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ABSTRACT

Medicinal Plants are almost reach sources of natural antioxidants such as terpenoids and phenolic compounds and
have great potential as an alternative for synthetic antioxidants against oxidative stresses. Peppermint (Mentha
piperita) infusion is a valuable worldwide source of antioxidants. The antioxidant property can be enhanced by
inducing abiotic stresses. This experiment was conducted to evaluate prolong (4 months) water deficit stress (no
stress, mild stress and severe stress as 100, 75 and 50% of field capacity, respectively) on cultivated peppermint on
plant growth, secondary metabolite profile and antioxidant capacity of peppermint infusions. Both water deficit stress
treatment decresed plant height, leaf wet and dry weight and leaf size significantly. Also, water deficit stress
increased antioxidant capacity, total phenolic and flavonoid contents significantly. Some phenolic compounds such as
quercetin, coumaric acid and luteolin were detected only in water-deficit conditions. Also, the amount of some
identified amino acids and unsaturated fatty acids were changed under water deficit stress. Therefore, inducing water
stress can enhance the biological value of peppermint and improve bioactive compounds and the antioxidant capacity
of peppermint extract.
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Table 1. Effect of water deficit stress levels on the measured traits in peppermint

Leaf Leaf Shoot Fresh Dry Total Phenolic Flavonoid

Treatments width length length weight weight Contents Contents
(cm) (cm) (cm) (mgleaf™)  (mg leaf ™) (ug GAE/mI) (ug CAE/mI)

100% FC (Control) 3.1+0.1a 54+0.2a 58.1+1.8a 161.5%5.1a 48.8+0.1a 22.4+ 1.8c 8.11+0.3c
75% FC 2.5+0.0b 4.6+0.1b  46.9+0.1b 134.8+7b 42.2+1.6b 30.243.23b 10.21+1.6b
50% FC 2.1+0.1c  3.9+0.2c  29.4+0.5c 125.2+6b 39.1+0.1c 40.7+£1.79a 13.97+1.1a

(S F s3] P<100) Aiyls o e B 0o b (gt ;o 50 Sglite (5Y Bgym b slaosls § ol odel lre Bl uitt (1Sl & g0ty gl
* Results are the average of three independent determinations + SE. Different letters in each column indicate significant differences (p<0.05, Tukey’s test).

& oS L alisee slayles jo Jalb gl Sy ol ojlas L8 LS 5 1S sileg S blign ¥ Jgax
Table 2. Chromatographic profile of phenolic compounds of peppermint leaves extract grown at different water
deficit levels

Compound RT (min) Control 75% FC 50%FC
Caffeic acid 12.71 0.31+ 0.02c 0.51+0.0b 0.81+0.0a
Coumaric acid 16.59 LDL" 1.11+0.01b 1.42+0.2a
Luteolin 17.43 ‘LDL 152+ 0.0 LDL
Eriocitrin 19.43 0.28+ 0.0c 8.3+ 0.0a 5.63+ 0.1b
Rutin 20.38 144+ 1.1d 55.2+ 0.6a 31.5+0.8b
Sinapic acid 21.25 0.2+ 0.0b 2.1+ 0.01b 3.3+0.1a
Rosmarinic acid 22.45 42.6+2.8c 58.6 +£2.3b 88.3+ 1.5a
Hesperedin 23.21 27.7+3.2c 35.1+ 2.1b 74.1+ 3.5a
Quercetin 28.44 LDL LDL 0.51+ 0.0
Naringenin 31.81 LDL LDL 0.8+£0.0
Vanillin 33.49 LDL LDL 0.52+0.1

G55l D<o 0) 33ls s e WS oo b ygiw 52 50 Sglite 3 gy b sloesls 5 el saellre Bl il £ (1. SKikie & jg0as (NQ/UL) gl

S Lansis o> 5l S DL (S

* Results are expressed as ng/uL and reflect average + SE. Different letters indicate significant statistical differences for each treatment (p < 0.05;

Tukey’s test). "LDL = lower than the detection limit.

sasb, cilizie slayles jo Jalbelin Sy ol o)lac )0 (aswlsiel 5 aid) ol JsUse (459 b slacdgle ¥ Jgax
Table 3. Low-Molecular-Weight Metabolites (Amino Acids and Carbohydrate) of Infusions Prepared from Peppermint
leaves grown at different levels of water deficit

Proposed compound and their nature RT (min) Control 75% FC 50% FC
L-alanine (AA)” 431 0.67 0.48 LDL®
L-leucine (AA) 6.83 247 0.33 LDL
Isoleucine (AA) 7.28 3.01 0.89 0.37
L-proline (AA) 7.3 231 4.84 8.92
L-serine (AA) 8.59 1.88 LDL LDL
Threonine (AA) 9.11 0.93 LDL LDL
4-aminobutiric acid (AA) 11.66 0.88 LDL LDL
5-0x0-L-proline (AA) 11.6 9.98 LDL LDL
Glutamine(AA) 13.45 0.02 0.04 0.05
Phenylalanine (AA) 13.53 0.9 LDL LDL
L-asparagine (AA) 14.42 0.01 LDL LDL
L-tyrosine (AA) 19.06 0.05 LDL LDL
Tryptophan (AA) 235 0.04 LDL LDL
Arabinose (C) 18.78 1.75 2.79 591
D-glucose (C) 20.1 0.07 5.2 10.15

SKiwd asdd a5l peS LDLE Gl yaume S (C) wpmlginal (AA) LS 5 cunle Ll sl Lo duo s & jgods gl
"Results are expressed as a percentage of the total area.  Nature of compound: Amino Acid (AA), Carbohydrate (C) °LDL = lower than the detection limit.
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Table 4. Low-Molecular-Weight Metabolites (Organic and Fatty Acids) of Infusions Prepared from Peppermint
leaves grown at different levels of water deficit

Proposed compound and their nature RT (min) Control 75% FC 50% FC
Lactic acid (OA)? 3.66 1.68° 5.66 10.11
Glycolic acid (OA) 3.79 1.15 3.81 8.44
Malonic acid (OA) 5.58 0.93 1.18 0.54
Succinic acid (OA) 7.52 3.41 251 1.05
2,3-hidroxipropionic acid (OA) 7.8 1.28 5.24 394
Fumaric acid (OA) 8.23 0.68 0.54 1.05
Malic acid (OA) 11.0 5.31 2.2 0.83
Threonic acid (OA) 12.33 0.33 0.51 LDL
Lauric acid (OA) 13.87 0.01 111 LDL
Tartaric acid (OA) 14.06 0.02 0.37 0.73
Citric acid (OA) 17.27 LDL LDL 211
Myristic acid (OA) 17.31 0.01 LDL 144
Pantothenic acid (OA) 19.08 0.01 LDL LDL
Palmitic acid (FA) 20.51 0.11 11.91 543
Linoleic acid (FA) 23.02 0.01 LDL LDL
Oleic acid (FA) 23.04 LDL 1.33 3.87
Stearic acid (FA) 24.78 1.03 3.68 158
a-linolenic acid (FA) 23.64 0.05 LDL LDL

A e a5l a8 LDL” Gz sl {FA) o JT il {0A) 10l 5 cople ® .ol oo (ylo o yd &y g0 gl

* Results are expressed as a percentage of the total area. * Nature of compound: Organic Acid(OA), Fatty Acid (FA). ° LDL = lower than the detection limit.

oS i dilises zghaw jo Jalbelos Sy Sl ojlas SloST T cud )b Sl & Jgo
Table 5. Antioxidant capacity by infusions prepared from Peppermint leaves grown at different levels of water deficit stress

Treatment 1Cso DPPH’ ICso ABTS" ICs0 NO'
100% FC (Control) 60.4+ 1.2a 16.5+ 0.3a 56.2+ 2.8a
75% FC 34.2+3.1b 11.2+0.4b 41.3+1.3b
50% FC 21.2+2.1c 8.4+ 0.2¢c 30.3+ 1.7¢c

(S5 oe3] P<1+0) ol o uSileo (s o cire BB il (g o )0 Dglitte 5Y By > sl sdial e Sl it (. Silo & jq0ey (IML) gl 5
* Results are expressed as ug/mL and reflect average + SE. Different letters indicate significant statistical differences for each treatment (p<0.05; Tukey’s test).
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