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Abstract 

Peppermint (Mentha piperita L.) from Lamiaceae family is one of the most important medicinal plants, used in food, sanitary 

and cosmetic industries. The aim of this study was to examine the effects of Nano Zinc and Zinc-Chelate on morpho-

physiological traits and essential oil composition of peppermint. A factorial experiment was conducted based on Randomized 

Complete Block Design (RCBD) with three replications in Karaj, Iran, in 2016. Treatments were zinc micronutrient in two 

levels (Zinc-Chelate and zinc nanoparticles) and concentration in four levels (0, 0.5, 1 and 1.5 g/l). The zinc micronutrient 

was applied in foliar spraying in three times of the interval of 15 days up to flowering stages. Results showed that both of 

Nano zinc and Zinc-Chelate micronutrient significantly increased all of morpho-physiological traits than that for control. 

The higher values were obtained in Zinc-Chelate (1.5 g/l) and Nano zinc (1 g/l), respectively. The effects of treatments were 

significant at 21 out of 34 compounds. The higher compounds with average values of 19.7%, 7.8%, 5.9%, 5.7%, 4.9% and 

4.1% were obtained in Menthol, Menthone, Menthofuran, Piperitone, Menthyl acetate and Beta-caryophyllen, respectively. 

Nano zinc (1.5 g/l) had increased Menthol, Menthone and Menthofuran content up to 28%, 61% and 237% higher than the 

control, respectively. t. It was concluded that foliar spraying of Nano zinc (1 g/l) in flowering stage had increased dry matter 

yield and essential oil content and spraying of Nano zinc (1.5 g/l) had increased essential oil composition of peppermint.  
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Introduction 

Peppermint (Mentha piperita L.) belongs the family 

Lamiaceae, is one of the most important medicinal plants 

which used in food, sanitary and cosmetic industries. The 

leaves of peppermint are strongly scented due to the 

presence of essential oils. Peppermint is widely used for its 

medicinal properties such as anti-spasmodic, anti-

sickness, anti-helminthic, carminative, stomachic, etc.[1]. 

Peppermint cultivated in the temperate, Mediterranean and 

subtropical regions of the world [2]. Peppermint is not 

native to Iran, but it cultivated in most provinces. 

According to Sefeidcon, the cultivated area of peppermint 

in the country is about 117 ha, This species is ranked in a 

high priority for breeding improved varieties [3].  

The highest yield and quality of the aerial part of this plants 

is achieved by cultivation in long day period and humid 

regions where temperatures are 18 to 20 °C. Due to having 

surface roots, it needs more irrigation with short intervals. 

This plant is grown in loamy-sand soil with high amount 

of homes and acidity ranged (pH=5-8) [4]. Peppermint 

(Mentha piperita L.) which is tetraploid (2n = 72), is a 

sterile natural hybrid of M. aquatic L. (2n= 96) and M. 

spicata L. (2n=48) [5]. The plant is a perennial with 50-60 

cm tall. The square stems are usually reddish-purple and 
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smooth. The leaves are short, oblong-ovate and serrate. 

The flowers are purple-pinkish and appear in the summer 

months. The plant has runners above and below ground 

[6]. 

Considering increased needs medicinal plants and the 

effect of micronutrient fertilizers on quantity and quality 

of essential oils, it is essential to use the best fertilizers in 

order to increase the efficiency of medicinal plants Various 

researchers reported that essential oil yield and its 

components in medicinal and aromatic plants in general is 

primarily related to their genetic, climatic, edaphic, 

elevation and topography [7,8].  

Zinc (Zn), is the one of heavy metal contaminants that its 

accumulation in soils caused from using fertilizers, 

metaliferous mining, metal processing, agricultural and 

land applications of sewage sludge and discharge of 

untreated urban and industrial residues and other human 

activities [9]. Moreover, Zn is an essential micronutrient 

for normal plant growth and metabolism. In plants, Zn 

plays a vital role in various metabolic processes, namely 

cell wall metabolism, also act as structural elements in 

regulatory proteins, photosynthetic electron transport and 

mitochondrial respiration, biosynthesis of plant hormones, 

and function as cofactors for a variety of enzymes [10,11]. 

Zinc is known to have an important role either as a metal 

component of enzymes or as a functional, structural or 

regulatory cofactor of many enzymes [12]. Zinc also has 

important roles in the plant growth and development, 

including production of biomass, chlorophyll production, 

pollen function, fertilization, metabolism of RNA, proteins 

and the DNA formation [13,14]. Zinc plays an important 

role in protein and carbohydrate synthesis and takes part in 

the metabolism of saccharides, nucleic acid, and lipid 

metabolism. Zinc deficiency causes an inhibition of cell 

growth and proliferation. Toxic concentrations of Zn 

negatively affect photosynthetic electron transport and 

photophosphorylation. One of the primary mechanisms of 

Zn toxicity may increase the permeability of the root 

membranes, which will cause nutrients to leak out from the 

roots [15,16]. 

The use of Nano fertilizer led to an increased efficiency of 

the elements, reduce the toxicity of the soil, to at least 

reach the negative effects caused by the consumption of 

excessive use of fertilizers and reduce the frequency of 

spraying of fertilizers [17]. With production of Nano 

fertilizers, this Nano compounds rapidly and completely 

absorbed by plants and fix its nutrient shortages and 

growing needs [18]. Application of Zinc-Chelate has been 

reported to have significant positive effects in most cases 

on the growth measurements and chemical composition of 

lupine [19], cumin [20], soybean [21, 22], sunflower [23], 

mustard [24], and rice [25]. However, the effects of Zinc 

Nanoparticles on growth and essential oil production of 

peppermint are poorly understood. Thus, the aim of this 

study was to examine the effects of both Zinc-Chelate and 

Zinc Nanoparticles on growth and essential oil content and 

its compounds in peppermint (M. piperita L.) in field 

conditions. 

Material and Methods  

The present study was conducted in research farm of Jihad 

Daneshgahi, Karaj, Iran. Karaj has a semi-dry, continental 

climate. The soil of the field was silty loam with pH (7.9), 

contains total N (0.08%), total P2O5 (36.2 ppm) and total 

K2O (49.8 ppm) and Fe (5.74 ppm) with an EC of 0.93 

(dS/m) (Tables 1 and 2). 

Field was established using tiller propagation of 

peppermint in May 2015 in density of 16 plants/m2 with an 

interspace of 25 cm. A factorial experiment was conducted 

using two forms of Zinc micronutrient as Nano Zinc and 

common Zinc-chelate as main factor and micronutrient 

fertilizer concentration in three levels (0.5, 1.0 and 1.5 g/l) 

and control (no fertilizer) as the second factor based on 

Randomized Complete Block Design (RCBD) with three 

replications. The fertilizer treatments were applied in form 

of foliar spraying. The fertilizer treatments were sprayed 

on the plant as foliar in three times of the interval of 15 

days up to flowering stages. Then an area of 1 m2 in the 

center of each plot was selected for data sampling. Data 

collected as follows: 

 The aerial part of plants were harvested in full 

flowering stage and weighed and dried under a shadow and 

open air flow and weighed as the aerial biomass yield.  

 The stems number of each plot were counted.  

 The chlorophyll a, b, and total were measured on new 

leaves using spectrophotometer [26].  

 For extraction and measuring of essential oil, the herb, 

collected at the full flowering stage, then 80 g of dried 

material was grind to measuring of essential oil by 

Kelvenger Instrument. About 100g of each dried sample 

(aerial parts) was separated, triturated and steam-hydro 

distilled for 2 hours. The extraction of oil was carried out 

according to method of Hungarian pharmacopoeia [27] as 

follows: 

 100
g  yield  biomass  Aerial

g  weight  oil  Essential
%content    oil  Essential   

 Essential oil yield was calculated by essential oil 

percentage × aerial biomass yield as g/plot.  

 The essential oil compositions were detected using 

GC/MS a Varian 3400 GC-MS system equipped with a db-

5 fused silica column [28].  
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Table 1 The chemical and physical properties of the soil in research farm 

Soil texture 
Clay 

% 

Silt 

% 

Sand 

% 

Lime 

% 

N 

% 

C 

% 

K 

ppm 

P 

ppm 

EC 

ds/m 
pH 

Fe 

ppm 

Zn 

ppm 

S 

ppm 

Mn 

ppm 

Cu 

ppm 

Silty loam 16 22 62 8.5 0.08 0.82 49.8 36.2 0.93 7.9 5.74 0.60 6.3 11.2 0.7 

 

Table 2 The Basic characterization of research area 

Location of research 
Sunny Hours 

Average 

Annual 

Rainfall 

Average Annual 

Temperature 
Altitude Latitude Longitude 

Research farm of Jihad Daneshgahi, Karaj 2899 hours 251 mm 21.13 °C 1426 m 36°35″ N 50°56″ E 

 

The data of morph-physiological traits in three replications 

and essential oil composition in two replications were 

statistically analyzed using Minitab software and the 

means of the treatments compared using the Duncan’s test 

at the p<0.05 confidence level. The Excel software was 

used for drawing histograms of treatments comparison. 

Results and Discussion 

Morpho-physiological Traits and Essential Oil Content 

Result showed significant effects of treatments for all of 

Morpho-physiological traits (p<0.01). The higher values 

of these traits were obtained by applications of Nano Zinc 

fertilizer (Table 3 and Fig. 1). Results showed that Nano 

zinc fertilizer had significantly increased both chlorophyll 

a and b contents. The higher values of chlorophyll (a, b and 

total) were obtained in common Zinc Chelate 1.5 g/l and 

Nano Zinc 1 and 1.5 g/l. with no significant differences 

between them (Fig. 1). In other word, the Zinc Chelate 1.5 

g/l and Nano Zincs 1 g/l and 1.5g/l had increased 

chlorophyll a content up to 58%, 56% and 58% higher than 

in control, respectively. For total chlorophyll the 

corresponding values were 61%, 59% and 60%, 

respectively (Fig. 1). Similar to our study, Mahmoodi et al 

in Borago officinalis found that both Zinc Chelate, Nano 

Zinc had increased chlorophyll indices in comparison to 

control [29]. 

There was a significant effect of treatments on stem 

number (Table 3). Results indicated that, the Nano zinc 1 

g/l had increased the stem number up to 30% higher than 

that for control (Fig. 1). For aerial part fresh weights the 

lower level of Nano zincs 0.5 g/l had increased up to 74% 

higher than in control (Fig. 1). For aerial part dry weights 

the Nano zinc 1 g/l had increased dry yield value up to 30% 

higher than in control.Similar to our study Pirzad and 

Barin suggested that foliar spraying of 4g/l zinc enhanced 

the biological yields of Pimpinella anisum than that for 

control [30]. 

For leaf essential oil content all of treatments had 

significantly increased essential oil than that for control. 

The higher value of 3.57% was obtained using Nano zincs 

1 g/l that it was up to 34% higher than in control. This 

value was a bit higher than 2.96% that was obtained by 

foliar spraying of in common Zinc Chelate in peppermint 

[31]. In the present study all of treatments had significantly 

increased essential oil than that for control. However, the 

Nano zincs 1 g/l had increased essential oil yield up to 76% 

higher than for control. Yazdani Chamheidary et al., in 

study effects of Zn foliar spraying on Cuminumcyminum 

found 2 g/l Zinc Chelate had increased essential oil and oil 

production up to 13 and 24%, respectively [32].  

The use of Nano fertilizer has many benefits. It leads to 

increased nutrient utilization, reduction of soil toxicity, 

minimizing negative effects of too much fertilizer. Using 

Nano fertilizer, the time and speed of release of the 

nutrients are matched with the nutritional requirement of 

the plant. Therefore, the plant is able to absorb the highest 

amount of nutrients and consequently, reducing the 

leaching of the elements and increasing dry matter yield 

[33]. 

Our finding indicated that there were no significant 

differences between the low and high concentration of 

Nano Zinc for essential oil, so that, Nano Zinc (0.1 g/l) had 

increased the essential oil content and oil production up to 

34 and 76% than in control, respectively. 

Similar to our finding Mohamadipoor et al. to determine 

the suitable type of iron fertilizer and their application in 

two methods 'foliar and soil' on growth characteristics of 

Spathyphyllum illusion ornamental plant found that foliar 

application of Nano iron fertilizer was superior than iron-

chelate because it reduced harmful effect of chemical 

fertilizers into the environment and its lower cost [34]. 

Essential Oil Compounds 

In total, 34 compounds were identified in the essential oil 

from the aerial parts peppermint. But, the effect of Zn 

fertilizer was significant for 21 out of 34 compounds. The 

higher compounds with average values of 19.7%, 7.8%, 

5.9%, 5.7%, 4.9% and 4.1% were obtained in Menthol, 

Menthone, Menthofuran, Piperitone, Menthyl acetate and 

Beta-caryophyllen, respectively (Table 4).  

28 
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The effects of Zinc fertilizers were not similar to the 

essential oil compounds. For example the effects fertilizers 

were negative on α–Phellandrene, γ-Terpinene, Linalool, 

Carvone, Pulegone and β-Caryophyllen and higher values 

of these compounds were obtained in no foliar spraying 

(control). In other words, these compounds were 

decreasing by application zinc fertilizer than that for 

control (Table 4). In contrast, for other major compounds, 

the effect of zinc fertilizer were positive or non-significant 

(Table 4).  

The results obtained in our study indicated that the major 

components in the essential oil were ranged as Linalool 

(1.95 to 3.20%), Menthone (5.9 to 9.5%), Menthofuran (3 

to 7.1%), Menthol (17 to 21.7%), Carvone (1.45 to 2.95%), 

Piperitone (5.0 to 6.1%), Menthyl acetate (4.35 to 6.5%), 

β-Caryophyllen (2.95 to 6.5%). The presence and 

concentration of some of essential components were in the 

same range of other researchers [35, 36, 37, and 38]. 

Carmines found that peppermint essential oils contain 

many aromatic chemicals, like Menthol, Menthone, 

Isomenthone and Menthofuran, which are used in different 

industries, especially the two first mentioned components. 

Menthol is used in products of oral hygiene, 

pharmaceutical and cosmetic industries [39]. Studies have 

confirmed that this compound has high antifungal as well 

as antibacterial potential and is important in the scents and 

essences industry [40]. Result of mean comparisons of 

Linalool and β-Caryophyllen showed that application of 

Zinc fertilizer had significantly decreased their mean 

values lower than that for control (Table 4). For Menthone, 

the higher values were obtained by spraying of Nano zinc 

fertilizer; however, there were no significant differences 

between concentration levels of 1.0 and 1.5 g/l (Table 4). 

In the other word the 1.0 and 1.5 g/l Nano zinc fertilizer 

had increased Menthone content up to 48% and 61% 

higher than the control, respectively. The similar trend was 

obtained for Menthol, so that spraying Nano zinc of 1.5 g/l 

had increased Menthol content up 28% higher than in 

control (Table 4). Similar to our study, Hart et al by foliar 

application of ZnSO4 on peppermint found increasing of 

Menthol biosynthesis up to 15% to 18% than in control 

[41]. 

For Menthofuran, the highest mean value was obtained by 

spraying both common Zinc Chelate (1.5 g/l) and Nano 

zinc fertilizer (1 and 1.5 g/l), so that, Menthofuran had 

strongly increased up to 235%, 237% and 233% higher 

than the control, respectively. 

Dubey et al. showed that any increase of total plant 

carbohydrates that are the most important direct organic 

product of photosynthesis will be utilized in the 

biosynthesis of essential oil, consequently increasing the 

essential oil production [42].  

 

Conclusion 

  

It was concluded that both of Nano zinc and Zinc-Chelate 

micronutrient significantly increased all of morpho-

physiological traits than that for control. The higher values 

all of the traits were obtained in Zinc-Chelate (1.5 g/l) and 

Nano zinc (1 g/l), respectively. The effects of treatments 

were significant at 21 out of 34 compounds. The higher 

compounds with average values of 19.7%, 7.8%, 5.9%, 

5.7%, 4.9% and 4.1% were obtained for Menthol, 

Menthone, Menthofuran, Piperitone, Menthyl acetate and 

Beta-caryophyllen, respectively. Nano zinc (1.5 g/l) had 

increased Menthol, Menthone and Menthofuran content up 

to 28%, 61% and 237% higher than the control, 

respectively. It was concluded that foliar spraying of Nano 

zinc (1 g/l) in flowering stage had increased dry matter 

yield and essential oil content and (1.5 g/l) concentration 

had increased some essential oil compound of peppermint.   

 

 

 

Table 3 Analysis of variance and mean of squares of some morphological, physiological traits and Essential Oil content and production 

of Mentha piperita L. 

SOV DF     MS    

  Chlorophyll Stem Fresh Dry Oil% Oil 

  a b Total Number Weight Weight  Yield 

Treatments 6 0.808 ** 0.198 ** 1.881 ** 265.1 * 12224 ** 81.23 * 0.305 ** 0.181** 

Replication 2 0.173 *** 0.042 * 0.405 * 111.4 2890 68.42 0.011 0.067 

Error 12 0.120 0.017 0.250 101.5 1172 22.96 0.018 0.032 

Total 20         

CV%  10.26 7.69 9.82 11.53 11.29 12.85 4.11 14.65 
 

*, **: significant at P= 0.05 and 0.01 levels, respectively. 
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Fig. 1 Means of morphological, physiological traits and essential oil production of Mentha piperita L. in different levels of Zinc 

chelate and Nano zinc chelate fertilizer (Means of column followed by same letters has no significant differences based on Duncan method) 
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Table 4 Means of the essential oil components of Mentha piperita L. in different concentration of Zinc chelate and Nano zinc chelate  

Oil Peak Retention Zn-chelate (g/l)  Nano-Zn (g/l) Control F 

components No. Index 0.5 1.0 1.5  0.5 1.0 1.5  test 

α–Pinene 1 921 2.10 b 2.40 b 1.50 c  2.20 b 2.35 b 3.00 a 2.05 c ** 

Camphene 2 933 1.80 1.80 1.40  1.95 1.85 1.60 1.45 ns 

Sabinene 3 946 1.10 d 1.20 d 2.80 a  1.65 c 1.45 c 2.45 b 2.00 c ** 

β-Pinene 4 957 2.25 b 2.70 a 2.05 c  1.70 c 2.65 ab 3.00 a 2.65 ab * 

1-octanol-3-ol 5 977 1.35 b 1.20 b 2.10 a  1.90 a 1.40 b 1.25 b 1.55 ab * 

Myrcene 6 986 2.00 ab 1.30 b 1.65 b  2.25 a 1.10 c 1.20 c 1.80 b * 

α–Phellandrene 7 998 1.70 b 2.30 a 1.70 b  1.55 b 1.30 c 0.90 c 2.55 a ** 

α–Terpinene 8 1011 3.05 a 3.10 a 1.65 c  2.70 b 1.90 c 1.70 c 2.25 c ** 

Para-Cymene 9 1028 1.65 c 1.80 c 2.35 a  2.00 b 1.85 c 2.05 b 2.00 b * 

Eucalyptol 10 1036 1.75 1.85 1.80  1.95 1.25 1.75 1.95 ns 

Limonene 11 1044 2.60 a 3.05 a 1.95 b  1.45 b 2.65 a 1.90 b 2.85 a ** 

1,8-Cineole 12 1057 3.00 a 2.05 b 2.65 a  1.90 b 1.90 b 1.25 c 1.90 b ** 

β-Ocymene 13 1068 2.45 a 1.45 c 1.50 c  1.45 c 1.80 bc 2.15 b 1.50 c ** 

γ-Terpinene 14 1080 1.30 b 1.75 b 1.40 b  2.55 a 1.20 b 1.20 b 2.30 a ** 

Linalool 15 1093 2.55 a 2.05 b 2.15 b  1.95 b 2.30 b 2.30 b 3.20 a * 

Isopulegole 16 1112 1.85 2.20 1.85  1.80 2.75 1.85 1.95 ns 

Menthone 17 1124 6.60 c 8.00 b 8.40 b  7.70 b 8.75 a 9.50 a 5.90 c ** 

Isomenthone 18 1135 2.25 1.95 2.35  1.95 1.55 2.10 2.05 ns 

Menthofuran 19 1144 5.00 b 6.20 b 7.05 a  5.60 b 7.10 a 7.00 a 3.00 c ** 

Neomenthol 20 1153 1.70 1.50 2.40  1.95 1.85 1.65 1.95 ns 

Menthol 21 1172 18.25 c 19.15b 19.95 b  19.30b 20.10 b 21.70 a 17.00 d ** 

Myrtenal 22 1183 1.15 b 2.25 a 1.20 b  2.20 a 2.25 a 1.15 b 1.55 b ** 

Dihydrocarvone 23 1194 1.60 1.40 1.70  1.30 1.65 1.90 1.15 ns 

Carvone 24 1219 2.80 a 1.85 cd 2.45 b  1.45 d 2.10 c 1.70 cd 2.95 a ** 

Pulegone 25 1228 1.40 c 2.05 b 1.60 b  2.95 a 1.45 c 1.00 c 2.75 a ** 

Piperitone 26 1241 6.10 5.95 5.60  5.95 5.70 5.00 5.45 ns 

Borneol 27 1256 1.20 1.40 1.90  1.45 2.00 1.80 1.65 ns 

Menthyl acetate 28 1282 6.50 a 4.60 b 4.30 c  4.40 b 4.90 b 4.60 b 4.70 b ** 

Carvacrol 29 1295 1.35 2.30 2.20  2.00 2.10 2.05 2.15 ns 

β-Bourbonene 30 1364 1.80 1.40 1.10  1.30 1.25 1.70 1.86 ns 

β-Caryophyllen 31 1396 5.00 b 3.60 c 2.85 c  4.45 b 3.00 c 2.95 c 6.50 a ** 

α-Humulen 32 1419 1.10 0.85 1.00  1.30 1.20 1.35 1.75 ns 

Dihydrocarvyl acetate 33 1430 0.95 1.50 1.20  1.10 1.00 1.10 0.90 ns 

Germacren D 34 1465 2.05 1.80 1.25  1.90 1.65 1.55 1.70 ns 

 

Means of Rows followed by same letters have no significant differences based on Duncan method 
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In the present study, all of treatments had significantly 

increased essential oil than that for control. However, the 

Nano zincs 1 g/l had increased essential oil yield up to 76% 

higher than for control.  

In our study, only one cut was harvested in the 

establishment year. So, the essential oil yield was lower 

than those reported in the literature. The oil production 

expected to increase in the second and third years (having 

three cuts per year). Similar to our result, Amoie and 

Kameli in an entrepreneurship package of peppermint in 

Iran, suggested that the net profit of peppermint in the 

establishment year was negative, but in the following 

years, the net profit was increased for each investment unit 

to 36% per year [4].  
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