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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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283 451 316 152 198 155 7.6 449 154 0.07 0.68 7.52 3.6

ol 50 (5 0311 3 il 5 5 il

e S22 (9 drale gl &5 52 5l pladisr 5 6 pFojlul (Jbeoms o3l bl 5055 Sublop 5l SSyon
A dwloes oyl S 59 9 a8 Sl VY Goe 4y o5 il az 0 VO slos )5 (sl 5o 58,5 )13 5l a5 0y0 )8
31 e coslil oy b Lols uilul 0,5 alail y0slS ol 5l ooliia b 5 T b yohais by, dawss (g8 il
35 5l eolaiwl b uilesl odsas uSid GlaS 5 s ol (6,108 a0 F sleo [0 9 Kjo 0 Jlos,0 BLL 550 (5.5
S5 S 5l o 285 15 ) 3,30 (GC, GCIMS) (o gt & e 3155l 515 5 31,5 5les 5
ol s 4 039 41 (339 bl il 033l liee S (5 0 o] e b el e
ooliwld ya0 oliws sld S
&3 Gy ailog S olliws

@Y Cuwles yio o VY Lk 5 e Yo Job & HP-5 yaiw YA A Jow 3 Agilent technologies ol 5 gsleg S 515
2 g 4250 a Glod I L Gugaeds 4z 0 VY B P 5l g ales (5505400 5 ¢ ag S IVO (Sl 5
Gy les ks ;o 2l o S Ce iy b g el S5 gl a0 YA+ slos LFID 5l K51 g5 waz 3o
e g a0 YA+

¥


https://journal-irshs.ir/article-1-632-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

ohen 5 0l

Twdab ) Juaio 55 SIS gilog )5 oliwd

Y. Job s HP-5MS (5 0AVOA Jow g Agilent technologies g4 5l (oo, givwcinds 4 Juate 8l Sgileg S 518
b gamabis 42,0 YV B 70 Sl gt (551> 6505800 Reg S V0 (S Lo 51 Y Cualied ¢ o o + /T Jlad g 2
abaass (glod @B ;o wgeadi 4250 G gled L8l L YE B YV 5 dadds o Lugawdo a0 dw gles isl38l
poete il 515 e doyg iUV - i gamslinion (5 51 (mgmmabs 420 YAY 28235
il 00id s Sis gbeaS 5 o bl

o b 005 alre 5 I3k a3l olpen 4 (glulaz Sl ey uilel Ho snies S slacaS 5 as o
tlne S8 4y lacil lolids ool oo & (glolid) asS oy ssbiieds Luilol ) Sgmge oS 5 4y by o
Lg od plnil laguilol 3,5 b oS Il 50 €7-Cos) Jloy slacnySsyoee )55 b oS (5lsS 6005k sloasls
50 el oS 5 alolid gy 5 soym el sasy B Ayl ey 0033,5 ytiiie calies ailie o 45 (4 ,s0lie
20,5 b Gl Glaailbuls 5l eslinal 5 o uilil GloeuS 5 oo,z slacib 5l oolinul b susalosl gla Lol
S 4 (555 (B S plog S b jo ) pimie ) el 4 425 b Lo il caind S slacaS 551 S e o 2o )
(Adams, 2011) 53,5 anglio w0ids e LuilsS el (28,5 i 4o b calies alie o a8 (g psolie b 5 el
I REREAPCIC PPN

So 2 0,8 el o5 jebay gle 10 sl o easSis oS <l 5l e )5 e Vov o jlas agd jslasea
Ao ¥ e s il e ¥ lassis San 5y 4 o 55y Sl JESI 51 g 0 455515 0 S5 s oot
S )0 4 aw al e jo ol ALl gl 1SS e 410 4 AL ez o 4 dl Sk Jsile Pl
G lagl 0 st ooz 5l om 9 00 Sl (5T aliwssds Lo st (o ST 5l (6,055l jslated dacsds S
Jisd b olyam o)las (gol> (closgais)Son s S (6 )MS5 Kl 45 5 wgsndos 420 ¥ glos 15 el YF Soto
SRS ol jshiieas Al e cnl jo a3 S 18 (SOE 50 g ml les )0 k30 V0 D a4y Sigul gl ol (590
5 Saigl g oS 5 505 2 5] o o 53l slaiy e w3335 48LE] o o e ol & L3 028,V
axyd ho glod po 8o ;0 590 Ve ey b aRB Vo Do 4yl Sl St il )0 gl 90 gt 0,8 &)
g s o3ly JUEST wu sle ©a39 S 9)0 4 29y 5B s Jie sala 5l @le 5B o) e jslaiedy 5 ganil
33 338,5 bogliua Jal5 jgboty 5 o (o35 4l dizr ke 2 bl Srn e g5 LSl 350 N o] o oo
.&&io;j%@.}um@mww?ﬁf&gsuo)o a8 10 90 Ve e S bLaado Ve oo ds diged d dl> 4o
Mad (2Bl 250 I oS badiged 10 39290 Slan 9 (e (SS9l lRe N Pl (39 (i 8 Jdo @
logd 525 56 5 SI55a p2lie LS 5 (ggy 5B Al pe (pl )3 S (0 T (Joib SLS 5 5l 5 WS (e S 355 50
D358 g o5 e SSjep g sladed ladly 09y & eadanilsy oolla 5 S b (Joib LS 5 oS witly o
(ustesen et al., 1998) ol ouwed oyl g0 4

Sl b el a3 (10 ) G 4 00555, 5 oadens ol iy Koo Voo S Jsib 6,5 o)l j5hiie o
Aee s 0 (5,005 301 sloo ;0 4885 # Do s g 0,5 balse iolesl algd jo aoy0 S pdgd Jgle yid Lo
Lo glod 5 K s o dids A+ S 4y 1, badigas 5 00gas ddlal ] a5 0oy Vo gy Sly,S Jaloee 12y Sono
iy ey San ool 1 Sy o 31, el g ()5 slgina 51 iy Kem VY + o alo o (] 05 5 lagSs
Ve pndsb 5o 5 Sleie 5 a5 5 o las e 43 LnJslone i (e b 4185 L5 4o IS5 ds digai o sl 5
Yoo clray OO aly) g jsliieds g0, (g Soslail BioTek ELX 808 Juw ,ay, Colis S olSiws Laugi Zogil
sals 1,8 ol S 5 jlaslinl sovie 5o odwlcawsds slael .ays 5 adlol Jlaie Ol « Jgi8 LS 5 (ol o,lac yidg Sis
4t 3 om0 9l (gomie sy sl 0 )5 T SCAS (59 )5 50 sl S 05 e e Caled e g 0
cbale o 5l ide)See Voo ojlas idg See Voo slrar d(d s 50 £,579,500 B0 0 =0 dsl SIE il slacdale
«Singleton and Rossi, 1965) wss,5 a8lol yiolesl £9,8 40 saibangs o ,laikiwl


https://journal-irshs.ir/article-1-632-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

(VFF)FF G FY slodmio | o)lais 1O als 5Ll SLEl ;558 5 pgle alxo

F15x00 e sile C18 g « Agilentes ;o 51 VY e 6w Jow 4y HPLC olfius 5l b Jsis Ly (5,e5o3ll sl
Yoo oyl sles g yegl YA+ g YY+ slazge sk ,o Diode Array Detector) DAD ) ;4S5 «jteg,Soe O <l,3 lad 4
Y Gtugd ey by bol 3 gl dali Lol eolawl Olass b (VAAA) ), g Justesen hg, 4 g (wgeadis a0
1Y Senp el 5 Jylin Jals o8 oS ot 6 30,5 il s S Yo 3,5 e 5 4B 1 i) s
Sl (25T Cadlzd (g S 03l

2500 T S aas S Do g le [y jled g wald (lS sl S il 5l 2 5 o lac ags jglaieay
Yo e ay g 5 00 09 Sl )0 (28,5 118 51 ey oad St gl bbb S 0 1S5 A aylens 1SS
odd aifged slo il ol jen &y odaliwsds o )las s 050305 aijgen JolS jsbas Jyilie Jelme yid e Yo L aiids
5 oo 42, F (slos 15 el TF Bito Loy 5 050,F Jiite asaipasl] Jgh b o oy SrsS (slopiy oy
6, S St ol 3l onliiul b g ays,F L3 F o leds aily JEI Lo las celus Y 51 Loy it (5,lg S5 (S, 4o
sobieds Gugradis 4z 0 T sles jo b SUis o lac i F i ugendo 4530 YO sles L (rotary evaporator)
Wad (6 S SlaeST 5T el o (gl oolizal

ol 6l cd S 18 s g o1 Gl JIGol, a2 e ke 51 G e 40 sasleansa Srbs o lac Jl
3055 Jo JolS jshoty s Jsilie il on ) 5o b el o 3l sl ooy St (sloo e 31 05 oo TIY laie jshans
N o) Sl & ygods cilizie glacale ooslcassas Jgloe sl Caws a4y i Lo ;0 0,579,800 YY oo Sl cllalé
35,5 ags Lalls Jsilie Pl 5l eoliiad b G oo 5 p,5s,5ea YIY g FIVO VO YO B+ dee Yoo Fer e
GBCLLE I 1y Sea Yo olpan & il 3 Jpo o Vo v Sl L DPPH Jgite Jobowo 5l 25 Seo Yoo dny alnyo
GO 3 51 e o ol mles L LSS e gl o 4ty Sulis S slaSals 45 sb slaslas 5l sasliessay
Jo5 jobay Sal> ;o ssixe BioTek ELX 808 Jow (microplate reader) ,o,, colig,Se oSiws (9,0 beiud 5,50

zoedob ;o b eloe Cda e 0l (610055 558 olKiwd (49,0 9 (S0 50 (3UI sleo jo 4r B Ve Do 4y g oo bglire
sladale 1 e S Vo ol pad 4y (g o Yo o) Joilbio o iomin ol 50 0508 iomiw lojen jebdas yieglb OVY
Slyieds DPPH Jolin Jlons | s Son Yo+ 5 Gy Sn Y) Jpilin (oaizmad 5 S0 Sl olyzedy o lae il
anls lasdy 50 sl SUIE Gl sbocdale ol jon 4y Joilio DPPH Joloxe ol 28,5 Jlai o (o) wald Sal>
5 Lol b pleje 5 0jlas sl ladigal ailon Cutie 5 ite slasals 5 S ags ol il a3 S5 o ot
soliiul b b ,les 51 S5 po sloelas awgi o1 sl JIGol,) (g5le s o )0 08,5 & jao U A7 Cudy g Sie ST (0
S Al 5 9o 8 |
ST sla JGol, (o5l (5 duo 0 =DPPHY « + - [( diges woda sae— SO dz vag) XV + + [ it dall Lds suc]
L oliT sla ol chas ol jol8 aS o lac | bl b 1Ch. &jgoas bojlas 51 S 2 SauSlat Jwsly colesyo
DPPH of;1 sla JISol, Sl s do e gove 51 ICH- 99l Cawd 4 glp s S 5155 sl oS a5 o g Lol
20,5 oolatwl el caws 4 LiolesT slanl o aS oo lac 5l sadangs lacdale b yw Jolie o
0oLl )30 51,158l i 9 (5 5oT 3T

15505 oy (512 5 Pl MSTATC 5 SAS (slo 153l 5 Lanssi LSD (39051 b Lo eSilis alitn 5 il s 50UT 5555

& oolatl Microsoft Excel 2016 13816 5 5
o g b
bl w0 )8 9 S5 5998 o Wluoguas
Gillae Gl (S5 pe olS ous (g ,eFo3lail Slao pr anuel sl cilize glaclale [55 il g 5JUT mbs aodls
5 0815 (g 5 Sl g Sas g 5 Al sl (B slme ST iy aie Sl ol mls el 0g ¥ Jgor
(P0.01) 045 o sinn a0 0 S mhaws j0 (A5 po uiliol 0031 puizmon

A


https://journal-irshs.ir/article-1-632-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

ohen 5 0l

ol Jglore calizee mohaw j0 uilal 033k 9 (n31US ()5 9 dlaws o5 SLas g 5039 sl il g 428 4o Y Jgax
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%).

ey S50 olse il con ailul Sl 5 slaws - F Jsos
Table 4 - Number of essential oil compounds under the influence of the studied factors

aipel sl cale Gy Sl sl pley 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
15 30 31 30 27

el Al Gilises ol 50 s (S, mirzayanii) Sl ) (L e ouilal 5l oailas SLS 5 - 0 Jsos

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

Gy oSy aebals SelelE L S5 B ipal el csle
Amino Acid " Amino Acid
No. Compound RI 0 051 15 No. Compound RI 0 0.5 1 15
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1  a-Thujene 927 0.1 0105 35 Unknown 1403 18 16 13 28
2 o-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 0.10.10.2 40 Aromadendrene 1459 0.8 1.1 0.7 0.5
cis-dehydroxy-
A e 1008 0.1 0.1 a1 y-Muurolene 1474 0.2 05 0.2 0.2
8 p-Cymene 1025 0.1 0.10.2 42 Germacrene D 1478 0.1 0.3 0.5
9 Limonene 1029 0.6 0.6 04 0.7 43 B-Selinene 1482 0.3 0.1 0.3
10 1,8-Cineole 1031 51263751 44 5-Selinene 1488 0.1
(E)-B-
11 Ocimene 1046 050.6 0.5 45 Unknown 1494 0.0 0.2 0.1 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 0.1 0.10.3 y-Cadinene 1514 0.1
14 oxide 48
15 Terpinolene 1089 0.2 0.2 0.2 0.1 49 d-Cadinene 1522 01 01 01 01
Linalool 1099 6.9 7.8 6.5 2.0 rans-Cadina-1@)4- 1557 53 58 55 7.6
16 50 diene
17  Unknown 1142 0.104 51 a-Cadinene 1536 3.4 3.7 34 48
18 &-Terpineol 1169 04010504 52 Elemol 1552 0.2 0.2 0.2 0.3
19 Terp'gle”"" 1178 0.1 0102 , Unknown 1558 02 02 04 03
20 «-Terpineol 1190 3.038 2715 54 Unknown 1569 0.1 0.1 0.1
o, M-Decanal 1204 02020302 Germaccrﬁ”e D-4- 1576 0.1
22 Unknown 1212 56 Spathulenol 1579 27 27 31 38
trans-Carveol 1222 01 0.2 0.1 Caryophyllene 150, 56 20 23 23
23 57 oxide
24 Nerol 1230 050504 0.2 58 Viridiflorol 1597 0.3 0.2 0.2 0.5
— 1258 155148210 23 Unknown 1607 01 01 01 02
25 acetate 59
26  n-Decanol 1270 0.70.2050.3 60 epi-a-Cadinol 1640 01 09
27 Thymol 1290 61 B—Eudesmol 1651 0.8 0.8 1.2 1.1
28 Carvacrol 1298 62 a-Cadinol 1654 08 07 13 14
29 &-Elemene 1338 1.0090816 63 Unknown 1677 1.2 1.3 0.3 1.9
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
Geranyl 1005 17171405 Sclareol oxide 1872 17.8 19.9 03 239
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

different amounts of amino acids and storage duration.

-Terpinyl acetate due to

Sl e S5le  Means of squares

2 ole o1 a0
oy FULTT dieesnd okl e W bl S
T 5-Neo-cedranol  [I-Terpinyl acetate  Linalyl acetate
S5 rep ) 332.65** 66.42%* 2.40%*
el ol Amino acid 3 168.87** 975.25** 8.09**
Sl ol Duration 3 464.46** 302.75** 16.33**
ael el x ole; Aminox Duration 9 81.94** 14.58** 6.12**
s Error 30 0.55 0.88 0.03
S CV% £ 142 123

** Significant at the 1% level RV I SR N POl
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Fig. 2. Average changes of 5-neo-cedranol, linalyl acetate and o-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).
(Lo Slo Sl o935 Jsbo
Time (month)
v, S 5 0 2 4 6
No. compound Gid ) aiel al e
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 p-Courmric nd nd nd 122 + + + + + + + nd nd nd o+
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 1563 68 nd 64 54 89 54 nd nd 103 97 56
26 19 1® & 2B BL ® B’ M A
8 Rosmarinicacid 9789 3324 1890 1863 111 9 8 4 8 5 nd > 6 5 1 5
nd:no detected
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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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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 05 el e Clle (o) Glo il oy Gl Sk ol Sgf i G e S ko) e Sty (5 S ko) IS e (glsime

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

0 15.01 °° 358.41 @ 9086 @

0 2 18.05 b 372.01 @ 79.05 ¢
4 15.89 def 365.90 2 78.67 ¢

6 17.71 e 338.50 ¢ 5110 f

0 14.11 o 338.78 ¢ 8453 b

05 2 18.05 ° 327.55 bed 96.14 2
: 4 16.14 31431 86.91 b

6 18.16 b 292.96 ¢ 5513 f

0 13.18 230.78 ¢ 78.75 ¢

1 2 14.38 206.50 ¢ 83.62

4 16.55 © 196.38 ©f 87.17 b

OA

Rosmarinic acid(mg/lit)
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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%).
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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 slileye0 Jsb

G 50 )5 o) aisel sl

(@) Amino acid (gr/lit)
Time(month) 0 05 1 L5
0 1090.86 ¢ 1013.44 % 1569.05 1228.99 °
2 946,06 19" 802.22 114471 1073.64 %€
4 566.38 < 77412} 030.62 9" 1000.41 ™
6 32123 541,07 < 825.67 869.85 "

(LSD 5%) wilss o gime WS S e Bgyo (5110 slapSilen (gt ,2 50
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.
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