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ABSTRACT  

Two filed experiments were conducted at the Experimental Farm, Applied Research Center for 
Medicinal Plants, National Organization for Drug Control and Research, Egypt, during two 
consecutive seasons of 2015/2016 and 2016/2017. Aiming to evaluate the effect of NPK [100% 
recommended rate (RR), 75 % RR and 50% RR], compost rate (0.0, 5, 10 and 15 ton/feddan), 
ascorbic acid concentrations (AsA) at 100 and 200 ppm and their interaction treatments on growth, 
yield components and volatile oil production of dragonhead plants. The recommended rate of NPK 
was 200 kg ammonium sulphate (20.5 % N), 200 kg calcium super phosphate (15.5 % P2O5) and 100 
kg potassium sulphate (48 % k2O) per feddan. The obtained results revealed to that the highest values 
of dragonhead plant height, number of branches /plant, fresh and dry weights / plant and / feddan as 
well as volatile oil production and plant pigments were recorded with 100% RR. However, the best 
observations in these parameters with significant increase were achieved by 15 ton compost / feddan 
compared to the other rates under study and AsA concentrations as foliar spray. Generally, the 
interaction treatment of either 100 or 75 % RR and 15 ton compost / feddan gave the highest values of 
plant growth, yield components, volatile oil production and chlorophyll a and b of dragonhead plants 
compared to the other interaction treatments under study. The quantity of essential oil was equal 0.6 
% (V/W) of yellowish volatile oil, from analysis of the oil using GC and GC/MS; it was obvious that 
it contained 22 compounds of which where geranyl acetate(30%); geranial(%22) و; neral, (21%) and 
geraniol (7.9%). The antioxidant activity was investigated for methanolic extract of D. moldavica 
which recorded 89.1 ± 0.6% compared with butyl hydroxyl toluene (BHT) and quercetin respectively. 
Total polyphenols compounds and total flavoniodal contents were investigated in methanol 
parameters were 96.5±0.96 and 54.63±0.5, respectively. The antimicrobial activities of stock extract 
of D. moldavica against the selected foodborne. E coli 2 then Enterococcus faecalis 1 was the highest 
effective isolates followed by Citrobacter freundii, Enterobacter spp. However, S. aureus, Ps. 
aeruginosa and Enterobacter cloacae recorded the lowest inhibition zone. 

 
Keywords: Dracocephalum moldavica, NPK, Compost, Ascorbic, growth, Volatile oil, GC/MS, the 

antioxidant activity. Total polyphenols, total flavonoids content, antimicrobial activities 
and foodborne organisms. 

 
Introduction 

Dragonhead (Dracocephalum moldavica, L.) known as Moldavian balm or Moldavian 
dragonhead is an annual herb belonging to the Labiatae family, investigated primarily for volatile oil 
composition (Kakasy et al., 2006). However, dragonhead is traditionally used for many medical 
purposes for pain relief as well as for coronary diseases (Sultan et al., 2008). Recently, extracts of D. 
moldavica were found to act as efficient and biologically safe insect repellent for food storage (Chu et 
al., 2011). An extract of this herb has been used for its antioxidant, antitumor and antimutagens 
properties (Chachoyan and Oganesyan, 1996). It is traditionally used as a flatulence, heart tonic, 
sedative, diaphoretic, for snakes bites and stings (Naghibi et al., 2005). 
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The macronutrients, N, P, and K, are often classified as ‘primary’ macronutrients, because 
deficiencies of N, P and K are more common than the ‘secondary’ macronutrients, Ca, Mg, and S.  
Most of the macronutrients represent 0.1 to 5%, or 100 to 5000 parts per million (ppm), of dry plant 
tissue, whereas the micronutrients generally comprise less than 0.025%, or 250 ppm, of dry plant 
tissue (Wiedenhoeft, 2006). Moreover, the use of organics and bio fertilizers is gaining more 
importance for getting higher yield and quality. 

Compost is an organic fertilizer, which is produced by different microorganisms from organic 
materials (Lazcano et al., 2009). The addition of compost to agricultural soils supplies organic matter 
and nutrients, also improves soil physical structure and decreases leaching of mineral elements from 
the soil (Rantala et al., 1999). Compost is also used to provide biological control against various plant 
pathogens (Hoitink and Grebus, 1994). Compost has already been established as suitable fertilizer for 
improving the productivity of several aromatic and medicinal plants, such as Dracocephalum 
moldavica (Hussein et al., 2006), peppermint (O’Brien and Barker, 1996) and Tagetes erecta (Khalil 
et al., 2002). Ascorbic acid is the most abundant antioxidant which protects cell. Ascorbic acid is 
currently considered to be a regulator of plant growth and development owing to its effect on cell 
division and differentiation (Blokhina et al., 2003). 

Plants have dependably an important role to carry out in medical and public health. Knowledge 
on the utilization of medicinal plants was obtained by experimentation and by passing on of 
information contacts among generations (Pirbalouti, 2009). 

The wealth of these knowledge of medicinal plants focuses to an incredible potential for 
research and revelation of new medications that can fight with diseases, acquiring new food and other 
new uses. In this way, further investigations for phytochemical, natural and medicinal examinations is 
extraordinarily required. 

Escherichia coli is gram-negative bacterium from Enterobacteriaceae Family. It causes 
contaminations as sepsis or blood disease, gastroenteritis, infant meningitis, wound infection, 
pneumonia, peritonitis, and urinal infections. It also a cause of kidney disorders in children. Klebsiella 
pneumoniae is a gram-negative intestinal bacterium and a common microflora of the body. Around 
33% of individuals have this bacterium. The bacterium causes a wide scope of ailments including 
bacteremic contaminations, pneumonia, and urinal diseases. Kl. pneumonia covers few pneumonia 
cases however motivations a high death rate of 90%. This microorganism is bound to cause rot than 
pneumococcal pneumonia (Keikhaie et al., 2018). This paper goes for investigating the effects of 
ethanolic extract of D.  moldavica (Badrashbu) against strains of anti-microbial food borne strains.        

The aim of this study was to improve plant growth, yield components, volatile oil production 
and plant pigments of D. moldavica by compost application as well as foliar application of ascorbic 
acid under different NPK fertilization rates, analysis for volatile oil using GC and GC/MS, the 
antioxidant activity and determination of total polyphenols compounds and total flavonoid contents. 
Also studying the effects of ethanolic extract of D. moldavica against food borne strains. 
 
Materials and Methods 
 

Two field experiments were carried out in the Experimental Farm, Applied Research Center for 
Medicinal Plants, National Organization for Drug Control and Research, Egypt, during two 
consecutive seasons of 2015/2016 and 2016/2017, to study the effects of NPK fertilization rate (100, 
75 and 50% RR), compost (0.0, 5, 10 and 15 ton/feddan) and ascorbic acid (100 and 200 ppm) as well 
as their interaction treatments on dragonhead growth, yield, volatile oil and pigments. The 
recommended rate of NPK was 200 kg ammonium sulphate (20.5 % N), 200 kg calcium super 
phosphate (15.5 % P2O5) and 100 kg potassium sulphate (48 % k2O) per feddan . 

Seeds of dragonhead (Dracocephalum moldavica, L.) were obtained from Research Centre of 
Medicinal and Aromatic Plants, Dokky, Giza.  Seed of dragonhead were sown on 20th of October 
during both seasons and immediately irrigated. After three weeks from planting, seedlings were 
thinned to be two plants /hill. The mechanical and chemical properties of the used experimental soil 
are shown in Table 1, according to Chapman and Pratt, (1978). 

The plot area was 3.00 × 3.00 m included five rows. Each row was 60 cm wide and three meters 
in length. The seeds were sown in hills on one side of the row, and hills were spaced at 50 cm, a part, 
so each plot area contained 30 plants. Phosphorus, potassium and compost rates were added during 
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soil preparation. Ascorbic acid treatments were applied as foliar spray after 30, 45 and 60 from 
sowing date. Nitrogen fertilization was added at three equal portions to the soil as side dressing after 
30, 50 and 70 days from sowing date. However, all the plants received normal agricultural practices 
whenever they needed. Physical and chemical properties of the used compost and cattle manure are 
shown in Table (2).  
 
Table 1: Physical and chemical properties of experimental farm soil  

Mechanical analysis Soil texture 

Clay (%) Silt (%) Coarse sand (%) Fine sand 
Loamy sand 

8.7 3.10 18.07 69.5 

Chemical analysis 

pH 
E.C. (m. 

mohsz/cm) 
Soluble cations (meq./ l) Soluble anions (meq./ l) Available (ppm) 

7.8 0.55 Ca++ Mg++ Na+ Cl- HCO3
- SO4

- - N P K 

1.40 0.80 1.80 1.50 0.80 3.10 10 5 38 

 
Table 2: Physical and chemical properties of compost applied in the present investigation 
Content Values Content Values 
Organic matter % 17.3 Total P % 0.65 
pH 7.4 Total K % 1.12 
C:N Ratio 1:19 Fe ppm 639 
E.C. (m. mohs/cm) 6.8 Mn ppm 610 
Total N % 1.22 Zn ppm 274 

 
This experiment was set up in a split-plot design with three replicates. The main plots were 

occupied by three NPK fertilization rates. The sub plots were entitled to four compost rates and two 
ascorbic acid concentrations. The interaction treatments between main factor and sub main factor 
consisted of 18 treatments. 

 
Data recorded: 
 
 Plant growth: 

In both seasons, three plants were randomly chosen from each experimental unit. The following 
data were recorded; plant height (cm) and branch number per dragonhead plant. 

 
Yield components: 

At harvesting, the central ridges of each plot were used for yield components determination of 
dragonhead plants total fresh and dry weights/plant (g). Also, fresh herb yield/faddan (ton) and dry 
herb yield per faddan (ton) were calculated. 

 
Volatile oil production and leaves pigments: 

About 100 g of each dried sample (aerial parts) was separated, triturated and steam-hydro 
distilled for 2.5 hours. The extraction of oils was carried out according to the method of European 
Pharmacopoeia (1983). Chlorophyll a, b and carotenoids content (mg/100 g, fresh weight) were 
determined in dragonhead leaves at 135 days after sowing during the two seasons as described by 
Mazumder and Majumder (2003).  

 
Statistical Analysis  

Data of the present work were statically analyzed and the differences between the means of the 
treatments (NPK fertilizers rates and compost rates as well as ascorbic acid concentrations) were 
considered significant when they were more than the least significant differences (L.S.D) at the 5% 
level by using computer program of Statistix Version 9 (Analytical Software, 2008). 

All tests were performed under sterile conditions in triplicate. Samples were presented as mean 
± SD for three measurements 



Curr. Sci. Int., 8(2): 378-393, 2019 
ISSN: 2077-4435 

381 

II-Phytochemical assays:  
 
1-Extraction of Essential Oil  

The volatile fraction of Dracocephalum moldavica aerial parts was obtained by steam 
distillation for 2 h by a Clevenger apparatus and pale yellow essential oil was produced. The oil was 
dried over anhydrous sodium sulfate and stored in the refrigerator (4°C). 

 
2- Gas Chromatography (GC).  

The GC analyses was carried out on an Agilent Technologies 6890 gas chromatograph, fitted 
with a HP5 30m x 0.25mm x 0.25μm film thickness capillary column and FID. The column 
temperature was programmed from 60 to 250 °C at initial rate of 10 °C/min. The injector and detector 
temperatures were programmed at 2500C. Nitrogen was used as the carrier gas at a flow rate 1 ml/min. 
this method was determined according to El-zefzafy et al., (2010). 
 
3-Gas Chromatography /Mass Spectrometry (GC/MS) Analysis  

Identification of the oil constituents was performed on the Agilent 5989B, VL MS Detector 
system operating in EI mode (equipped with a HP5MS 30m x 0.25mm x 0.25μm film thickness 
capillary column), using He (1 ml/min) as the carrier gas.  100 μl of the EODM was diluted with 400 
μl of dichloromethane and was injected into the GC-MS system in the split mode (split ratio 1: 33). 
Helium was used as the carrier gas with a flow rate of 0.7 ml/min. The column temperature was 
maintained at 500C for 2 min. It was then programmed to 140 0Cat a rate of 3 /min, then it was 
increased up to 1600C at a rate of 0.5 /min and the final temperature, 2600C at a rate of 3 /min, was 
held for 2 min. Injector and detector temperatures were optimized at 230 0C and 260 0C, respectively. 
The MS operating parameters were as follows: ionization energy, 70 eV; ion source temperature, 
2000C ; quadruple, 100 0C; solvent delay, 8.0 min; scan speed 2000/us and scan range 30–600 u, EV 
voltage 3000 volts. Determination of the components was based on direct comparison of the retention 
times and MS data with those for standard compounds, and matching with the combined Wiley 229, 
Nist 107 and Nist 21 libraries Gouda et al., (2019). 

 
4- Determination of antioxidant activity of Dracocephalum moldavica  
 
4-1 - TLC assay.  

This assay was performed according to Cavin et al., (1998) where 20 µl aliquot of the tested 
extract was spotted on silica gel plates and developed using  butanol : acetic acid : water (40 :10 : 50) 
as a mobile phase. After development, the dried TLC plates were sprayed with 0.2% DPPH solution 
in methanol and examined after 30 min. Active antioxidants compounds appeared as yellow spots 
against purple background. 

        
4-2-Spectrophotometric assay: (Mensor et al., 2001and   Gialvez et al., 2003). 

The test was carried out on 96 Micro Well plate. Standard curve was done using different 
concentrations of butylated hydroxytoluene in methanol (7 serial 2 fold dilutions to give final range of 
100 to 5 µm).  50 µl of a 0.022% DPPH solution in methanol was added to a range solution of 
different concentrations 7 serial -3 fold solutions to give final range of 1000 to 1.3 µg /ml of the 
extract and 7 serial 2 fold dilutions to give final range of 100 to 5 µm of compound to be tested in 
methanol (230 µl) and their absorbance was measured using UV- spectrophotometer BOECO S-20 
Germany) at 515 nm after 30 min. The same previous procedure was repeated replacing the extract 
with, quercetin.  

 
5-Determination of total polyphenols contents (TPC) by using Spectrophotometric method. 

Total phenolic content was estimated by the Folin–Ciocalteu colorimetric method with slight 
modifications of Thiruvengadam et al. (2014). Briefly, 100 µL of the extracts were mixed with 
3.10 mL of distilled water, followed by addition of 0.2 mL Folin–Ciocalteu reagent. After 5 min, 
0.6 mL of 20 % sodium carbonate solution was added. The absorbance of the resulting blue-colored 
solution was measured at 760 nm using a UV–spectrophotometer (UV-spectrophotometer BOECO S-
20 Germany) after incubation at 30 °C for 1 h with intermittent shaking. The concentration of the TPC 
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was calculated as mg of Gallic acid equivalent by using an equation obtained from the Gallic acid 
calibration curve. The total content of phenolic compounds in the extract in Gallic acid equivalent 
(Gallic Acid Equivalent) was calculated by the following formula: Y=0.0076x – 0.0015, r2 =0.9968. 
T = C.V/M Where: T: total content of phenolic compounds, milligram per gram extract, in Gallic 
Acid equivalent. Equivalent. C:  the concentration of Gallic acid established from the calibration 
curve, milligram per milliliter. V:  the volume of extract, milliliter. M:  the weight of methanolic plant 
extract in gram. 

 
6-Determination of total flavonoid contents (TFC) by using Spectrophotometric method. 

The total flavonoid content (TFC) of extracts using the aluminum chloride colorimetry method 
described by Thiruvengadam et al. (2014) with slight modifications. In brief, the extract (0.2 mL) 
with 0.1 mL of 10 % (w/v) aluminum chloride solution, 0.1 mL of 1 M potassium acetate solution, 
and distilled water (4.6 mL) were mixed. After incubation at room temperature for 30 min, the 
absorbance was measured at 415 nm using a UV–visible spectrophotometer (UV- spectrophotometer 
BOECO S-20 Germany). Quercetin was used to construct the calibration curve Concentration   of   
0.05   mg/ml   sample solution is used while Quercetin concentrations of 0.01 to 0.09 mg/ml are used 
to obtain a calibration curve. Determinations were performed in triplicates. Total flavonoid contents 
were obtained from the regression equation of the calibration curve of Quercetin (Y=0.0103+0.0102, 
r2= 0.9966). 

 
III-Anti-microbial assay against food born organisms.  
 
1-Materials: 

Nutrient Broth (NB), Nutrient agar (NA), Mueller–Hinton agar (MHA).SS Agar (Salmonella 
Shigella Agar), Xylose lysine deoxycholate agar (XLD), Brilliant Green Agar, Eosin methylene blue 
Agar (EMB) ,Pseudomonas Cetrimide Agar, Mannitol Salt Agar, Baird Parker Agar, Azide dextrose 
broth (rothe) obtained from Oxoid Ltd.co. 
 
2-Samples Collection:  

Samples from edible food as white soft cheese samples and meat and chicken product samples 
which were collected from commercial markets in Giza and Cairo Governorates, Egypt. From January 
till December 2017.  

 
3-Bacterial identification. 

According to the method recommended by David (2014) VITEK 2 was used as a biochemical 
identification of the isolated genera up to the species level. Database constructed with large strains 
which were derived from a variety of clinical and industrial sources as well as from public and 
university culture collections. An identification level for an unknown bio-pattern was compared to the 
database of reactions for each taxon, and a numerical probability calculation was performed. Various 
qualitative levels of identification were assigned based on the numerical probability calculation. 

 
4-Preparation of extracts  

Ten grams of plant powder were macerated in methanol with continuous stirring for 2 hours at 
40ºC. The methanolic extracts were strained, centrifuged then filtered using Whatman No.1 filter 
paper. The filtered extracts of each part were collected, concentrated using rotary evaporator and dried 
at 40ºC. A stock solution of each part was prepared at a concentration of 5% in DMSO and kept at -
4ºC for microbiological and phytochemical analysis. 

 
5-Antibacterial activity assay 

Antibacterial activity assay was done by the agar well diffusion method (an indirect method) 
which has been the most as often as possible utilized methods, standardized as an official technique 
for detecting the bacteriostatic activity (Perez et al., 1990). On this base, we detected the most suitable 
concentration of stock extract against the isolated bacterial species. Suspending the extract 
into Dimethyl sulfide (DMSO) and keep stirring until the uniform colloidal suspension was performed 
to yield a stock solution of 5 mg/ml (Magaldi et al., 2004). A sterile cork borer (6 mm in diameter) 
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was used to assess wells in agar plates. A stock extract 5% was performed of to assess the activity 
against the selected resistant species.100µl per each well was used for each dilution. Control was 
100µl of DMSO free of extract. After inoculation and cultivation on Mueller–Hinton agar (MHA). 
The zone of inhibition (ZOI) was estimated after 24 h of incubation at 37ºC. 

 
Results and Discussion 
 
I -Dragonhead growth parameters:  

The obtained data in Table (3) demonstrate that, plant height and number of branches / plant 
were significantly decreased as NPK rates decreased in both seasons. In addition, the highest values in 
this regard were noticed with the recommended rate of NPK fertilization rate compared to the other 
two treatments under study. It is well known that chemical fertilizers (NPK) could improve plant 
growth due to the following roles: 1. the role of nitrogen in nucleic acids and protein synthesis, 2. 
phosphorus as an essential component of the energy compounds (ATP and ADP) and phosphoprotein, 
3. The role of potassium as an activator of many enzymes (Helgi and Rolfe, 2005). 

 
Table 3: Effect on NPK fertilization rate (A), compost rate and ascorbic acid concentration (B) as 

well as their interaction (A×B) treatments on plant height (cm) and branch number/plant of 
Dracocephalum moldavica plant during 2015/2016 and 2016 /2017 seasons. 

NPK fertilization 
rate (A) 

Compost rate 
 (ton/feddan) 

Ascorbic acid (ppm) 
Mean (A) 

0.0 5 10 15 100 200 
Plant height (cm) 

 2015/2016 season   

100  % RR* 90.50 96.67 100.67 102.33 96.67 102.67 98.25 

75  % RR 70.33 79.00 97.00 100.00 93.00 97.33 89.44 
50  % RR 65.33 70.00 73.00 87.33 83.67 94.00 78.89 
Mean (B) 75.39 81.89 90.22 96.56 91.11 98.00  
LSD at 5 % For (A) = 1.35 For (B) = 2.34 For (A×B) = 3.92 
 2016 /2017   season   

100  % RR* 91.67 94.33 94.67 104.00 94.00 100.00 96.44 

75  % RR 88.00 93.00 94.33 97.00 93.00 98.00 93.89 
50  % RR 82.67 76.33 82.67 90.33 87.67 92.00 85.28 
Mean (B) 87.44 87.89 90.56 97.11 91.56 96.67  
LSD at 5 % For (A) = 0.75 For (B) = 1.35 For (A×B) = 2.26 

Number of branches / plant 
 2015/2016  season   

100  % RR* 40.00 49.00 51.00 57.33 42.00 47.00 47.72 

75  % RR 34.67 41.67 46.00 53.33 37.67 37.67 42.94 
50  % RR 34.00 41.67 43.67 50.00 36.00 41.00 41.06 
Mean (B) 36.22 44.11 46.89 53.56 38.56 44.11  
LSD at 5 % For (A) = 1.76 For (B) = 2.62 For (A×B) = 4.49 
 2016/2017  season   

100  % RR* 50.00 58.67 63.00 67.67 51.00 57.00 57.89 

75  % RR 45.00 55.33 57.00 63.67 48.00 52.00 53.50 
50  % RR 42.33 49.67 51.00 57.00 48.33 51.00 49.89 
Mean (B) 45.78 54.56 57.00 62.78 49.11 53.33  
LSD at 5 % For (A) = 1.94 For (B) = 2.54 For (A×B) = 4.43 
* Recommended rate (RR); 200 kg ammonium sulphate, 200 kg super phosphate calcium and 100 kg potassium sulphate per 
feddan (4200 m2). 

 
Data presented for this study, in most cases, indicated that compost application at (15 ton/feddan) 
significantly improved dragonhead growth parameters such as plant height (cm) and number of 
branches per plant compared to untreated plants (Table 3). Generally, plant growth parameters 
increased gradually by increasing compost rate from 0.0 to 5, 10 and 15 ton/ feddan in the two 
seasons. However, ascorbic acid at 200 ppm significantly increased plant height and number of 
branches / plant compared to control in both seasons. In this respect, it is possible that the favorable 
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effect of compost on growth parameters may be attributed to their ability to enhance the physical, 
chemical and biological properties of the soil. 

Results under discussion in Table (3) indicated that the interaction between the two studied 
factors (A and B) was significant in both seasons. However, the highest values of plant height and 
number of branches / plant were produced by using 100% RR of NPK fertilization and compost at 15 
ton/feddan which was followed by using 100% RR of NPK fertilization and ascorbic acid at 200 ppm 
compared to the other interaction treatments in the first and second seasons. 
These results are in agreement with those stated by Abdelaziz et al. (2007) on rosemary plant, 
Golzarfar et al., (2011) on safflower plant, Abdou et al. (2014) on lemongrass and Sarwar et al. 
(2018) on moringa plant. 
 
Dragonhead yield components:  

As shown in Tables (4 and 5) that the treatment of recommended rate (100 % NPK) increased 
total plant fresh and dry weights / plant (g) and fresh and dry herb yields / feddan (ton) of 
Dracocephalum moldavica plant compared with the other treatments under study. Also, yield 
components of dragonhead were decreased with decreasing NPK rates in both seasons. Generally, the 
two rates of 100 and 75 % RR significantly increased the abovementioned parameters compared to the 
lowest rate (50 % RR) in the first and second seasons. 

 
Table 4: Effect of NPK fertilization rate (A), compost rate and ascorbic acid concentration (B) as well 

as their interaction (A×B) treatments on fresh weights/plant (g) and /feddan (ton)  of 

Dracocephalum moldavica plant during 2015/2016and2016/2017 seasons 

NPK fertilization rate 
(A) 

Compost rate 
 (ton/feddan) 

Ascorbic acid (ppm) 
Mean (A) 

0.0 5 10 15 100 200 
Fresh weight / plant (g) 

 2015/2016 season   

100  % RR* 484.33 489.33 509.00 516.67 516.67 493.00 496.50 

75  % RR 464.00 380.17 411.67 427.50 465.00 512.00 443.39 
50  % RR 315.25 365.50 376.33 396.00 405.00 435.17 382.21 
Mean (B) 421.19 411.67 432.33 446.72 452.22 480.06  
LSD at 5 % For (A) = 3.92 For (B) = 6.40 For (A×B) = 10.81 
 2016/2017season   

100  % RR* 531.67 538.67 542.67 548.00 529.67 549.00 539.94 

75  % RR 495.00 414.33 457.42 527.67 485.92 557.50 489.64 
50  % RR 353.67 388.25 406.17 440.17 485.00 462.33 422.60 
Mean (B) 460.11 447.08 468.75 505.28 500.19 522.94  
LSD at 5 % For (A) =4.69 For (B) = 7.02 For (A×B) = 11.96 

Fresh weight / feddan (ton) 
 2015/2016 season   

100  % RR* 13.561 13.701 14.252 14.467 13.627 13.804 15.118 

75  % RR 12.992 10.645 11.527 11.970 13.020 14.336 13.710 
50  % RR 8.827 10.234 10.537 11.088 11.340 12.185 11.833 
Mean (B) 12.883 12.518 13.125 14.148 14.005 14.642  
LSD at 5 % For (A) = 109.81 For (B) = 179.31 For (A×B) = 302.75 
 2016/2017 season   

100  % RR* 14.887 15.083 15.195 15.344 14.831 15.372 13.902 

75  % RR 13.860 11.601 12.808 14.775 13.606 15.610 12.415 
50  % RR 9.903 10.871 11.373 12.325 13.580 12.945 10.702 
Mean (B) 11.793 11.527 12.105 12.508 12.662 13.442  
LSD at 5 % For (A) = 128.65 For (B) = 196.60 For (A×B) = 334.85 
* Recommended rate (RR); 200 kg ammonium sulphate, 200 kg super phosphate calcium and 100 kg potassium sulphate per 

feddan (4200 m2). 

 

It is quite clear from data presented in Tables (4 and 5) that the maximum increase in yield 
components (total plant fresh and dry weights / plant and fresh and dry herb yields / feddan) of 
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dragonhead plant were obtained from the treatments of compost at 15 ton/feddan or ascorbic acid at 
200 ppm compared to the other treatments in both seasons. Meantime, these parameters were 
increased gradually with increasing compost rates and ascorbic acid concentrations.  

It was found that the best values of total plant fresh and dry weights / plant and fresh and dry 
herb yields / feddan were obtained due to treating the plants with 100% RR of NPK fertilization 
interacted with either compost at 15 ton/feddan or ascorbic acid at 200 ppm in the first and second 
seasons in comparison with other interaction treatments (Tables 4 and 5).  The stimulatory effect of 
the treatments of NPK fertilization plus compost and AsA on yield components might be due to the 
role of NPK fertilization on the plant physiological processes and compost which was previously 
mentioned in the case of plant growth as the increase in these parameters might be reflected on yield 
parameters of dragonhead plant. These results are in line with those reported by Gharib et al. (2014) 
on sweet marjoram, Hendawy and Khalid (2011) on chamomile and Golijan and Marković (2018) on 
medicinal and aromatic plants. 

 
Table 5: Effect of NPK fertilization rate (A), compost rate and ascorbic acid concentration (B) as well 

as their interaction (A×B) treatments on dry weights/plant (g) and /feddan (ton) of 
Dracocephalum moldavica plant during 2015/2016and2016/2017 seasons. 

NPK fertilization rate 
(A) 

Compost rate 
 (ton/feddan) 

Ascorbic acid (ppm) 
Mean (A) 

0.0 5 10 15 100 200 
Dry weight / plant (g) 

 2015/2016 season   
100  % RR* 92.69 93.64 97.71 98.50 92.80 94.67 95.00 
75  % RR 86.50 71.23 77.88 81.22 87.35 98.28 83.75 
50  % RR 61.90 68.78 72.17 75.91 77.28 82.02 73.01 
Mean (B) 80.36 77.88 82.59 85.21 85.81 91.66  
LSD at 5 % For (A) = 1.41 For (B) = 1.75 For (A×B) = 3.08 
 2016/2017 season   
100  % RR* 108.32 110.79 112.63 114.08 110.56 114.96 111.89 
75  % RR 103.77 88.27 97.07 109.81 101.04 117.74 102.95 
50  % RR 76.94 82.53 86.63 93.44 102.85 98.09 90.08 
Mean (B) 96.34 93.86 98.77 105.78 104.82 110.26  
LSD at 5 % For (A) = 2.09 For (B) = 1.79 For (A×B) = 3.49 

Dry weight / feddan (ton) 
 2015/2016 season   
100  % RR* 2.595 2.622 2.736 2.758 2.598 2.651 2.660 
75  % RR 2.421 1.994 2.181 2.274 2.446 2.752 2.334 
50  % RR 1.773 1.925 2.021 2.125 2.164 2.296 2.044 
Mean (B) 2.250 2.180 2.312 2.386 2.403 2.566  
LSD at 5 % For (A) = 39.52 For (B) = 48.89 For (A×B) = 86.26 
 2016/2017 season   
100  % RR* 3.033 3.102 3.153 3.194 3.095 3.218 3.132 
75  % RR 2.905 2.471 2.717 3.075 2.829 3.297 2.883 
50  % RR 2.154 2.310 2.425 2.616 2.880 2.746 2.522 
Mean (B) 2.698 2.628 2.766 2.962 2.935 3.087  
LSD at 5 % For (A) = 58.47 For (B) = 50.19 For (A×B) = 97.64 
* Recommended rate (RR); 200 kg ammonium sulphate, 200 kg super phosphate calcium and 100 kg potassium sulphate per 

feddan (4200 m2). 

Dragonhead volatile oil production: 

Data recorded in Table (6) reveal that volatile oil percentage of dragonhead herb, volatile oil 
yield / plant and yield / feddan was significantly increased with increasing N, P and K fertilization 
rates from 50 to 75  and 100% recommended rate in both seasons. The maximum values in this 
connection were significantly produced from the treatment of 100 % RR of NPK compared with the 
other NPK treatments under study. 

In addition, volatile oil production of D. moldavica plant significantly increased by all compost 
rates and ascorbic acid concentrations compared to control (untreated plants) in both seasons (Table 
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6). The best treatment in this regards that of 15 ton compost / feddan which recorded the significant 
difference between it and the other ones under study.  

 
Table 6: Effect of NPK fertilization rate (A), compost rate and ascorbic acid concentration (B) as well 

as their interaction (A×B) treatments on volatile oil %, yield / plant (ml) and yield / feddan 

(l) of Dracocephalum moldavica plant during 2015/2016and2016/2017 seasons. 

NPK fertilization rate 
(A) 

Compost rate 
 (ton/feddan) 

Ascorbic acid (ppm) 
Mean (A) 

0.0 5 10 15 100 200 
Volatile oil percentage 

 2015/2016 season   
100  % RR* 0.460 0.537 0.603 0.630 0.463 0.497 0.532 
75  % RR 0.423 0.503 0.550 0.627 0.450 0.487 0.507 
50  % RR 0.383 0.420 0.480 0.503 0.420 0.480 0.448 
Mean (B) 0.422 0.487 0.544 0.587 0.444 0.488  
LSD at 5 % For (A) = 0.012 For (B) = 0.012 For (A×B) = 0.023 
 2016/2017 season   
100  % RR* 0.447 0.533 0.593 0.627 0.473 0.507 0.530 
75  % RR 0.443 0.513 0.567 0.640 0.477 0.470 0.518 
50  % RR 0.403 0.393 0.473 0.527 0.437 0.497 0.455 
Mean (B) 0.431 0.480 0.544 0.598 0.462 0.491  
LSD at 5 % For (A) = 0.007 For (B) = 0.010 For (A×B) = 0.017 

Volatile oil yield / plant (ml) 
 2015/2016 season   
100  % RR* 2.230 2.623 3.070 3.253 2.257 2.450 2.647 
75  % RR 1.967 1.917 2.267 2.680 2.097 2.493 2.237 
50  % RR 1.210 1.533 1.807 1.993 1.703 2.090 1.723 
Mean (B) 1.802 2.024 2.381 2.642 2.019 2.344  
LSD at 5 % For (A) = 0.069 For (B) = 0.063  For (A×B) = 0.120 
 2016/2017 season   
100  % RR* 2.73 2.873 3.220 3.433 2.503 2.783 2.864 
75  % RR 2.197 2.127 2.593 3.373 2.313 2.620 2.537 
50  % RR 1.427 1.527 1.920 2.317 2.117 2.297 1.934  
Mean (B) 1.999 2.176 2.578 3.041 2.311 2.567  
LSD at 5 % For (A) = 0.050 For (B) = 0.054 For (A×B) = 0.099 

Volatile oil yield /feddan (l) 
 2015/2016 season   
100  % RR* 62.363 73.517 85.990 91.137 63.157 68.560 74.121 
75  % RR 55.007 53.577 63.403 75.007 58.603 69.763 62.560 
50  % RR 33.833 42.987 50.587 55.813 47.647 58.493 48.227 
Mean (B) 50.401 56.693 66.660 73.986 56.469 65.606  
LSD at 5 % For (A) = 1.949 For (B) = 1.777 For (A×B) = 3.388 
 2016/2017 season  
100  % RR* 66.493 80.470 90.153 96.140 70.193 77.883 80.222 
75  % RR 61.450 59.540 72.587 94.570 64.840 73.357 71.057 
50  % RR 39.947 42.757 53.833 64.907 59.297 64.297 54.173 
Mean (B) 55.963 60.922 72.191 85.206 64.777 71.846  
LSD at 5 % For (A) = 1.443 For (B) = 1.517 For (A×B) = 2.777 
* Recommended rate (RR); 200 kg ammonium sulphate, 200 kg super phosphate calcium and 100 kg potassium sulphate per 

feddan (4200 m2). 

 

The presented results in Table (6) show that the interaction between NPK at 100 % RR or 75 % 
RR + compost at 15 ton/ feddan rate increased volatile oil %, volatile oil yield/plant (ml) and 
yield/feddan (l) of dragonhead herb compared to the other interaction treatments in the first and 
second seasons, respectively. Furthermore, increasing compost rate under NPK rates increased 
volatile oil production. Generally, volatile oil production was decreased by the most of interaction 
treatments between NPK fertilization rate and compost compared to control (NPK at 100 % RR and 
untreated plants with compost and AsA) in both seasons. 
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These results coincided with those found by Edris et al. (2003) on marjoram, Adholeya and 
Prakash (2004) on Cymbopogon winterianus, Hendawy and Khalid (2011) on chamomile, Aćimović 
(2013) on caraway, anise and coriander plants. 

 
Dragonhead leaves pigments: 

Table (7) reveals that chlorophyll a and b contents were gradually increased by increasing NPK 
fertilization rates from 50 to 100% recommended rate in both seasons. Also, the highest values in this 
concern were recorded with 100% RR of NPK fertilization compared to the other ones under study. 
Moreover the maximum value of carotenoids content was observed with the treatment of NPK at 50 
% RR compared to the two ones rates under study. These results hold true in the two consecutive 
seasons.  

 
Table 7: Effect of NPK fertilization rate (A), compost rate and ascorbic acid concentration (B) as well 

as their interaction (A×B) treatments on volatile oil yield /feddan (l) and chlorophyll a, b and 
carotenoids contents (mg/ 100g f.w.)  of Dracocephalum moldavica plant during 
2015/2016and2016/2017 seasons. 

NPK fertilization rate 
(A) 

Compost rate 
 (ton/feddan) 

Ascorbic acid (ppm) 
Mean (A) 

0.0 5 10 15 100 200 
Chlorophyll a content (mg/ 100g) 

 2015/2016 season   
100  % RR* 0.697 0.793 0.863 0.907 0.743 0.767 0.795 
75  % RR 0.670 0.697 0.813 0.913 0.670 0.693 0.743 
50  % RR 0.630 0.673 0.670 0.763 0.640 0.677 0.676 
Mean (B) 0.666 0.721 0.782 0.861 0.684 0.712  
LSD at 5 % For (A) = 0.006 For (B) = 0.015 For (A×B) = 0.025 
 2016/2017 season   
100  % RR* 0.707 0.803 0.853 0.890 0.730 0.757 0.790 
75  % RR 0.653 0.690 0.830 0.903 0.657 0.677 0.735 
50  % RR 0.613 0.663 0.680 0.773 0.630 0.663 0.671 
Mean (B) 0.658 0.719 0.788 0.856 0.672 0.699  
LSD at 5 % For (A) = 0.006 For (B) = 0.014 For (A×B) = 0.022 

Chlorophyll b content (mg/ 100g) 
 2015/2016 season   
100  % RR* 0.497 0.533 0.560 0.617 0.560 0.530 0.549 
75  % RR 0.460 0.483 0.553 0.617 0.477 0.480 0.512 
50  % RR 0.420 0.437 0.460 0.507 0.497 0.513 0.472 
Mean (B) 0.459 0.484 0.524 0.580 0.511 0.508  
LSD at 5 % For (A) = 0.006 For (B) = 0.013 For (A×B) = 0.022 
 2016/2017 season   
100  % RR* 0.480 0.543 0.567 0.613 0.540 0.507 0.542 
75  % RR 0.450 0.463 0.450 0.587 0.470 0.470 0.497 
50  % RR 0.397 0.423 0.453 0.497 0.483 0.503 0.459 
Mean (B) 0.442 0.477 0.520 0.566 0.498 0.493  
LSD at 5 % For (A) = 0.011 For (B) = 0.019 For (A×B) = 0.032 

Carotenoids content (mg/ 100g) 
 2015/2016 season   
100  % RR* 0.413 0.440 0.457 0.473 0.470 0.473 0.454 
75  % RR 0.423 0.440 0.547 0.550 0.433 0.473 0.478 
50  % RR 0.457 0.507 0.537 0.580 0.483 0.520 0.513 
Mean (B) 0.431 0.462 0.513 0.534 0.462 0.489  
LSD at 5 % For (A) = 0.012 For (B) = 0.009 For (A×B) = 0.018 
 2016/2017 season   
100  % RR* 0.407 0.427 0.443 0.487 0.450 0.483 0.449 
75  % RR 0.417 0.430 0.563 0.560 0.420 0.473 0.477 
50  % RR 0.470 0.520 0.550 0.597 0.480 0.530 0.524 
Mean (B) 0.431 0.459 0.519 0.548 0.450 0.496  
LSD at 5 % For (A) = 0.014 For (B) = 0.015 For (A×B) = 0.027 
* Recommended rate (RR); 200 kg ammonium sulphate, 200 kg super phosphate calcium and 100 kg potassium sulphate per 

feddan (4200 m2). 

From data presented in Table (7)  it is clear that all compost rates as well as all ascorbic acid 
(AsA) concentrations treatments increased dragonhead leaves pigments (chlorophyll a, b and  
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carotenoids contents as mg/100g f.w.) compared to control in both seasons. The maximum values in 
leaves pigments were produced from the treatment of 15 ton compost/feddan compared to the other 
rates under study.   Generally, chlorophyll a, b and carotenoids contents were gradually increased with 
increasing compost rates and ascorbic acid concentrations. 

 It is quite clear from presented data in Table (7) that increasing compost rate under each NPK 
rate increased chlorophyll a, b and carotenoids contents. Generally, leaves pigments of dragonhead 
were increased by the interaction between NPK at 100 % RR or 75 % RR and compost at 15 ton/ 
feddan rate. Moreover, under each NPK rate increasing compost rate and ascorbic acid concentration 
gradually increased chlorophyll a, b and carotenoids contents. 

Similar results were found by Paswan and Machahary (2000) on Paspalum notatum, El-Naggar 
(2010) on Narcissus tazetta, AbdelKader and Alhumaid (2012) on Cynodon dactylon, Haggag et al. 
(2014) on olive seedlings and Ahmad et al. (2017) on coriander. 

 
II - GC&GC/MS of essential oil. 
       The essential oil of D. moldavica growing in Egypt was subjected to detailed GC& GC/MS 
analysis. Exactly 22compounds, mostly aromatic, were identified, representing 99.2, of the total oil 
The GC/MS revealed the presence of geranyl acetate [(30%); geranial (citral a) (22%); neral (citral b) 
(21%) and geraniol (7.9%) which represent the main compounds of volatile oil extracted from D. 
moldavica fresh herb as shown in Table (8).  
 
Table 8: Chemical constituents of essential oil derived from Dracocephalum moldavica flowering 

aerial parts. 

No. Compound 
RI 

(Literature) 
% 

1 β -pinene 973 1.2 
2 Sabinene 977 0.7 
3 β -myrcene 990 0.6 
4 α-phyllandrene 1005 0.3 
5 p-cymene 1024 0.4 
6 Limonene 1029 0.9 
7 γ-terpinene 1059 0.5 
8 Linalool 1096 3 
9 Nerol 1228 1.8 
10 Citral b (Neral) 1242 21 
11 Citral a (geranial) 1252 22 
12 Geraniol 1255 7.9 
13 Anethole 1280 2 
14 Copane 1376. 0.9 
15 Geranyl acetate 1379 30 
16 β -bourbonene 1384 0.5 
17 α-caryophyllene 1455 0.8 
18 trans-caryophyllene 1465 0.5 
19 Bicyclogermacrene 1494 0.7 
20 Cadinene 1513 0.4 
21 Caryophyllene oxide 1583 0.8 
22 Cubenol 1636 0.4 
Total Identified compounds - 99.2 
Essential oil content - 0.6% 
RI, retention index as determined on a HP-5MS column  

 
Essential oil of Chinese D. moldavica flowering aerial parts was extracted via hydro distillation. A 
total of 38 components of the essential oil were identified. 1, 8-cineole (31.25%) and 4-terpineol 
(22.82%) were the two main components of the essential oil followed by cumin alcohol (4.29%) and 
α-terpineol (4.21%). Sha Sha et al., (2011).  Hussein et al., (2015)    identified it by gas 
chromatograph-mass spectrometer (GC/MS) and demonstrated the presence of 33 compounds. The 
volatile oil content has been analyzed by GC/MS. The GC/MS revealed the presence of geranyl 
acetate 28.81, 27.02 and 27.81%); geranial (20.42, 19.37 and 19.74%); neral (18.36, 17.85 and 
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17.86%) and geraniol (12.66, 16.05 and 16.68%) which represent the main compounds of volatile oil 
extracted from D. moldavica. 
 
4- Determination of antioxidant activity. 

In TLC-DPPH assay with methanolic extracts of D. moldavica some active compounds were 
detected as   DPPH scavengers as zones with different Rf values. These results directed the 
investigation in one way.  Study of the antioxidant activity of the extract in one assay, DPPH 
scavenging inhibition expressed through calculation of their IC50 value and the other being the 
analysis of their chemical composition. The r e su l t s  p r e sen t ed   in  T a b l e  (9), showed that , 
t he  antioxidant activity (free radical scavenging) were investigated as 89.1 ± 0.6 %93 ± 0.5 and 95.6 
±0.4% for control respectively.  As shown in Tab. (10) the amount of each extract needed for 50% 
inhibition (IC50). IC50 of the standard compounds, BHT and Quercetin were 0.054 and 0.01mg ml-1 
respectively. The radical scavenging activity was shown by D. moldavica with   IC50 0.18 which is 
higher than that of BHT synthetic antioxidant (R < 0.05). As shown in Table (9). EL-Zefzafy et al., 
2011 indicated that the antioxidant activity of Myrtus communis L. were 82%. Redox properties are 
mainly the reason of antioxidant activity of phenolic compounds, which can play a vital role in free 
radicals neutralizing process, quenching singlet and triplet oxygen. Phenolic compounds are known 
with their powerful antioxidant activity by scavenge some reactive species due to their hydroxyle 
groups that acting as chain breaking antioxidants (Sobhy Hassab et al .,2019) Free radicals are 
involved in many disorders like neurodegenerative diseases, cancer and aids. Anti-oxidants through 
their scavenging power are useful for the management of those diseases. DPPH stable free radical 
method is an easy, rapid and sensitive way to survey the antioxidant activity of a specific compounds 
or plant extracts. 
 
Table 9: Comparison of DPPH radical scavenging of the plant extract and those BTH and Quercetin: 
Samples   Concentration(mg/ml) Scavenging % 
Dracocephalum moldavica 2 89.1 ± 0.6 
BHT 0.4 93 ± 0.5 
Quercetin  0.025 95.6 ±0.4 

Each value in the table was obtained by calculating the average of three experiments + standard deviation 

 
Table 10: IC50 (mg ml-1) values of plant extracts for free radical scavenging activity by DPPH. 
Plant species  IC50 (mg ml-1) 
D. moldavica 0.18 
Butyl hydroxyl toluene (BHT) 0.054 
Quercetin  0.01 

 
Determination of total polyphenols and flavonoids compounds. 

From the standard calibration curve, and the absorbencies obtained for each sample, Total 
polyphenols as Gallic acid equivalent (GE) and the total flavonoids content was calculated as 
quercetin Equivalent (QE). Total phenolic compounds and total flavoniodal contents were 
investigated in methanol extract were 96.5±0.96 and 54.63±0.5, respectively. As shown from Fig (1) 
& (2) and Tab. (11). 
 
Table 11: Total phenolic compounds (Measured by Folin Ciocalteu Assay), flavonoids (Measured 

by AlCl3) of methanol extracts of the studied D. moldavica. 

Total flavonoids % (mg/100g.d.w) Total polyphenols (mg/100g.d.w) 
54.63±0.5 96.5±0.96 

Determinations were performed in triplicates. 
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Fig 1: The calibration curve of Gallic acid with 
different concentrations. 

Fig. 2: The calibration curve of Quercetin with 
different concentrations. 

 
 III-Anti-microbial assay against food born organisms.  

Nine bacterial isolates were identified using biochemical tests then confirmed using Vitek2 
recording the following species: Gram positive species were Enterococcus faecalis 1, Enterococcus 
faecalis 2 and Staphylococcus aureus and Gram-negative species were (E. coli 1, E. coli 2, 
Citrobacter freundii, Enterobacter spp., Pseudomonas aeruginosa and Enterobacter cloacae. 

Enterobacteriaceae foodborne strains appeared resistant to various antibiotics tested. In this 
regard, adequate sanitary estimates cause diminishes in cases of foodborne bacteria in developed 
countries (Dione et al., 2011). Also, an infection caused by foodborne bacteria remains a critical 
public health concern, especially in developing countries (Anejo-Okopi et al., 2014). On this base the 
antibacterial activity of the methanol extract was conducted by the agar well diffusion method for 
detecting the bacteriostatic activity. Assay was done for a stock concentration of (5%) displayed in 
Fig. (3) The test was done against Gram-positive species were (Enterococcus faecalis 1, Enterococcus 
faecalis 2 and S. aureus) and Gram-negative species were (E. coli 1, E. coli 2, Citrobacter freundii, 
Enterobacter spp., Ps. aeruginosa and Enterobacter cloacae). Our results indicated that there are 
great antimicrobial activities of stock extract against the selected foodborne. E coli 2 then 
Enterococcus faecalis 1 was the highest affected isolates followed by Citrobacter freundii, 
Enterobacter spp. However, S. aureus, Ps. aeruginosa and Enterobacter cloacae recorded the lowest 
inhibition zone.   

 
Fig. 3: Activity assay of 5% stock extract against different foodborne species 

Conclusion  
Taking these results into account, it was generally concluded that growth, yield component and 

volatile oil production of D moldavica plant are widely affected by applying chemical fertilizers 
(NPK) and compost. In general, the increase in growth and productivity of plants as well as volatile 



Curr. Sci. Int., 8(2): 378-393, 2019 
ISSN: 2077-4435 

391 

oil production is closely related to the amount of the applied 15 ton compost/feddan in combined with 
75 and 100 % of NPK, which led to the increase in fresh and dry herb yields that are considered as the 
main components of growth and development of most of medicinal plants. Antimicrobial activities 
against food born organisms and antioxidant activity results from phenolic and flavonoids compounds 
and volatile constituents.    
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