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Background and objectives: Spices and medicinal plants, like other
agricultural products, may be contaminated with bacteria, soil, and insects
during planting, harvesting, transportation, and processing. Gamma
irradiation is a useful way to remove contamination. Therefore, the main
objectives of the present study were to evaluate the effects of different
doses of gamma irradiation (0, 5, 10, and 15 kGy) on color indices and the
microbial population of Mentha longifolia L. under modified atmosphere
(MAP), vacuum, and aerobic packaging conditions. Also, its effect on
chemical composition and antioxidant and antimicrobial properties of M.
longifolia essential oil were evaluated.

Materials and methods: M. longifolia L. was collected in spring (from
April to May) 2020 from Gilanegharb, located in Kermanshah, Iran.
Irradiation of the packaged M. longifolia samples was performed under
MAP (N2 = 100%), vacuum and aerobic conditions using doses of 5, 10,
and 15 kGy (radiation source = 60 cobalt and dose rate = 4.18 kGy h?) in
the Atomic Energy Organization of lran. After irradiation, the color
parameters and microbial population of the packaged samples were
evaluated. Moreover, the chemical composition of M. longifolia essential
oil using gas chromatography-mass spectrometry and antioxidant property
via 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and Beta-
carotene bleaching inhibition were evaluated. Also, antimicrobial activity
of M. longifolia essential oil against Listeria monocytogenes,
Staphylococcus aureus, Bacillus cereus, and Bacillus subtilis using the disk
diffusion method was performed.

Results: Results of this study indicated that gamma irradiation under 5 and
10 kGy (aerobic condition) and 15 kGy (aerobic, vacuum, and modified
atmosphere conditions) resulted in significant reduction values of a* and
b* and increased L* in comparison with a control group (P < 0.05). The
gamma irradiation under 10 and 15 kGy inhibited the growth of total viable
bacteria, coliforms as well as yeast and mold in packaged samples into
lower than the count limit of 1 log CFU g Based on our findings,
nineteen chemical compounds were identified in Mentha longifolia
essential oil. Eucalyptol (18.23%-19.55%), menthone (12.36%-13.55%),
and pulegone (47.69%-49.55%) were the main identified chemical
constituents in Mentha longifolia essential oil. Moreover, gamma
irradiation (0, 5, 10, and 15 kGy) and types of packaging (aerobic, vacuum,
and modified atmosphere conditions) had no significant effects on the

)



changes of chemical compounds, as well as antimicrobial and antioxidant
properties of Mentha longifolia essential oil (P > 0.05).

Conclusion: The results of this study showed that the use of gamma
radiation at the doses of 10 and 15 kGy is a suitable method for
disinfection of packaged M. longifolia under aerobic, vacuum and MAP
conditions, without affecting their chemical compaosition, antimicrobial,
and antioxidant properties.
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Table 1- Effect of gamma irradiation on color parameters of Mentha longifolia L. plant packaged under aerobic,
vacuum, and modified atmosphere conditions.
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26.77  13.48+0.16 1.76 + 0.01 65.81 + 0.25 _
Aerobic
S
30.01 15.65 + 0.2528 1.99 + 0.022C 62.01 + 0.0628 Vacuum 15
aJJCwl }L.»a.:l
29.91 19.34 + 0.0928 3.29 £ 0.03%B 60.49 + 0.0328 MAP

(P<+/v0) 3L 0 MAP S (ilsr Lyl d Cod sl ghuatas (Slad 5ol K Sla el 55 s e D] sdasOLis S S aline e Gy > ab

&b Different lowercase letters indicate significant difference in color parameters of samples packaged under aerobic,
vacuum, and modified atmosphere conditions (P<0.05).
(P </e0) Aib e SN0 5V 0 slasss Lol ghuats (o sal Eef) Gl el s sls e SNl sdasolis Sy alie s by = AC

A-B Different capital letters indicate significant difference in color parameters of samples packaged under irradiation
doses of 5, 10, and 15 kGy (P<0.05).
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(4) AL s 0 log CFU gt s o

YA log CRU g i s ol a8 s slads sal
V0 5V slajas Ly asy 5, 555 0/0Y 5Y/0F
JB as Sl xeS as sl (gluaa glad ged o
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Table 2- Effect of gamma irradiation on microbial population of Mentha longifolia L. packaged under aerobic,
vacuum, and modified atmosphere conditions.

(|Og CFU g-l> L;g)jg:ﬂ oz

Microbial population (log CFU g?) K (ESHS) Asg s 533
ot 5 SS Lap 48 TVC Packaging Irradiation dose (kGy)
Yeast and mold (Coliforms)
5l
5.52 + 0,123 3.53 + 0.05¢ 6.38 + 0.04 %A =
Aerobic
S
5,52 +0.11%A 3.53 +0.092 6.38 £ 0.02% Vacuum 0
M.:Cvul QTN
5.52 +0.15%4 3.53 +0.022 6.38 £ 0.01 MAP
5l
3.73+0.0228 ND 4.39 +0.0828 e
Aerobic
S
3.18+0.16% ND 3.78£0.25%® Vacuum 5
sd 3ol el
2.45+0.25%8 ND 359+0.11% MAP
5l
ND ND ND e
Aerobic
S
ND ND ND Vacuum 10
a.J-JC‘)LAl Jﬁ.wu'l
ND ND ND MAP
5l
ND ND ND e
Aerobic
S
ND ND ND Vacuum 15
a.aLirC}Ldl jA....A.?l
ND ND ND MAP

(P<e/v0) AL« MAP Mt (g5len Sl i o 0l (ot (SUA 5a3 9 Camaz 53 I3 e OV e dasOLi S S alin oy > P

&b Different lowercase letters indicate significant difference in microbial population of samples packaged under
aerobic, vacuum, and modified atmosphere conditions (P < 0.05).

AP<e/00) Ail o s SLS V0 5 )0 0 (slajsn Lol (ghudton LAk sed Cumar 5 Jla sme OVl edias OLES S5 wlie b iy = AC
A-B Different capital letters indicate significant difference microbial population of samples packaged under irradiation
doses of 5, 10, and 15 kGy (P < 0.05). ND: Not detected.
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2. Menthone
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Table 3- Effect of gamma irradiation on chemical composition of Mentha longifolia L. essential oil packaged under
aerobic condition.

(SS9 2250 592 55 Lasls lasd S 5 s
Irradiation dose (kGy) Kovats index e S -
15 10 5 0 Retention index Chemical compound Number
1.33 1.32 1.33 1.42 934 11.33 a-Pinene 1
1.45 1.48 1.38 1.52 975 13.40 Sabinene 2
2.61 2.75 2.63 2.54 981 13.67 S-Pinene 3
0.61 0.61 0.61 0.61 992 14.24 Myrcene 4
0.53 0.55 0.50 0.52 1004 14.83 3-Octanol 5
0.15 0.13 0.18 0.14 1031 16.22 0-Cymene 6
0.85 0.74 0.85 0.86 1034 16.39 Limonene 7
18.55 19.32 19.16 18.23 1038 16.59 Eucalyptol 8
0.05 0.06 0.07 0.05 1107 20.14 Linalool 9
12.36 12.39 12.39 12.37 1168 23.17 Menthone 10
0.94 0.98 0.95 0.98 1176 23.58 Isomenthone 11
0.91 0.91 0.91 0.91 1183 23.90 a-Terpineol 12
0.24 0.26 0.29 0.27 1192 24.33 Terpinen-4-ol 13
49.55 4850  47.69  49.50 1254 27.34 Pulegone 14
0.52 0.52 0.52 0.51 1268 28 Piperitone 15
1.86 1.82 1.85 1.84 1355 31.94 Piperitenone 16
0.38 0.42 0.49 0.35 1427 35.05 Caryophyllene 17
0.12 0.12 0.11 0.13 1456 36.29 pS-farnesene 18
1.11 0.99 1.08 0.97 1596 41.90 Caryophyllene oxide 19
94.12 93.87 9299  93.72 Fes

Sum

S’\?" han.f» Cod ol (ghudian @js oﬁx U"JL‘”' eJCJh:J:S.:.T QL'.:SJ}' 7 LE @:\,3,; ﬂji:—i d}-k?.'
Table 4- Effect of gamma irradiation on chemical composition of Mentha longifolia L. essential oil packaged under
vacuum condition.

(G S5LS) 35 5 553 il s . . )
. 5ola5k atls sland S
Irradiation dose (kGy) Kovats index e - ” Number
15 10 5 0 Retention index Chemical compound
131 1.38 1.32 1.45 934 11.33 a-Pinene 1
1.49 1.49 1.49 1.49 975 13.40 Sabinene 2
2.73 2.65 2.62 2.66 981 13.67 S-Pinene 3
0.62 0.63 0.60 0.65 992 14.24 Myrcene 4
0.51 0.53 0.52 0.50 1004 14.83 3-Octanol 5
0.16 0.12 0.15 0.17 1031 16.22 0-Cymene 6
0.82 0.83 0.82 0.83 1034 16.39 Limonene 7
19.41 1945 1934 1955 1038 16.59 Eucalyptol 8
0.04 0.04 0.04 0.04 1107 20.14 Linalool 9
13.41 13.42 1351 13.55 1168 23.17 Menthone 10
0.96 0.96 0.94 0.95 1176 23.58 Isomenthone 11
0.90 0.90 0.90 0.90 1183 23.90 a-Terpineol 12
0.22 0.27 0.28 0.25 1192 24.33 Terpinen-4-ol 13
48.52 48.53 4851 48.42 1254 27.34 Pulegone 14
0.51 0.51 0.51 0.53 1268 28 Piperitone 15
0.85 0.85 0.86 0.87 1355 31.94 Piperitenone 16
0.42 0.46 0.45 0.37 1427 35.05 Caryophyllene 17
0.13 0.13 0.12 0.11 1456 36.29 p-farnesene 18
1.06 1.08 1.01 0.95 1596 41.90 Caryophyllene oxide 19
9407 9423 9399  94.24 Fex
Sum

Y
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Table 5- Effect of gamma irradiation on chemical composition of Mentha longifolia L. essential oil packaged under
MAP condition.

KGY) 2354 533 bl sl s LS5 3,
Irradiation dose (KGy) Kovats index S S Number
15 10 5 0 Retention index Chemical compound
1.45 1.45 1.45 1.43 934 11.33 o-Pinene 1
1.36 1.38 1.35 1.34 975 13.40 Sabinene 2
2.74 2.72 2.75 2.74 981 13.67 S-Pinene 3
0.65 0.66 0.64 0.65 992 14.24 Myrcene 4
0.47 0.49 0.48 0.49 1004 14.83 3-Octanol 5
0.16 0.17 0.18 0.17 1031 16.22 0-Cymene 6
0.88 0.79 0.88 0.92 1034 16.39 Limonene 7
18.45 18.66 19.35 18.72 1038 16.59 Eucalyptol 8
0.04 0.05 0.06 0.09 1107 20.14 Linalool 9
12.44 12.43 12.42 12.44 1168 23.17 Menthone 10
0.98 0.98 0.98 0.98 1176 23.58 Isomenthone 11
0.99 0.99 0.99 0.99 1183 23.90 a-Terpineol 12
0.59 0.58 0.56 0.56 1192 24.33 Terpinen-4-ol 13
48.11 48.67 47.79 48.53 1254 27.34 Pulegone 14
0.73 0.74 0.75 0.73 1268 28 Piperitone 15
1.82 1.74 1.73 1.75 1355 31.94 Piperitenone 16
0.48 0.48 0.48 0.44 1427 35.05 Caryophyllene 17
0.65 0.62 0.64 0.66 1456 36.29 B-farnesene 18
0.56 0.64 0.54 0.55 1596 41.90 Caryophyllene oxide 19
9355 9424 9402  94.18 Fex
Sum
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Table 6- Effect of gamma irradiation on total phenol and antioxidant property of Mentha longifolia L. essential oil.

Js 9

DPPH St (G5 S) (235 5 552
p- Carotene (%) . 1 Total phenol
1C50; mg ml pheno ; ioti
( g ml™) (ma gallic acid mi*) Packaging Irradiation dose (kGy)
30
81.23+0.02 8.32+0.04 63.24 +0.05 st
Aerobic
S
81.25 +0.08 7.82+1.55 63.18 +0.01 Vacuum 0
s izl sl
81.28 + 1.28 8.52+0.23 63.12+0.25 MAP
3
81.56 +0.03 8.18 +0.09 63.12 +0.08 e
Aerobic
S
81.66 + 0.01 8.45 + 0.07 63.12 + 0.03 Vacuum 5
eﬁcﬁw‘ M.
81.12+0.02 8.22+0.11 63.45+ 0.04 MAP
3
81.55 + 0.46 8.45 + 0.07 63.22+0.28 <ot
Aerobic
S
81.23+0.24 8.78 +0.14 63.38+0.21 Vacuum 10
eﬁcﬁw‘ M.
81.25+ 0.05 8.21 + 0.09 63.19+0.15 MAP
3
81.21+0.03 8.88 +0.03 63.42 +0.01 st
Aerobic
S
81.28 +0.38 8.42 +0.42 63.16 + 0.01 15
Vacuum
s kil hnas]
81.19+0.12 8.64 + 0.05 63.34 + 0.03 MAP

(P> 0/00) Sl a S Wy oS (sdtuaiey e slaes S SlaSI ST Coslt il im0 suei g 5 WS sy

The gamma irradiation and type of packaging had no significant effects on antioxidant property of different packing

groups of Mentha longifolia L. plant (P > 0.05).
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Table 7- Effect of gamma irradiation on antimicrobial property of Mentha longifolia L. essential oil.
(mm) Jm':') r.\p Jla _/Ja_;

Inhibition zone diameter (mm) (S S) a35, 550
G Lodiwn " N
sl Skl oo iati
s it bl s g0 b ) o Packaging Irrad |(aktc|50;) dose
S B. cereus L. monocytogenes et
B subtilis S. aureus
Silsn
5.69 + 0.07 4.29 +0.02 7.34 £0.02 8.35+0.01 ]
Aerobic
Y
5.68 £ 0.01 4.35 + 0.05 7.35+0.04 8.42 + 0.02 Vacuum 0
NN W
5.69 £ 0.03 4.26 £ 0.02 7.35+0.01 8.56 + 0.03 MAP
3
570+ 001  4.36%0.04 7.380.01 8.45 £ 0.02 e
Aerobic
S
5.70 + 0.02 452 +0.02 7.35+ 0.05 8.77 +0.01 Vacuum 5
s izl sl
5.73+0.04 4.42 + 0.06 7.36 +0.01 8.45+ 0.03 MAP
3
572+005 435002 7.42£0.01 8.25 + 0.05 e
Aerobic
S
573+£002  4.38+0.04 7.55 + 0.01 8.34 + 0.02 Vacuum 10
s izl sl
5.75+0.01 434 +0.01 7.56 + 0.03 8.42 + 0.05 MAP
sils
567+001  428+001 7.35+0.05 8.36 + 0.02 Aerobic
e 15
5.68 + 0.02 4,27 +0.03 7.35+0.02 8.55+ 0.03 Vacuum
el i ol il
5.67 +0.04 4,32 +0.02 7.35+0.04 8.42 + 0.02 MAP

(P> 0/00) il asS @ oS (sliatng lites Sbaos S Ole 53 o5 Sl Cuslt 5 (I3 ome jgb St § 55 5 LS ass
The gamma irradiation and type of packaging had no significant effects on antimicrobial property of different
packing groups of Mentha longifolia L. plant (P > 0.05).
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