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ABSTRACT 

 

The objectives of this current study were to determine the varying 

contents of vitamin C, chlorophyll, total phenolic compounds in White mugwort 

(Artemisia lactiflora) which were tested under different types of organic 

fertilizer. Completely randomized design with four treatments (applications of 

no fertilizer, cow, chicken and bat manures) was assigned for the field 

experiments at Department of Medicinal Plant Science, Faculty of Agricultural 

Production, Maejo University in Chiang Mai, Thailand. The results showed 

that the sampled plants with chicken manure application yielded the highest 

fresh (31.00±1.00 g FW/plant) and dried weights (3.20±0.20 g DW/plant). 

Furthermore, plants with chicken manure treatment also gave the highest 

chlorophyll content of 0.93 mg/g FW. Whereas, the highest levels of vitamin C 

(1.35 mg/100g FW) and total phenolic compounds (4.84 mgGAE/g DW) were 

found in plants with cow manure treatment. 

 

Keywords: Artemisia Lactiflora, Organic fertilizer, Total phenolic compounds, 

Vitamin C 
 

INTRODUCTION 

 

 Thai herbs have been used in traditional medicine in Thailand for many 

centuries. They are widely known for being dietary supplements and important 

sources of antioxidants (Hafizah et al., 2010; Hunaefi and Smetanska, 2013; 

Almatar et al., 2014). Health benefits of Thai herbs have been reported for 
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analgesics, anti-microbials, anti-inflammatories, immunostimulants, anti-

diarrheal, digestive aids, fertility regulators, malarial discharged (Saokaew et al., 

2011) and so on. Artermisia lactiflora is one of medicinal plants in Asteraceae 

family. It is commonly called ‘White mugwort’ (Figure S1) or 

‘Jinjuchai’(Thailand name) is frequently used not only as a vegetable or spice but 

also has been used as a herb for both the Chinese and Thai traditional medicine. 

For example, the leaves, flowers and stems were reported that it is able to treat 

menstrual and liver disorders (Kulprachakarn et al., 2019). The plants are an 

important source of natural active products such as vitamin, chlorophyll and 

phenolic acids (Lesing, 2015). These products are responsible for antioxidant 

activities in biological properties.  

 

 
 

Figure S1. Artermisia lactiflora. 

 

 Recently, maximizing economical crop yield is a main goal on agricultural 

production. Thus, many synthetic chemical fertilizers have been widely and 

heavily applied in conventional farming system, but the using of inorganic or 

chemical fertilizer led to chemical and pesticides residue in plants and 

environmental (Roussos et al., 2019). In addition, it is reducing the antioxidant 

levels in plant (Rossetto et al., 2013). Regarding the above, many researches have 

recommended that the uses of organic manures or organic fertilizer, because the 

advantages of organic fertilizer application have been studied and confirmed the 

beneficial effects on quality of crops, enhancing antioxidant constituent in plants 

(Fallah et al., 2018). Furthermore, the physical and biological soil properties are 
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improved when applying organic fertilizers (Islam et al., 2017; Roussos et al., 

2017). 

 Many plant scientists have been investigating the effects of different 

organic fertilizers on many types of plant herbs, including types and amounts of 

primary and secondary metabolites (Siddiqui et al., 2011; Pandey et al., 2015). 

Up to date, no study about the response of secondary metabolites and antioxidant 

activities under different fertilizers in Artermisia lactiflora have been reported 

yet. In addition, as described in the preceding paragraphs, it is suggested that, the 

development and phytochemicals of the crops system might be satisfied with the 

use of organic manures, thus reducing in an employment of synthetic fertilize. 

Therefore, the objectives of this study were to examine the effects of different 

types of organic fertilizers (cow, chicken and bat manure) on the production of 

the total phenolics, vitamin C and chlorophyll in White mugwort.  

 

MATERIALS AND METHODS 
 

Materials 

 L-Ascorbic acid, gallic acid, Folin-Ciocalteu phenol reagent and 

metaphosphoric acid were purchased from the Merck Co. (Germany). Acetone 

and methanol were purchased from the RCI Labscan CO., Ltd. (Ireland). Sodium 

carbonate was obtained from the QRec Co., Ltd. (New Zealand). All other 

chemicals were reagent grade.  

Plant materials  

 Artemisia lactiflora was obtained from Chiang Mai Royal Agricultural 

Research Center, Chiang Mai, Thailand. In order to propagate this plant, its shoot 

tip was cut in 10-15 cm long, planted in the pots containing a 1:1 mixture of soil 

and husk and subsequently cultivated in a greenhouse under the natural light 

condition for 30 days.  

The experimental design 

 Field experiments were conducted at the demonstration farm in Maejo 

University, Chiang Mai (383 m above MSL, 18°55’05’’N and 90°03’06’E) 

during September to November, 2015. The average temperature of Chiang Mai 

is about 27.1 °C with the annual rainfall of 1,050.0 mm. Completely randomized 

design (CRD) with three replications was used for this experiment. The plant 

materials were planted in 10-inch pots containing a 1:1 mixture of soil: husk. Four 

types of organic fertilizer with different application rates were set as a treatment 

e.g. 10 t/ha of cow manure, 5 t/ha of chicken and 5 t/ha of bat manure and control 

(no fertilizer added). Treatments were given to the plants at 7 days after planting. 

These plants were watered every other day until harvesting at 60 days after 

planting. The freshly harvested aerial parts were immediately weighed for the 
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fresh weight determination and were dried at 45 °C for 72 hours in a drying oven 

for dry weight determination. 

 Nutrient compositions of all organic manure were analysed by followed 

the Testing methods for fertilizers (2016), which nitrogen, phosphorus and 

potassium elements were measured with micro-kjedahl method, 

spectrophotometry and atomic absorption spectrophotometry, respectively. The 

nutrients of these manure are presented in Table 1. 

 

Table 1. The Nutrient composition in organic fertilizer.  

Organic 

fertilizers 
N (%) P (%) K (%) 

Cow manure 1.11 0.52 0.43 

Chicken manure 3.11 1.79 1.87 

Bat manure 2.02 2.34 0.42 

 

Vitamin C determination 

 The method of Park et al. (2014) was modified and used to measure the 

concentrations of vitamin C. Three gram of fresh leaves were ground by using a 

pestle and mortar and added 25 mL of 3% v/v of metaphosphoric solution. The 

homogenate was then filtered and transferred to a 50 mL volumetric flask. Then 

adjusting the final volume of 50 mL with 3% v/v of metaphosphoric solution. The 

extract solution was passed through a 0.45 µm nylon filter. 

 HPLC method including an external calibration was used to quantified the 

concentration of vitamin C in term of mg/ 100 g of fresh plant. RP-HPLC analysis 

was performed with the Agilent 1100 series HPLC system (Agilent; USA), HPLC 

parameters were described in Table 2.  

 

Table 2. Chromatographic parameters for Vitamin C determination by HPLC 

method. 

Parameters Condition value 

Mobile phase 0.2M KH2PO4  pH 2.4 

Flow rate 0.8 mL/min 

Injection volume 

Column 

20 µL 

C-18 Hypersil-ODS (4.0 x 250 mm, 5 µm) 

Column temperature 25 C 

UV-VIS detector wavelength 254 nm 
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Estimation of chlorophyll content 

 Determination of chlorophyll content was followed the method of Kamble 

et al., (2015). Briefly, 1 g of fresh leaves were cut into small pieces and ground 

in 20 mL of 80% acetone and 0.5 g of (MgCO3) powder. Subsequently, the extract 

was centrifuged at 5,000 rpm for 5 mins and the supernatant was transferred to a 

100 mL volumetric flask and the volume was made up to 100 mL with the 

addition of 80 % acetone. The absorbance of the solution is measured by using a 

spectrophotometer (Genesys 10S, Thermo Scientific, USA) at 645 nm and 663 

nm along with 80 % acetone as a blank. The concentration of chlorophyll content 

was calculated as the following equation: 

   Chlorophyll content =  20.2(A645) + 8.02(A663)    

where A645 and A663 are the absorbance values of the sample solution at 645 

and 663 nm, respectively. 

 

Total phenolic compounds determination 

 The extraction and quantification methods were performed as previously 

described in Pumtes et al., (2012) and Namjooyan et al., (2010), respectively. The 

fresh leaves of the plants were dried in an oven (UM 400, Memmert, Germany) 

at the temperature of 45 °C until dry and then ground to the fine powders. Three 

gram of ground sample were extracted in 30 mL methanol and heated at 40 °C 

for 3 hours in the water bath. The extracted aqueous phase was subsequently 

filtered by using Whatman No.1, then evaporated and dissolved the pellet in 5 ml 

methanol. Total phenolic compounds were measured by using the Folin-

Ciocalteu assay. An aliquot of 0.1 mL extracts was put into a flask containing  

2 mL of 2% w/v sodium carbonate followed by adding 0.1 mL Folin Ciocalteu’s 

phenol reagent. The mixture solution was thoroughly mixed and stood for 30 mins 

at ambient temperature. After that, the solution was measured the absorbance by 

using a spectrophotometer (Genesys 10S, Thermo Scientific, USA) at 750 nm. 

Total phenolic compounds was expressed as mg gallic acid equivalents (GAE) 

per gram of dry weight. 

 

Statistical analysis 

 All experiments were conducted in three replications. Data from all three 

replications was used to calculate mean value and the results were expressed in 

mean + SD. Analysis of variance using one-way ANOVA at a significance level 

of 0.05 and Duncan’s New Multiple Range Test were analysed on all response 

variables. 
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RESULTS  

 

Yield of Artemisia lactiflora 

 The highest yield of Artemisia lactiflora was obtained from the chicken 

manure application. Fresh and dry weight of plants were 31.00 ± 1.00 g FW/plant 

and 3.20± 0.20 g DW/plant (Table 3), respectively whereas lowest yield per unit 

area (14.17 ± 0.29 g FW/plant) was found in the control treatment. The result 

indicated that yield was higher when using chicken manure compared with the 

other treatments.  

 

Table 3. The fresh and dry weight of Artemisia lactiflora at different organic 

fertilizer. 

Organic fertilizers Fresh weight (g FW/plant) Dry weight (g DW/plant) 

Control 14.17±0.29d 1.68±0.03c 

Cow manure 15.33±0.50c 1.84±0.02c 

Chicken manure 31.00±1.00a 3.20±0.20a 

Bat manure 18.47±0.53b 2.10±0.10b 

Note: Different letters within a column indicate significant differences at P < 0.05. 

 

Effect of organic fertilizers on vitamin C in Artemisia Lactiflora 

 The chromatogram of extract Artemisia lactiflora solution was presented 

in Figure 1. The retention time of vitamin C was 5.7 min.  The levels of vitamin 

C ranged between 0.93 to 1.35 mg/100 g FW (Table 4). However, there was 

statistically significant effect of organic fertilizers on concentrations of vitamin 

C (P <0.05). It was noticed that the highest level of vitamin C (1.35±0.02 mg/ 

100 g FW) in Artemisia lactiflora was obtained from a treatment of cow manure 

application. On the other hand, the smaller vitamin C was observed in the 

Artemisia lactiflora fresh leafs was obtained in the chicken manure application 

with the value of 0.93 mg/100 g FW. 

The chlorophyll content in Artemisia Lactiflora in the different organic 

fertilizers 

 The fresh leaf of white mugwort were analysed on the chlorophyll 

content. The study has revealed that the chlorophyll content ranges from 0.24 to 

0.93 mg/g FW (Table 4). The results of this study also showed significant 

differences (P< 0.05) for the chlorophyll content due to the effect of different 

organic manures. From the result it is also seen that application of chicken manure 

presented the highest content of total chlorophyll in this research. The highest 

chlorophyll content was 0.93 mg/g FW. The smallest of chlorophyll content was 

obtained with control treatment with the value of 0.24 mg/g FW. 
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Figure 1. Vitamin C peak of Artemisia lactiflora at different organic fertilizer 

obtained by HPLC analysis. 

 

Table 4 . Effect of different organic fertilizer on vitamin C, chlorophyll content 

and total phenolic compounds of Artemisia lactiflora.  

Organic fertilizers 
Vitamin C 

(mg/100 g FW) 

Chlorophyll 

content (mg/g FW) 

Total phenolic 

compounds 

(mg GAE/g DW)  

Control   1.13±0.12ab 0.24±0.03d 4.35±0.18c 

Cow manure 1.35±0.02a 0.43±0.09c 4.84±0.06a 

Chicken manure 0.93±0.06c 0.93±0.04a 4.45±0.04bc 

Bat manure  1.24±0.04ab  0.53±0.05b 4.58±0.03bc  

Note: Different letters within a column indicate significant differences at P < 0.05. 
 

Total phenolic compounds 

 The results of total phenolic compounds in this current study ranged   

from 4.35-4.84 mg GAE/g DW (Table 4). There showed the application of cow 

manure could lead to the superior results when compared with the other organic 

fertilizers. The results of this study showed significant differences (P< 0.05) for 

content of total phenolic compounds due to effect of different organic manures. 

The highest of total phenolic compounds were recorded in the cow manure 

Chicken manure 
Bat manure 

Control Cow manure 
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application with values of 4.84±0.06 mg GAE/g DW. In addition, the lowest of 

phenolic content was obtained in a control treatment with the value of 4.35±0.18 

mg GAE/g DW. 

 

DISCUSSION 
 

 The highest of yield and the chlorophyll content in the Artemisia Lactiflora 

were obtained in a chicken manure compared with the other treatments. This can 

be attributed to the higher amounts of nitrogen in chicken manure (Table 1). The 

nitrogen (N) has a main effect on a growth development, yield and plant quality. 

In addition, nitrogen atoms have been found in a biological molecule (e.g. 

porphyrins) which found in the chlorophyll pigments. Therefore, a crop yield and 

chlorophyll content were increased with the higher level of nitrogen. The result 

was similar to the report of Singh et al., (2016) that stated that the yield of the 

Zingiber officinale Rosc. was increased when increasing rates of nitrogen 

fertility. In addition, the higher of nitrogen could increase the chlorophyll content 

in the leaf samples, which was corresponded to the previous report (Hokamlipoir 

et al., 2011). This finding suggested that the chicken manure might has an impact 

on the production of chlorophyll pigment. 

Vitamin C and total phenolic content were increased with com manure 

application. This result suggested that cow manure might has positive effect on 

vitamin C production and total phenolic content in these plants. According to the 

Table 1, cow manure showed the lowest content of nitrogen (1.11%) and may be 

led to the nitrogen deficiency in these herbs. Boussadia et al., (2010) reported the 

nitrogen deficiency increases the level of starch and soluble sugars, which are the 

major molecules for the ascorbate biosynthesis in the D-mannose/L-galactose or 

Smirnoff-Wheeler pathway (Figure 2) (Akrma et al., 2017). Furthermore, Zhang 

et al., (2016) described that nitrogen deficiency in cucumber plants caused higher 

concentrations of ROS in their leaves, which ROS may cause oxidative damage 

to the plants. Therefore, the synthesis of vitamin C in plants could prevent the 

plant damages. Hence, this might be another reason to explain why the highest 

vitamin C was found in White mugwort with cow manure application. 

 Besides the impact on vitamin C content, cow manure also showed the 

benefit on the levels of total phenolic compounds in plant leaves. Our result was 

similar to some studies (Ibrahim et al., 2011; Ibrahim et al., 2013), which claimed 

that total phenolic compound could be decreased under fertilizers with high N 

content. This might be the reason that White mugwort showed highest total 

phenolic compound when obtained cow manure fertilizer. 
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Figure 2. Smirnoff-Wheeler pathway for ascorbic acid biosynthesis in plants 

(Hemavathi et al., 2009). (PGI: phosphogluco isomerase, PMI: 

phosphomanno isomerase, PMM: phosphomanno mutase, GMPase: 

GDP-D-mannose pyrophosphorylase, GME: GDP-mannose-

3,5epimerase, GGalPP: GDP-L-galactose pyrophosphatase, GalPP: L-

galactose-1phosphate phosphatase, GDH: L-galactose dehydrogenase, 

GALDH: L-galactono1, 4-lactone dehydrogenase). 

 

 

CONCLUSION 

 

 Artemisia lactiflora with chicken manure showed the best result in terms 

of highest levels of yield and chlorophyll content, whereas the highest contents 

of the vitamin C and total phenolic compounds were obtained from sampled 

plants with cow manure application. Therefore, according to all of the results 

shown above we believe that cow manure promotes of produced the secondary 

metabolites in white mugwort. In addition, Artemisia lactiflora also has potential 

for using as natural sources for antioxidants. 
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Figure S1. Artermisia lactiflora 




