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Figure 1. Kraft (A), polyethylene (B), and polypropylene (C) packages used in ""Phytochemical and antioxidant
activity changes of Foeniculum vulgare fruit affected by packaging type'* research
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Table 1. ANOVA of packaging type and storage duration effects on some characteristics of
Foeniculum vulgare fruit

Mean squares

Source of variation df
Essential oil Phenol Antioxidant activity
Packaging type 3 0.297** 912.1** 0.000096**
Storage duration 3 1.29** 33067.2** 0.00011**
Packaging type * Storage duration 9 0.278** 269.05** 0.00007**
Experimental error 30 0.035 6.55 0.000002
C.V. (%) 15.6 15.8 9

**: Significant at 1% probability level.
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Figure 2. Essential oil content of Foeniculum vulgare fruit affected by packaging type and storage duration
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Table 2. Type and amount of essential oil compounds of Foeniculum vulgare fruits affected by packaging type and storage duration

. 2 months storage 4 months storage
Compound RI Without Without Without
storage Kraft Polyethylene Polypropylene packaging Kraft Polyethylene Polypropylene packaging
n-nonane 900 - - 0.1+0.061 0.07+0.06 0.1+0.004 - - 0.05+0.05 0.007+0.004
a-pinene 932 1.27+0.07 1.03+0.056 1.12+0.62 0.96+0.18 1.15+0.004 0.83+0.04 1.32+0.73 0.64+0.45 0.86+0.02
camphene 946 0.2+0.0 0.06+0.076 0.058+0.1 0.21+0.20 0.45+0.02 - - 0.27£0.23 -
verbenene 961 - 0.14+0.08 0.06+0.07 0.12+0.05 0.06+0.002 0.12+0.02 0.08+0.07 0.07+0.03 0.12+0.006
sabinene 969 0.53+0.063 - 0.027+0.04 - 0.08+0.002 - - 0.03+0.05 -
B-pinene 974 - - 0.11+0.18 0.18+0.15 0.33+0.02 - 0.09+0.15 0.2+0.18 0.08+0.14
octanone 983 - 0.07+0.004 0.1+0.044 0.15+0.12 0.14+0.001 0.11+0.07 0.16+0.09 0.09+0.04 0.11+0.06
B-myrcene 988 0.39+0.098 0.51+0.046 0.71+0.22 0.50+0.38 0.95+0.03 0.38+0.018 0.39+0.1 0.61+0.22 0.41+0.05
a-phellandrene 1000 2.5340.31 0.18+0.029 - 0.18+0.31 - 0.1£0.02 - - -
p-cymene 1024 - - 5.27+4.52 2.7+4.7 7.7+0.0007 - 5.84+0.74 4.17+£3.6 0.13+0.09
limonene 1024 6.52+0.82 8.05+1.02 2.7+4.2 4.0+£3.49 0.27+0.007 6.2+0.58 0.19+0.02 2.36+3.7 6.1+0.06
ocimene 1032 0.66+0.091 0.33+0.03 0.32+0.054 0.35+0.10 0.34+0.05 1.35+1.42 0.36+0.05 0.67+0.24 0.25+0.16
y-terpinene 1059 0.13+0.0 0.14+0.01 0.15+0.044 0.14+0.04 0.19+0.004 0.08+0.01 0.07+0.06 0.1+0.06 0.1+0.01
cis-sabinene hydrate 1065 - - 0.011+0.019 - - - - - -
terpinolene 1086 - 0.08+0.009 0.06+0.052 0.13+0.08 0.08+0.002 0.03+0.05 0.04+0.03 0.09+0.01 0.05+0.01
linalool 1096 12.79+1.0 9.06+0.26 2.86+4.83 5.7+4.75 4.6+6.46 1.95+1.94 6.29+5.4 0.88+0.42 3.6+5.38
p-thujone 1101 0.22+0.31 0.36+0.41 0.021+0.019 0.008+0.01 - 0.007+0.01 0.36+0.57 0.04+0.06 0.019+0.01
camphor 1141 - 0.27+0.11 0.23+0.059 0.059+0.1 0.27+0.02 0.57+0.41 0.4+0.3 0.33+0.24 0.29+0.09
borneol 1165 - 0.019+0.018 0.024+0.042 0.11+0.2 0.04+0.06 0.77+0.83 0.04+0.04 0.61+0.15 0.18+0.19
pinocamphone 1172 0.61+0.16 0.021+0.018 0.005+0.009 0.29+0.48 - 0.25+0.26 0.03+0.02 0.17+0.08 0.08+0.06
estragole 1195 8.44+0.4 2.96+0.054 1.37£1.49 2.7%0.22 2.7£0.01 1.05+1.74 2.38+1.15 3.03+0.1 3.08+0.03
fenchyl acetate 1229 0.48+0.22 0.25+0.11 0.19+0.011 0.24+0.04 0.18+0.001 0.3£0.01 0.27£0.19 0.3+0.01 0.17+0.017
p-anisaldehyde 1247 1.62+0.31 0.09+0.008 0.08+0.021 0.14+0.06 0.08+0.03 0.15+0.12 0.2+0.24 0.09+0.02 0.21+0.22
E-anethole 1282 49.46%0.97 75.3+1.03 75.4+2.19 70.3+6.6 72.5+1.03 72.03+4.7 72.242.3 72.9+1.51 71.7+1.2
germacrene D 1484  0.09+0.007 0.14+0.02 0.16+0.017 0.09+0.08 0.15+0.006 0.08+0.01 0.15+0.09 0.1+0.03 0.09+0.003

Total 85.9+2.1 98.8+0.013 91.1+6.9 89.4+9.04 92.6+5.4 86.48+1.57 90.9+3.05 94.4+1.73 87.8+4.67
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Continued Table 2. ...

6 months storage

Compound RI
Kraft Polyethylene Polypropylene Without packaging
n-nonane 900 - - 0.33+0.02 0.07+0.04
a-pinene 932 0.65+0.32 0.92+0.05 0.93+0.05 0.89+0.03
camphene 946 0.1+0.17 0.28+0.12 0.01+0.004 0.17+0.17
verbenene 961 0.07+0.06 0.04+0.08 0.14+0.004 0.057+0.06
sabinene 969 - - - 0.02+0.03
S-pinene 974 0.07+0.13 0.1+0.17 - 0.09+0.13
octanone 983 0.21+0.23 0.18+0.007 0.11+0.005 0.09+0.02
B-myrcene 988 0.45+0.009 0.51+0.03 0.04+0.02 0.52+0.16
a-phellandrene 1000 0.08+0.05 - 0.29+0.26 -
p-cymene 1024 1.75+£3.03 2.18+3.77 - 2.02+3.49
limonene 1024 4.36+3.63 3.84+3.38 6.37+£0.41 4.13+3.45
ocimene 1032 0.44+0.11 2.1+0.13 0.9+0.02 0.43+0.09
y-terpinene 1059 0.07+0.06 0.13+0.017 0.1+0.009 0.11+0.03
cis-sabinene hydrate 1065 0.007+0.013 0.11+0.09 0.02+0.01 0.03+0.05
terpinolene 1086 - 0.12+0.1 0.09+0.01 0.06+0.011
linalool 1096 6.7+5.33 2.6+0.25 0.76+0.09 3.445.78
B-thujone 1101 0.02+0.01 0.015+0.026 0.009+0.01 0.02+0.01
camphor 1141 0.22+0.2 0.63+0.54 0.29+0.23 0.25+0.02
borneol 1165 0.11+0.16 1.96+0.31 0.4+0.06 0.07+0.03
pinocamphone 1172 0.03+0.03 0.59+0.12 0.15+0.008 0.035+0.03
estragole 1195 3.04+0.08 2.14+1.68 2.09£1.67 1.3£1.56
fenchyl acetate 1229 0.23+0.004 0.26+0.005 0.12+0.07 0.16+0.008
p-anisaldehyde 1247 0.23+0.11 0.06+0.06 0.14+0.09 0.09+0.02
E-anethole 1282 71.9+2.38 67.6+0.9 74.5+0.86 75.8£1.59
germacrene D 1484 0.11+0.009 0.1+0.01 0.1+0.002 0.12+0.01
Total 91.0+3.23 86.5+2.58 88.1+1.46 90.0+7.73
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Abstract

Postharvest conditions have a noticeable effect on the quantity and quality of secondary
metabolites of medicinal plants. Accordingly, in the present study, the effects of different
storage durations (0, 2, 4, and 6 months) and packaging types (kraft, polyethylene,
polypropylene, and without packaging) on the quantity and quality of essential oil and phenol
and antioxidant activity of methanol extract in fennel (Foeniculum vulgare Mill.) fruit were
evaluated. Essential oils and methanol extracts were prepared using hydrodistillation
(Clevenger, for 3 hours) and Soxhlet extraction methods, respectively. Essential oils were
analyzed by GC-FID and GC-MS. In general, increasing the storage duration reduced the
essential oil content of fennel (with the exception of kraft packaging) and the rate of this
reduction varied depending on the packaging type. The polyethylene-packed fruitsstored for 2
months and unpacked fruits stored for 6 months had the highest (3.25% v/w) and lowest (1.8%
v/iw) essential oil content, respectively. The number, type, and amount of essential oil
compounds were affected by storage duration and packaging type. The highest (75.8%) and
lowest (49.46%) amounts of E-anethole were obtained from the essential oil of unpacked fruits
stored for 6 months and unstored fruits, respectively. The amount of phenol and antioxidant
activity decreased with increasing storage duration, but the effect of packaging type varied at
different storage durations. Overall, based on the essential oil content, phenol, and antioxidant
activity, storage of fennel could not be recommended, but based on the type of target compound
in the essential oil, different storage durations could be suggested. If the storage of fennel is
necessary, the polyethylene and kraft packaging could be recommended based on the total
characteristics measured in this research.

Keywords: Foeniculum vulgare Mill., storage, packaging, essential oil, phenol.



