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Changes in the Content and Compositions of Iranian Sage (Salvia
Mirzayanii L.) Essential Oil under the Influence of Amino Acid Foliar
Application and Storage Duration
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Table 1. Amino acid specifications used in the experiment.
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Table 2. Results of physical and chemical analysis of farm soil before the experiment.
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Table 3. Summary of analysis of variance for leaf fresh and dry leaf, inflorescence number and weight, and
essential oil yield at different levels of amino acid foliar application.
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Fig. 1. The effect of different concentrations of amino acid on the morphological characteristics and percentage

of essential oil of Iranian sage plant. In each column, means with the same letter are not statistically
significant difference (LSD 5%).
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Table 4 - Number of essential oil compounds under the influence of the studied factors

el Sl clale Gy Sl bl ey Jsbo
Length of storage duration (days)
Amino acid 0 60 120 180
concentration
0 41 34 33 27
0.5 44 41 41 33
1.0 36 32 32 25
1.5 30 31 30 27

el sl GiliSes zolaw 36 o (S, mirzayanii) Sl ) (Lo ouilel 5l oadlas SLuS 5 - 0 Jsos

Table 5. Extracted compounds from Iranian sage (S. mirzayanii L.) essential oil under the influence of different amino acid
levels.

A SIF L T R
@, oS &Ik ales Wl.Wlu%Lc @, S S * w‘.%‘)‘u’l.ak
Amino Acid &5k Amino Acid
No. Compound RI 0 051 15 No. Compound RI 0 0.5 1 1.5

oY
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1  «-Thujene 927 0.1 0.105 35 Unknown 1403 18 16 13 28
2  «a-Pinene 934 01000101 36 a-Gurjunene 1408 01 02 01
3  Sabinene 974 03020206 37 (E)-Caryophyllene 1422 07 06 0.6 1.0
4 B-Pinene 979 02010103 38 Unknown 1428 13 11 07 26
5 Myrcene 990 0.70.80.70.3 39 Aromadendrene 1441 0.1
allo-
6 Unknown 994 010102 40 Aromadendrene 1459 08 11 07 05
cis-dehydroxy-
7 Linalool oxide 1008 0.1 0.1 a1 y-Muurolene 1474 02 05 02 02
8 p-Cymene 1025 0.1 0102 42 GermacreneD 1478 0.1 0.3 0.5
9 Limonene 1029 060604 0.7 43 B-Selinene 1482 03 01 03
10 1,8-Cinecole 1031 5.12.63.75.1 44 8-Selinene 1488 0.1
(E)-B-
11 Ocimene 1046 050605 45 Unknown 1494 00 02 01 0.2
12 g-Terpinene 1058 0.1 46 Bicyclogermacrene 1498 0.4
cis-Sabinene
13 hydrate 1065 0.2 0.2 0.3 47 Unknown 1507 42 42 43 59
trans-
Linalool 1070 0.10.10.3 y-Cadinene 1514 0.1
14 oxide 48
15 Terpinolene 1089 0.2 0.2 0.2 0.1 49 8-Cadinene 1522 01 01 01 o012
Linalool 1099 6.9 7.8 6.5 2.0 ransCadina-l4 1537 53 58 55 76
16 50 diene
17  Unknown 1142 0.104 51 a-Cadinene 1536 34 37 34 48
18 &-Terpineol 1169 04010504 52 Elemol 1552 02 02 02 03
o CPMEM 1178 01 0102 _,  Unknown 1558 02 02 04 03
20 o-Terpineol 1190 3.0382715 54 Unknown 1569 0.1 0.1 0.1
o MDecanal 1204 02020302 Germaccrﬁ”e D-4- 1576 0.1
22 Unknown 1212 56 Spathulenol 1579 27 27 31 38
trans-Carveol 1222 0.1 02 0.1 Caryophyllene 150> 56 20 23 23
23 57 oxide
24 Nerol 1230 05050402 58 Viridiflorol 1597 03 02 02 05
S 1258 155148210 23 Unknown 1607 01 01 01 02
25 acetate 59
26  n-Decanol 1270 0.70.2050.3 60 epi-o-Cadinol 1640 0.1 09
27  Thymol 1290 61 B—Eudesmol 1651 08 08 12 11
28 Carvacrol 1298 62 a-Cadinol 1654 08 07 13 14
29 &-Elemene 1338 10090816 63 Unknown 1677 12 13 03 19
a-Terpinyl
30 acetate 1348 150148119182 64 Unknown 1682
31 Nerylacetate 1363 0.80.80.70.2 65 5-neo-Cedranol 1688 0.3 0.2 189 0.2
Ceranyl 1385 17171405 Sclareol oxide 1872 17.8 19.9 0.3 23.9
32 acetate 66
epi-13-Manoyl
33 Unknown 1387 0.2 67 oxide 2010 0.2 0.2

34 B-Elemene 1393 18161328
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Table 6. Summary of variance analysis results of changes in 5-neusedranol, linalyl acetate and [1-Terpinyl acetate due to
different amounts of amino acids and storage duration.

Ol e Sle  Means of squares

5 aolie ol3T a> o
Pl Sl ez 7
SOV of Joil o 5250 bl i 5 -1 ol Ll
5-Neo-cedranol  [J-Terpinyl acetate Linalyl acetate

IS rep 2 332.65** 66.42** 2.40**
4ol el Amino acid 3 168.87** 975.25** 8.09**
Sl e Duration 3 464.46%* 302.75** 16.33**
aol ol x ey Aminox Duration 9 81.94** 14.58** 6.12**

Uas Error 30 0.55 0.88 0.03

Ol S o po CV% f.0 14.2 12.3

** Significant at the 1% level 300 ) s lo me FF
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5-neo-Cedranol & Linalyl acetate [ a-Terpinyl acetate —5-neo-Cedranol = = Linalyl acetate +a-Terpinyl acetate
25 . 20
&y SN o = a; 18.0 19.0 ’ 19
a N e z o o P & T &2
§20 A 5o e gu° a; 18.0 _ ’ 2;180 O 18
MR Q /| - S N IS b; 17.6’ .
X1s @ § Ny === | - ’ b;169 & 17
el :§ s ;160 @ M ¢ 161 K 16
10 § '§ ¢ 14.9.,6 15
§ § b; 14.2 b 143 c;140 & 14
5 Al ——— 1 13
005115 005115 005115 0 2 4 6 02 46 02 46
G p Bl ) e (o) b LBl ooy e
Amino acid (gr/lit) Time (month)

Slo,lil (slaylo; g ancal el Calises polie Sl jo Sl Jis Slall g bl SIS o Jgil jomsgti-0 il s . 55ke - ¥ S
(LSD 5%) s las lo gixe BT S e B9y (6l sl 1 Silis (gt o 50
Fig. 2. Average changes of 5-neo-cedranol, linalyl acetate and a-terpinyl acetate due to different amounts of amino

acids and storage times. In each column, means with the same letter are not statistically significant difference
(LSD 5%).
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Table 7. The type and amount of phenols in Iranian sage due to different amounts of amino acid in the storage periods (mg/liter).
(olo) Glo ,Lil o,50 Jsbo
Time ( month)
s, oS 5 0 2 4 6
No. compound Gid 5 agl dl il
Amino acid(gr/lit)
0 05 1 15 0 05 1 15 0 05 1 15 0 05 1 15

1 gc?(ljoregemc 102 nd nd nd 115 nd nd nd 119 nd nd nd nd nd nd nd
2 Quercetin 99 nd 05 48 384 61 + 95 90 76 + 13 nd nd 126 56
3 pOClatie nd nd nd 12 + + + + + + 4+ nd nd nd 4+
acid
4 Vanilin nd 69 06 + 141 34 05 01 108 12 21 10 47 55 28 05
5 Transferulicacid 219 154 121 119 280 nd 126 252 231 162 130 132 285 190 149 145
6 Hesperedin 491 449 104 132 249 133 04 170 370 203 136 72 345 nd 114 78
7 Hesperetin nd 91 nd nd 153 68 nd 64 54 89 54 nd nd 103 97 56
26 19 1’ & 5L %2 234 14 Ml
8 Rosmarinicacid 9789 3324 1800 1863 11 "ot g T g oo T T T T
nd:no detected
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500 R Trans-ferulic acid _g; y =-2.8353x? + 13.633x + 65.9 R2 = 0.9115 -

450 | @ Rosmarinicacid = & = SR A
B w
400 B 82.56 84 . 8
b . a; . B o
“ 350 = 5 ab; 80.68 o 3 £
7 300 I _ v
5 L 80 -2
Ti; 250 o bc; 77. 78 ig S
— 200 : £
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Fig. 3. Average changes of some phenolic compounds (trans-ferulic acid and Rosmarinic acid) and total phenol content due to

different amounts of amino acids. In each column, means with the same letter are not statistically significant
difference (LSD 5%).
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17.0 y =-12.096x + 300.7R2=0.93 | 300
5 = 0.3455x + 15.38 R2= 0.92

7168 X : 16.76 290 o
- 2 16.6 B 2
2% 164 C;16.27 P b; 279.27 7
_‘—’j % 162 | ST a; 285.40 an; : 280\,}
} S0 | S b; 16.34 ab; 268.98 j
< £ 158 270 3
S .
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2 £ 152 b
T 150 . . . — b; 248.51 230 2,
~ 2 4 6 2

(o) S, ey o T T T T 240

Time (month) 0 (oo ggu Ll QLQ)A.C;AA 6
Time(month)

y =-5.534x2 + 21.876x + 65.6 R = 0.95
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o]
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Fig. 3. Average changes of some phenolic compounds (trans-ferulic acid and rosmarinic acid) and total phenol

content due to different amounts of amino acids. In each column, means with the same letter are not
statistically significant difference (LSD 5%)
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Table 8 - the interaction effect of amino acid different amounts and storage time on some phenolic compounds
and total phenolic content.

G g o) aigel ol Cale (elo) Glo )Ll o G Sked) sl S8 i G Sk el Sty (05 5 k) S g lyime

Amino acid(gr/lit)  Time(month)  Trans-ferulic acid(mg/lity  Rosmarinic acid (mg/lit) _ Total phenol(mg/gr)

0 15.01 °° 35841 99.86 °

0 2 18.05 b 372,01 ° 79.05 ¢
4 15.89 cef 365.00 78.67 ¢

6 17.71 b 338.50 b 5110

0 1411 o 338.78 b 8453 b

05 2 18.05 b 327.55 bed 96.14 °
: 4 16.14 314.31 o 86.91

6 18.16 © 292.96 ¢ 5513

0 13.18 230.78 ¢ 78.75 ¢

1 2 14.38 o 206.50 83.62 b

4 16.55 106.38 8717

OA

Rosmarinic acid(mg/lit)
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6 14.61 fon 18241 f 80.69

0 20.25 2 213.62 ° 68.23 °
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6 16.56 180.16 f 67.71 °
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In each column, means with the same letter are not statistically significant difference (LSD 5%)
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Sy s SlagSile g 5 55 (Slo Ll S Jsb anel sl Gilie palie 1 0 SapnST ST cled (oSila -0 S5
(LSD 5%) wjlai jlo s ST S i
Table 5. The average of antioxidant activity due to different amounts of amino acids during storage time. In each column,
means with the same letter are not statistically significant difference (LSD 5%).

Table 9. The effect of the interaction of different amounts of amino acids and storage time on the antioxidant
activity of Iranian sage (mg/liter).
b skl oy90 Jsb

(el 58 5 o) il
Amino acid (gr/lit)

IC50( mg/lit)

(olo)
Time(month) 0 0.5 L L5
0 1090.86 *° 1013.44 % 1569.05 2 1228.99
2 046,06 19" 802.22 1144.71° 1073.64 %%
4 566.38 < 774.12) 030.62 9" 1000.41 ™9
6 32123 541,07 ¥ 82587 869.85 "

(LSD 5%) w5l s sine S S tia By o (sl sloipuSiloo (ygis o 5o

In each column, means with the same letter are not statistically significant difference (LSD 5%)
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Persian sage (Salvia mirzayanii L.) is a medicinal plant belonging to the mint family, which
has been of interest since ancient times due to its many medicinal properties. In order to
investigate the effect of different concentrations of amino acids (0, 0.5, 1 and 1.5 gr/L) and
storage duration (0, 2, 4 and 6 months) on the amount and changes of Iranian sage essential oil,
a factorial experiment was conducted in a randomized complete block design. Amino acid
foliar application had a positive effect on the measured vegetative and reproductive traits of
Iranian sage plant as well as the percentage of compounds after harvest. In this study, the most
important compounds found in Iranian sage essential oil after harvesting were 5-neo-sedranol
(20.11%), Lnalyl acetate (16.52%) and alphaterpinyl acetate (14.28%). The content of total
phenol increased by increasing the level of amino acid foliar application up to the level of 1
mg/L (82.6 mg/L) and after that it decreased, and by continuing storage for 6 months after
harvesting, it increased by 23.15% compared to four months. The highest antioxidant activity
was obtained from foliar spraying of amino acid with a concentration of 1 mg/L, and storage
for 6 months after harvest reduced it by 29% compared to the time of harvest. Based on the
results of this study, it is recommended to use amino acid up to a concentration of 0.5 gr/L in
order to achieve the maximum fresh and dry weight of the plant.

Keywords: 5-neo-sedranol, Antioxidant, Essential oil compounds, Linalyl acetate, Total
phenol.



