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Abstract The effect of five drying methods including

shade drying (SHD), solar drying (SOD), and oven drying

at 30 (OD30), 40 (OD40) and 50 �C (OD50) on the phy-

tochemical composition and antioxidant potential of C.

dactylon leaf and rhizome was assessed. Among drying

methods, OD50 resulted in the shortest drying time (18.3

and 12 h for rhizome and leaf, respectively), when com-

pared with SHD and SOD. Based on GC–MS analyses, 15

and 17 constituents were identified in leaf and rhizome

extracts, respectively, accounting for * 99% of all com-

ponents. Fatty acids (palmitic acid and linoleic acid) along

with their methyl esters (ethyl palmitate, ethyl linoleate and

ethyl oleate) and other derivatives (dihomo-c-linoleic acid)
were the main identified constituents shortly after drying

procedures; however, other components such as 5-hy-

droxymethylfurfural, maltol, retinol and phytol were also

traced. Some of C. dactylon phytochemicals including

5-hydroxymethylfurfural and ethyl linoleate were sensitive

to high drying temperatures. Besides, higher drying tem-

peratures lead to the production or increasing the level of

substances such as 2,3-dihydrobenzofuran, tricyclopen-

tadeca-3,7-dien and 2,3-dihydro-3,5-dihydroxy-6-methyl-

4H-pyran-4-one and diacetin. Based on the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) free radical scavenging assay, the

IC50 values were generally higher (significance level of

0.05) for oven-dried rhizome compared with shade-dried

leaves and rhizomes that quenched more than 84% of the

DPPH at the concentration of 400 mg/ml (IC50 59.12). Our

findings suggest that OD30 is a versatile drying method not

only to reduce drying time but also to preserve the main

phytochemicals and antioxidant activity of C. dactylon

during dehydration.
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Abbreviations

GC–

MS

Gas chromatography–mass spectrophotometry

DGLA Dihomo-c-linoleic acid

5-HMF 5-Hydroxy methyl furfural

DDMP 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-

4-one

PUFA Poly-unsaturated fatty acid

DPPH 2,2-Diphenyl-1-picrylhydrazyl

Introduction

Over the past few decades, medicinal plants and their-

derivatives have been extensively used as valuable alter-

natives to chemically synthetic drugs (Cordell 2014;

Mozafari et al. 2015). Compared to chemical drugs that

their-action is associated with undesired adverse and

occasionally mental side effects, herbal medicine has

shown to be more safety having minimal side-effects

(Wang et al. 2011). However, remedial efficiency of many

natural products is still burdened by the limited potency

due to their weak selectivity in targeted cells, there have

been increasing efforts to develop natural compounds with

improved efficacy and selectivity (Cordell 2014).

Cynodon dactylon (L.) pers. (Poaceae) or Bermuda

grass (also called Harez in Iran) is an important warm-

season perennial grass mainly used as forage and turf. It

& Ali Akbar Mozafari

a.mozafari@uok.ac.ir

1 Department of Horticultural Science, Faculty of Agriculture,

University of Kurdistan, Sanandaj 66177-15175, Iran

123

J Food Sci Technol (June 2018) 55(6):2220–2229

https://doi.org/10.1007/s13197-018-3139-5

http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-018-3139-5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-018-3139-5&amp;domain=pdf
https://doi.org/10.1007/s13197-018-3139-5


traditionally has been used in the folk remedies as a

potential source of medicinal bioactive compounds with

many human health benefits. C. dactylon is claimed to have

various medicinal properties including anti-arrhythmic

(Najafi et al. 2008); anti-arthritic (Bhangale and Acharya

2014); anti-cancer (Khlifi et al. 2013); anti-diarrheal (Babu

et al. 2012); anti-diabetic (Annapurna et al. 2013; Karthik

and Ravikumar 2011); anti-diuretic (Sadki et al. 2010);

anti-malarial (Khlifi et al. 2013); cardio-protective (Garjani

et al. 2009); immunomodulatory (Mangathayaru et al.

2009) and gastro-protective (Babu et al. 2012) effects.

Quantity and quality of phytochemical ingredients in

medicinal plant’s essential oils or extracts are usually

influenced by several internal and external factors such as

plant genetic make-up (Rahimmalek et al. 2013), phono-

logical stage (Nejad Ebrahimi et al. 2008), nutrition

(Mafakheri et al. 2016) and processing method (Chen and

Mujumdar 2015). Drying is a crucial step for post-harvest

handling and pre-processing of many aromatic and

medicinal plants (Chen and Mujumdar 2015). Drying

method and temprature can determine quantity and quality

of phytochemical compounds as well as biological prop-

erties (e.g. antioxidant capacity) of the final plant product

(Sellami et al. 2011).

Different drying procedures have been developed for

drying of herbs and medicinal plants. However, due to

importance of economic and ecological criteria, shade and

solar drying are still among the most extensively used

methods, new drying methods including oven, microwave

and freeze-drying have been recently proposed as effective

alternatives procedures for many medicinal and essential

oil-bearing plants (Chen and Mujumdar 2015; Eswara and

Ramakrishnarao 2013). Information regarding drying

optimization of many important herb, aromatic and

medicinal plants including plantain (Zubair et al. 2011),

sage (Sellami et al. 2011), Savory (Ghasemi Pirbalouti

et al. 2013), thyme (Rodrı́guez et al. 2013) and lemon balm

(Argyropoulos and Müller 2014) are available in the lit-

eratures. In this respect and to the best of our knowledge,

no research has been conducted to optimize drying condi-

tions of C. dactylon leaf and rhizome and also to determine

their in vitro antioxidant capacity. Therefore, the aims of

the present research were (1) investigation the effect of five

drying methods including three oven temperatures on

phytochemical composition of C. dactylon hydro-alcoholic

extracts and, (2) comparative analysis of these drying

methods on C. dactylon leaf and rhizome’s in vitro

antioxidant capacity.

Materials and methods

Plant material

Leaves and rhizomes of C. dactylon were collected at

mature vegetative stage in the middle of June (2014) from

uniform well-grown plants grown in the research field of

Horticulture department, University of Kurdistan located at

1420 m altitude, 1 km west of Sanandaj, Iran

(35�16051.400N 46�59046.500E). Sampling done in the

morning after dew evaporation. Prior to any experimenta-

tion, C. dactylon plants taxonomically verified by com-

parison to voucher specimen (voucher number 5151) at the

agriculture and natural resources research center of

Sanandaj, Iran. The homogenous leaf and rhizome samples

of C. dactylon with mean length of 5–6 cm were placed in

polypropylene ziplock bags and immediately transferred to

medicinal plant research lab at university of Kurdistan for

further experiments.

Drying experiments

To determine the initial moisture content of C. dactylon

leaf and rhizome, 100 g of each sample was oven dried at

100 �C for 24 h in four replicates. The initial mean mois-

ture content of leaf samples were 58% (on a wet weight

basis) and 1.38% (on a dry weight basis) respectively,

while the equilibrium moisture rates were 52 and 1.2%

based on dry and wet weights, respectively. The moisture

content of dried samples was measured in triplicate using a

laboratory oven at 105 �C.

Shade drying (SHD)

For shade drying method, 100 g of leaf and rhizome

samples was loaded on the trays with loading density of

2.5 kg/m2, giving uniform thin layer of samples with 3 cm

thickness. Shade drying experiment was performed in a

room with controlled relative humidity (65% ± 11%) and

temperature (23.4 ± 1.8 �C).

Solar drying (SOD)

As a conventional method used in natural drying process,

solar drying was carried out by scattering 100 g of leaf and

rhizome samples over 1 m2 trays resulting a similar density

as SHD. Samples were subjected to the direct sunlight

irradiation at temperatures between 20–25.9 �C in days and

13.5–15 �C in nights at June in Sanandaj, Iran. During

solar drying, the mean velocity of wind were 3 ± 0.7 m/s

and the relative humidity was 60 ± 23%.
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Oven drying (OD)

Like solar and shade drying methods, 100 g leaf and rhi-

zome samples were uniformly placed on oven trays with

density of 2.5 kg/m2 and were then dried in a pro-

grammable oven with circulating air (UFP800, Memmert,

Germany) at 30, 40 and 50 �C representing OD30, OD40

and OD50 drying methods, respectively. Since moderate

air-drying temperatures are normally suggested for

medicinal and oil-bearing plants, a constant airflow at

0.3 m/s was maintained over the sample. Besides, to

achieve a steady-state condition, the ventilated ovens were

set to the drying temperatures and the sample’s tempera-

tures were allowed to equilibrate with room temperature

before drying steps. During drying process, SOD and SHD

samples were weighed in 5 h intervals while for oven

drying methods, hourly weighing was continued until the

final moisture content of 10% for both leaf and rhizome

samples. The moisture ratio of C. dactylon rhizome and

leaf samples during drying experiments were estimated

using the following equation: MR = Mt - Me/M0 - Me,

where M0 = Initial moisture content (kg water/kg dry

matter), me = Equilibrium moisture content (kg water/kg

dry matter) and Mt = Moisture content at any time (kg

water/kg dry matter). All experiments were repeated at

least three times for each drying condition.

Preparation of extract

Dried leaf and rhizome materials were finely pulverized

using an electric mill (model A11B, IKA, Germany). The

powders produced by different drying methods were

extracted by maceration in water/ethanol solution

(30:70 W/W) for 72 h at room temperature. Extracts were

filtered and concentrated under vacuum condition to yield

10 ml of concentrated extract. The resulted extracts were

finally maintained in amber bottles at 4 �C refrigerator

until GC–MS analysis.

Gas chromatography–mass spectrum analysis (GC–

MS)

Phytocomponents present in the hydro/ethanolic extracts of

C. dactylon were identified by gas chromatography–mass

spectrometry (GC–MS) using a Thermoquest-Finnigan

Trace GC–MS instrument (Thermo Finnigan, San Jose,

CA) equipped with a DB-17MS column (30 m 9 0.32 mm

i.d. 9 film thickness 0.25 lm) (Agilent Technologies, CA,

USA). GC–MS conditions were as follows: Column tem-

perature, 40–290 �C at 5 �C; injector and detector tem-

peratures 250 and 290 �C; volume injection, 0.1 ll; split
ratio, 1:50; carrier gas, helium (%99.99) with flow rate

1.2 ml/min; ionization potential, 70 eV; ionization current,

150 lA; mass range, 35–465 mui.

Radical scavenging activity using DPPH method

The in vitro activity of free radical scavenging of C.

dactylon leaf and rhizome extracts was evaluated spec-

trophotometrically using DPPH assay as described by Blois

(1958). The crude plant extracts were manually diluted

with EtOH to prepare sample solutions equivalent to 25,

50, 100, 200 and 400 mg of dried extract per ml solution,

respectively. The 1 ml of each sample was added to 1 ml

of 0.025 mM DPPH (2,2-diphenyl-1-picrylhydrazyl) solu-

tion. After 5 min vigorous shaking, the resulting mixture

was allowed to stand in the dark at room temperature for

60 min. To determine the reduction of the DPPH radicals,

absorbance of the prepared samples were measured at fixed

wavelength of 517 nm. Each sample was analyzed in

triplicate. Antiradical activity of extracts was then calcu-

lated as inhibition percentage (%) using the following

equation: % Inhibition = [(A0 - As/A0) 9 100], where

A0 and As are absorbances of control and sample,

respectively, at 517 nm. Finally, the IC50 (concentration

required to cause 50% of DPPH inhibition) was calculated

from the initial inhibition data.

Identification of phytochemical components

and statistical analysis

Leaf and rhizome extract’s constituents were identified

based on their retention times and calculated retention

indices where they matched with those of the internal

reliable mass spectral fragmentation patterns (Wiley 275. L

library). The experimental treatments were conducted as

factorial based on randomized complete design with three

replications. Mean values of the various treatments were

statistically analyzed using analysis of variance (ANOVA)

and were compared by Duncan’s multiple-range test

(DMRT) at the 5% probability level using SAS software

(Version 9.1 SAS Institute, Cary, NC, USA). Dendrogram

of the drying methods regarding their influence on phyto-

chemical profiles was drawn based on the Euclidean dis-

tance using cluster analysis implemented in SPSS version

16.0.

Result and discussion

Effect of drying method on dehydration time

Table 1 represents mean drying time to decrease the C.

dactylon leaf and rhizome’s moisture content from its ini-

tial moisture content to the final moisture content of 10%.
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The drying time was significantly influenced by drying

methods so that the moisture content of leaf and rhizome

samples was continuously reduced with increasing tem-

perature. As it shown in drying curves (Fig. 1), drying with

oven was more effective in terms of drying time and

therefore weight loss of samples was higher than the SHD

and SOD procedures. In the SOD method, the time taken to

reach 10% moisture content of leaf and rhizome was 120

and 75 h, respectively, while the required time for shade

drying procedure was 168 for rhizome and 120 h for leaf

samples to reach same moisture content. Based on the

results, C. dactylon samples dried with OD50 method were

expectedly had the shortest drying times (18.3 and 12 h for

rhizome and leaf, respectively) (Table 1 and Fig. 1). Low

and variable temperatures are the main reasons for longer

drying period of SHD and SOD methods (Eswara and

Ramakrishnarao 2013). On the other side, high-driving

force of heat transfer caused by higher temperatures in

oven-assisted drying methods is responsible for enhance-

ment in drying rate of plant samples (Chen and Mujumdar

2015; Janjai and Bala 2011). Despite better drying effi-

ciency at higher temperatures imposed by OD 40 and

OD50 procedures, many studies have suggested the use of

Table 1 Effect of drying methods on mean drying time to decrease

the C. dactylon leaf and rhizome’s moisture content from its initial

moisture to the final moisture of 10%

Drying treatment Mean time to each 10% moisture content (h)

Rhizome Leaf

SHD 168 ± 14.8g 120 ± 12.3f

SOD 120 ± 11.6f 75 ± 9.5e

OD30 32 ± 4.4d 24 ± 3.1c

OD40 26 ± 5.5bcd 20 ± 3.2bc

OD50 18 ± 3.1abc 12 ± 3.6a

Means with the same letter for each parameter are not significantly

different at the 5% level according to DMRT

Fig. 1 Plot of moisture ratio

with respect to drying time for

a Solar drying (SOD) and shade

drying (SHD) methods and,

b 30, 40 and 50 oven drying

temperatures for both rhizome

and leaf C. dactylon -parts
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shade or solar drying systems (Ghasemi Pirbalouti et al.

2013; Mediani et al. 2015; Sellami et al. 2011), as they

provide more efficient preservation of nutrients and

bioactive compounds.

C. dactylon ethanolic extract’s components

and effect of drying method

To our knowledge, no previous attempt has been made to

investigate the impact of drying procedure on C. dactylon

phytochemical profile as many volatile components are

subjected to various alterations imposed by dehydration

method. The present study identifies the composition of

hydro-alcoholic extracts of both aerial and root-rhizome

parts dried under different conditions. Based on the GC–

MS results, 15 and 17 constituents were identified in C.

dactylon leaf and rhizome extracts, respectively. These

represent totally 22 constituents accounting for * 99% of

all identified components. The component profiles of the C.

dactylon hydro-alcoholic extracts under different drying

procedures are shown in Table 2 and chemical structures of

some important identified compounds are also represented

in Fig. 2. Regardless of drying conditions, the main iden-

tified constituents were palmitic acid, ethyl linoleate, ethyl

palmitate, dihomo-c-linoleic acid (DGLA), linoleic acid,

ethyl and 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-

4-one (DDMP), respectively (Fig. 2).

According to the previous studies, the most important

phytochemical components which have been identified in

different morphological parts of the C. dactylon, classify

under different categories, including tannins (Garjani et al.

2009; Khlifi et al. 2013), saponins (Najafi et al. 2008),

flavonoids (Annapurna et al. 2013; Garjani et al. 2009;

Karthik and Ravikumar 2011), alkaloids (Bhangale and

Acharya 2014), sterols (Annapurna et al. 2013; Garjani

et al. 2009) and fatty acids (Annapurna et al. 2013;

Mohamed Shabi et al. 2010). In this regard, main compo-

nents identified by Annapurna et al. (2013) from C.

dactylon leaf organic (hexane) extracts were linolenic acid,

docosanoic acid ethyl ester, palmitic acid ethyl ester, ethyl

eicosanoate and 2,6-dimethoxy phenol. In another report,

hydro-alcoholic extract of C. dactlyon was analyzed and 22

compounds were totally identified and ethyl palmitate, D-

mannose and ethyl linoleate were the most abundant con-

sitituents. Besides, hydroquinone, furfural and levoglu-

cosenone were found to be the richest constituents among

the 20 characterized phytochemicals from phenolic extracts

(Mohamed Shabi et al. 2010) of C. dactylon.

Our hydro-ethanolic extracts didn’t include some of

above-docking constituents as molecular entities. The

range of phytochemical components that could be isolated

from each plant material is usually affected by the nature of

solvents and their potential to break up the material matrix

(Mediani et al. 2015). Alcoholic extracts has been reported

to predominantly compose oxygenated hydrocarbons

(Mohamed Shabi et al. 2010), while the aqueous phenolic

fraction mainly contains flavonoids, glycosides and phe-

nolic hydrocarbons. Beside drying and solvent extraction

effects, observed variations between the present study with

those reported by different authors may also be attributed

to the influence of environmental factors, genetic back-

ground and their interactions, which is be-

yond the scope of this work.

The status of phytochemical components in the analyzed

C. dactylon extracts was varied depending on the drying

methods. In this respect, the comparison of GC–MS profile

of hydro-ethanolic extracts obtained from dried materials

showed that drying method not only affected appearance

and disappearance of C. dactylon phytochemicals but also

it changed the level of some major and minor constituents.

Beside ethyl linoleate and ethyl palmitate which were two

first principal components of all extracts, the main phyto-

chemicals of the SHD rhizome extract were 5-hydrox-

ymethylfurfural (5-HMF) (27.9%), ethyl oleate (5.48%),

linoleic acid (5.09%), DDMP (3.09%), maltol (3.16%),

palmitic acid (2.68%) and DGLA (2.35%), while the most

abundant components in SHD leaf extract were DGLA

(10.63%), linoleic acid (4.16%), ethyl oleate (3.83%) and

phytol (3.42%). Among these compounds, DGLA (20:3) is

an omega-6 polyunsaturated fatty acid (PUFA) derived

from linolenic acid having both anti-inflammatory and anti-

proliferative properties in human (Wang et al. 2012).

5-HMF is a six-carbon heterocyclic aldehyde consists of a

furan ring, carrying both aldehyde and alcohol functional

groups (Kowalski et al. 2013). Based on a recent study,

5-HMF in Cornus officinalis L. is able to prevent cardio-

vascular and diabetes mellitus diseases (Cao et al. 2013).

Besides, nematicidal activity of Melia azedarach fruit’s

extract against Meloidogyne incognita has been attributed

to 5-HMF (Ntalli and Caboni 2012). DDMP has been also

proposed as a strong antioxidant present in medicinal

plants (da Silva et al. 2000) and Maillard reaction products

(Yu et al. 2013).

The major components of solar dried rhizome’s extract

(SOD) were 5-HMF (18%), dihydroxyacetone (9.07%),

linoleic acid (6.73%), maltol (6.15%) and ethyl oleate

(5.33%). Dihydroxyacetone is a high valued 3-carbon

ketose carbohydrate resulted from the oxidation of glyc-

erol, which is extensively used in cosmetic industry as one

of the main ingredients of sunless tanning formulations

(Satirapipatkul et al. 2017). In plant roots, it plays role as

part of an osmotic adjustment mechanism under neutral salt

stress (Li et al. 2017). On the other hand, the main con-

stituents of SOD leaf’s extract were DGLA (12.61%),

palmitic acid (3.07%), 1,4-Butanediol (2.99%) and DDMP

(2.93%). When C.dactylon rhizome was dried with OD30,
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the main components of extract were 5-HMF (9.07%),

linoleic acid (7.68%), palmitic acid (6.02%), ethyl oleate

(5.97%), diacetin and DGLA (2.57%), while DGLA

(13.13%), linoleic acid (4.6%), ethyl oleate (3.87%), pal-

mitic acid (2.99%), phytol (2.88%) were the principal

components of OD30 leaf material’s extract.

When drying performed in oven at 40 �C, it was

observed that 5-HMF (7.28%), linoleic acid (5.11%), ethyl

oleate (4.8%), DDMP (4.68%), diacetin (4.38%) and mal-

tol (3.16%) are more abundant than other components. In

same drying condition, DGLA (10.61%), retinol (6.28%),

ethyl oleate (3.9%) and tricyclopentadeca-3,7-dien (3.58%)

were present at highest amounts in leaf hydro-alcoholic

extracts. Diacetin has been found to be present in the nectar

of oil secreting plants’ flower acting as signal for pollinator

attraction and recognition of the host by the pollinators

(Schaffler et al. 2015).

Finally, with the highest variation in quantity and

quality of phytochemicals, the main components of OD50

dried rhizome’s extract were 2,3-dihydrobenzofuran

(13.44%), diacetin (8%), 5-HMF (5.12%) and linoleic acid

(4.62) and the main isolated constituents from OD50 dried

leaf’s extract were DGLA (9.65%), tricyclopentadeca-3,7-

dien (9.92%), retinol (8.03%), 1,4-Butanediol (4.42%) and

DDMP (3.78%). DDMP is a product of Maillard reaction

that take place between carbonyl group of sugars and

amino group of proteins and other nitrogenized com-

pounds. Bitter taste of C. dactylon and many plant species

Table 2 The phytochemical components isolated from hydro-alcoholic extract of rhizome and leaf of C. dactylon submitted to different drying

methods

Compound Formula RIa SHD SOD OD30 OD40 OD50

Rhizome Leaf Rhizome Leaf Rhizome Leaf Rhizome Leaf Rhizome Leaf

2,3-Dihydrobenzofuran C8H8O 396 – 0.24 – – 1.2 0.8 – tr. 13.44 tr.

5-Hydroxymethylfurfural

(5-HMF)

C6H6O3 467 27.9 1.37 18.0 2.08 9.07 1.11 7.28 1.05 5.12 0.85

2,3-Dihydro-3,5-

dihydroxy-6-methyl-4H-

pyran-4-one (DDMP)

C6H8O4 600 3.09 0.58 – 2.93 0.82 1.26 4.68 2.45 4.31 3.78

Ethyl pentadecanoic acid C17H34O2 814 0.63 0.64 – – – – – 1.38 – –

Ethyl palmitate C18H36O2 838 22.1 31.99 26.28 29.88 34.48 31.69 39.48 31.5 31.29 31.4

Ethyl linoleate C20H36O2 857 22.57 39.78 20.17 38.15 22.6 34.8 21.17 24.74 19.58 19.52

Palmitic acid C16H32O2 873 2.68 1.89 1.61 3.07 6.02 2.99 2.73 1.47 – 1.46

Furfural C5H40O2 899 1.42 – – – – – – – – –

Phytol C20H40O 974 – 3.42 – 1.67 – 2.88 – tr. – 2.14

Dihydroxyacetone C3H6O3 985 tr. – 9.07 – tr. – – – – –

1,4-Butanediol C4H10O2 1018 – tr. – 2.99 – – – tr. – 4.42

Ethyl oleate C20H38O2 1139 5.48 3.83 5.33 2.36 5.97 3.87 4.8 3.9 4.47 3.42

Maltol C6H6O3 1153 3.16 – 6.15 0.0 2.26 – 3.16 0.6 3.08 –

Linoleic acid C18H32O2 1191 5.09 4.16 6.73 2.9 7.68 4.6 5.11 2.45 4.62 1.47

Diacetin C7H12O5 1365 tr. – tr. – 2.57 – 4.38 – 8.0 –

2-Methoxy-4-vinylphenol C9H10O2 1387 tr. – – – 0.73 0.67 – – tr. –

Dihomo-c-linoleic acid C20H34O2 1405 2.35 10.63 2.0 12.61 2.57 13.13 2.0 10.61 1.8 9.65

Ethyl stearate C20H40O2 1566 0.65 0.56 1.51 0.69 1.09 0.71 1.85 tr. tr. 0.63

Tricyclopentadeca-3,7-

dien

C15H22 1641 – – – – – – – 3.58 – 9.92

Bis (2-ethylhexyl)

phthalate

C24H38O4 1905 0.65 0.8 1.47 0.67 1.37 1.54 1.7 3.07 3.39 1.49

Ethyl 3-(4-

hydroxyphenyl)-

propenoate

C11H14O3 2033 1.54 – 1.23 – 0.84 – tr. – tr. –

Retinol C20H30O 2368 – – – – tr. – – 6.28 – 8.03

Total 99.31 99.89 99.55 100 99.27 100 98.34 93.08 99.1 98.18

aRI, retention indices determined on DB-17MS capillary column. Components are listed in order of elution in DB-17MS column. – not detected,

tr: traces amounts were detected
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is due to the presence of DDMP-containing saponins.

Maltol that also has been detected in C. dactylon extracts,

can be released from these saponins upon heating (Osbourn

et al. 2011). As a major plant-derived aromatic substance,

maltol is widely used for spice and food additive, which

possess promising anti-oxidative and antiinflammatory

capacities as well as anti proliferative activity against

cancer cell lines.

It seems that some constituents of C. dactylon were

sensitive to high drying temperatures, depending on the

applied drying method. For example, 5-hydroxymethylfu-

fural and ethyl linoleate were progressively decreased in

higher temperatures. Esparza et al. (2015) observed a sig-

nificant increase in the content of unsaturated free fatty

acids of hydro-alcoholic extracts prepared from oven dried

maca (Lepidium meyenii) materials. In the case of fatty

acid and their esters, they have a weak thermal stability

mainly due to peroxide-mediated autoxidation and photo-

oxiadation at high temperatures (Irshad et al. 2015),

probably resulted in hydrolysis of reserve and membrane

lipids (Esparza et al. 2015). Increasing drying temperature

lead to formation of new components such as tricy-

clopentadeca-3,7-dien, retinol and diacetin, which were

absent in shade- and solar-dried materials. This could also

be the effect of oxidation reactions, hydrolysis of glyco-

sylated forms, or even the formation of substances resulted

from cell walls disruption (Sellami et al. 2011; Wang et al.

2013). The above docking changes in quality and quantity

of phytochemical compositions under different drying

methods, have been also demonstrated in other medicinal

plants such as savory (Ghasemi Pirbalouti et al. 2013),

thyme (Rodrı́guez et al. 2013), lemon balm (Argyropoulos

and Müller 2014) and sage (Sellami et al. 2011).

Apart from the effect of temperature, UV irradiation

could also be considered as a minor influencing factor on

phytochemical properties of dried materials. For example,

compounds such as dihydroxyacetone, HMF, furfural,

phytol and Ethyl 3-(4-hydroxyphenyl)-propenoate were

3HC CH3

1

3HC CH3

2

3

54 6

7

Fig. 2 Structures of some

abundant compounds identified

in C. dactylon leaf and rhizome

dried under different conditions.

(1) Ethyl linoleate (2) Ethyl
palmitate (3) Dihomo-c-linoleic
acid (4) 2,3-Dihydro-3,5-
dihydroxy-6-methyl-4H-pyran-

4-one (DDMP) (5)
5-Hydroxymethylfurfural (6)
Maltol (7) Bis (2-ethylhexyl)
phthalate

2226 J Food Sci Technol (June 2018) 55(6):2220–2229

123



present at higher concentrations in extract prepared with

SHD and SOD. It seems that different wavelengths of

sunlight have direct and indirect effects on phytochemicals

of SHD and especially SOD dried plant parts. In this

regard, it has been reported that UV-B as a small fraction

of solar radiation is a powerful elicitor of metabolic

responses in plants as a reaction to oxidative stress (Dza-

kovich et al. 2016).

Hierarchical cluster analysis (CA) was carried out to

elucidate the relationship among the different drying

methods based on their phytochemical profiles (Fig. 3).

Obtained dendrogram separated the drying methods into

three somewhat well defined groups. First group was

represented by SHD and SOD drying methods, which were

closed together. Second group was included OD30 and

OD40 and finally OD50 founded the last cluster. Result of

cluster analysis further confirm that higher temperature of

drying significantly affect phytochemical components of

C. dactylon, where all oven drying method were closed

together showing more similar phytochemical profile dif-

ferent with SOD and SHD drying methods.

DPPH radical scavenging activity

The effect of drying methods on the in vitro radical

scavenging activity of C. dactylon for leaf and rhizome is

presented in Table 3. DPPH radical scavenging activity

was significantly affected by both drying method and plant

part in a dose dependent manner. Extract prepared from

SHD rhizome was significantly superior to all of the other

extracts, with quenching more than 84% of the DPPH at

the concentration of 400 mg/ml (IC50 = 59.12). This was

in agreement with results of Albert-Baskar and Ignaci-

muthu (2010) who obtained an IC50 value of 63.03 for

methanolic extract prepared from shade dried C. dactylon

rhizome. Hydro-alcoholic extracts obtained from SOD and

OD30 rhizome were also very effective, where they could

eliminate 79.73 and 74.07% of the DPPH, respectively. On

the other hand, extracts from samples dried with OD40

and OD50 methods exhibited relatively poor radical-

Fig. 3 Dendrogram obtained by hierarchical cluster analysis of the

different drying methods in Cynodon dactylon based on phytochem-

ical compound contents. SHD, shade drying; SOD, solar drying;

OD30, oven drying at 30 �C; OD40, oven drying at 40 �C; OD50,
oven drying at 50 �C T
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scavenging capacity. From the results, we can infer that

drying temperature is an influential factor influencing

in vitro antioxidant activity of C. dactylon leaf and rhi-

zome’s extract. In this way, drying temperature higher than

30 �C could result in a significant decrease of the antiox-

idant activity. Negative effects of high drying temperatures

on in vitro radical scavenging capacity have also been

reported in blueberry (Routray et al. 2014), pepper (Kim

et al. 2006) and sage (Sellami et al. 2011). Altogether, our

findings allowed to suggest that the decrease in the

antioxidant activity that was observed with the higher

drying temperatures can be associated with degradation of

thermo-sensitive phytochemicals having antioxidant

activity like HMF, furfural, phytol, dihydroxyacetone,

maltol and ethyl 3-(4-hydroxyphenyl)-propenoate. Proba-

bly, convective and mass heat transfer generated in oven

equipped with fan are other factors that negatively affected

the antioxidant activity of extracts mainly by initial enzy-

matic degradation of antioxidant compounds and thermal

degradation of antioxidant. Drop in antioxidant properties

of dried plant material imposed by heat transfer in oven

drying methods has also been reported in pomegranate

(Fazaeli et al. 2013), Chinese chaste tree (Chong and Lim

2012) and spearmint (Orphanides et al. 2013). As shown in

Table 2, higher percentage of 5-HMF, DDMP and maltol

was found in the extract of SHD, SOD and OD30 plant

material, while increasing drying temperature reduced the

percentage of these compounds. Antioxidant capacity of

5-HMF (Zhao et al. 2013), DDMP (Hwang et al. 2013; Yu

et al. 2013) and maltol (Han et al. 2015) is well-docu-

mented. In general, we should consider that the conse-

quences of drying methods on the final antioxidant capacity

of medicinal plants are the results of diverse, and some-

times reverse events which can occur sequentially or

simultaneously (Sellami et al. 2011).

Conclusion

It could be concluded that drying C. dactylon leaf and

rhizome at 50 �C in oven to reach 10% moisture was ten-

time faster than shade-drying method, however high drying

temperatures lead to profound changes in the biochemical

constituent’s quality and quantity. In some cases, these

changes were in favor of improvement in the medicinal

value of extracts e.g., elevated levels of DGLA as an anti-

inflammatory and anti-proliferative. The increase in rising

drying temperature resulted in production of relatively

toxic substances such as 2,3-dihydrobenzofuran. All drying

procedures (SHD, SOD, OD30, OD40 and OD50) resulted

in the formation of high level of free unsaturated fatty acids

(FUFA) and their esters may be attributed to lipids

hydrolysis due to the effect of endogenous or microbial

enzymes or even through non-enzymatic processes such as

auto-oxidation and photo-oxidation. The in vitro antioxi-

dant capacity of hydro-alcoholic extract revealed that

extracts prepared from SHD, SOD, and OD30 were more

efficient to inhibit DPPH stable radicals. These findings

suggested that versatile drying methods such as OD30

could be retained not only in terms of drying time reducing

but also for the preservation of main phytochemicals as

well as antioxidant activity in C. dactylon plant part’s

extracts.
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