio (5.30), and
oleic-to-linoleic acid ratio (5.44) than genotype Bné6. In contrast, genotype Bn6 had higher linoleic
acid (36.73%) and a richer polyunsaturated fatty acid (PUFA) profile. The highest total phenol
content (51.093 mg gallic acid per kg of oil) occurred in genotype Bn6 in Sarpol-e-Zahab, whereas
the lowest (15.98 mg) occurred in the same genotype in Tarom. The highest antioxidant capacity
(79.43%) occurred in Konservolia in Tarom and the lowest (13.54%) in the same cultivar in
Sarpol-e-Zahab. According to International Olive Council (I0C) standards, Konservolia oil in
both regions met the standard ranges for oleic acid (55-85%), palmitic acid (7—20%), and linoleic
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acid (2.5-21%). Genotype Bn6, however, did not meet the accepted standards for extra virgin
olive oil in terms of oleic acid (below 55%) and linoleic acid (above 21%).

Conclusion: The Konservolia cultivar, with its stable phenolic compounds and compliance with
IOC standards in both regions, is a more suitable option for producing oil with high oxidative
stability and desirable nutritional value in both climates. Genotype Bn6 responds positively to
heat stress by increasing phenolic compounds and therefore has special potential for warm
regions. However, its oil does not comply with national and international standards regarding
fatty acid composition. Therefore, given its high fruit yield and stable production in warm regions,
it can be used in breeding programs and cultivar introduction for table olive production.
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Table 1- Monthly climatic conditions (Mean temperature, mean relative humidity, and mean rainfall) of Sarpol-e-
Zahab throughout olive fruit growth in 2023

Period (Month) Mean temperature Mean relative humidity Mean rainfall
Q) (%) (mm)
22 May- 21 June 28.6 320 23
22 June- 22July 326 255 0
22July -22 August 36.0 215 0
23 August-22 September 30.9 29.0 0
22 September — 22 October 24.9 395 18
22 October — 21 November 19.2 57.5 81.7
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Table 2- Monthly climatic conditions (Mean temperature, mean relative humidity, and mean rainfall) of Tarom
throughout olive fruit growth in 2023

Period (Month) Mean temperature Mean relative humidity Mean rainfall
0 (%) (mm)

22 May- 21 June 27.2 49 23

22 June- 22July 27.6 49 4.7

22July -22 August 29.8 44 0

23 August-22 September 25.8 57 0

22 September — 22 October 211 57 0

22 October — 21 November 19.6 48 6.5
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Figure 1. Standard curve and regression equation for total phenolic content (as gallic acid equivalents)
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Table 3. Combined analysis of variance for fatty acids profile of olive oil (Olea europaea; promising genotype
Bn6 and Konservolia cultivar) in two regions (Tarom and Sarpol-e-Zahab)

M.S.
S.0.v d.
Ve f. Palmitic Palmitole Steari Oleicacid Vacceni Linoleic Linolen  Arachid Eicoseno

acid ic acid c acid c acid acid ic acid ic acid ic acid
Environment 1 0.002" 0.028™ 0.030" 10.641™ 0.083™ 9.828" 0.024™  0.004" 0.007m
(En) s
Error 1 4 0.719 0.012 0.019 1.970 0.016 1.225 0.007 0.0004 0.001
[Rep(En)]
Genotype (G) 1 0.059™ 5.018™" 1.484" 1728.000™ 11.447™ 1513.355™ 0.163"™  0.116™"  0.028"
G x En 1 28.152™ 0.019™ 0.282"  0.644™ 0.635" 31.948™ 0.028™  0.0001™  0.005"™
Error 2 4 0.298 0.012 0.020 0.853 0.080 0.800 0.006 0.0008 0.002
C.V. (%) — 3.21 6.55 7.66 1.80 8.62 3.90 8.53 7.37 15.08

-y J}J’ M‘:‘
Continued Table 3. Combined analysis of variance for ...
M.S.

S.0.V. d.f. SFA MUFA PUFA MUFA/PUFA Oleic/Linoleic
Environment (En) 1 0.080m™ 8.333"™ 8.875"™ 0.064" 0.064"
Error 1 [Rep(En)] 4 0.557 2.676 1.088 0.083 0.099

Genotype (G) 1 3.245™ 1304.168™" 1482.074™* 47.191" 54.887""
G x En 1 34.206™" 0.041m 33.869™ 0.442m 0.450m
Error 2 4 0.456 1.368 0.782 0.063 0.073

C.V. (%) — 3.51 2.06 3.71 7.57 8.16

s, * TN
[

,and " non-significant, significant at 5, 1, and 0.1% probability levels, respectively.
SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, and PUFA: polyunsaturated fatty acids.
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Table 4. Mean comparison of genotype and environment effects on fatty acids profile of olive oil

Treatment Palmitoleic acid (%) Oleic acid (%) Linolenic acid (%) Arachidic acid (%) Eicosenoic acid (%0)
Genotype
Bné 2.3282 39.467° 0.773 0.282" 0.24°
Konservalia 1.035° 63.467° 1.0072 0.4782 0.3372
Environment
Sarpol-e-Zahab 1.6332 52.4082 0.935% 0.3982 0.3122
Tarom 173 50.5252 0.845P 0.362° 0.2652

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).

aibate 53 Wy S 035 25,5 55 (Ao Y/VFP) o ol
G5y oSl Al S smles o0
SFA Gl cpjtim &S ol plis e X Cig)
ol alaie 5 Ul S 05, 25, 5o (Ao YV/YF)
(223 V£/30) 5] ol cp S &S o s o sanli
(Y E JSa) 55 ool adie 53 BN6 (sl 4 bs s
52 3 Bn6 cwsy ol bow ikl s Wl )l
by GLas 5 SFA o ee ep it Wy S 055 ¢ ailate
Sl ailite 33 53 BB (o5 ok 55 S ol plis il
JSa) 2 Wy S 035 4 s YL G5l ea PUFA
SEas 9 (aoys V/OV) PUFA ol op i (E2
ol ol S 5 b wiki 5 Bn6 s
ol ailate 3 Wiy i8035 25, 53 (aw)s VV/AY)

A sl

4ol ol e X (55 S Sl Ay lis
@ OF e 02 (22,3 YA/08) Sl sl ol 500 o0 st
ol e oS & Il st saslie )b Ul S
aible ;3BN6 Cosgis a4 bgy e (e, VO/YA) © el
Solad sl ol copi (Y A JSS) 05 2
5 o\l adaie 53 Wiy S 03, 25, Lo (Ao Y/TY)
2B Cs5 ey 5 (o3 V) ol e oS
S S el (Y B JS) at saslies ol aidacs
Sl )15 adate 53 55 BN s 85, YD 5 YC
#5) & Comd SVl Gl KiSs el 5 S50
(Ao, ¥E/VY) S st deed 50 op iy 2399 Ul oS
o) ol cneS 5 ol aikie 53 BN6 o o655 5o
ol adhie 53 Wiy i8035 25, 5o (Ao WV/4)Y)
ol adkte 53 BN6 (595 s, cmized i sanliv
S 5 (0053 ¥/0V) S5 el 0l 50 o 1en sl



£Y4

SFA (%)

Vaccenic acid (%)
[ 7%

25 - A
20 A a
=
s b b
= 15
7]
=
2
=10 4
E
=
=™
5
0
Bné6 Konservalia Bn6 Konservalia
Sarpol-e Zahab Tarom
6 -
C
5

—
1

0 I I I

Konservalia

Sarpol-e Zahab

Konservalia
Tarom

25 1
20 4
15 A
10 A
5 -
0
Konservalia Konservalia
Sarpol-e zahab Tarom

05 ofas o bl Ll s 5 Lo x

2.5

Stearic acid (%)

Linoleic acid (%)
[T N 1 S N6 S FUR 9E
whn = wn (=] Ln (=) Ln

(=)

— ke b9 G
= th o

PUFA (%)
L7 ]

Yool FY A o)) les s ol oblS Clidsy asllas

Konservalia Bno Konservalia
Sarpol-e Zahab Tarom
] b
| I I |
Konservalia Bn6 Konservalia
Sarpol-e Zahab Tarom
7 F
4 a
i b
4 I ¢ c
Bn6 Konservalia Bn6 Konservalia
Sarpol-e Zahab Tarom

w55 oS ) Sl g lie Y IS

Figure 2. Mean comparison of genotype x environment interaction on fatty acids profile of olive oil
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 5. Mean comparison of genotype effect on MUFA, MUFA/PUFA, and oleic/linoleic of olive oil in two regions (Tarom
and Sarpol-e-Zahab)

Genotype MUFA (%) MUFA/PUFA Oleic/Linoleic
Konservalia 67.142 5.301° 5.4422
Bn6 46.292° 1.334° 1.165°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
MUFA: monounsaturated fatty acids and PUFA: polyunsaturated fatty acids.
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Table 6. Combined analysis of variance for quality traits, bio-active compounds, and pigments of olive oil (Olea
europaea; promising genotype Bn6 and Konservolia cultivar) in two regions (Tarom and Sarpol-e-Zahab)

S.0.V. d. M.S.
f FFA PV K232 K270 Total Total Total Antioxidan
chlorophy carotenoids phenols t capacity
IIs
Environment 1 0.007™ 1.229™ 0.013™  0.015" 0.264™ 0.099m 924.885™  5978.635""
(En)
Error 1 4 0.003 1.871 0.012 0.001 0.012 0.018 25.607 19.146
[Rep(En)]

Genotype (G) 1 0.038"  47.362™  0.346"  0.004™ 0.112m™ 0.542" 47.641™ 363.330™
G xEn 1 0.007™ 1.229" 0.013™  0.015** 0.264"™ 0.099" 924.885™  1354.475""
Error 2 4 0.004 1.511 0.021 0.001 0.259 0.265 22.817 11.085

C.V. (%) — 10.46 9.96 13.56 16.53 30.26 27.30 15.14 8.12

TN

,and " non-significant, significant at 5, 1, and 0.1% probability levels, respectively.
FFA: free fatty acids, PV: peroxide value, K232: extinction coefficients in 232 nm, and K270: extinction coefficients in 270 nm.
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Table 7. Mean comparison of genotype and environment effects on different quality traits and piments of olive oil

Effect FFA PV K232 Total chlorophylls Total carotenoids
(mg.kg? ail) (mg.kg ail)
(Oleic acid percentage)  (meq O2.kg™h)
Genotype
Bn6 0.512° 10.360P 0.897° 1.5872 1.675%
Konservalia 0.6242 14.3332 1.2372 1.7802 2.1002
Environment
Sarpol-e-Zahab 0.5922 12.6672 1.10082 1.535P 1.7972
Tarom 0.5442 12.0272 1.0342 1.8322 1.9782
In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
FFA: free fatty acids, PV: peroxide value, and K232: extinction coefficients in 232 nm.
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x environment interaction on K270, total phenols, and antioxidant Table 8. Mean comparison of genotype
capacityof olive oil

Environment Genotype K270 (mg -glj-gltl?é gzie drﬁlgs_l oil) caﬁggil?; I(dDaI;]IgH
scavenging (%))
Sarpol-e-Zahab Bn6 0.1° 51.0932 23.787¢
Konservalia 0.133° 29.55° 13.543¢
Bn6 0.2422 15.977¢ 47.18°
Tarom Konservalia 0.132b 29.65° 79.4332

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
K270: extinction coefficients in 270 nm
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Figure 3. Pearson's correlation matrix of olive oil traits (Olea europaea; promising genotype Bné and

Konservolia cultivar in two regions, Tarom and Sarpol-e-Zahab)
FFA: free fatty acids, PV: peroxide value, K232: extinction coefficient at 232 nm, K270: extinction coefficient at 270 nm, SFA: saturated fatty
acids, MUFA: monounsaturated fatty acids, and PUFA: polyunsaturated fatty acids.
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