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Abstract: Chinese chive (Allium tuberosum Rottler) is a nutrient-rich vegetable 
widely cultivated in Southeast Asia, including Thailand. The objectives of this 
study were to assess the phytochemical compounds present in fresh and dried 
Chinese chives obtained through aqueous extraction and to investigate their 
biological activities, particularly their antioxidant and antibacterial properties. 
In this study, fresh and dried Chinese chive leaves were extracted using water 
to obtain fresh Chinese chive extract (FCCE) and dried chive extract (DCCE). 
The extracts were characterized for their phytochemical compounds and 
evaluated for their bioactive properties. Based on GC-MS analyses, 5 major 
bioactive compounds found in both FCCE and DCCE were 2-methoxy-4-vinyl 
phenol, dimethyl sulfone, n-hexadecanoic acid, 2-hydroxy-gamma-butyrolactone, 
and furaneol. The FCCE and DCCE extracts exhibited antioxidant properties 
with the IC50 values of 7.25 ± 0.14/8.62 ± 0.02 mg/ml and 4.91 ± 0.29/6.66 ± 0.03 
mg/ml for FCCE and DCCE determined by DPPH/ABTS assays, respectively. 
Antibacterial activities of FCCE and DCCE against food pathogenic bacteria 
demonstrated that both extracts could inhibit Bacillus cereus, Staphylococcus 
aureus, Salmonella sp., Listeria monocytogenes, Escherichia coli, Vibrio cholerae, and 
V. parahaemolyticus with the same MIC value (8 mg/ml). Therefore, this study 
provided a basic knowledge of Chinese chive as a potentially promising source 
of natural bioactive ingredients for various applications in food technology.  

Keywords: Antibacterial activity; antioxidants; Chinese chives; food pathogens 

1. Introduction 
Chinese chives, also known as garlic chives, belong to the Liliaceae 

family and the Allium genus, which includes garlic, leek, and onion. Chinese 
chives are popular in Southeast Asia, South Asia, and some Middle Eastern 
countries [1]. In Thailand, the province with the largest cultivation area is 
Ratchaburi. There are also reports that Klong U-Tapao Sub-district, Hat Yai 
District, Songkhla Province, popularly cultivated large quantities of Chinese 
chives with a total plantation area of about 96,000 square meters, and most are 
exported to Malaysia [2]. Thai people usually consume fresh Chinese chives with 
Thai stir-fried rice noodles (Pad Thai) or cooked as dumplings (Gui Chai). In 
other countries, some of the most popular dishes from the Chinese chives are 
Korean chive salad (Kimchi) and Japanese pan-fried dumplings (Gyoza). 
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Chinese chives have been used as traditional herbs and meals due to their high vitamin A, vitamin C, mineral, 
and dietary fiber content [3]. Additionally, Chinese chives have health advantages and have been utilized as 
herbal medicine to treat asthma and conditions including diarrhea, hematemesis, and snakebite [4]. The 
crushed leaves contained volatile sulfur-containing substances, which could reduce the risk of cardiovascular 
and inflammatory disorders [5]. 

Chinese chives are rich in various phytochemicals that offer potential health benefits. Notably, 
Sulphur compounds, including diallyl disulfide and diallyl trisulfide, are responsible for the distinct aroma 
and taste of Chinese chives and have been studied for their possible anticancer and anti-inflammatory 
properties [6]. The presence of phenolic compounds like ferulic acid and caffeic acid provides antioxidant and 
anti-inflammatory benefits, helping to combat oxidative stress and promote overall health [7]. Additionally, 
Chinese chives contain flavonoids, a group of polyphenolic compounds known for their strong antioxidant 
properties. These can counteract harmful free radicals and potentially reduce the risk of chronic diseases, 
supporting overall well-being [8]. 

The majority of people around the world are struggling with the problems of foodborne illnesses 
caused by foodborne pathogens. The food market has identified the pathogenic bacteria, mainly Bacillus cereus, 
Listeria spp., Staphylococcus aureus, Escherichia coli, Salmonella spp., and Vibrio spp. [9]. To reduce cases, 
antimicrobial substances from edible sources have been studied. Various assays have previously screened the 
antimicrobial activities of Chinese chives extracted by different methods. For example, antibacterial activities 
of 25, 50, and 75 mg/ml of Chinese chive crude extracts have been reported by the modified agar well diffusion 
method and the highest antibacterial activity was obtained from 75 mg/ml of the steam distillation extract 
against B. cereus and L. monocytogenes [10]. In addition, the antibacterial activity of a water extract of Chinese 
chive against 21 Helicobacter pylori was shown by the disk diffusion method and the minimum inhibitory 
concentration (MIC) value obtained by the agar dilution method was 2.45 mg DW/ml [11]. Hence, there is a 
great interest in examining the possibility of using Chinese chive as natural ingredients in food or food 
products. Therefore, this study aimed to evaluate the phytochemical compounds of fresh and dried Chinese 
chives obtained by the aqueous extraction method and determine their biological activity, including 
antioxidant and antibacterial properties. 

2. Materials and Methods 
2.1 Bacterial Strains 
 Food pathogenic bacteria used in this study were B. cereus PSU3874, L. monocytogenes PSU6205, S. 
aureus ATCC25923, E. coli ATCC25922, Salmonella sp. PSU411, V. cholerae PSU6072, and V. parahaemolyticus 
ATCC17802. All isolates were obtained from the microbial culture collection at the Division of Biological 
Science, Prince of Songkla University, Thailand, and were stored in 20% glycerol at -80 °C. 
 
2.2 Preparation of fresh and dried Chinese chives 
 Chinese chives were purchased from a local grower at Khlong-u Tapao in Songkhla province of 
southern Thailand. Fresh Chinese chives were chopped into small pieces and rinsed under running water. 
Fresh leaves were dried in a hot air oven at 40 °C for 2 days or until dried for dried Chinese chives. All samples 
were blended into a fine powder [12]. 
 
2.3 Extraction of Chinese chives extract 
 Chinese chive powders obtained from fresh and dried leaves were extracted with hot water following 
the method previously described by Hernandez et al., 2017 with some modifications [12]. In a heating oven, 
100 g of fresh and dried Chinese chives powders were soaked in 500 ml hot distilled water at 60 °C for 30 
minutes. After filtration through double layers of muslin, the solutions were concentrated by freeze dryer 
(Martin Christ, Osterode am Harz, Germany) by freezing at -80 °C for 24 hours before taking to freeze drier at -45 °C 
for 3 days. The freeze-dried extracts were kept in dark storage at 4 °C until further use. 
 
2.4 GC-MS analysis 
 Gas chromatography-electron ionization/mass spectrometry (GC-MS) analysis of phytochemical 
compounds present in fresh (FCCE) and dried (DCCE) Chinese chive leaves was carried out using Perkin 
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Elmer Clarus 680 gas chromatography-mass spectrophotometer (Agilent, Santa Clara, CA, USA). The FCCE 
and DCCE powders were dissolved in dimethyl sulfoxide (DMSO) and centrifuged at 10,000 rpm for 10 min 
at 10 °C before the supernatant was subjected to GC-MS analysis. The Elite-5 capillary column ((5% biphenyl) 
95% dimethylpolysiloxane), length 30 m 0.25 mm ID, and film thickness 250 m df were utilized for the GC-MS 
analysis. A 1 ml/min of helium was used as the carrier gas. The temperature at the injector and interface was 
260 °C. The column temperature was programmed from 60 to 300 °C at an increasing rate of 10 min, where it 
was held for 6 min. The spectrums of the compounds were compared with standard spectra available in the 
Perkin Elmer GC-MS NIST library [13]. 
 
2.5 Antioxidant Activity Assays 
 The antioxidant activity assays were determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-
azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging assays of CCE in 96-well 
microtiter plates using the methods described below. 

2.5.1. DPPH Assay 
The antioxidant activity of the CCE was evaluated by DPPH radical scavenging. In brief, 180 µl of 0.1 

mM DPPH solution in methanol were combined with 20 µl of FCCE, DCCE, or standard solution. A 
spectrophotometer was used to measure the absorbance at 517 nm after 30 minutes [14]. 

2.5.2 ABTS Assay 
The ABTS stock solution was prepared by mixing 7.75 mM of potassium persulfate with 7.25 mM of 

ABTS and incubated at room temperature for 16 hours in the dark. The ABTS stock solution was diluted to a 
concentration of 107.14 µM ABTS solution until use. Then, 280 l of 107.14 µM ABTS solution was combined 
with 20 l of FCCE, DCCE, or standard solution. The plate was mixed and incubated in the dark at room 
temperature for 6 minutes, and then the absorbance at 734 nm was measured using a spectrophotometer 
(LUMIstar, BMGLABTECH, Ortenberg, Germany) [15]. 

2.6 Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) assays 
 The MICs of FCCE and DCCE against all pathogens were determined by following the Clinical and 
Laboratory Standard Institute (CLSI) guidelines [16]. The tested isolates were cultured in Mueller–Hinton 
broth (MHB) supplemented with (for Vibrio spp.) or without 1% NaCl for 4 hours. Then, cells were adjusted 
with fresh media to 106 CFU/ml, and 100 l of cell suspensions were added to 100 l of FCCE or DCCE solution 
at final concentrations ranging from 1 to 16 mg/ml. After incubation for 18–20 hours at 30 °C (for Vibrio spp.) 
or for 16 hours at 37 °C (for other species), the MIC values were determined by adding 20 l of a 0.1% resazurin 
solution to each well and incubating for 2 h at 30 or 37 °C.  For MBC values, a liquid portion from each well 
that showed no growth was taken and cultivated on Tryptic Soy agar (TSA) with or without 1% NaCl and 
incubated at 30 °C or 37 °C for 18–24 h. 
 
2.7 Statistical analysis  

A completely randomized experimental design was used with three replicates each, and the means 
and standard deviations (S.D.) were used to present the results. A one-way analysis of variance (ANOVA) 
was performed to compare more than two means. Duncan's new multiple-range tests were employed to 
determine the significant differences between the means. Correlations between the DPPH and ABTS assays of 
antioxidant activity were calculated at a significance level of p < 0.05. 

3. Results and Discussion 
This study investigated the phytochemical components from aqueous extracts of fresh and dried Chinese 

chives by GC-MS analyses and examined their biological activities, including antioxidants and antibacterial properties. 

3.1 The visual appearance and extraction yield of Chinese chive extracts  
 The visual appearance of Chinese chive extracts from fresh and dried leaves were dry greenish and 
brown powder, respectively (Figure 1). The extraction yield obtained by water extraction was 290.40 mg/g of 
dried matter and 37.70 mg/g of fresh weight, respectively (Table 1). As a result, the maximum yield was obtained 
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water content in dry leaves, which leads to a higher concentration of the desired compounds. Consequently, 
the extraction process becomes more efficient, resulting in an improved yield. Moreover, the use of dry leaves 
offers additional advantages. Dry leaves are less susceptible to enzymatic degradation and microbial growth, 
ensuring the preservation of the plant substances' integrity during extraction. Additionally, their lighter 
weight and manageable nature make them more convenient to handle during extraction [17, 18]. 

 
Figure 1. The visual appearance of Chinese chive extracts. (A) Extract obtained from fresh sample (FCCE) and 

(B) Extract obtained from dried sample (DCCE) 

Table 1. The extraction yield of Chinese chive extracts obtained by water extraction. 

 
3.2 GC-MS Analysis 
 The GC-MS analysis identified 108 and 156 compounds in FCCE and DCCE, respectively. Ten major 
compounds identified in FCCE (a total of 18.70 mg/g or 49.60% of the extraction yield) were 2-methoxy-4-vinyl 
phenol, dimethyl sulfone, n-hexadecanoic acid, butanoic acid, 1,2,3-propanetriyl ester2-propanone, 1,3-
dihydroxy-, 2-hydroxy-gamma-butyrolactone, furaneol, 1-heptadecanecarboxylic acid, 2-furanmethanol, and 
pentanoic acid (Table 2). Among these, 8 of 10 were also identified as major compounds in DCCE. The 5 
additional compounds among top 10 hits found in DCCE were 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-
6-methyl-, glycerin, benzofuran, 2,3-dihydro-, 4H-pyran-4-one, 3,5-dihydroxy-2-methyl-, and 2,4(1H,3H)-
pyrimidinedione, 5-methyl- (Table 2). 
 In this study, both FCCE and DCCE exhibited a high content of 2-methoxy-4-vinylphenol, a phenolic 
compound with antibacterial, antioxidant, anti-inflammatory, analgesic, and anti-germination properties 
[19-21]. From previous research, 2-methoxy-4-vinylphenol, a major compound in red cabbage, has strong 
antibacterial activity and possesses higher degrees of interaction with bacteria DNA gyrase, leading to high 
antimicrobial efficacy [19]. Dimethyl sulfone is an organosulfur compound that is a metabolite of DMSO and 
certain sulfur-containing amino acids. It is present in some natural green plants, fruits, and vegetables, such 
as tomatoes, corn, and apples [22]. Several reports provide in vitro evidence of the antioxidant, anti-
inflammatory, antibacterial, antifungal, and antiviral activity of dimethyl sulfone [22-25]. Moreover, it was 
also found to inhibit E. coli and S. enterica serovar Kinshasa [26]. Previous studies showed that one of the 
organosulfur compounds, dimethyl trisulfide, in Chinese chives could involve its antibacterial activity [10]. 
The fatty acid n-hexadecanoic acid isolated from the Canthium parviflorum leaves exhibited antimicrobial 
activity against S. aureus, E. coli, B. subtilis, and Candida albicans [27]. Antibacterial activity of furaneol has been 
reported against human pathogens, including S. aurues, S. epidermidis, E. coli, and Proteus vulgaris [28]. Thus, 
these major compounds in FCCE and DCCE might significantly contribute to their antimicrobial activities.  

In DFFC, several compounds can be found as major constituents. However, they are not seen as major 
constituents in FCCE. For example, 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- is the second top 
component found in the DCCE, which was not found in the extract of fresh Chinese chives (Table 2). The 
formation of this compound in heat-treated food or dried fruit has been reported due to the Maillard reaction, 
which lead to changes in the color of the extract from dark green to brown [29, 30]. 

Sample Yield (mg/g) Characteristics 
Fresh leaves 37.70 Dark green powder 
Dried leaves 290.4 Brown powder 
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 The DPPH and ABTS assays were used to evaluate the antioxidant activity of Chinese chive extracts. 
At the highest concentration (16 mg/ml), extracts had a more significant scavenging effect against ABTS than 
DPPH radicals. FCCE and DCCE possessed free radical scavenging properties but varying degrees, with an 
IC50 ranging from 7.25 to 8.62 and 4.91 to 6.66 mg/ml for DPPH and ABTS methods, respectively (Table 3). 
The antioxidant activity of Chinese chive extract may be due to several phytochemical compounds. For 
example, sulfur compounds have been reported to contribute to various vegetables' antioxidant properties in 
the Allium species [31]. Lachman et al., 2003 also reported that polyphenolic compounds in different onions 
(Allium cepa L.) are effective antioxidants due to their potential to scavenge free radicals of fatty acids and 
oxygen [32]. Additionally, antioxidant activity was found in extracts from all organs of Allium schoenoprasum L., 
which leaves showing the highest antioxidant activity [33]. 

In a previous study, the IC50 of Chinese chives essential oil extract by turbo hydrodistillation showed 
an IC50 of 12.16 mg/ml, which showed a slightly higher IC50 value (indicating less potency) in the DPPH assay 
compared to the current study's extracts. This discrepancy could be due to differences in extraction methods 
or the presence of varying antioxidant compounds in the different extracts [31]. According to Parvu et al., 2010 
p-coumaric acid, ferulic acid, isoquercitrin, and rutin are the main polyphenolic compounds found in chives 
[34]. In addition, the IC50 values for the extract of Chinese chives in water and ethanol were 822.92 g/ml, 735.96 
g/ml, 757.0 g/ml, and 650.6 g/ml, respectively, according to the DPPH and ABTS assays. As a result, Chinese 
chive extract has strong antioxidant activity against the DPPH and ABTS radicals [35]. In this study, it was 
found that DCCE had a slightly lower antioxidant activity than FCCE. This suggested that treating the Chinese 
chive leaves at 40 oC may result in the loss of some antioxidant components. Therefore, the study demonstrated 
that Chinese chive extracts possess significant antioxidant activity against both DPPH and ABTS radicals, 
likely due to the presence of various phytochemical compounds with antioxidant properties. However, the 
specific antioxidant components and their concentration might vary depending on extraction methods and 
processing conditions.  

 
3.4 Antibacterial activities 
 The antibacterial activity of Chinese chives extracts against 7 bacterial strains causing foodborne 
illnesses, including B. cereus PSU3874, L. monocytogenes PSU6205, S. aureus ATCC25923, E. coli ATCC25922, 
Salmonella sp. PSU411, V. cholerae PSU6072, and V. parahaemolyticus ATCC17802 were evaluated using MIC and 
MBC assays. The result demonstrates that both FCCE and DCCE could inhibit all tested bacteria at the same 
MIC values (8 mg/ml) (Table 4). All bacterial strains in this investigation had MBC values greater than 16 
mg/ml. This was consistent with previous studies showing that Chinese chives have inhibitory effects on 
Gram-positive and Gram-negative bacteria [11, 19]. In this study, one of the major components present in 
FCCE and DCCE is 2-methoxy-4-vinylphenol. This compound has been found to interact with DNA gyrase 
required for DNA synthesis and lipoprotein of the bacterial cell wall [19]. Thus, the inhibition of these targets 
could contribute to the antibacterial efficacy of the extracts. Both FCCE and DCCE extracts contain very similar 
active compounds responsible for antibacterial activity. Consequently, if the active ingredients are consistently 
present in both extracts at similar concentrations, they would exert comparable inhibitory effects on the 
bacterial strains. The bacterial strains tested might share a similar sensitivity profile to the compounds in both 
FCCE and DCCE, resulting in similar MIC values. This suggests that Chinese chives may contain a relatively 
narrow range of compounds with antibacterial properties. The MIC values could be consistently the same if 
the extracts mainly consist of a few key active compounds effective against the tested bacterial strains [36, 37]. 

In a previous study, Chinese chives extracted from water could inhibit E. coli, L. monocytogenes, and V.  
parahaemolyticus with an inhibitory zone of 15, 10, and 14 mm, respectively. However, it could not inhibit S.  
aureus by a disc diffusion assay [38]. In addition, Chinese chives crude extract obtained by steam distillation 
for 2.5 hours at a concentration of 75 mg/ml could inhibit both Gram-positive and Gram-negative bacteria with 
the inhibitory zone of 0.688 ± 0.023 cm against B. cereus and L. monocytogenes [10].  Moreover, the antibacterial 
study of Chinese chives extract based on the serial double dilution method has indicated that both water and 
ethanolic extracts exhibited good efficacy against E. coli at a MIC value of 64 µg/ml [35]. Consequently, this 
study demonstrated the potential of Chinese chive extracts as an antibacterial agent against important food 
pathogenic bacteria. 
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Table 4. The MIC and MBC values of Chinese chive extracts against various food pathogenic bacteria. 

Bacteria 
MIC (mg/ml) MBC (mg/ml) 

FCCE DCCE FCCE DCCE 

Bacillus cereus PSU3874 8 8 >16 >16 

Listeria monocytogenes PSU6205 8 8 >16 >16 

Staphylococcus aureus ATCC25923 8 8 >16 >16 

Escherichia coli ATCC25922 8 8 >16 >16 

Salmonella sp. PSU411 8 8 >16 >16 

Vibrio cholerae PSU6072 8 8 >16 >16 

Vibrio parahaemolyticus ATCC17802 8 8 >16 >16 

4. Conclusions 
The study results indicate the good antibacterial and antioxidant properties of Chinese chive extracts, 

mainly due to phytochemical compounds. Therefore, the extracts from fresh or dried leaves could be applied 
as natural ingredients in functional food products. The study highlights that the promising activities of 
Chinese chive extracts could attributed to the presence of phytochemical compounds in the plant. These 
bioactive compounds, commonly found in plants, offer various health benefits. Furthermore, the study 
emphasizes the distinct culinary uses of fresh and dried Chinese chive leaves. Fresh leaves add vibrant color, 
crisp texture, and a strong flavor to dishes, while dried leaves offer a more concentrated and potent taste and 
an extended shelf life. Although the drying process may lead to a slight reduction in heat-sensitive vitamins, 
dried chives retain essential nutrients, making them a practical choice for enhancing the nutritional content of 
meals. The valuable properties of Chinese chive extracts, whether derived from fresh or dried leaves, hold 
potential as natural ingredients for functional food products. Utilizing these extracts in such applications can 
offer health benefits and enhance the overall flavor of foods. 
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Abstract: Bioethanol and biogas production from oil palm trunk (OPT) and 
oil palm frond (OPF) investigated within a biorefinery concept. Firstly, 
bioethanol production from OPT and OPF pretreated two-stage steam 
explosion by comparing with enzyme hydrolysis and without enzyme 
hydrolysis in the SSF process, which used S. cerevisiae in fermentation. The 
amount of bioethanol increased rapidly, which was stable when the 
fermentation process entered 96 hrs, resulting in the highest amount of 
bioethanol produced from OPF and OPT equal to 0.31 and 0.40 g ethanol/g 
glucose of bioethanol yield, which was about 24.96% and 25.99% higher than 
the non-enzymatic fermentation of OPF and OPT. The total stillage from OPT 
and OPF distillation produced a methane yield of 164.38 ml/CH4 g COD at 30 
days of HRT and an organic loading rate (OLR) of 12.45 g COD/L-day. Biofuels 
in the biorefinery concept of OPF/OPT material at 1,000 kg produced 
bioethanol, biogas, and solid residue as 49 L at 95% bioethanol, 7,116 L at 
63.05% of methane composition, and 13 kilograms of solid residue. 

Keywords: Bioethanol; Biogas; Two-stage steam explosion; Biorefinery 

1. Introduction 
Problems arising from the use of renewable energy in the form of bioethanol 
are mainly problems such as raw material problems. Presently, bioethanol 
production mainly uses sugarcane and cassava, the main raw material that is 
a food source for humans [1]. Still, it would not be easy to use sugarcane and 
cassava to produce all bioethanol because it infringes on the food supply of 
people. It affects the food security of the country. Therefore, there should be 
new sources of raw materials to replace such raw materials to achieve food and 
energy security at the same time. Another exciting raw material is biomass 
from palm oil. The government has focused on promoting the planting area to 
10 million rai by the year 2029 to increase the amount of palm bunch raw 
materials that will be supplied to the palm oil industry for crude oil for 
processing into biodiesel. The palm oil industry has a large amount of 
lignocellulose biomass waste. Significantly, the oil palm trunk is cut after the 
oil palm tree is over 25 years old and the oil palm leaf is cut down every 2 
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weeks or with the harvesting of the oil palm fruit. Each year, approximately 1,000 palm oil palms are cut down 
20,000-45,000 rai with biomass from oil palm trunks of about 400,000-900,000 million trees and biomass from 
oil palm leaves of approximately 7,050,000 tons, which biomass not used maximizes the benefits in the 
industry. Considering the composition of biomass from different parts of oil palm trunk and oil palm fronds, 
it was found that the main constituents were cellulose 40-50%, hemicellulose 20-35%, and lignin 16-29% [2]. 
The hemicellulose content of palm oil palm trees is as high as 34%, with hemicellulose being an exciting part 
as its main constituents are pentose and hexose sugar. If processed or pretreated, it can be used as a substrate 
in the fermentation process to produce bioethanol. Biorefineries, which produce various products and co-
products such as biofuels, heat, and electricity, have attracted attention in recent years [3]. Biorefineries can 
convert biomass into valuable biomaterials and energy carriers in an integrated manner. This maximizes the 
economic value of the biomass used while reducing the waste stream generated [4]. Developing several 
biofuel-based lignocellulosic biorefineries is a significant opportunity to increase material and energy 
efficiency and reduce the cost of biomass options to reduce greenhouse gas emissions [5]. However, the main 
problem of bioethanol production from lignocellulosic materials. is the problem of raw materials. There is also 
a problem with efficiency and the cost of the pretreatment process [6]. A good hydrolysis process will affect 
the bioethanol yield because good hydrolysis and pretreatment have the least amount of inhibitors to occur. 
Inhibitors in lignocellulosic hydrolysates consist of aliphatic acids (i.e., acetic, formic, and levulinic acid), for 
aldehydes (i.e., 5-hydroxymethylfurfural (HMF), and furfural), aromatic compounds (i.e.phenolics) and 
extractives; all of which affect ethanol fermentation [7]. These substances are toxic to fermenting 
microorganisms, resulting in decreased bioethanol yield. Jonsson and Matin [8] reported that the disadvantage 
of using sulfuric acid pretreatment was the formation of inhibitory by-products. Additionally, the advantage 
of hydrothermal pretreatment by controlling the pH around neutral values was the decreased amount of 
fermentation inhibitors [9]. 

In this experiment, the methods of conditioning and hydrolysis of oil palm biomass, including oil 
palm trunk and oil palm frond, were selected by the two-stage steam explosion, which is likely to be effective 
in destroying the structure of lignocellulose materials well and have less toxicity compared to other methods 
such as using acids or alkali pretreatment. In addition, this method is likely to cost less than using enzymes. 
Using two-step pretreatment can reduce the cost of the bioethanol production process. 

2. Materials and Methods 
2.1 Preparation of materials 

Prepare raw materials from oil palm trunk (OPT) and oil palm frond (OPF) of fresh oil palm by OPTs 
are peeled and OPFs cut off leaves by using OPT and OPF aged 25-30 years from farmers in Khuan Kalong 
District, Satun Province. After that, it is cut into pieces about 50-100 cm be able to enter the chipper, which will 
obtain a sample size of about 2-4 cm. After that, the samples of OPT and OPF were squeezed by a screw press 
juicer. After that, the juice from the OPT and OPF is filtered and stored in a cold room at -20 °C for preservation. 
The residues or solids of OPT and OPF were dried at 103-105 °C for 24 hrs. The samples were stored in zipped 
plastic bags to prevent moisture.  

 
2.2 Pretreatment method 

Steam explosion pretreatment was performed in a 98 L capacity reactor with a maximum steam output 
of 12 bar. OPF and OPT samples amounting to 150 g were treated for the first and two steps by steam explosion 
pretreatment (Figure 1) by steam explosion conditions as in Table 1, then filtered to separate the solid from 
the solution to remove only the insoluble solids and washed with distilled water until the pH was neutral. The 
solids were then dried at 103-105°C for 24 hours to evaporate moisture. The samples were analyzed for 
cellulose, hemicellulose, and lignin content.  Samples undergoing a 2-stage steam explosion are fed into the 
fermentation process for bioethanol. It will be divided into 2 parts to compare the use of enzymes and non-
enzymes during fermentation. 
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Figure 1. Steam explosion equipment 

Table 1. Conditions for pretreatment method using experiment 

First-steam explosion pretreatment Second- steam explosion pretreatment 

Temperature (๐C) Pressure (bar) Time (min) Temperature (๐C) Pressure (bar) Time (min) 
160 4 30 230 10 3 

 
2.3 Inoculum 

Yeast cultures were stored on YM agar medium at 4 °C (refrigerator). Saccharomyces cerevisiae TISTR 
5339 was transferred from a solid medium into a liquid medium (YM broth) and cultured at 37 °C for 48 hrs at a 
rate of 100 rpm. Then, it measured the turbidity at the absorbance (OD620) using 10% (v/v) as the starter culture. 

 
2.4 Simultaneous Saccharification and Fermentation (SSF) for bioethanol production 
 2.4.1 SSF without enzymatic hydrolysis 
 Take 10% by weight of the samples from section 2.2 (OPT and OPF) without enzymatic hydrolysis in 
a 250 ml flask, add 5 ml of 5M Citrate buffer (pH 4.8) and 85 ml of distilled water, and sterilize at 121 °C for 15 
minutes. Set aside to cool to room temperature, 10% (v/v) S. cerevisiae and 1% (v/v) yeast extract (10.0 g/l) was 
added and shaken at 150 rpm for 72 hrs in a 250 ml flask. Samples were collected and analyzed at 0, 24, 48, 72, 
and 96 hrs for analysis of reducing sugar content and bioethanol content. 

2.4.2 SSF using enzymatic hydrolysis 
 Take the sample from 10% by weight, put it in a 250 ml flask, and add 5 ml of 5M Citrate buffer (pH 
4.8) and 85 ml of distilled water. Sterilized at 121 °C for 15 min, then 3% wt% of CellicR CTec2 (Cellulase + β-
glucosidase) was added and incubated at 55 °C and shaken at 150 rpm for 72 hrs. Samples were analyzed at 0, 
24, 48, 72, and 96 hrs. After that, 10% (v/v) S. cerevisiae and 1% (v/v) yeast extract (10.0 g/l) were added and 
stirred at 150 rpm for 48 hrs. Samples were collected and analyzed at 0, 24, 48, 72, and 96 hrs to explore reduced 
sugar and bioethanol content. 
 
2.5 Biogas production  
 Take the total stillage from the bioethanol distillation process and operate the system with a 200-liter 
CSTR reactor for biogas production. The conditions will be studied in different HRTs as follows: 35, 30, 25, 
and 20 days to define the optimal conditions of the experiment in the highest biogas production. 
 
2.6 Analytical methods 

The Van Soest method determined the chemical composition (cellulose, hemicellulose, and lignin) 
[10]. The chemical composition of the distillery slop was analyzed using the Standard method [11]. The total 
sugars were analyzed by high-performance liquid chromatography (HPLC) with a refractive index detector 
at 50 ๐C. 5.0 μl of samples were injected into a column (SH1011, 8.0x300 nm, Shodex) with 0.04 N H2SO4 as the 
mobile phase (flow rate 0.8 ml/min). The running time of the samples was 20 min. The dichromate reagent 
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method determined the bioethanol concentration [12]. pH was measured by using a pH meter (Horiba, Japan). 
Chemical oxygen demand (COD), total solid (TS), volatile solid (VS), total nitrogen (TN), protein, 
carbohydrate, and fat were analyzed following the procedures explained in the Standard Method [11]. The 
volume of biogas was measured by water replacement and biogas composition was monitored by gas 
chromatograph GC-8APT with a thermal conductivity detector (TCD)[13]. Gas chromatograph GC-8APF 
analyzed the VFA with a flame ionization detector (FID) [13]. 

3. Results and Discussion 
 

3.1 Effect of pretreated first-steam explosion  
OPF (untreated) before conditioning contained cellulose hemicellulose and lignin were 35.83, 26.79, 

and 26.33 percent, respectively, and OPT (untreated), before pretreatment, had cellulose hemicellulose and 
lignin were 43.76, 29.53, and 21.64 %, respectively (Table 1) which cellulose after pretreatment of OPF and OPT 
increased as 44.17 and 53.82 %. Because the result of the first-steam explosion pretreatment caused internal 
swelling to increase the reaction surface area of cellulose was increased porosity, reduced crystallinity, and 
degraded macro polymerization (Figure 2), affecting the amount of cellulose increased. After pretreatment, 
hemicellulose of OPF and OPT was decreased by 18.35% and 20.62% due to the hemicellulose portion 
dissolving with steam when pretreated by steam explosion. Lignin after pretreatment of OPF and OPT 
increased to 35.00% and 23.77% due to the limitation of the steam explosion pretreatment. Degradation of 
lignin is often incomplete because the pressure used for first-steam explosion pretreatment was not high 
enough when reducing the pressure effect of lignin did not escape. 

Table 1. Effect of two-stage steam explosion pretreatment on the chemical composition of OPT and OPF. 

Pretreatment Composition 

Percent (w/w) 
Raw 

material 
(Untreated) 

First stream 
explosion 

Second stream 
explosion 

OPF 
 

Cellulose 35.83 ± 1.53 44.17 ± 3.25 55.15 ± 1.27 
Hemicellulose 26.73 ± 1.32 18.35 ± 3.50 5.78 ± 1.50 
Lignin 26.33 ± 1.25 35.00 ± 2.17 38.44 ± 2.17 

OPT 
 

Cellulose 43.76 ± 1.05 53.82 ± 2.45 63.22 ± 2.14 
Hemicellulose 29.53 ± 1.28 20.62 ± 5.50 4.58 ± 1.25 
Lignin 21.64 ± 1.32 23.77 ± 3.82 31.08 ± 1.58 

 

3.2 Effect of pretreated second-steam explosion  
 Take the sample in the first stream explosion for further conditioning with the second stream 
explosion (230 °C, pressure 10 bar, for 3 mins). The results showed that by steam explosion pretreatment in 
step 2, the cellulose content of OPF and OPT increased by 55.15% and 63.22% (Table 1). The second 
pretreatment resulted in a marked decrease in hemicellulose after the pretreatment of OPF and OPT to only 
5.78% and 4.58%. The hemicellulose content decreased due to the dissolution of the hemicellulose by the 
second steam explosion pretreatment (Figure 3). The lignin content after the pretreatment of OPF and OPT 
increased to 38.44 and 31.08 percent because the condition of the steam explosion was more severe. Still, the 
second steam explosion pretreatment depolymerized lignocellulose polymer structures and breakage of 
crosslinking between macromolecules affecting the amount of cellulose enhanced. 

SEM images of untreated OPF and OPT are shown in A1 and A2 in Figures 2 and 3. It observed that 
the structure of the tested sample remains intact and firmly connected. The untreated samples contain higher 
amounts of lignin, which protects cellulose and hemicellulose from degradation. Therefore, lignin removal in 
sugar recovery required pretreatment by steam explosion. After the second-steam explosion pretreatment, the 
structure mesocarp fiber of OPT and OPF was destroyed, and the wall of the fibers was ruptured entirely, as 
shown in B1 and B2 in Figures 2 and 3. Jacque et al. [14] reported that pretreated steam explosion is a thermo-
mechanicochemical pretreatment that allows the destruction of lignocellulose structure by heating, the 
formation of organic acids in the process, and shearing forces resulting in the expansion of the moisture, resulting in 
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more surface area and higher effect to enhance the enzyme hydrolysis process, increased to produce reducing 
sugar in bioethanol production. 
 

 

 
Figure 2. Morphology of OPT at 1,000 and 2,000 x magnification: (A1) and (A2) Untreated OPT, (B1) and (B2) 

Pretreated first-steam explosion  

 

 
Figure 3. Morphology of OPF at 1,000 and 2,000 x magnification: (A1) and (A2) Untreated OPF, (B1) and (B2) 

Pretreatted second-steam explosion pretreatment 
 
3.3 SSF without enzymatic hydrolysis to produce bioethanol 

After a two-stage steam explosion, samples of OPF and OPT were studied in SSF by non-adding 
enzymatic to hydrolysis process for producing bioethanol. As a result of the two-stage steam explosion, the 
cellulose content explodes violently and breaks down to more glucose without the use of enzymes. The glucose 
contents of OPF and OPT after the two-stage steam explosion were 21.75 and 35.65 g/l, which the S. cerevisiae 
could use for bioethanol production. After 96 hours, 27.12 and 35.44 g/l of bioethanol (0.25 and 0.33 g ethanol/g 
glucose of bioethanol yield) from OPF and OPT could be produced without enzyme addition (Figure 4). The 
maximum bioethanol content of sugarcane bagasse was 21 g/l by H2O2 pretreatment using S. cerevisiae in SSF 
fermentation [15]. Zuo et al. [16] reported that corn stover could produce bioethanol 36.1 g/l by 1 % NaOH+8 % 
NH4OH pretreatment using Pichiastipitis in SSF fermentation, similar to this experiment.  
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Figure 4. Glucose utilization and bioethanol production of OPF and OPT after the two-stage steam explosion 

(without enzyme) 
 

3.4 SSF using enzymatic hydrolysis to produce bioethanol 
Samples of OPF and OPT after a pretreated two-stage steam explosion were studied in SSF, in which 

enzymes are added to the hydrolysis process to produce bioethanol. Samples were collected and analyzed for 
glucose and bioethanol content at 0, 12, 24, 36, 48, 60, 72, 84, and 96 hrs. The experimental results showed 
cellulose was digested into glucose after adding an enzyme. The OPF glucose content increased from 21.75 to 
35.76 g/l, and OPT increased from 35.65 to 46.88 g/l within 12 hours. After 12 hrs, the glucose decreased sharply 
because of the use of glucose by S. cerevisiae to produce bioethanol. As a result, the amount of bioethanol 
increased rapidly, which was stable when the fermentation process entered 96 hrs, resulting in the highest 
amount of bioethanol produced from OPF and OPT were 33.89 and 44.65 g/l (Figure 5) or 0.31 and 0.40 g 
ethanol/g glucose of bioethanol yield, which was about 24.96% and 25.99% higher than compared with the 
non-enzymatic fermentation (27.12 and 35.44 g/l of bioethanol) of OPF and OPT, respectively. Similarly, 
enzymatic hydrolysis and subsequent fermentation of cellulose yielded 0.41 g-ethanol/g-glucose from wheat 
straw[17]. 

 
Figure 5. Glucose utilization and bioethanol production of OPF and OPT after the two-stage steam explosion 

(using enzyme) 
 
3.5 Biogas production from total stillage  

Total stillage is the total wastewater obtained after distillation of OPF and OPT of the bioethanol. The 
chemical characterization of the total stillage is shown in Table 2. The total stillage was operated in a CSTR 
reactor sizing 200 L to produce biogas in a continuous system. The operation was performed during the HRT 
as follows: 35, 30, 25, and 20 days, respectively. During 30 days of HRT, the daily methane production and 
maximum methane production were 116,000 ml CH4/day (116 L CH4/day) at 63.05 percent methane 
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concentration (Figures 6 and 7), followed by a hydraulic retention time of 35 days, with the highest daily 
methane yield and methane production rate of 88,000 ml CH4/day (88 L CH4/day) at 59.06% methane 
concentration. At 25 days of HRT, the maximum methane production was 64,000 ml CH4/day (64 L CH4/day) 
at 54.20% methane concentration. HRT at 20 days had the highest daily methane yield and methane production 
rate of 40,000 ml CH4/day (40 L CH4/day) at 52.87 % concentration of methane gas, respectively. Daily methane 
yield from continuous fermentation of distillery slop was studied using a 200-liter CSTR reactor. It found that 
day 63 yielded the highest daily methane yield. The 30-day of HRT yielded the highest daily methane yield of 
164.38 ml/CH4 g COD (Figure 7), which was calculated from the organic loading rate (OLR) of 12.45 g COD/L-
day, followed by the hydraulic retention time of 35 days, 25, and 20 days, which result in the highest daily 
methane yield of 149.88 ml/CH4 gCOD, 70.87 ml/ CH4 gCOD and 32.07 ml/CH4 g COD, calculated from organic 
loading rates (OLR) of 9.96, 16.44 and 24.90 g COD/L-day, respectively. At 30 days of HRT (optimal), the 
methane yield was 164.38 ml CH4/g COD. Kaparaju et al. [17] reported that methane yield from the stillage of 
wheat straw fermentation was 381 ml CH4/g VS-added. 

 
Table 2. The chemical characterization of the total stillage  

Chemical  
characterization 

Total stillage Stillage wheat straw  
[17] 

pH 4.8 4.0 
COD (g/L) 153 170.7 
VFA (g/L) 5.25 0.37 
TKN (g/L) 13.28 6.20 
TS (g/L) 28 19.6 
VS (g/L) 18 17.8 
Protein (g/L) 10.54 38.80 
Carbohydrate( g/L) 81.22 129.30 
Lipids(g/L) 1.67 0.93 
C/N ratio 13 - 

 

 
Figure 6. Methane production in a continuous system  
 

 
Figure 7. Methane concentration and methane yield in a continuous system  
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The volatile fatty acid (VFA) content study results showed that VFA composition increased with 
increasing organic matter input rate. The retention period was 30 days (maximum methane production). The 
VFAs in the system consisted of acetic and butyric acid as the major constituents, which ranged from 50-130 
mg/l (Figure 8), indicating that methane-producing microorganisms were good efficiently for using volatile 
fatty acids to produce methane. There is no accumulation of volatile fatty acids in the system, which results in 
the pH value of the system being neutral. This corresponds to the pH in the 30-day retention period, which is 
7.6-7.9 (Figure 8), indicating that the pH in the system is neutral. It is suitable for the growth of methane-
producing microorganisms. The optimum pH range for methanogenesis in anaerobic systems is usually 
between 6 and 8 [18]. Franke Whittle et al. [19] noted that accumulation in most situations reflects an imbalance 
between acid producers and consumers. This leads to decreased pH within the system, inhibiting methanogen 
growth. Mass flow rates in the studied biorefinery concept were calculated based on the number of sugars and 
their conversion to various biofuels/products [17]. So, biofuels in the biorefinery concept of OPF/OPT material 
at 1,000 kg could produce bioethanol, biogas, and solid residue as 49 L at 95% bioethanol, 7,116 L at 63.05% of 
methane composition, and 13 kilograms of solid residue (Figure 9). 

 

 
 
Figure 8. VFA concentration in a continuous system 
 

  
 
Figure 9. Mass flow in the biorefinery process 
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4. Conclusions 
Two-stage steam explosion pretreatment of OPF and OPT could destroy the pores structure formed 

on the fiber when the lignin was solubilized and removed, resulting in more surface area and higher effect to 
enhance the enzyme hydrolysis process, increased to produce reducing sugar in bioethanol production. The 
optimization in bioethanol production compared between using enzyme and without enzyme SSF, without 
enzyme could produce maxed bioethanol from OPF and OPT was 27.12 (0.25 g ethanol/g glucose) and 35.44 
g/l (0.33 g ethanol/g glucose) and with enzyme could produce maxed bioethanol 33.89 and 44.65 g/l (0.31 and 
0.40 g ethanol/g glucose) of OPF and OPT  which were 24.96 and 25.99 % higher than those of without 
enzymatic fermentation. Methane yield from total stillage in the CSTR reactor was 164.38 ml/CH4 g COD. 
Increasing sugar content discharged from OPF and OPT by two-stage steam explosion pretreatment has 
produced biofuels (bioethanol and biogas) in production-based biorefineries. 
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Abstract: Light curve analysis investigated the orbital period variations of 
the short period, overcontact eclipsing binary system, and V417 Aquilae (V417 
Aql). The system was observed using a 0.70-meter telescope with a CCD 
photometric system using B and V filters at the Regional Observatory for the 
Public, Songkhla, Thailand, on 2 July 2021 UT. The light curve constructed by 
the photometric method for each filter was analyzed to find the period change 
of the system. It is found that the V417 Aql system is undergoing a long-term 
decrease of rate 0.00251 seconds/year. The reduction in the period showed that 
the distance between the stars was decreased according to Angular 
Momentum Loss (AML) theory. V417 Aql residuals tend to be periodic, 
indicating there might be a third body in the system. The calculation shows 
that the third body’s distance, period, and mass function are about 1.97 AU, 
47.7 years, and 0.19Mʘ, respectively.  

Keywords: Binary stars; V417 Aql 

1. Introduction 
V417 Aql [(2000) = 19h 35m 24.1219s, (2000) = +05 50 17.656] are 

classified as W Ursae Majoris (W UMa) binaries. They are over-contact 
eclipsing binary stars with short orbital periods. The effective temperatures of 
both components are very similar. The depth of the primary eclipse and the 
second one are close. There are two types of W UMa: A-type (the brighter and 
hotter star has a smaller size and mass) and W-type (the brighter and hotter 
star has a bigger size and mass). Some binary star systems can return between 
A-type and W-type. 

The V417 Aql system has a short period that constantly changes. The 
eclipsing binary V417 Aql system was discovered by Hoffmeister [1]. In 1937, 
Soloviev [2-3] classified it as W UMa type with a period of 0.37 days. Koch [4] 
identified it as a strongly interacting solar-type binary system. Many studies 
indicate that their period is decreasing and a third body may be in the system. 
Samec [5] concluded that V417 Aql was a W-type W UMa system with a 25-
minute time of constant light in the primary minimum. The system consisted 
of a GO V spectral type primary component and an F9 V spectral type 
secondary component with a mass ratio of q0.37 and might evolve into an A-
type W UMa binary. Lu et al. [6] found that the spectroscopic mass ratio value 
q equals 0.362. By combining the photometric solution of Samec et al. with their 
radial velocity solution, the following absolute parameters could be derived: 
a=2.68Rʘ, side radii R1=1.29 Rʘ, and R2=0.80 Rʘ, and mass M1=1.40Mʘ, M2=0.50Mʘ. 
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The degree of contact was 19%. According to the study of Qian [7], a long-term period of V417 Aql was 
decreased with the value of dP/dt equal to -5.5010-8 days/year. The long-term period variation was consistent 
with the study of Qian [8].  There is a suggestion of no third body in the system. The asymmetries in the light 
curve may be caused by the components' solar-type magnetic activity, and V417 Aql is an A-type in a deep 
contact configuration [9].  

The objective of this study is to analyze the change in the period of V417 Aql. In this paper, the light  
curve is obtained from photometric observations in B and V wavelength bands. 

2. Materials and Methods 

2.1 Light curve analysis 
 An eclipsing binary normally consists of stars orbiting each other in space concerning the Earth. The 

light of one can be obscured behind the other. The total light observed from the earth could be decreased when 
the eclipse occurs. The light curve is temporal data that records a decrease or increase in light from the binary 
system over a complete light cycle. It has been widely used to study the characteristics of the binary star. The 
curve indicates the orbital orientation of the system observed on the Earth. If the brighter star orbits behind 
the lesser one, there will be a significant decrease in minimum light, called the primary minimum: Min I. 
Likewise, if a less brightness star is obscured, the light curve will reduce to minimum light with less volume 
than the primary minimum. This minimum is called the secondary minimum: Min II.  For the W UMa binary, 
in which the depth of the primary and secondary eclipse is close to each other, Min I and Min II are not much 
different. 

2.2 O-C 
   The time of the minimum of the light curve will vary according to the number of periods according 

to the Linear Ephemeris equation as follows: 

                            HJD = HJD0 + PE                                            (1) 

 The period change is achieved from the analysis of the O-C diagram, which can be described 
as follows: 

               O-C = (P - Pest) E                    (2) 

O and C are observed, and the time of minimum light. At the same time, Pest and P are the orbital 
periods of a binary star system calculated from the ephemeris linear equation and observation, respectively. 
If the O-C diagram has a parabolic distribution, then 

             O-C = aE2+ bE +c = (P - Pest)E                     (3) 

                               
dP
dE

 E+(P-Pest)=2aE+b                    (4) 

So, the change in period dP/dE is equal to 2a. The value of “a” can be obtained from the quadratic 
polynomial fitting method. 

2.3 Third body 
    Some binary star systems consist of more than two members, known as "multiple star systems.” 

The third object could be a star or a planet. The existence of the third member affects some properties of the 
system. For example, the total mass comprises the masses of binary stars and the third body. The amount of 
light observed consists of the light from the three objects.  

(The third body's light is considered constant). The small mass of the third body function can be 
calculated using the following equation. 
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                  f(m)=  
m3

3

m1+m2+m3
 sin3i' = 

1
P'2 (a'sini')

3
                       (5) 

 
When m1, m2, and m3 are the masses of the first, the second, and the third component, respectively. 

The i’ is the inclination, a’ is the distance of the third body from the binary system, and P’ is the orbital period of it. 

3. Results and Discussion 
V417 Aql was observed using a 0.70-meter telescope with a CCD photometric system using the 

standard B and V filters at the Regional Observatory for the Public, Songkhla, Thailand, on 2 July 2021 UT. 
The exposure time for each filter was 60 seconds. 

The temporal flux of the binary archived from the observation using the standard B and V filters was 
plotted, as shown in Figure 1. 

 
Figure 1. The light curve of V417 Aql in V filter (green dots) and B filter (blue dots) 

The minimum time of V417 Aql can be obtained from the second-order ordinary differential 
equations. Each minimum is the average value of the minimum of B and V filters.  The fittings of the light 
curve obtained from the observations using B and V filters considering only the first and secondary eclipse 
parts are shown in Figure 2. 
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(a)            (b) 

 
  (c)        (d) 

 
Figure 2. The ODE fits show the primary and secondary minimum eclipse depths obtained from the observation 

with B [(a) and (b)] and V [(c) and (d)] filters, respectively. 

In the ordinary differential equation (ODE) from Figure 2, we got the average of the first time of 
minimum is equal to 0.120641822 and 0.311703 for the second one. 

The following linear ephemeris (Eq.6) derived by Qian [7-8] along with the database of eclipsing binary O-
C Files by Bob Nelson, AAVSO [10] was used to calculate the O–C values of all the times of minimum light. 

                     HJD Min = 2449546.4983+0.37031178E                       (6) 
 
The corresponding O-C diagram is shown in Figure 3. The data during the secondary minimum seems 

to be very scattered; this could result from the existence of clouds along with the low transparency of the sky 
on the day of the observation. 

The times of minimum light of V417 Aql are displayed in Table 1, and the O-C diagram is shown in 
Figure 3. 
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Table 1. The times of minimum light of V417 Aql. 
 

HJD Min Epoc O-C Source 

2428427.127 -57031 -0.12017 CTAD 22 

2428427.132 -57031 -0.11517 IBVS 6091 

2428428.241 -57028 -0.11711 CTAD 22 

2428429.165 -
57025.5 -0.11889 Samec 1997 

2428429.344 -57025 -0.12505 CTAD 22 

2428430.266 -
57022.5 -0.12882 Samec 1997 

2428431.196 -57020 -0.1246 CTAD 22 

2428460.253 -
56941.5 -0.13708 Samec 1997 

2428775.223 -56091 -0.11725 PZ 6.287 

2428776.146 -
56088.5 -0.12003 PZ 6.287 

2430583.266 -
51208.5 -0.12151 PZ 6.287 

2430583.46 -51208 -0.11267 PZ 6.287 

2431328.352 -
49196.5 -0.10282 IODE 1.1.38 

2431329.27 -49194 -0.11059 IODE 1.1.38 

2431340.2 -
49164.5 -0.10479 IODE 1.1.38 

2431342.229 -49159 -0.11251 IODE 1.1.38 

2431344.271 -
49153.5 -0.10722 IODE 1.1.38 

2431345.2 -49151 -0.104 IODE 1.1.38 

2431346.306 -49148 -0.10894 IODE 1.1.38 

2431347.232 -
49145.5 -0.10872 IODE 1.1.38 

2432385.409 -46342 -0.10079 IODE 1.1.41 

2432392.441 -46323 -0.10472 IODE 1.1.41 

2432415.399 -46261 -0.10605 IODE 1.1.41 

2434922.819 -39490 -0.06711 AJ 61.47 

2441135.405 -
22713.5 -0.01668 BBSAG 

Bull...31 

2441135.405 -
22713.5 -0.01668 BBSAG 

Bull...31 

2442990.498 -17704 -0.00055 BBSAG 
Bull.29 

2443016.404 -17634 -0.01637 GCVS 4 

2443016.414 -17634 -0.00637 BBSAG 
Bull.29 

2443765.379 -
15611.5 0.003053 BBSAG 

Bull.39 

2444476.35 -
13691.5 -0.02456 BBSAG 

Bull.49 

2444486.367 -
13664.5 -0.00598 BBSAG 

Bull.50 

2444815.397 -12776 0.002001 BBSAG 
Bull.56 

2444852.43 -12676 0.003823 BAVM 34 

2444875.384 -12614 -0.00151 BAVM 34 

2444878.347 -12606 -0.001 BAVM 34 

2444885.383 -12587 -0.00093 BAVM 34 

2445196.447 -11747 0.00128 Samec 1997 

2445225.333 -11669 0.002861 BAVR 
33.152 

2445225.35 -11669 0.019861 IBVS 2344 

2445542.689 -10812 0.002065 IBVS 2439 

2445550.651 -
10790.5 0.001762 IBVS 2439 

2445554.723 -
10779.5 0.000933 IBVS 2439 

2445558.438 -
10769.5 0.012415 BAVM 38 

2445575.647 -10723 0.001717 IBVS 2439 

2445583.434 -10702 0.01237 BAVR 
33.157 

2445605.642 -10642 0.001263 IBVS 2439 

2445892.447 -9867.5 0.000189 BBSAG 
Bull.73 

2445911.518 -9816 0.000132 BAVM 39 

HJD Min Epoch O-C Source 

2445935.404 -9751.5 0.000623 Samec 1997 

2445945.399 -9724.5 -0.0024 BAVM 39 

2445962.622 -9678 0.001207 Samec 1997 

2446263.13 -8866.5 0.001097 VSB 47 

2446676.379 -7750.5 -0.01785 BBSAG 
Bull.81 

2446679.347 -7742.5 -0.01234 BAVM 46 

2446696.39 -7696.5 -0.00369 BBSAG 
Bull.82 

2446702.311 -7680.5 -0.00767 BBSAG 
Bull.82 

2446977.454 -6937.5 -0.00603 Samec 1997 

2446982.457 -6924 -0.00304 BAVM 50 

2447407.397 -5776.5 0.004697 BBSAG 
Bull.89 

2447412.397 -5763 0.005488 BBSAG 
Bull.89 

2447432.386 -5709 -0.00235 BBSAG 
Bull.90 

2448163.382 -3735 -0.0018 BBSAG 
Bull.96 

2448448.522 -2965 -0.00217 Samec 1997 

2448476.49 -2889.5 0.007588 BAVM 60 

2448490.365 -2852 -0.0041 BBSAG 
Bull.99 

2448500.366 -2825 -0.00162 BAVM 60 

2448500.366 -2825 -0.00152 Samec 1997 

2448500.366 -2825 -0.00142 BAVM 60 

2448843.46 -1898.5 -0.00139 BBSAG 
Bull.102 

2449546.498 0 -0.0008 IBVS 4222 

2449546.498 0 -0.0004 Samec 1997 

2449546.498 0 0 IBVS 4222 

2449568.531 59.5 -0.00055 IBVS 4222 

2449568.531 59.5 -0.00045 IBVS 4222 

2449568.531 59.5 -0.00045 Samec 1997 

2449571.495 67.5 0.000655 BBSAG 
Bull.108 

2449917.92 1003 -0.00102 Samec 1997 

2449918.845 1005.5 -0.00139 Samec 1997 

2449919.956 1008.5 -0.00143 Samec 1997 

2449920.696 1010.5 -0.00195 Samec 1997 

2449920.883 1011 -0.00091 Samec 1997 

2449921.439 1012.5 -0.00048 IBVS 4383 

2449921.808 1013.5 -0.00119 Samec 1997 

2449922.918 1016.5 -0.00192 Samec 1997 

2449959.382 1115 -0.01393 BBSAG 
Bull.113 

2449962.361 1123 0.002571 BBSAG 
Bull.113 

2450303.416 2044 -7.8E-05 IBVS 4472 

2450312.488 2068.5 -0.00022 BBSAG 
Bull.114 

2450315.451 2076.5 0.000389 IBVS 4472 

2450315.452 2076.5 0.000989 IBVS 4472 

2451016.453 3969.5 0.002489 IBVS 4711 

2451378.435 4947 0.004724 BAVM 132 

2451378.436 4947 0.005024 IBVS 5106 

2451378.436 4947 0.005224 BAVM 132 

2451388.435 4974 0.005706 IBVS 5106 

2451747.453 5943.5 0.006236 IBVS 5296 

2452448.457 7836.5 0.010136 IBVS 5594 

2452469.377 7893 0.00802 IBVS 6158 

HJD Min Epoch O-C Source 

2452469.563 7893.5 0.008565 IBVS 6158 

2452470.488 7896 0.008085 IBVS 6158 

2452489.376 7947 0.009764 IBVS 5594 

2452489.376 7947 0.009784 IBVS 5594 

2452498.078 7970.5 0.009558 VSB 40 

2452498.449 7971.5 0.009946 IBVS 5364 

2452504.378 7987.5 0.014357 IBVS 5438 

2452511.41 8006.5 0.010733 IBVS 5364 

2452847.469 8914 0.011693 IBVS 5676 

2453194.083 9850 0.013367 VSB 43 

2453222.412 9926.5 0.013916 IBVS 5741 

2453547.174 10803.5 0.012785 VSB 44 

2453584.022 10903 0.014363 VSB 44 

2453601.057 10949 0.014921 VSB 44 

2453910.452 11784.5 0.014829 IBVS 5802 

2453910.452 11784.5 0.014829 IBVS 5802 

2453933.414 11846.5 0.016698 IBVS 5761 

2453971.001 11948 0.017953 VSB 45 

2453973.037 11953.5 0.016538 VSB 45 

2454297.431 12829.5 0.017918 IBVS 5801 

2454299.467 12835 0.017104 IBVS 5801 

2454307.432 12856.5 0.0201 IBVS 6089 

2454317.062 12882.5 0.021894 VSB 46 

2454326.504 12908 0.021644 BAVM 193 

2454327.427 12910.5 0.018664 BAVM 193 

2454607.201 13666 0.021915 VSB 48 

2454706.445 13934 0.021957 BAVM 203 

2454707.37 13936.5 0.021378 BAVM 203 

2455028.06 14802.5 0.021277 VSB 50 

2455041.392 14838.5 0.022752 IBVS 5918 

2455056.389 14879 0.022025 IBVS 6088 

2455385.414 15767.5 0.024809 IBVS 5984 

2455418.371 15856.5 0.02426 IBVS 5984 

2455418.557 15857 0.024405 IBVS 5984 

2455795.535 16875 0.025213 BAVM 225 

2456154.37 17844 0.028558 IBVS 6090 

2456489.503 18749 0.028637 IBVS 6084 

2456525.421 18846 0.027294 IBVS 6084 

2456560.418 18940.5 0.029031 IBVS 6086 

2456834.45 19680.5 0.030214 IBVS 6149 

2456841.486 19699.5 0.03089 IBVS 6152 

2456842.412 19702 0.03061 IBVS 6152 

2456854.446 19734.5 0.030078 IBVS 6152 

2456857.41 19742.5 0.030883 IBVS 6152 

2456891.478 19834.5 0.03058 IBVS 6087 

2456924.435 19923.5 0.030051 IBVS 6152 

2456928.324 19934 0.030277 IBVS 6152 

2456929.435 19937 0.030642 IBVS 6152 

2459398.121 26603.5 0.032861 This work 

2459398.312 26604 0.038805 This work 
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Figure 3. (O−C) diagram of V417 Aql constructed using the linear ephemeris in equation [6] 

 The quadratic fitting method in Figure 3 (red line), we got the corresponding equation as follows 

              O-C = [-2.0264810-11(±1.3913110-12)] E2+ [1.2052110-16(±5.962510-8)] E+ 0.00723(±0.00087)          (8) 
 
When compared with the O-C and E relation (Eq.4), we got the value of dP/dE, which is equal to 2a 

as: 
dP
dE  = 2(-2.0264810-11) = - 0.00251 days/cycle  

The period of V417 Aql is decreasing with the rate -4.0529610-11 days/cycle or -0.00251 second/year. 
The reduction of the period is according to the other studies [7-8]. The decrease in the period showed that the 
distance between the stars was decreased according to Angular Momentum Loss (AML) theory. Angular 
momentum loss through magnetic braking and mass transfer leads to a period decrease. 

The residuals of V417 Aql are displayed in Figure 4. As shown in the figure, the plot reveals a cyclic 
variation. 

 
Figure 4. Residuals of V417 Aql 

 
Residuals tend to be periodic. The probable causes of period oscillation might be from the light-time 

effect via the third body in the system. We can probably assume that a third body exists in the system and the 
period oscillation is caused by its existence. The best solution to the periodic oscillation is shown as follows:  
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                 residual=0.002+0.01139(±0.00062)  sin ( Epoch−62475.65599
2352.42087 ( ±0.00897))                [7] 

 
According to equation [7], we can compute that the third body’s distance and period are 1.966830392 

AU and 47.70289105 years, respectively. A small mass function can be calculated using equation [7] along with 
the parameter archived from Lu et al. [6], then we got the mass function as 0.19121863Mʘ. V417 Aql was 
observed using a 0.70-meter telescope with a CCD photometric system using the standard B and V filters at 
the Regional Observatory for the Public, Songkhla, Thailand, on 2 July 2021 UT. The exposure time for all 
filters was 60 seconds. The light cure obtained from B and V CCD photometric was analyzed. From the 
polynomial equation, we got the average of the first and second minimum times equal to 0.120641822 and 
0.311703, respectively. The linear ephemeris derived by Qian [7-8], along with the database of eclipsing binary 
O-C Files by Bob Nelson, AAVSO [10] was used to calculate the O–C values of all the times of minimum light. 
The O-C diagram and quadratic and periodic fits are shown in Figure 5. 

 

 
Figure 5. The O-C diagram and the solution for a binary system V417 Aql 

 
The solution for the period change is as follows: 

O-C = (-2.0264810-11) E2 + (1.2052110-6) E + 0.00723 + 0.002 + 0.01139 sin ( 
Epoch-62475.65599

2352.42087
)     [8] 

The solution shows that the period of V417 ql is decreasing with the rate -4.0529610-11 days/cycle or 
0.00251 second/year. The decrease in the period showed that the distance between the stars was decreased 
according to Angular Momentum Loss (AML) theory. V417 Aql residuals tend to be periodic, indicating there 
might be a third body in the system. The sine-like term in equation [8] can fit the residuals so that we can 
assume the circular orbit of the third body. The calculation shows that the third body’s distance, period, and 
mass function are about 1.97 AU, 47.7 years, and 0.19Mʘ, respectively. 

4. Conclusions 
The comprehensive light curve analysis of V417 Aquilae (V417 Aql) has offered significant insights 

into the orbital variations of this short period, overcontact eclipsing binary system. Observations were 
meticulously conducted using a 0.70-meter telescope equipped with a CCD photometric system employing B 
and V filters at the Regional Observatory for the Public, Songkhla, Thailand, on 2 July 2021 UT. The detailed 
analysis of the constructed light curve for each filter provided an understanding of the period change of the 
V417 Aql system, revealing a notable long-term decrease at a rate of 0.00251 seconds/year. This consistent 
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reduction in the period underscores the diminishing distance between the stars, a phenomenon aligning with 
the Angular Momentum Loss (AML) theory. Furthermore, the analysis of V417 Aql residuals indicates a 
potential periodic tendency, suggesting the possible presence of a third body within the system. Calculations 
estimate the third body’s distance, period, and mass function at approximately 1.97 AU, 47.7 years, and 
0.19Mʘ, respectively, reinforcing the hypothesis of its existence within the V417 Aql system. This extensive 
investigation augments our understanding of the V417 Aql system and contributes to the broader knowledge 
of orbital period variations and third-body influences in eclipsing binary systems. The findings pave the way 
for further research and observation, providing a foundation for exploring similar celestial systems' intricate 
dynamics and characteristics. 
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Abstract: Chiang Mai, the largest city in northern Thailand, was once the capital 
of the ancient Lanna kingdom, founded by King Mangrai on 19 April 1296 
(Gregorian).  The historic city plan, which may have been influenced by Vaastu 
Shastra (an ancient Hindu knowledge of architecture), features almost a square 
shape with each side length ranging from 1.52 -1.57 kilometers, bordered by four 
walls facing the cardinal directions. However, a careful examination reveals that 
the east-west orientation of the city plan is tilted southeastward with an azimuth 
of 92.5°, prompting further investigation as to which method was used in the 
city’s orientation. Historically, two ways to lay out the directions were via the 
gnomon, such as the shortest shadow and the Indian circle methods, and via 
fixed stars. In this work, we carried out year-long measurements of the shortest 
shadow and the Indian circle methods and discovered that neither resulted in 
an error greater than 0.7°, allowing us to consider the orientation method as 
being associated with specific fixed stars.  A theodolite and a GPS were used to 
identify the orientation axis along the northern city wall, calibrated using the 
positional astronomy program Stellarium. Using precession-corrected Stellarium, 
the ancient sky can be simulated to uncover the aligned star at the same azimuth 
as Mintaka (δ Ori) in the Orion’s Belt at a height of 4° and possibly Alnilam (ε 
Ori) at a height of 1.5° (under an apparent sky condition) during the period 
between 1292 and 1296, which is close to when King Mangrai founded the city. 

Keywords: Chiang Mai City Planning; Gnomon; Orion's Belt; Lanna Kingdom 

1. Introduction 
The capital of the Lanna kingdom, "Chiang Mai" (as it is now known), 

was established by King Mangrai in AD 1296. The Lanna inscriptions and 
historical data, including the Chiang Mai Chronicle (CMC) [1], all concur that 
King Mangrai entered the site on Thursday of the 8th Lanna lunar month, which 
is equivalent to the 5th Thai lunar month, 654 Culasakaraj (CS), which is equal 
to a Gregorian date as 3 April 1292.  It was recognized as the starting date of the 
construction of his temporary residence, which was near the northeast corner of 
the Chiang Mai City Plan (now it is Wat Chiang Man; see the white circle in 
Figure 1: Top), where he would use to work on the city planning. 
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Figure 1. Top: The satellite image of the Chiang Mai old city surrounded by a moat with the east-west orientation 
of the city plan is tilted southeastward with an azimuth of 92.5° (image: from Google Earth). Bottom 
Left: Plotting of a geographic coordinate, i.e., latitude and longitude, for the GIS position collected 
on each of the four corners of the Chiangmai city wall and showing each side length calculated from 
these GPS positions.  Bottom Right: Chiang Mai city site of square shape conforms well with the 
9  9 grids of Paramasayika Mandala (image: modified after Saelee et al. [3]) 

According to the CMC, it took 4 years to plan the city before groundbreaking and installing Chiang 
Mai's main post on the full moon of the 8th Lanna lunar month, 658 CS. The Wat Chiang Man inscription [2] 
(Database of Inscriptions in Thailand | Wat Chiang Man Stale), however, was recorded otherwise on the 
waxing moon on the 8th day of the 8th Lanna lunar month, 658 CS, or 19 April 1296.  Four months later, King 
Mangrai ordered to begin plowing the site from his sleeping chamber (presently Chiang Man Temple) to the 
northeastern corner known as the Sri Bhumi Corner, followed by the construction of four city walls and the 
five city gates. King Mangrai then ordered the construction of a perimeter wall and a moat, which were laid 
out in a rectangular shape of 900 wa by 1,000 wa (or 1.44 km by 1.6 km as 1 wa » 1.6 m) in the record.  Once completed, 
the city hosted a festive celebration for three days and nights, naming it Nop Buri Sri Nakorn Ping [1]. 
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Contrary to the record of the chronicle, the measurement of the actual size reported by Saelee et al. 
reveals a square shape with almost equal lengths in the 1.52 – 1.57 kilometers range [3], as shown in Figure 1: 
Bottom Left.  The city plan is regarded as confidential information that could jeopardize national security if it 
leaks, which may be why the size differs from the CMC record.  Saelee et al. [3] also suggest that the city 
planning may have been influenced by Vaastu Shastra, an ancient Hindu knowledge of architecture found in 
the book "Brihat Samhita" by Varaha Mihira [4].  The detailed comparison shows that the city planning 
followed Vaastu principles, i.e., selecting the site and selecting an auspicious day for site-plowing, which was 
determined by astronomical observation.  The next step in Vaastu principles is to set the cardinal directions, 
which historically could be either using a gnomon or a fixed star, followed by the fixation of Vaastu-Purusha-
Mandala, the metaphysical planning of the site.  According to the analysis in the paper, the Chiang Mai city 
site, a square shape, bounded by moats and walls facing the cardinal directions on all four sides, conforms 
well with the 9  9 grids of Paramasayika Mandala [3] as illustrated in Figure 1: Bottom Right.  In this work, we 
investigate further into the method of orientation, which has not been documented in the existing records after 
we have discovered that the east-west direction of the city plan is tilted southeastward with an azimuth of 
92.5°. 

In the literature, Yano [5] summarizes two methods for determining cardinal directions in ancient 
times: the gnomon method, such as the Indian circle, and the fixed-star method.  The Indian circle yields four 
results: due east, west, north, and south.  Furthermore, Kramrisch [6] concludes that Hindu temples exhibit 
three types of temple orientations: facing the rising sun or the cosmic orientation with reference to the sun 
(this implies the use of a sun shadow or a fixed star); meeting the center of man's settlement; and facing God 
(Vastu Purusha), where each God is related to a specific star.  Since India inspired many ancient temples and 
monuments in Thailand's ancient kingdoms.  However, several ancient temples or structures in Thailand do 
not face east, west, north, or south. For example, Prasat Hin Phanom Rung [7], Prasat Hin Pimai, and Wat 
Prathat Doi Suthep [8].  The cause of these temples’ tilted orientation from the cardinal direction must have 
come from one of these two methods. 

Given that we are uncertain of the orientation method utilized in the Chiang Mai city plan, we propose 
two possibilities.  If the Gnomon method was applied, measurement inaccuracies could contribute to the 2.5° 
shift from cardinal directions.  If the fixed star method was used on purpose, one star must have aligned with 
the city plan during construction.  To test our hypotheses, we replicate the processes of the two methods to 
determine which produces results consistent with the city's orientation. 

2. Materials and Methods 
We first validated the tilting with an azimuth of 92.5° (2.5° south of east) using a theodolite and a GPS 

to measure the horizontal and vertical positions of the selected stars with time along the northern city wall. 
We then calibrated the measured positions with the positional astronomy software package Stellarium (version 
0.21.3 with the time correction T—the difference between Terrestrial Dynamical Time and Universal Time 
[9]—using the default “Espenak and Meeus (2006)” model [10], accounted for atmospheric refraction and 
extinction, and a proper motion).  The package, a free GPL software that renders realistic skies in real time 
with OpenGL, was used to calculate all astronomical coordinates of celestial objects in the ancient atmosphere. 
The Stellarium corrects the precession based on present knowledge that the equinox moves with a precessional 
period of approximately 26,000 years or 1° every 72 years. This work carried out two methods of orientation—
using a gnomon and the fixed star—to answer why the Chiang Mai city plan is tilted. 

For the gnomon method, there are two approaches called “the shortest shadow” and “the Indian 
circle.”  The shortest shadow refers to the shadow of the gnomon obtained around noon as the Sun crosses the 
meridian, an imaginary line along the North-South pole that divides the sky equally to the western and eastern 
sky.  Therefore, the shortest shadow's direction points along the north-south axis, and a perpendicular line is 
drawn to obtain the east-west axis.  This approach requires close monitoring from an observer to ensure that 
the shadow is the shortest.  As for the Indian circle approach, the circle is drawn around the gnomon with a 
radius equal to the length of two shadows: one obtained in the late morning and the other in the afternoon.  
The east-west axis is established by connecting two points where the two shadows touch the circle.  The Indian 
circle is preferable to the shortest shadow because it generates less human error.  Therefore, the Indian circle 
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was the method of choice for aligning temples and cities with the cardinal directions, particularly the east 
direction, or with the four major astronomical dates, namely the two equinoxes and the two solstices [11]. 

For the fixed star method, a star of choice will be observed as it rises or falls at the horizon during 
sunrise or sunset.  The star is chosen for its connection to the Sun or the Vaastu-Purusha-Mandala or the 
important person of the site.  The primary axis of orientation will be the azimuth angle of the star.  This method 
is often found in ancient areas that are not oriented along the cardinal directions, the four major astronomical 
dates, or towards the center of the town. Our procedures for the two methods are as follows: 

1. For the gnomon method, we need to assess whether the measurement error resulting from this 
approach might cause the shift of 2.5° from cardinal directions.  To carry out two gnomonic approaches, i.e., 
the shortest shadow and the Indian circle, within four days of two historical dates and 4 dates of 
astronomically significant dates. These dates are the vernal equinox (21 March), the autumnal equinox (23 
September), the date King Mangrai entered the site (3 April), the founding date (19 April), summer solstices 
(22 June), and winter solstice (21 December), leading to the total of 24 measurement days in 2022. 

2. For the fixed star method, we need to simulate the ancient sky using the precession-corrected 
Stellarium software to trace back in time to uncover which star aligned with the azimuth of 92.5° and to what 
extent the star impacted the city.  We referenced the orientation axis along the northern city wall because the 
planning should be along the east-west direction, according to Brihat Samhita [4].  In addition, the CMC 
indicates that the construction started from the Sri Bhumi northeast corner; therefore, the axis along the 
northern city wall is the most appropriate reference.  We employed a theodolite to measure the azimuth of the 
north wall concerning Polaris and Alnitak in Orion’s belt.  We could observe Orion’s belt rising near the 
northern wall axis. 

3. Results and Discussion 
We checked the city plan's east-west orientation using a theodolite and GPS along the northern city 

wall, measuring to Polaris and the other star, calibrating with Stellarium (version 0.21.3) afterward. This 
verified the tilting with an azimuth of 92.5° (2.5° south of east). 

3.1. The Gnomic Approach 
Due to poor weather conditions, insufficient sunlight to identify a clear shadow and accidental 

removal of the gnomon, we obtained only eight days out of the intended 24 days of measurements, giving just 
eight data for the shortest shadow and six data from the Indian circle method.  As summarized in Table 1, the 
Indian circle method yields a more precise orientation angle to the actual directions than the shortest shadow 
method.  However, neither method produces an average deviated rise more significant than 0.7°, far less than 
the 2.5°-tilted city wall.  The error might have been even lower if performed by the skilled Brahmin who 
planned the city.  As a result, it is more plausible that the fixed star method was the orientation method than 
the sun-shadow method.  It is worth noting that the gnomic shadow method for determining the cardinal 
direction can be employed on any day of the year; however, the condition of sunlight, depending on weather 
or terrain, can be a limiting factor for this method. 

3.2. The Fixed Star Method 
We need to investigate the azimuths of stars consistent with the orientation axis during construction, 

from 3 April 1292 – 19 April 1296.  In Figure 2, the rising azimuths after precession correction of several 
prominent stars obtained by the Stellarium software were plotted from the year 0 to 2000 A.D. for the northeast 
corner, 18° 47′ 42.323′′ N; 98° 59′ 36.773′′ E) Only the azimuths of Spica and the Orion’s Belt, namely Mintaka 
(δ Orionis) and Alnilam (ε Orionis), are near the city alignment of 92.5°. Still, the latter was associated with 
the city's founding time.   

 
 
 
 



ASEAN J. Sci. Tech. Report. 2023, 26(4), 29-37. 33
ASEAN J. Sci. Tech. Report. 2023, 26(4), 29-37 5 of 9 
 

 

Table 1. Measured azimuth angles from the orientation axis constructed via the sun shadow method. 

Events No. 
Date 

in 2022 

 Measured Azimuth /° 

 Shortest shadow  Indian circle 

 N (0°)  E (90°)  N (0°)  E (90°) 

Vernal equinox 1 19 Mar  0.0  91.0  0.0  90.0 

2 20 Mar  na.  na.  na.  na. 

3 21 Mar  -1.0  89.0  0.0  91.0 

4 22 Mar  na.  na.  na.  na. 

The date that  

King Mangrai entered  

to the site 

5 2 Apr  na.  na.  na.  na. 

6 3 Apr  1.0  91.0  0.0  90.0 

7 4 Apr  1.0  92.0  1.0  92.6 

8 5 Apr  -0.3  88.0  -1.4  88.0 

The date that  

King Mangrai began  

to build the city 

9 17Apr  na.  na.  na.  na. 

10 18Apr  na.  na.  na.  na. 

11 19Apr  na.  na.  na.  na. 

12 20Apr  na.  na.  na.  na. 

Summer solstice 13 20 Jun  na.  na.  na.  na. 

14 21 Jun  na.  na.  na.  na. 

15 22 Jun  na.  na.  na.  na. 

16 23 Jun  na.  na.  na.  na. 

Autumnal equinox 17 20 Sep  0.3  90.3  na.  na. 

18 21 Sep  2.0  92.0  1.0  91.0 

19 22 Sep  1.0  92.0  na.  na. 

20 23 Sep  na.  na.  na.  na. 

Winter solstice 21 19 Dec  na.  na.  na.  na. 

22 20 Dec  na.  na.  na.  na. 

23 21 Dec  na.  na.  na.  na. 

24 22 Dec  na.  na.  na.  na. 

  Average  0.5  90.7  0.1  90.4 

na. -not available noticed for incomplete data collection. 
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Figure 2. Observing at Sri Poom Corner (the northeast corner, 18° 47′ 42.323′′ N; 98° 59′ 36.773′′ E; altitude 312 m), 

the changing azimuths of the stars when rising on the eastern horizon over two millenniums, due to 
the precession of the equinoxes. The red hairline (at 92.5°) indicates the azimuth of the city alignment, 
and the light blue strip illustrates the city planning period during 1292 – 1296 A.D. 

The stars that might be candidates for aligning the city’s orientation are Mintaka (δ Ori), Alnilam (ε Ori), 
and Alnitak (ζ Ori), three lined-up stars that represent the belt of a famous hunter in Greek mythology. Still, the 
Orion constellation looks like a turtle for Thai people (see Figure 3: Top).  This constellation is of great use in 
finding the positions of other stars.  Tracing a line from Orion’s belt to the southeast, we will find Sirius in the 
Canis Major constellation; in the opposite direction, towards the northwest, we can locate Aldebaran.  A straight 
line that draws across both shoulders of Orion to the east will point to Procyon in Canis Minor.  If one draws 
from Rigel to Betelgeuse, it will mean to the positions of Pollux and Castor. From all the stars mentioned, the 
Pollux, Castor, Procyon, and Sirius stars, which together resemble the Chinese Junk Boat images (see Figure 3: 
Top), are stars of the Punavasu Nakshatra.  When the moon was in this nakshatra on 3 April 1292 and 19 April 
1296, it set the auspicious date and time for the ceremony of entering the new site and starting the construction, 
respectively. During the year of planning the Chiang Mai City Wall, as can be seen as visualized in Figure 4 and 
Figure 5, Mintaka rose at a height of 4° and Alnilam at a height of 1.5°; these two stars had the closest rising 
azimuth at 92.5°. 

In Figure 5, only Mintaka and Alnilam have azimuths corresponding with the azimuth of the northern 
city wall but at different altitudes; the apparent brightness of these two stars is a magnitude of 2.23 and 1.7, 
respectively.  To the Rule of Thumb, the star can be observed with the naked eye at least at its critical altitude, 
which can be regarded as its magnitude [13].  Therefore, the Mintaka at 4.0° altitude would be seen. In contrast, 
the Alnilam at 1.5° altitude (close to its critical altitude of 1.7°) could also be seen under the apparent sky condition.   

We also investigate the significance of choosing this star for the city’s orientation.  According to the 
literature, Orion was used in an ancient harvest calendar in Indonesia [13].  To the Indonesians, this 
constellation resembles the Javanese plow (see Figure 3: Bottom) and marks the harvest season's start.  For 
Thai people, this constellation is also known as a plowing star, which has long been considered a promising 
star for agriculture.  King Mangrai chose the location of Chiang Mai based on the seven good omens that 
valued the fertility of soil, land, and plant varieties [3].  Therefore, it is possible that Orion was chosen for its 
auspiciousness in agriculture. 
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Figure 3. Top: The Orion Constellation appears to the native Thais as a turtle, and the Orion’s Belt is imagined 

as a plow. The stars of the Punavasu Nakshatra are Pollux, Castor, Procyon, and Sirius, which 
resemble Chinese Junk Boat imagery (Drawing by Pisit Nitiyanant). Bottom: Illustration of the rising 
of Orion, which is also known as the Waluku (a traditional Javanese plough; an asterism in the 
constellation Orion) to indicate the start of the harvest season in Java (Drawing after Ammarell and 
Tsing [12]; Fig. 212.1, p. 2210) 
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Figure 4. The visualized ancient eastern sky on the auspicial founding date, 19 April 1296 (note: the date 

labeled in the figure is used as Julian in the software), showing how the Orion Constellation appears 
to be rising on the horizon (Image generated by the Stellarium software, version 0.21.3) 

 
 

 
Figure 5. The azimuths and altitudes of Orion's belt stars in the year 1292 when the new site was to be chosen 

(dotted lines with a circle marker), and in the year 1296 when the ancient Chiang Mai city was being 
constructed (solid lines with a cross marker).  The red hairline indicates the azimuth of the city 
alignment.  

4. Conclusions 
We find that the orientation method for the Chiang Mai city plan may have been the fixed star rather 

than the gnomon, like the Indian circle method or the shortest shadow method.  The results of this 
investigation suggest that the orientation of Chiang Mai's old city wall might be aligned to the rising of the 
Mintaka star in Orion's belt at a height of 4° and possibly the Alnilam start at a height of 1.5° (under a very 
clear sky condition) between 1292 and 1296.  The star may have been selected because of its optimistic role in 
agriculture, which was highly valued in the founding of Chiang Mai city for King Mangrai. 
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Abstract: Kao-Kum Doi-Saket is one type of purple rice known for its high 
content of anthocyanin and its ability to resist free radicals. Anthocyanin extracts 
can be utilized in various applications, including food coloring, nutritional 
supplements, natural medicine, and cosmetics. There are several methods for 
extracting anthocyanin from Kao-Kum Doi-Saket. This research aims to compare 
the effects of extraction methods, including Conventional extraction (CE), Pulse 
electric field extraction (PEF), and Ultrasonic assisted extraction (UAE) on total 
anthocyanin content and antioxidant activity in Kao-Kum Doi-Saket. It was 
found that the UAE method resulted in the highest total anthocyanin content of 
57.05 ± 4.27 mg/L, which was significantly different from the other two methods 
(p<0.05). Kao-Kum Doi-Saket extracts from the UAE method also showed the 
highest DPPH inhibition (88.32 ± 1.83%) compared to the CE and PEF methods. 
Therefore, these findings suggest that UAE is the most effective method for 
extracting anthocyanin and antioxidant activity from Kao-Kum Doi-Saket and 
could be beneficial for developing processed products from Kao-Kum Doi-Saket 
in the future.  

Keywords: Purple rice; Pulse electric field; anthocyanin; antioxidant activity 

1. Introduction
Kao-Kum (Oryza sativa L.) is commonly grown in Thailand, particularly 

in the northern region of Thailand. Kao-Kum Doi-Saket is the name of planting 
area of this rice since it is popularly cultivated in Doi Saket District, Chiang Mai 
Province. Kao-Kum Doi-Saket is red to dark purple due to anthocyanin pigments 
in the rice grain. Kao-Kum is, therefore, called purple rice. Base on the study of 
Leelawat et al. [1] found that Kao-Kum Doi-Saket contains cyanidin-3-glucoside 
and peonidin-3-glucoside and Zhang et al. [2] also found that anthocyanin in 
purple rice has antioxidant properties. 

In general, anthocyanin compounds can be extracted using water as a 
conventional method (CE). However, this method has limitations regarding low 
anthocyanin yield and lengthy extraction time [3]. Therefore, there have been 
developments in extraction techniques that consider the stability of 
anthocyanins under heat, light, and pH conditions [4]. The current popular 
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extraction techniques include Pulse electric field extraction (PEF), Ultrasonic-assisted extraction (UAE), and 
Microwave Extraction (ME) [5]. Apart from the extraction methods, the choice of solvent used for extraction 
is also a factor to be considered. Solvents for anthocyanin extraction include methanol, ethanol, hydrochloric 
acid, and water. Water-based extraction methods are currently preferred due to the potential health and 
environmental impacts of other solvents on consumers [6]. 

Using new techniques for extracting bioactive compounds from plant promotes environmentally friendly 
extraction methods, known as "Green extraction," following the plan of the United Nations for 2030. These 
techniques are based on six principles as follows: (1) Sourcing diverse raw materials that can be reused; (2) 
Reducing the use of organic solvents for extraction by utilizing alternative solvents; (3) Minimizing energy 
consumption during the extraction process; (4) Achieving efficient and high-value yields (5) Decreasing 
extraction processes and enhancing safety (6) Focusing on environmentally friendly and toxin-free extraction 
methods [7]. 

The PEF method is widely used for extracting anthocyanins from various plant sources because it is 
an un-thermal extraction process in which technology helps reduce environmental impacts and amounts of 
solvent and enhances the energy efficiency of the processes [8]. This method utilizes electroporation, which 
applies electrical pulses to the plant cell walls. The pore from electric pules on the plant cell wall allows 
extraction even at room temperature (Figure 1). PEF extraction has gained popularity for anthocyanin 
extraction because it can effectively overcome the limitations associated with the heat sensitivity of 
anthocyanins [9]. A study by Drosou et al. [10] found that PEF extraction significantly increased the quantity 
of anthocyanins in grape wine compared to conventional extraction methods. 

   

 

Figure 1. The diagram and general principles of the pulsed electric field extraction process [11]. 

The UAE method is another popular extraction technique used nowadays. It is a novel, clean, and safe 
method for extracting biomaterial molecules such as polysaccharides, essential oils, proteins, and pigments 
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[12]. The UAE principle involves applying ultrasound waves that induce vibration, resulting in a cavitation 
phenomenon. The cavitation phenomenon leads to the formation of air bubbles within the liquid, and when 
these bubbles collapse, they cause cell wall disruption in plants [13] (Figure 2). This extraction technique has 
proven highly efficient, cost-effective, and environmentally friendly. It is suitable for extracting bioactive 
compounds from plants, including anthocyanins, phenolic compounds, rutin, quercetin, and others [14-16]. 

 

 

Figure 2. The cavitation phenomenon in the Ultrasonic process [17]. 

Based on the aforementioned nutritional properties of Kao-Kum Doi-Saket with high nutritional 
value, there has been an interest in studying extraction methods to utilize Kao-Kum Doi-Saket to produce 
health products. No suitable extraction technique can preserve essential compounds for this particular Kao-
Kum strain. Therefore, this research aims to compare the extraction techniques of Kao-Kum Doi-Saket in terms 
of CE, PEF, and UAE methods for their ability to extract anthocyanins and antioxidant properties. 

2. Materials and Methods 
2.1 Materials 
 The local farmers from Doi Saket Chiangmai, Thailand, supplied the purple rice (Oryza sativa L.) or 
Kao-Kum Doi-Saket. The harvesting period was from November to December, vacuum-sealed using air-
vacuum plastic bags to prevent moisture and stored at room temperature in a controlled humidity 
environment. The chemicals were purchased from Northern Chemical Co., Ltd. and Union Science Co., Ltd. 
All are analytical grade. 
 

2.2 Extraction method  
2.2.1. Conventional extraction method 

CE method of Kao-Kum Doi-Saket was performed by soaking Kao-Kum Doi-Saket in distilled water 
with a ratio of 1 kg of rice to 2 L of water and left overnight for 24 hours at room temperature without stirring. 
The extracts were filtered using a white cloth, and the samples were stored in an amber glass vial for further 
analysis. 

2.2.2 Pulse electric field extraction method  
PEF method was used following the technique of Rajchasom et al. [18].  The extraction ratio was 1 Kg 

of rice to 2 L of water. The electric field level was generated at 6 kV/cm and the number of pulses was varied 
at 1,000, 3,000, 4,000, and 5,000 pulses (each pulse lasting 0.078 seconds). The extracts were filtered using a 
white cloth, and the samples were stored in amber glass vials for further analysis. 

2.2.3 Ultrasonic assisted extraction method  
The extraction method of Kao-Kum Doi-Saket using the UAE method was adopted from the study 

conducted by Rajchasom et al. [19]. Kao-Kum Doi-Saket samples were extracted using an ultrasonic device 
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(Model GT Sonic-D6, China) with a fixed frequency of 40 kHz and electrical power of 150 W at a ratio of 1 kg 
of rice to 2 L of water. The extraction process was conducted at 30, 50, and 70 °C for 60 minutes (UAE1, UAE2, 
and UAE3, respectively). The extracts were filtered using a white cloth, and the samples were stored in amber 
glass vials for further analysis. 
 

2.3 Chemical analysis of Kao-Kum Doi-Saket extraction 
 2.3.1 Determination of total anthocyanin content 
 The total anthocyanin content of Kao-Kum Doi-Saket extracts was analyzed using the pH differential 
method. A sample of Kao-Kum Doi-Saket extract (1 mL) was diluted with distilled water to a volume of 10 
mL. Then, the solution was shaken using a centrifuge device (Hettich zentrifugen, EBA 20) at 6,000 rpm for 8 
minutes. Afterward, 3 mL of the supernatant solution was pipetted and mixed with buffer solutions, including 
potassium chloride pH 1 and sodium acetate pH 4.5, to a final volume of 30 mL. Afterward, the sample was 
left to incubate for 30 minutes in the darkroom conditions and at ambient temperature. Each mixture sample's 
light absorption (A) was measured using a UV-Vis spectrophotometer at 510 and 700 nm (Spectrum 
Instruments, SP-UV 200 spectrophotometer). Equation (1) was used to calculate the total anthocyanin content [20] .  

Total anthocyanin content (mg/L) = 
1000diff wA M df


  

     (1) 

Where Adiff represents the absorbance value (510 nm -700 nm) pH1 - (510 nm -700 nm) pH4.5, Mw is the 
molecular weight of Cyanidin-3-glucoside (449.2 g/mol), ε is the molar absorptivity (26,900 M–1cm–1), df 
represents the dilution factor, which is 10. 

2.3.2 Determination of antioxidant activity 
 The antioxidant activity of Kao-Kum Doi-Saket extracts was analyzed using the DPPH radical 
scavenging assay. A sample of Kao-Kum Doi-Saket extract volume of 200 µL was taken and mixed with 1.8 
mL of methanol. Then, 2 mL of 2,2-diphenyl-1-picrylhydrazyl (DPPH) solution with a concentration of 0.12 
mM was added to the sample. For the control sample, 2 mL of methanol and 2 mL of DPPH solution were 
added. The blank sample was prepared using 4 mL of methanol [21]. The antioxidant activity was then 
calculated using the following Equation (2). 

% DPPH inhibition = 
( 517 517 ) 100

517
control sample

control

A A
A
− 

     (2) 

Where A517control represents the absorbance value at 517 nm of the control sample (Control DPPH), A517sample 

represents the absorbance value at the nanometer of the experimental sample. 
 

2.4 Statistical analysis 
Statistical analysis was performed on the experimental data using MINITAB statistic software version 

20. The data was analyzed by calculating the mean ± standard deviation (mean ± SD). The data was further 
compared using Analysis of Variance (ANOVA) and the mean values were compared using Duncan's test at 
a confidence level of 95%. The entire experiment was conducted in triplicate. 

3. Results and Discussion 
3.1 Effect of various extraction methods on total anthocyanin content of Kao-Kum Doi-Saket extract 

The study was conducted to compare the effects of different extraction methods,, CE, PEF, and UAE 
methods, on the total anthocyanin content of Kao-Kum Doi-Saket extract. The results of the total anthocyanin 
content of the extracted solutions conducted using various extraction techniques are shown in Table 1.  
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Table 1. Total anthocyanin content (mg/L) and % DPPH inhibition of Kao-Kum Doi-Saket extracts using 
various extraction methods.  

Extraction methods Conditions Total anthocyanin content 
(mg/L) 

%DPPH inhibition 

PEF1 6 kV/cm, 1,000 pulses 16.09 ± 0.77f 67.74 ± 1.88b 
PEF2 6 kV/cm, 3,000 pulses 24.99 ± 0.92e 60.97 ± 0.64bc 
PEF3 6 kV/cm, 4,000 pulses 27.66 ± 1.09de 43.50 ± 1.26de 
PEF4 6 kV/cm, 5,000 pulses 32.84 ± 1.84cd 33.24 ± 0.43e 
UAE1 30°C, 60 min 38.02 ± 1.21c 83.82 ± 9.22a 
UAE2 50°C, 60 min 57.05 ± 4.27a 88.32 ± 1.83a 
UAE3 70°C, 60 min 47.65 ± 1.90b 83.20 ± 3.67a 

CE 24 hr. 9.30 ± 1.11g 51.27 ± 8.60cd 
Note: Values are the means of three replicates experimental (mean ± SD). Different superscript letters 
indicate statistically significant differences at p≤ 0.05 for values within the same column. 

It was found from Table 1 that the extraction using the UAE method yielded a higher total anthocyanin 
content of the extracts compared to the PEF and CE methods, and the UAE and PEF produced 6 and 2 times 
anthocyanin contents in the extracts higher than the CE method. The UAE2 (50°C, 60 min) yielded the 
significantly highest anthocyanin content of the extracts (57.05±4.27 mg/L), and there was a significant 
difference (p<0.05) among them. This was because the low temperature of the UAE1 condition (30°C, 60 min) 
did not effectively promote extraction efficiency, and the high temperatures of the UAE3 condition (70°C, 60 
min) caused the breakdown of phytochemicals. Similar to the results of He et al. [22] and Figueiredo et al. [23] 
suggested that anthocyanin could be oxidized at exceeding 50°C of extraction temperature.  On the other hand, 
UAE1 (30°C, 60 min) and UAE3 (70°C, 60 min) produced lower anthocyanin content in the extracts (38.02±1.21 
and 47.65±1.90 mg/L, respectively) because the exceeded extraction temperature had a damaging effect on the 
total anthocyanin content of Kao-Kum Doi-Saket extracts [24] and at low extraction temperature with short 
period of extraction time could not provoke the releasing of total anthocyanin content from Kao-Kum Doi-
Saket extracts [25]. The total anthocyanin content of Kao-Kum Doi-Saket extracts using the PEF method 
increased with an increasing number of pulses, with values of 16.09±0.77, 24.99±0.92, 27.66±1.09 and 32.84±1.84 
mg/L for 1,000, 3,000, 4,000 and 5,000 pulses, respectively [18]. However, these values of anthocyanin extracted 
using the PEF method were lower than those of the UAE method. The temperature of the PEF method in this 
study was between 50 - 60°C, similar to that of the UAE method. It can be assumed that the temperature of the 
process was not the main effect on the anthocyanin content when compared between these 2 methods. Still, 
the extraction mechanism may have more influence. On the other hand, the CE  method provided the lowest 
total anthocyanin content of the extracts (9.30±1.11 mg/L) when compared with the other 2 methods. The 
reason for this is that the PEF and UAE  methods can disrupt the cell walls, which promote the release of 
anthocyanin pigment by transferring it from the moisture mass within the cellular structure of the sample. As 
a result, the dissolution of phytochemical compounds in the extract of Kao-Kum Doi-Saket is enhanced 
without affecting its essential components. Similarly, Zhou et al. [26] investigated the extraction of 
anthocyanins from the remaining extracts of blueberries using PEF and UAE methods. They found that PEF 
and UAE methods were more effective in extracting anthocyanins than the CE method. Likewise, Manzoor et 
al. [27] studied the extraction of anthocyanins from almond seeds (Prunus dulcis) using PEF and UAE methods. 
They found that PEF and UAE methods yielded higher anthocyanin content in the extracts. The UAE yielded 
the highest total anthocyanin content, 6.14 times greater than the CE method. The result aligns with the 
findings reported by Lertkaeo et al. [28], who conducted a comparative study on the extraction of anthocyanins 
from Hom Mali black glutinous rice using CE and UAE methods. The study found that the UAE method 
resulted in a significantly higher amount of anthocyanins than the CE method, with an increase of 15.49%. 
Moreover, from the results of this study on the Kao-Kum Doi-Saket extraction, another reason can explain the 
experimental results that the UAE extraction method resulted in higher anthocyanin content than the PEF 
method was because a high concentration of anthocyanin compounds was found on the surface of the Kao-
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Kum Doi-Saket rice grain. The UAE method utilizes sound waves, which create alternating high-pressure and 
low-pressure cycles within the sample. This phenomenon, known as cavitation, leads to tiny bubbles' 
formation and rapid collapse. The collapse of these bubbles generates intense local pressures and 
temperatures, disrupting cell walls or breaking molecular bonds, facilitating the release of desired compounds 
[13-16, 29]. Whereas the PEF method involved the use of electric current, caused structural changes in the cell 
membranes, and induced severe cracking in the cell walls of the Kao-Kum Doi-Saket. The electric field disrupts 
the cell membranes, creating temporary pores or openings, causing the pigment to be extracted and more 
starch extracted compared to the UAE method [9-10]. Regarding energy and cost consumption, it was found 
that the UAE method can reduce extraction time, energy, and operating costs than the PEF method, which was 
suggested to be more suitable for community enterprises. Furthermore, it was found that the total anthocyanin 
content of Kao-Kum Doi-Saket or purple rice was higher than other rice species. Das et al. [30] extracted the 
anthocyanin content of purple and black rice using the UAE method of 30.40 and 35.56 mg C3G/L, respectively. 
Likewise, the report from Yamuangmorn and Prom-u-Thai [31] found that Kao-Kum Doi-Saket had total 
anthocyanin content higher than KJ CMU 107, Mamihunger, Kao Hom Nill, Kao Malinil Surin and ( 10, 3.5, 2 
and 1.5 times, respectively). 

3.2 Effect of various extraction methods on antioxidant activity of Kao-Kum Doi-Saket extract 
 Not only was the anthocyanin content of the extracts from Kao-Kum Doi-Saket, but antioxidant 
activity was also evaluated to compare the extraction efficiency of each method. The antioxidant activity of 
Kao-Kum Doi-Saket extracts using three different extraction methods, including CE, PEF, and UAE methods, 
was analyzed using the radical scavenging activity (% of DPPH inhibition) and shown in Table 1. The results 
show that the UAE method provided a higher percentage of DPPH inhibition (83.20±3.67 - 88.32±1.83%) [19] 
of Kao-Kum Doi-Saket extracts than that of the extracts using the PEF and CE methods. These values showed 
a statistically significant difference (p<0.05) compared to other extraction methods, but there was no significant 
difference among them in the UAE method. The highest percentage of DPPH inhibition of the extracts was 
determined by the UAE method at the condition of  50°C, 60 min. The PEF method produced a lower rate of 
DPPH inhibition than the UAE method, with values between 33.24±0.43 and 67.74±1.88%. Table 1 shows that 
the percentage of DPPH inhibition of the extracts using the PEF method decreased with an increase in the 
number of pulses. The PEF1 and PEF2 were acceptable extraction conditions by providing the extracts with 
the high antioxidant value of 67.74±1.88% and 60.97±0.64%, respectively. However, the other 2 PEF conditions 
(PEF3 and PEF4) yielded a deficient antioxidant activity (43.50±1.26% and 33.24±0.43%, respectively), which 
was lower than that of the CE method (51.27±8.60%) but insignificantly different. These experimental results 
were consistent with Madalão et al. [32], who studied the effect of extraction methods, CE and UAE methods, 
on the antioxidant capacity of anthocyanin extracts from palm (Euterpe edulis M.). The result showed that the 
UAE method yielded a significantly higher antioxidant capacity of the palm extracts than that of the CE 
method. It was also found from the results of this study (Table 1) that the antioxidant activity of the extracts 
using the PEF method did not correlate with the total anthocyanin content results. Increasing the pulse 
intensity resulted in a higher anthocyanin content while decreasing the antioxidant capacity. This can be 
explained by increasing the pulse number during extraction, resulting in more heat generation in the solution 
and effect in lower ability of antioxidant of the extracts since antioxidant activity was sensitive to high 
temperature [33]. This was also consistent with the research study on using the PEF method to extract Moringa 
oleifera, which indicated that increasing the pulse intensity led to a decrease in the antioxidant capacity of 
Moringa oleifera extracts since high pulse intensity not only produced high temperature but also consumed 
longer extraction time. Consequently, there was sufficient time for the antioxidant impact to decay  [34]. 
Nevertheless, the high temperature in the UAE technique did not meaningfully yield any discernible effect on 
antioxidants. Although the temperatures of the UAE and PEF extraction conditions were similar, there was no 
effect on the extract's antioxidant content when extracted using the UAE method because the UAE method 
produced significantly higher amounts of extracts and anthocyanins. Therefore, it was possible to explain that 
other bioactive compounds in the extracts from the UAE method may result in a high level of antioxidant 
activity. Furthermore, a previous study on rice berry bran indicated additional antioxidative compounds were 
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present in purple rice besides anthocyanin, suggesting that anthocyanin may not be the primary antioxidative 
compound in purple rice [35]. Therefore, it was necessary to consider the extraction time, extraction 
temperature, and the mechanism of each method for enhancing the major bioactive compounds from Kao-
Kum Doi-Saket.   

4. Conclusions 
In conclusion, it can be concluded that the UAE method was the most effective method for Kao-Kum 

Doi-Saket extraction. The UAE2 extraction condition (50°C, 60 min) yielded the highest total anthocyanin 
content (57.05±4.27 mg/L) and antioxidant capacity (88.32±1.83%). These values significantly differed from the 
CE and PEF methods (p<0.05). Therefore, it can be suggested from this study result that this extraction method 
and condition can be used as a guideline for extracting phytochemical compounds from Kao-Kum Doi-Saket 
and may be applied in other purple rice grains for developing nutritious commercial products. 
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Abstract: Caulerpa lentillifera is a marine macroalgae widely consumed in 
Asia Pacific, including Thailand. Quality and freshness are the main criteria 
for consumers.  Chlorophyll is an important fundamental pigmentation and 
acts as green in C. lentillifera. It can be variable according to light and growth, 
and then it can indicate the quality of C. lentillifera products. This research 
aimed to observe changing chlorophyll contents in C. lentillifera after harvest 
during five days from two different months- May and June and two different 
ponds-ponds 1 and 2 by chlorophyll extraction and measurements of 
chlorophyll fluorescence. The result showed that the contents of total 
chlorophyll and chlorophyll A differed between months, but the pattern did 
not significantly change even in different months and ponds within five days 
after harvest. 

Keywords: Caulerpa lentillifera; Chlorophyll; Harvesting  

1. Introduction 
C. lentillifera is a famous culture species in the Indo-Pacific [1,2]. 

Because of its grape shape [3], the common name of this species is sea grapes 
or green caviar. The upright C. lentillifera thallus can be up to 10 centimeters 
long branch. Ramuli has a spherical tip about 1-3 cm in diameter and ramuli 
are densely clustered on each algae component [4]. C. lentillifera grows on 
rocks or the shallow water sandy ground near the coral reef. It can be found 
in muddy sand and can be acclimatized to grow well in ponds but cannot 
tolerate fresh water. It is distributed in tropical and subtropical regions. It is 
now commonly eaten in Asia-Pacific countries such as Japan, Vietnam, the 
Philippines, Malaysia, Indonesia, and Thailand [2, 5]. It has become about 1 
ton/month in demand in the Thai market. C. lentillifera farms are widely along 
the Gulf of Thailand coast, rich in water nutrients and sunlight. The harvest 
in those areas is either from natural or ponds [4]. 

Much research shows that C. lentillifera is one of the functional food 
causes of rich minerals, essential amino acids, and fiber [1, 6-9]. These may 
support why this species became in higher demand in the market besides its 
shape. However, quality and freshness are important considerations for 
consumers as fresh purchases. Therefore, seaweed pigments can observe one 
of the quality criteria. 
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Green seaweed contains an important basic pigment that plays an important role in capturing sunlight 
for photosynthesis. The basic pigment group is chlorophyll; chlorophyll A is the primary pigmentation. 
Because it changes with the amount of light intensity, it can also be an indicator of the quality of seaweed [10]. 
This was the reason for studying the changes in the amount of pigment in C. lentillifera after harvesting for 
sale. The rate of change of chlorophyll content was examined when the algae were harvested for a longer time 
according to transportation from ponds to the marketplaces. To determine whether seaweed quality after 
harvest will likely decrease or increase. Therefore, this study aimed to study the chlorophyll change pattern 
within five days of culture C. lentillifera after harvest. The temporal and spatial variation of the chlorophyll 
change were compared to the environmental condition.  

2. Materials and Methods  
2.1 Study site and sampling  

Samplings were carried out at open-pond cultures (Figure 1) in Ban Laem, where the commercial and 
original spread out of the fresh Caulerpa around Phetchaburi province and other markets. The test was set to 
investigate the pattern of chlorophyll quantity change in temporal (May to June) and spatial variation (ponds 
1 and 2) during five days of harvest. Five days were settled as more time was spent transporting from pond 
to sold. The experiment started at the month of growth peak in May and June 2017.  Caulerpa samples were 
randomly collected from the pond, placed in a box, and transferred to the laboratory (Figure 2). All specimens 
were kept in the dark container at room temperature until the day of the test. Specimens were sub-sampled 
for a series of each-day experiments.  

 

 
 

Figure 1. A bottom planting culture pond at Ban Lad in Phetchaburi province.    

 
2.2 Chlorophyll extraction 

Specimens (approximately 1 gram) were cleaned from the sediment and then went through the steps 
of the chlorophyll extraction process. Fresh Caulerpa samples were extracted with 80% acetone. The modified 
chlorophyll extraction protocol was followed by Arnon [11] and Hui et al. [12]. Briefly, specimens were 
chopped into small pieces and digested in 80% acetone in a cool and dark condition for 5 minutes, then 
centrifuged at 4,000 g for 15 minutes. The supernatant was taken to the cuvette for light absorbance at different 
wavelengths via spectrophotometer. The total chlorophyll and chlorophyll A were calculated by the equation 
(1-2) below [12]. 
 
                                                         Total Chlorophyll = 8.02A663 + 20.21A664,                                                             (1) 

 
                                                      Chlorophyll A = 11.85A664 - 1.54A647 - 0.08A630                                                         (2) 
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Figure 2. Fresh Caulerpa samples from a culture pond in Phetchaburi province. 
 
2.3 Statistical analysis 

Five replications were done throughout all experiments. Two-way ANOVA was employed on the total 
chlorophyll and chlorophyll A amount on different days, comparing months and ponds. All data were checked for 
the normal distribution as the criteria. All analyses were carried out with SPSS version 16.0 (SPSS Inc., USA) 
 
3. Results and Discussion 

Total chlorophyll and chlorophyll A content were used to determine the change in Caulerpa 
pigmentation. They showed parallel change, as expected, for the main pigment accumulation for green 
seaweed. The difference in total chlorophyll and chlorophyll A showed a similar trend of wavelength 
absorbance. Chlorophyll A is the main pigmentation of the green algae [13]. Therefore, changing the main 
pigmentation would affect the total chlorophyll in cell accumulation [14]. Also, A consistent change in total 
chlorophyll and chlorophyll A values should give a similar result in similar values when the experiment was 
done at the same time [15].  

 
3.1. Comparing chlorophyll contents between months of study along five days 

By comparing the changes in chlorophyll contents after sampling, it was found that total chlorophyll 
and chlorophyll A content were changed in similar patterns in both months studied, with fluctuation during 
the test in May (Figure 3). Chlorophyll contents showed higher in May than in June. In May, the significant 
difference of both concentrations was found during five days when p < 0.05. The high variation was along days 
2-4 by a range of 0.68 ± 0.1 mg/l to 0.98 ± 0.2 mg/l for total chlorophyll and a range of 0.34 ± 0.05 mg/l to 
0.48 ± 0.1 mg/l for chlorophyll A.  It caused a significant difference in chlorophyll content during five days in May. 

However, the content between the first day (0.39 ± 0.24 mg/l of total chlorophyll and 0.21 ± 0.12 mg/l 
of chlorophyll A) and the last day (0.46 ± 0.2 mg/L of total chlorophyll 0.27 ± 0.09 mg/l of chlorophyll A) of the 
test were not slightly difference. In other words, there was no significant change in June when p > 0.05 for both 
total chlorophyll and chlorophyll A during five days. The range of total chlorophyll was from 0.39 ± 0.1 mg/l 
to 0.68 ± 0.25 mg/l and 0.18 ± 0.08 mg/l to 0.32 ± 0.09 mg/l for chlorophyll A.  

There was a temporal variation in the total chlorophyll and chlorophyll A between different months 
of sampling and along the day of study. The high fluctuation of those contents occurred in May, which caused 
the significant difference between months of study when p < 0.05. May showed a higher range of both contents 
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than June, except for the first day of total chlorophyll content. Total chlorophyll and chlorophyll A on the first 
day were 0.39 ± 0.25 mg/l and 0.21 ± 0.12 mg/l in May and 0.68 ± 0.25 mg/l and 0.32 ± 0.09 mg/l in June, 
respectively. Otherwise, both contents had no significant differences when p > 0.05 on the first day of the study. 
The significant differences between months showed in days 2 and 3 for total chlorophyll when p < 0.01 (Figure 3A) 
and in days 2, 3, and 4 for chlorophyll A when p < 0.05 (Figure 3B).  

The chlorophyll concentration was in May rather than June at the start date. This refers to the temporal 
variation in open culture, which can be affected by the multifactor of environment such as light intensity, 
temperature, and rainfall. Higher light intensity in May might affect the cell's biological mechanism and raise 
the chlorophyll content. This evidence could be confirmed by previous research in Spirulina subsalsa. The result 
showed that the decrease of the photosynthetic rate at high light energy was accompanied by increased 
antioxidant network response, such as carotenoids, total polyphenols, and antioxidant capacity. [16]. The 
chemical accumulation and function can cause environmental differences that influence seaweed growth [17]. 
Even though the culture has been manipulated throughout the year in Thailand, C. lentilifera grows in the dry 
season, which starts in February and peaks in May and June, during which this study began. The result of this 
study referred only to the condition of healthy specimens observed in May and June.  
 
3.2 Comparing chlorophyll contents between ponds of study along five days 

Sampling was done in the same months but in different ponds-pond 1 and 2. It indicated the culture 
spatial variation in total chlorophyll and chlorophyll A of C. lentilifera. The total chlorophyll and chlorophyll 
A changes were not significantly different over five days or between observing ponds. The total chlorophyll 
varied on the first study day when p < 0.05 (Figure 4). The average of total chlorophyll and chlorophyll A for 
five days were 0.48 ± 0.08 mg/l and 0.53 ± 0.19 mg/l for pond 1 and 0.23 ± 0.08 mg/l and 0.26 ± 0.08 mg/l for 
pond 2. Typically, the physiological activity of seaweed deteriorates after harvesting. That also causes quantity 
and quality loss in seaweed. In other words, they arose from changes in both physical and chemical 
components. Its expression would be found as outward shape, taste, and texture change [18]. These 
transformations would gradually occur over time after harvest. The constituent pigments, such as chlorophyll, 
will decompose over time when seaweed has been harvested. However, total chlorophyll and chlorophyll A 
were not significantly different change during five days after harvest in this study. The result showed that the 
amounts of chlorophyll A and total chlorophyll were not much different from the five-day study. Chlorophyll 
may be degraded to some extent, as indicated in the concentration fluctuation. Despite this, it is not so much 
that it can be a significant difference experiment. Therefore, total chlorophyll and chlorophyll A can remain in 
the algae tissue within five days without losing all these pigments. 
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Figure 3. Temporal variation of the total chlorophyll (A) and chlorophyll A (B) contents between May and 
June during five days. Data represent mean ± SD. Asterisk showed a significant difference between 
the two months of study. 
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Figure 4. Spatial variation of the total chlorophyll (A) and chlorophyll A (B) contents between Ponds 1 and 2 

during five days. Data represent mean ± SD. Asterisk showed a significant difference between the 
two months of study. 

4. Conclusions 
In conclusion, the chlorophyll accumulation did not change much in five days after harvest. The 

fluctuation according to spatial and temporal variation can be observed in C. lentilifera. 
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Abstract: Preventing toxicity in aquaculture systems from ammonia and 
nitrite is important. This study isolated the salt-tolerant Bacillus sp. strain Ba9 
from bottom sediment under an Asian Seabass (Lates calcarifer) cage cultivating 
at Koh Yor, Songkhla, Thailand. Morphological characteristics showed that 
strain Ba9 was rod-shaped, endospore-forming, and Gram-positive. Strain Ba9 
grew well at a salinity of 1.5 to 4.0% NaCl. The catalase test of the isolate was 
positive, while the oxidase test was negative. Based on 16S rRNA gene 
sequencing data and phylogenetic tree analysis, strain Ba9 was identified as B. 
oceanisediminis with 97% similarity (strain HQB337T). The result showed that the 
ammonium removal efficiency of Ba9 in a high ammonium medium was 
64.24%. The nitrite and nitrate production were 0.10% and 0.08%, respectively. 
Consequently, sucrose had been the optimal carbon source for Ba9, which 
showed ammonium removal was 61.05%. Ammonium sulfate is the most 
suitable for ammonium oxidation, with 50.53% for the nitrogen source. The 
optimal C/N ratio of strain Ba9 was 8, with 71.15% ammonia removal. For 
wastewater improvement, strain Ba9 was inoculated into artificial wastewater 
for 14 days. The result showed that the ammonium removal efficiency of Ba9 
was 96.87%. In addition, the biochemical oxygen demand (BOD) removal 
efficiency of Ba9 was 90.86%. From this result, the salt-tolerant B. oceanisediminis 
Ba9 has a high potential as a microbial product for water quality management 
in marine aquaculture. 

Keywords: Salt-tolerant Bacillus sp.; B. oceanisediminis; ammonium removal; BOD; 
water treatment 

1. Introduction 
A major element of conventional wastewater treatment processes is 

nitrogen removal. In an aquaculture pond, genuinely dangerous nitrogen 
compounds include ammonia (NH3) and nitrite (NO2-). One of the most efficient 
methods for removing nitrogen from wastewater is a microbiological process 
(nitrification and denitrification). In principle, aerobic nitrification and 
anaerobic denitrification are performed to remove nitrogen compounds [1-3]. 
Most of the microbial population in nitrification are autotrophic nitrifying 
bacteria. Ammonia-oxidizing bacteria in the members of genera Nitrosomonas, 
Nitrosospira, Nitrosococcus, Nitrosolobus, and Nitrosovibrio can transform 
ammonium into nitrite. Nitrite-oxidizing bacteria, including genera Nitrobacter, 
Nitrospira, and Nitrococcus, can convert nitrite to nitrate [4-5]. Then, nitrate is 
converted to nitrogenous gas because of the denitrification process carried out 
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by heterotrophic denitrifying microorganisms. Besides, nitrate can be utilized by algae.  Moreover, separating 
aerobic and anaerobic phases, the prolonged life cycle of autotrophic nitrifying bacteria results in a long 
starting period for nitrogen removal. The specific growth rates of autotrophic nitrifiers are weak, and their 
biomass is sensitive to toxic substances such as heavy metals and pH [6-7]. Recently, it has been found that 
nitrification and denitrification can be carried out simultaneously in one system [8], thus overcoming the 
problems existing in the traditional biological nitrogen removal process.  

In addition to autotrophic nitrifying bacteria, a large variety of heterotrophic bacteria can oxidize 
ammonia, which is important to the natural nitrogen cycle [9]. A previous report showed that the heterotrophic 
nitrification process outperformed the autotrophic problem regarding ammonia removal [10]. Since 
heterotrophic nitrifying bacteria have more phylogenetic diversity than their autotrophic counterparts, they 
can better adapt to their conditions [11]. Several studies have shown that some Bacillus can control nitrogenous 
waste in aquaculture. In a study by Thurlow et al. [12], they reported that catfish pond water treated with 
Bacillus velezensis AP193 had reduced levels of nitrate-nitrogen (by 75%) and total nitrogen (by 43%). In a 
similar finding, Lalloo et al. [13] noted decreased nitrate and nitrite in synthetic pond water following Bacillus 
treatment. Regardless of the form, relatively low concentrations of nitrite and nitrate have been recorded. As 
an illustration, increased nitrate, nitrite, and decreased nitrite-N have been seen following Bacillus treatment 
[13-18]. It has been reported that Bacillus can reduce or modulate ammonia toxicity. In particular, aquaculture 
research has found that B. subtilis, B. megaterium, and B. amyloliquefaciens reduced ammonia levels in shrimp 
ponds [16-17,19]. Aquaculture constantly makes use of Bacillus spp. They have been developed as a treatment 
to clean water, enhance growth rates, protect against disease, and increase the immune system. [12,20-23]. 

In many investigations, Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) 
were lowered when Bacillus species were used as water quality modulators in aquaculture. Better feed 
utilization by fish may be related to this; as a result, less organic material decomposes using Dissolved Oxygen 
(DO), and potentially, Bacillus species require less DO to break down organic material efficiently. For instance, 
B. megaterium effectively lowered the BOD of major carp’s pond water [18]. Reduced BOD (above 90%) was 
again recorded by Reddy et al. [24] in Bacillus (B. subtilis, B. mojavensis, and B. cereus) treated ponds. Similarly, 
a mix of B. cereus and Aeromonas veronii decreased BOD after effluent treatment [25]. Reduced COD levels were 
recorded in B. subtilis, B. megaterium, and Bacillus sp. YB1701 [18, 26] Therefore, elements including organic 
nutrition, DO, salinity, and application methods influence the efficiency of Bacillus in biological treatment. 

This study aims to isolate and determine salt-tolerant Bacillus sp. based on morphological, 
biochemical, and 16S rRNA sequence information. Additionally, the purpose is to measure their nitrogen 
removal efficiency and biochemical oxygen demand in synthetic salinity wastewater. 

 
2. Materials and Methods 
 
2.1 Isolation and screening of Bacillus sp. 

Salt-tolerant Bacillus sp. was isolated from sediment samples collected under a cage of Asian Sea bass 
(Lates calcarifer) culture at Koh Yor, Songkhla province, South Thailand. One gram of the sample was dissolved 
into 0.7% NaCl and heat shock on a water bath at 80 oC for 20 min, followed by a cold shock into room 
temperature water [27]. The suspension of the sample was ten-fold diluted, and then 0.1 ml was pipetted onto 
nutrient agar (NA) (HiMedia, India) + 0.7% NaCl. Purified strains were obtained after 3-4 times of re-streaking. 
The single colony was used to determine morphological and biochemical. The Gram staining and cell 
morphology were examined under a light microscope (Olympus BX50). Catalase activity was tested by bubble 
formation in 3% H2O2 solution. Oxidase activity was tested on a test strip (Merck) to observe the oxidation of 
N,N-dimethyl-1, 4-phenylene diammonium dichloride. Optimal salt requirement of 0-4.0% NaCl (w/v) was 
examined. One milliliter of bacterial cells was inoculated in tubes containing 9 ml of nutrient broth (NB) 
(HiMedia, India), with the addition of NaCl in the range of 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 g/100 ml.  
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2.2 Identification of heterotrophic nitrifying bacteria 
The Genomic DNA mini kit (Geneaid) was used to extract the genomic DNA of the Bacillus species. 

The 16S rRNA gene universal primers 27F (5'-AGAGTTTGATCATGGCTCAG-3') and 1492R (5′-
TACCTTGTTACGACTT) were used to amplify the 16S rRNA genes by PCR [28-30]. The PCR amplification 
protocol proceeded as follows: initial denaturation (94oC for 3 minutes), 30 cycles of denaturation (94oC for 1 
minute), annealing (50oC for 1 minute), extension (72oC for 2 minutes), final extension (72oC for 3 minutes), 
and storage (4oC for hold). The PCR result was examined using 1% agarose gel electrophoresis after 
amplification. The PCR products were purified using a GeneFlowTM Gel/PCR Kit (Geneaid Biotech Ltd., 
Taiwan). The sequencing service provider directly sequenced the purified PCR products on an ABI Prism® 
3730XL DNA Sequence (Applied Biosystems, Foster City, California, USA). The 16S rRNA gene sequence was 
compared with other microorganisms using the Basic Local Alignment Search Tool program (BLAST; 
http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi). A phylogenetic tree of partial 16S rRNA gene sequences of 
the isolates and neighboring species was constructed by the MEGA 11 program [31]. A bootstrap value was 
performed with 1,000 replicates, and the phylogenetic tree was determined using neighbor-joining, maximum 
parsimony, and maximum likelihood. 

 
2.3 Ammonium removal efficiency of Bacillus sp. 

The efficacy of ammonium removal in a high ammonium medium was evaluated on a flask scale. 
About 1.5 ml (1% v/v) cell suspension of Ba9 cultivated in modified Pep-Beef AOM (peptone 5.0 g, beef extract 
3.0 g, (NH4)2SO4 2.0 g, K2HPO4 0.75 g, NaH2PO4 0.25 g, MgSO4 0.03 g, MnSO4 0.01 g and tri-sodium citrate 
17.8054 g in seawater (22 ppt) 1,000 mL) was inoculated into 150 ml of high ammonium medium (modified 
Pep-Beef AOM, which adjusted (NH4)2SO4 to 4 g). This was used to examine the ammonium removal efficiency 
of Bacillus sp. and shaken at 170 rpm, 28oC. After 5 days of cultivation, the bacterial cells were removed by 
centrifugation at 3,500 rpm for 40 minutes [28-30]. After collecting the supernatant, the amounts of ammonium 
(NH4+) and nitrite (NO2–) were determined by the colorimetric method, and the concentration of nitrate (NO3–) 
was measured by the cadmium reduction column method [32]. 

 
2.6 Optimize carbon and nitrogen sources, C/N ratio, and salt tolerance. 

2.6.1 Carbon source 
The isolate was cultivated in a high ammonium medium supplemented by different carbon sources: 

sodium citrate (C6H5Na3O7), sodium acetate (CH3COONa), glucose (C6H12O6), sodium succinate (C4H4Na2O4), 
and sucrose (C12H22O11) providing as a single carbon source in high ammonium medium [33]. The amount of 
(NH4)2SO4 (N source) was fixed (the initial concentration of ammonia was set at 790-800 mg-N/L). Then, the 
medium was autoclaved at 121 oC for 15 min. The 1.5 ml of 109 cfu/ml bacterial starter from enrichment culture 
was inoculated in 250-mL shaker flasks containing 150 mL medium and shaken at 170 rpm, 28oC for 5 days. 
At the end of cultivation, the suspension was centrifuged at 3,500 rpm for 40 minutes to remove bacterial cells. 
The supernatant was collected, and then the concentrations of ammonium (NH4+), nitrite (NO2–), and nitrate 
(NO3–) were measured following the standard method [32]. Then, the highest ammonium removal efficiency 
was obtained, and the carbon source contained in the selected medium was suggested as the optimal carbon 
source for further study. 

2.6.2 Nitrogen source 
The strain was cultivated in a high ammonium medium with different nitrogen sources substituting 

(the initial concentration of ammonium was fixed at 800-820 mg-N/L) with the appropriate carbon source. Two 
different nitrogen sources were ammonium sulfate [(NH4)2SO4] and ammonium chloride (NH4Cl). All media 
were autoclaved at 121 °C for 15 min. The cultural conditions were mentioned above. After incubation for 5 
days, the supernatant was obtained through centrifugation and measured. The medium that showed the 
highest nitrogen removal efficiency was cited as the optimal nitrogen source [34-35] 
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2.6.3 C/N ratio 
Optimal carbon and nitrogen sources were chosen to study the optimal C/N ratio. The C/N ratio was 

adjusted to 0, 2, 4, 8, and 16 by fixing the amount of (NH4)2SO4 (the N source) at 800-830 mg-N/L and adding 
sucrose as the carbon source. At 121 °C for 15 minutes, all media were autoclaved. The cultural condition was 
the same as above. Nitrogen removal efficiency in supernatant was analyzed after cultivation and 
centrifugation, followed by the standard method [32]. 

2.6.4 Optimization of salt requirement of Bacillus sp. 
A single Bacillus sp. colony was taken from the plate, inoculated in NB with 0.85% NaCl (w/v), and 

then incubated at 28oC 180 rpm for 24 hr. NaCl was added at concentrations of 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 
and 4.0 % (w/v) to the media for the salinity requirement study. Test flasks were incubated at 28oC 180 rpm 
for 24 hr. After incubation, the supernatant was also used to measure cell density by a spectrophotometer 
(NanoPhotometer, IMPLEN, Germany)  at a wavelength of 600 nm [27]. 

2.7 The efficient removal of Bacillus sp. in the sterilization of synthetic wastewater. 

The salinity wastewater was increased by fermenting with an Asian seabass diet (Profeed, Thailand) 
at 0.5% w/v for 5 days. After 5 days, the salinity wastewater was sterilized by autoclave at 121oC for 15 min. 
Bacillus sp. was tested for the efficiency of BOD and nitrogen removal. Seventy milliliters of bacterial 
suspension (109 cfu/ml) was inoculated into 7 L of prepared wastewater and aeration was given throughout 
the trial period for 14 days. Every day of cultivation, 200 ml of wastewater was collected and evaluated for the 
amounts of ammonia, nitrite, and nitrate [32]. The wastewater was collected, and its BOD concentration was 
measured every 7 days of cultivation [36]. 

2.8 Statistical methods 

The analysis of variance (ANOVA) was applied to the parameters of ammonia, nitrite, nitrate, and 
BOD. Before analysis, the data was transformed as necessary. The difference between the treatment means 
was determined using Duncan's new multiple range test (DMRT) method at 95% significance (P < 0.05). Data 
was expressed as Mean ± SE (standard error mean) using a statistical analysis R program. 

3. Results and Discussion 

3.1 Characterization and its biochemical properties.  
Gram-stained morphological analysis of Ba9 demonstrated that the bacterial isolate was Gram-

positive, rod-shaped, and endospore-forming (Figure 1). The biochemical characteristics of catalase and 
oxidase tests were positive and negative, respectively. The information on the Ba9 is shown in Table 1. A blast 
search result of the partial 16S rRNA gene sequence of Ba9 revealed 97% similarity to B. oceanisediminis 
HQB337T (KT758497). Also, the identification result of the partial 16S rRNA gene sequence was relevant to the 
phylogenetic tree analysis (Figure 2). This tree demonstrated the evolutionary branches of strain Ba9 and B. 
oceanisediminis HQB337T (KT758497) were closely related (Figure 2). However, more identification results of 
Ba9 should be performed by full-length 16S rRNA gene analysis. 

 
Table 1. Morphology and biochemical test of Bacillus oceanisediminis Ba9. 

Strain Colony color Gram  Shape 
Endospore-

forming 
Catalase tests Oxidase tests 

Ba9 Creamy Positive Rod Positive Positive Negative 
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Figure 1. Vegetative cell morphology of Bacillus sp. Ba9. 

3.2 Efficiency of ammonium removal in a high ammonium medium. 
The concentrations of ammonia, nitrite, and nitrate were measured as part of a nitrogen removal 

efficiency analysis. The results showed that the single culture of the Bacillus sp. Ba9 had an ammonium 
removal efficiency of 64.24%. Nitrite and nitrate were produced by Ba9 from 0.00 mg-N/L to 0.01 and 0.08 mg-
N/L, respectively (Figure 3). According to previous studies, the result suggested that B. subtilis A1 provided 
an excellent ability for ammonium removal. Lu and co-workers [35] reported a maximum ammonium removal 
of another heterotrophic bacterium, Alcaligenes faecalis WT14, for 95% in high ammonium concentration 
treatment (about 400 mg-N/L). However, the ammonium removal efficiency of A. faecalis WT14 decreased to 
60% when an ammonium concentration increased to 700-1,600 mg-N/L. Also, the report of Xiao et al. [37] that 
demonstrated the efficacy of Bacillus subtillis AYC for nitrogen removal proceeded that had initial ammonium 
10 mg-N/L, after 10 min the concentration of ammonium dramatically decreased, after 30 min, the ammonium 
concentration was low and remained to steadiness. The lowest ammonium removal efficiency was 43% when 
the high ammonium concentration was 2,000 mg-N/L. Other reports indicated that Alcaligenes faecalis no.4 had 
a high efficiency of ammonium removal at high ammonium levels (1,050 mg-N/L in 68 hrs.) [38]. Moreover, 
the immobilized cells of Alcaligenes sp.TD-94 and Paracoccus sp. TD-10 for treating high-ammonia-nitrogen 
wastewater was reported. Their contributions of biodegradation and adsorption to ammonium nitrogen 
removal were 90.27% and 9.73%, respectively. Bacterial immobilized cells were used to treat genuine high-
ammonia-nitrogen wastewater, and the removal rates of ammonium reached 75.21 mg/L per day and removal 
efficiency of 99.27% after 48 hours of reaction. [23].  

 

 
 

Figure 2. Phylogenetic tree of partial 16S rRNA gene sequences of Bacillus sp. Ba9 and related species (Bar = 0.005). 

 Bacillus horikoshii IARI-HHS2-13T (KF054756) 
 Bacillus flexus S858T (KC523392) 
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 Bacillus anthracis EFF-G41T (KP813644) 
 Bacillus firmus BMGE64T (JQ684051) 
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 Bacillus oceanisediminis HQB337T (KT758497) 100 
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Figure 3. Nitrogen removal efficiency, a) ammonium removal efficiency, and b) nitrite and nitrate 
concentration (mg-N/L). 

 
3.3 Optimize carbon and nitrogen sources, C/N ratio, and salt tolerance. 

3.3.1 Carbon and Nitrogen Sources 
Bacillus sp. Ba9 was employed during the research to determine the most effective carbon sources for 

ammonium removal (initial ammonia of 789-893 mg-N/L). Strain Ba9 using sucrose as a carbon source had 
ammonium removal of 61.05% (Figure 4a) and a nitrite content of 0.02 mg-N/L (Figure 4b). In comparison, 
other carbon sources such as glucose, sodium acetate, sodium succinate, and sodium citrate had given 
ammonium removal of 46.14, 39.76, 50.83 and 56.56%, respectively. The study differed from Zeng and co-
workers [39], which illuminated that growth and ammonium removal were optimum for glucose, followed by 
citrate, sucrose, acetate, and starch. A publication suggested sodium citrate was an excellent carbon source for 
A. faecalis WT14 with a maximum of 98% ammonium removal [35]. Yang et al. [34] reported the four different 
carbon sources (acetate, glucose, citrate, and succinate); the result showed that all the tested carbon sources 
supported B. subtillis A1 had a percentage of ammonium removal up to 50. 

As the nitrogen source requirement, Bacillus sp. Ba9 was studied based on sucrose as a carbon source. 
In contrast, ammonium sulfate and chloride were used as different nitrogen sources. The result showed that 
ammonium sulfate was the most effective nitrogen source for Bacillus sp Ba9. In this condition, strain Ba9 could 
decrease ammonia by 50.53% (Figure 5a), whereas nitrate production of these two nitrogen sources was non-
significant (Figure 5b). This study result was consistent with the experiment by Lu et al. [35], which reported 
the ammonium reduction efficiency of Alcaligenes sp. W14 using different nitrogen sources. In agreement with 
the results, ammonium sulfate decreased total ammonium, having the highest effectiveness. Thus, it may be 
said that sodium citrate and ammonium sulfate were the optimum carbon and nitrogen sources for the 
heterotrophic nitrifying bacterium Alcaligenes sp. W1. The report was agreeable with this study, which Bacillus 
sp. Ba9 had sucrose and ammonium sulfate as appropriate carbon and nitrogen sources. In contrast, Yang et 
al. [34] mentioned that when four different carbon sources (acetate, glucose, sodium acetate, and succinate) 
and ammonium sulfate were used for investigation, Bacillus subtilis A1 was capable of removing ammonia but 
did not show significant differences (P>0.05). 
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Figure 4. The optimization of the carbon source of Bacillus sp. Ba9, a) ammonium removal efficiency, b) nitrite 
production. 

 

 
Figure 5. The optimization of the nitrogen source of Bacillus sp. Ba9, a) ammonium removal, b) nitrate production. 
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3.3.2 C/N ratio 
Based on the above result, sucrose and ammonium sulfate were used as carbon and nitrogen sources, 

respectively. The optimum C/N ratio of Ba9 was 4, which can eliminate ammonia by 42.55%. This is followed 
by C/N ratios 12, 8, 2, and 0, which can remove ammonia for 37.84, 37.78, 32.53, and 19.94, respectively (Figure 
6a). The result showed that the ammonium removal efficiency was low when the C/N ratios were lower or 
higher than 4. In the case of nitrite production, C/N ratio 2 showed the highest amount rather than ratio 4 
(Figure 6b). This suggested that ratio 2 may be suitable for converting ammonia to nitrite. The C/N ratio result 
in this study was related to the optimization of C/N of A. faecalis strain NR, which had the ammonium removal 
of 19.2 mg/L at C/N ratio 5 in 48 hrs. [3]. The optimum C/N ratio of bacteria may depend on species or strains. 
While A. faecalis strain no. 4 showed high-efficiency ammonium removal at C/N ratio 10 [35]. A high C/N ratio 
can have a significant effect because it improves the volume of organic matter provided to the heterotrophic 
nitrifying bacteria. However, the optimal C/N ratio shows that the heterotrophic nitrifying bacterial capacity 
to remove nitrogen cannot be continuously improved by increasing the C/N ratio [33,38]. In addition, it has 
been reported that the most suitable was 10, which has the high percentage of ammonium removal by B. 
subtillis AYC showed at C/N ratios 10, 20, and 30 were 93.55%, 94.19%, and 96.77%, respectively [37]. 
Additionally, it became apparent that with a C/N ratio higher than 10, the heterotrophic nitrifying bacteria 
required carbon sources for growing like a biofloc formation.  

 
Figure 6. The optimization of C/N of Bacillus sp. Ba9, a) ammonium removal efficiency, b) nitrite production. 

 

3.3.3 Optimization of salt tolerance of Bacillus sp. Ba9 
The optimal salinity requirement for Bacillus sp. Ba9 was tested at 9 levels of salinities: 0, 0.5, 1.0, 1.5, 

2.0, 2.5, 3.0, 3.5 and 4.0% NaCl (w/v). The result found that Ba9 could grow well at a salinity range of 1.5 to 4.0% 
NaCl (w/v) (Figure 7). Purivirojkul et al. [27] described that B. pumilius, B. sphaericus, and B. subtilis may grow 
in environments with salinities ranging from 0% to 10% NaCl (w/v). Bacterium B. oceanisediminis was isolated 
from South China Sea sediments by Zhang et al. [40] and can grow at salt concentrations within 0 and 13% NaCl 
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(w/v), with the optimum 0.5% NaCl (w/v). Moreover, B. aerius NY6 could grow at up to 6% NaCl (w/v) (optimum 2% 
NaCl (w/v)), and B. maritimus may survive in conditions as high as 7% NaCl (w/v) (optimum 5% NaCl) [41-42]. 

 

 
 

Figure 7. The growth rate of Bacillus sp. Ba9 at different salinity levels. 
 

3.4 The efficiency of Bacillus sp. Ba9 to improve synthetic wastewater. 
The ammonium removal efficiency in sterilized synthetic wastewater showed that Bacillus sp. Ba9 can 

remove ammonia from 191.38 ± 0.02 mg-N/L to 5.99 ± 1.12 mg-N/L (96.87%) on day 14 (Figure 8a-b). There is 
a report of tilapia wastewater treatment belonging to Pseudomonas sp. HBf01 and Acinetobacter baumannii 
HHf01 have an ammonium removal efficiency after 48 h for 67.9% [43]. The efficiency of nitrite production 
showed that all the treatments were decreased on day 7, and nitrite concentration increased on day 14. Bacillus 
sp. Ba9 had the highest nitrite production from 0.02 to 0.14 mg-N/L (Figure 8c-d). Another publication 
described that ammonia was reduced by 41.02% by B. methytotrophicus L7 of the nitrification effectiveness for 
9 days, with ammonia levels beginning at 146.71 mg-N/L and ending at 38.29 mg-N/L [44]. The results showed 
that after 14 days of the experiment, all trials showed an increase in nitrate concentration. By day 14, Bacillus 
sp. Ba9 had a nitrate concentration of 0.23 ± 0.01 mg-N/L (Figure 8e-f). The result of nitrogen removal can 
prove that B. oceanisediminis Ba9, a member of the heterotrophic nitrifying bacteria group, had a higher 
ammonium removal efficiency at high ammonium levels than autotrophic nitrifying bacteria [45]. The mix of 
two strains, B. cereus PK5 and B. subtilis PK8, had ammonium removal efficiency at 72.0% (initial 50.0 ± 1.5 mg-
N/L) [46]. It has been reported to be used Bacillus sp. in shrimp aquaculture (Litopenaeus vannamei) by Bacillus 
sp. N31 effectively reduced ammonium, nitrite, and nitrate for 86.3%, 89.3%, and 89.4%, respectively (nitrogen 
concentration starts at 250 mg-N/L) [47]. In the case of BOD, the efficiency of BOD removal on days 0, 7, and 
14 was determined (the initial was 2636.86 ± 0.00 mg/L). The result showed a tendency to decrease in all trials 
except the control experiment. At the end of the experiment (14 days), Bacillus sp. Ba9 can remove BOD for 
90.86%, while the control trial had removed BOD for about 15.77% (Figure 9). In several studies, the BOD was 
lower when Bacillus species were applied as water quality stimulators in aquaculture compared to controls. 
As a result, less organic matter dissolves using DO, and probably less DO is needed for Bacillus species to 
dissolve organic matter efficiently. This is possibly related to fish that consume their diet more successfully. 
For instance, B. megaterium effectively lowered the BOD of significant carp in pond water relative to the control 
[18]. Reduced BOD (above 90 %) was again recorded by Reddy et al. [24] in Bacillus (B. subtilis, B. mojavensis, 
and B. cereus) treated ponds. Similarly, a mix of B. cereus and Aeromonas veronii decreased BOD after effluent 
treatment [25]. These results provided strong evidence that Bacillus spp. is effective for BOD removal. 
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Figure 8. The efficiency of Bacillus sp. Ba9 for improving synthetic wastewater. 
  

 
 

Figure 9. Biochemical oxygen demand (BOD) removal efficiency in synthetic wastewater of Bacillus sp. Ba9  
 
4. Conclusions 

Following these studies, Bacillus sp. strain Ba9 was unusually salt-tolerant heterotrophic nitrifying 
bacteria. According to the measurements of nitrogen removal efficiency. Bacillus sp. Ba9 was effective for 
oxidizing ammonium and reducing BOD. Therefore, it might be a significant opportunity for improvement in 
sectors including marine aquatic animals and saline wastewater treatment. 
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Abstract: Microalgae exhibit high nutritional value as animal feed in aquatic 
animal nurseries. Therefore, approaches to enhance biomass productivity are 
of great economic significance. This study aimed to evaluate the effect of 
ultrasonic wave stimulation on the specific growth rate and biomass yield of 
Chlorella ellipsoidea strain TISTR 8260. C. ellipsoidea stimulated by ultrasonic 
waves at 50 Hz for 1, 5, and 10 min were cultivated in a closed-batch 
cultivation system with varying light intensities. Data revealed that 
stimulation for 1 min and rearing at 71.43 μmol m−2 s−1 resulted in the highest 
biomass productivity and specific growth rates, with averages of 0.89±0.008 
g/L/day and 0.59±0.009 per day, respectively. The findings of this study 
emphasize the usefulness of ultrasonic waves in enhancing the biomass 
productivity of microalgae. 

Keywords: Biomass; Chlorella ellipsoidea; Growth rate; Microalgae; Ultrasonic 
stimulation 

1. Introduction 
Ultrasonic sound waves, operating within the high-frequency range 

of 20 to 20,000 hertz, pose risks to small animals but are safe for humans. 
"acoustic cavitation" refers to the formation and subsequent collapse of 
bubbles within a liquid when exposed to an ultrasonic field [1-2]. This 
phenomenon gives rise to various physical effects, including shock waves, 
microjets, and turbulence, as these cavitation bubbles oscillate and implode 
[3-4]. Consequently, cavitation finds applications in diverse areas, such as 
cleaning, extraction, and emulsification. Ultrasonic sound waves can also 
generate nanoscale zinc oxide, enhancing green light emission. In medicine, 
ultrasonic sound waves are employed to create a device for parental gender 
diagnosis, producing embryo images with frequencies ranging from 1 to 20 
KHz during echocardiogram procedures for fetuses [5-6]. Similarly, ultrasonic 
waves between 1 and 3 MHz can detect bone fractures. Furthermore, 
ultrasonic sound waves, particularly at 20 KHz, can disrupt microalgae cell 
walls and extract fats, a process referred to as lipoproteinization [7-8]. 
Additionally, ultrasonic waves have effectively preserved the color of unripe 
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mangoes by inhibiting chemical oxidation and the accumulation of phenol and malondialdehyde. Utilizing 
ultrasonic waves in irrigation water for pest management is environmentally friendly, as they leave no 
chemical residues. Moreover, ultrasonic waves enhance the extraction of fats from green microalgae [9]. These 
waves induce chemical and physical changes through the cavitation phenomenon, encompassing compression 
(molecule clumping) and wave expansion. Sound can separate molecules by generating rhythmic changes that 
mimic vigorous agitation, facilitating molecular diffusion. Consequently, the extraction rate increases due to 
the heightened contact area between the solvent and the sample and reduced extraction time [10-11]. 
Ultrasonic therapy has emerged as a potential alternative to enhancing microbial growth and chemical 
production. In the case of small, detectable algae, it has the potential to augment either endogenous chemical 
synthesis or cell development. The efficacy of this technique depends on the specific microorganisms involved 
and the operational conditions employed. Employing ultrasound to combat detrimental algal blooms carries 
significant ecological implications and threatens drinking water sources. The study examined the mortality of 
Microcystis aeruginosa cells and the release of intracellular organic substances by utilizing ultrasonic 
frequencies at 20 kHz, 740 kHz, and 1120 kHz during the cultivation of the small green algae M. aeruginosa in 
freshwater in Wuhan, China [12]. Light is another crucial factor that significantly influences the algae growth 
rate, serving as the primary energy source for autotrophic organisms like microalgae. Natural light, when 
direct, exhibits significant variation in intensity based on seasonal and geographical factors. As the algae 
population expands, light penetration becomes limited due to cell growth, especially for bottom-dwelling 
algae, impacting their access to adequate light. Consequently, this limitation affects cellular photosynthesis 
efficiency. To address this, a Light-emitting diode (LED) offers the flexibility to adjust wavelength, light 
intensity, and illumination duration, providing tailored lighting conditions for the algae [13]. Light intensity 
and spectral characteristics shape cell growth and biomass composition.  Light intensities of 100, 250, and 500 
μmol m−2 s−1, along with three different light sources such as fluorescent lamps, RGB LEDs, and white LEDs, 
affect three green algae species: Chlamydomonas reinhardtii, Desmodesmus quadricauda, and Parachlorella kessleri 
both the growth rate and biomass productivity [14]. Moreover, light intensity plays a pivotal role in synthesizing 
various crucial compounds within algae, offering advantages in both their growth and utilization [15]. 
 The increased biomass production of single-celled algae holds particular importance, given their 
pivotal role as a primary component of animal feed in aquatic animal breeding facilities [16-17]. The economic 
significance of these tiny green algae in the fish farming industry is underscored by their remarkable 
nutritional content, especially their rich protein content, which is crucial for fish growth. Chlorella sp. is a green 
microalgae renowned for its nutrient-rich profile, featuring high protein and fiber content, boasting an 
impressive protein level of 60%. Moreover, Chlorella sp. contains alpha-linolenic acid, which is associated with 
reducing cholesterol levels in blood vessels. It is also abundant in essential elements such as vitamin B12, A, 
beta-carotene, and nucleic acid. In Thailand, using algae in aquaculture farms as a beneficial dietary supplement 
has been instrumental in safeguarding economically significant aquatic species like fish and shrimp from 
diseases. These advantages, including rapid production and enhanced biomass productivity, have the 
potential to impact the local economy [18-19] significantly. This study aimed to investigate the impact of 
ultrasonic waves on the specific growth rate and biomass productivity of Chlorella ellipsoidea strain TISTR 8260, 
a microalga. To conduct this research, we utilized a closed-batch culture system capable of regulating various light  
intensities, including 14.29, 42.86, and 71.43 μmol m−2 s−1, in addition to fluorescent light (114.29 μmol m−2 s−1). 

2. Materials and Methods 
2.1 Experimental design 
 A completely randomized design (CRD) was employed to study the specific growth rate and biomass 
productivity of the green microalga C. ellipsoidea strain TISTR 8260. The growth parameters of C. ellipsoidea 
stimulated by ultrasonic waves at 50 Hz for 1, 5, and 10 min were compared to the untreated control group. 
The treatments were cultured in the BG-11 medium with light intensities of 14.29, 42.86, and 71.43 μmol m−2 s−1, as 
well as fluorescent light (114.29 μmol m−2 s−1). Each experimental set included three replicates. 
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2.2 Test strain and composition of the culture medium   
 The C. ellipsoidea strain TISTR 8260 was obtained from the Biotechnology Department, Thailand 
Institute of Scientific and Technological Research (TISTR). The microalga was grown in the BG-11 culture 
medium at a nutrient-to-alga ratio of 9:1. One-liter volumes of the BG-11 medium (HiMedia, India) were 
prepared in 2L-flasks and sterilized by autoclaving at 121 °C for 15 min. The nutrient formula of BG-11 was as 
follows: NaNO3 (15.0 g/L), K2PHO4 (0.4 g/L), MgSO4.7H2O (0.75 g/L), CaCl2 2H2O (0.36 g/L), citric acid (0.06 
g/L), C6H5+4yFexNyO7 (0.06 g/L), EDTA disodium magnesium salt (0.01 g/L), Na2CO3 (0.02 g/L), and 1.0 mL 
trace metal mix A5 (consisting of H3BO4 28.6 g/L, MnCl2·4H2O 18.1 g/L, ZnSO4·7H2O 2.22 g/L, NaMoO4·2H2O 
3.9 g/L, CuSO4·5H2O 0.079 g/L, and Co(NO3)2·6H2O 0.494 g/L) and the pH was adjusted to 7.0 [20]. The starter 
culture of the microalga was cultivated for 14 days with shaking at 150 rpm in a closed, intelligently controlled 
cabinet exposed to a light intensity of 42.86 μmol m−2 s−1  for 12 h per day. The starter culture was used at an 
optical density at 600 nm (OD600 nm) of 0.244. 
   
2.3 The rearing experiment  
  The starter culture of C. ellipsoidea TISTR 8260 was used for the rearing experiment. Different light 
intensities were applied, and the specific growth rates and biomass productivities were measured. The rearing 
experiment was conducted in a closed-shift intelligent control cabinet at a temperature of 28 ± 1 °C and light 
intensities of 14.29, 42.86, and 71.43 μmol m−2 s−1 form the light emitting diode (LED) (9 watts, B1, Thailand), 
as well as fluorescent lamp (36 watts, Silver, Thailand) at 114.29 μmol m−2 s−1 for 12 h per day over 14 days. 
 
2.4 Determination of specific growth rates and biomass productivity 
 To assess the microalga growth, the OD600 nm of different treatments was measured using a spectrophotometer 
(Brand Peak, model C-7100, USA). Aliquots of 1 mL of the cultures were collected and measured daily to 
generate a linear regression model. The specific growth rates were calculated using Equation 1, and the biomass 
productivity using Equation 2 [21]. The daily algal biomass measurement is calculated by employing a linear 
regression equation that compares the OD600 of the current sample to that of the initial cultivation. 
    
                                                                            P = X1−X0

t1−t0
                                                                         (1) 

 

                                                                          μ = In(X1−X0)
t1−t0

                                              (2) 

               
 where P is the mass productivity (biomass productivity; g/L/day),  
  µ is the specific growth rate (per day), and  
  X1 and X0 are the alga mass (g/L) at day T1 and T0, respectively 
 
2.5 Statistical analysis 
 Each experiment was repeated three times for each sample (n = 3), and the standard deviations (SD) 
were calculated. The differences between groups were determined using the R program's one-way analysis of 
variance (ANOVA), followed by Tukey's multiple comparison analysis. At 95% confidence, a p-value of 0.05 
was considered statistically significant. 
 
3. Results and Discussion 
3.1 The effect of ultrasonic waves on biomass productivity   
 To evaluate how high-frequency sound waves at 50 Hz affect the growth of C. ellipsoidea strain TISTR 
8260, we exposed the microalgae to different durations of ultrasonic treatment while keeping the light intensity 
at various levels. These experimental conditions were implemented following ultrasonic treatment intervals of 1, 5, 
and 10 minutes, as opposed to the control group, which did not undergo ultrasonic stimulation. The results revealed 
that at 14.29 μmol m−2 s−1., the mean biomasses were 0.64 ± 0.028, 0.77 ± 0.007, and 0.72 ± 0.012 g/L/day at 1, 5, 
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and 10 min, respectively. Among the three time points, the biomass at 1  min was significantly less, with a p-value 
of 0.0001 (DF = 3, F(3, 52) = 133.5), while the control group had an average biomass of 0.70 ± 0.009 g/L/day (Figure. 1a). 

 At 42.86 μmol m−2 s−1, the 1 0 - min ultrasonic stimulation yielded the highest average biomass 
productivity (0.79 ±  0.015 g/L/day). This value was significantly (p-value = 0.0001; DF = 3, F(3, 52) = 12.58) 
higher than the 1 - min and 5 - min ultrasonic stimulation and the control group, with average biomass 
productivity of 0.75 ± 0.020, 0.75 ±0.023, and 0.76 ± 0.011 g/L/day, respectively (Figure. 1b). In addition, the 
ultrasonic stimulation for 1  min and 5  min at 71.43 μmol m−2 s−1 produced higher biomass productivity than 
the 10 min stimulation and the control groups with a p-value of 0.0001 (DF = 3, F(3, 52) = 322.5). The p-value 
was 0.0020 when comparing the mean values at 1 and 5 min. The average biomass productivity values of C. 
ellipsoidea stimulated by ultrasonic waves were 0.89 ±0.008, 0.87 ± 0.008, and 0.80 ± 0.012 g/L/day at 1, 5, and 
10 min, respectively, while the biomass of the control group was 0.82 ± 0.006 g/L/day. At the fluorescent light 
intensity, the average biomass productivity of C. ellipsoidea strain TISTR 8 2 6 0  resulting from ultrasonic 
stimulation at the different time points was higher than that of the non-stimulated control group. The biomass 
values were 0.66 ± 0.023, 0.69 ± 0.020, 0.67 ± 0.025, and 0.53 ± 0.003 g/L/day at 1, 5, and 10 min of stimulation 
and the control, respectively. The p-value was 0.0001 (DF = 3, F(3, 52) = 185.1) compared to the control group. 
When comparing the 1 min and 5 min biomass, the p-value was 0.0015, while it was 0.0151 when comparing 
the 5 min and 10 min values.  

 

Figure 1. The biomass productivity according to the light intensity culture (a): 14.29 μmol m−2 s−1, (2): 42.86 μmol m−2 s−1, 
(3): 71.43 μmol m−2 s−1  and (4): Fluorescent after ultrasonic stimulation at 1, 5, and 10 min and control. 

3.2 The impact of ultrasonic stimulation on the specific growth rates 
 The specific growth rate is an important parameter to evaluate the quality of the cultivation process. 
We further assessed the effect of ultrasonic stimulation on C. ellipsoidea growth by determining the specific 
growth rates of strain TISTR 8260 when stimulated by ultrasonic waves for 1, 5, and 10 min, compared to the 
control group. The mean specific growth rates at 14.29 μmol m−2 s−1  were 0.26 ± 0.044, 0.44 ± 0.009, 0.37 ± 0.017, 
and 0 .35  ±  0 .01 4 per day for the 1 - , 5- , and 10 -min stimulation groups and the control group, respectively 
(Figure. 2 a). The highest specific growth rate value was recorded for the 5 - min stimulation group with a p-
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value of 0.0001 (DF = 3, F(3, 52) = 120.8). The p-value was 0.0246 when comparing the mean specific growth 
rates of the 10-min ultrasonic wave exposure with the control group. At a light intensity of 42.86 μmol m−2 s−1, 
the exposure to ultrasonic waves for 10 min resulted in the highest specific growth rate (0.47 ±  0.018), with a 
p-value of 0.0001 (DF = 3, F(3, 52) = 12.28) compared to the other treatment groups and the control. Exposure 
to sound waves for 1 and 5 min led to specific growth rates similar to the control group, with values of 0.42 ± 
0.030, 0.42 ±  0.031, and 0.44 ± 0.014 per day, respectively (Figure. 2b). The results also revealed that at 71.43 
μmol m−2 s−1, higher specific growth rate values were recorded for the 1 -  and 5 - min stimulation groups 
compared to the 10-min and control groups, with a p-value of 0.0001 (DF = 3, F(3, 52). = 318). The mean specific 
growth rates were 0.59 ± 0.009, 0.57 ± 0.009, 0.48 ± 0.016, and 0.56 ± 0.007 per day for the stimulation groups of 
1, 5, and 10 min. The control group, respectively (Figure. 2c). In addition, at the fluorescent light intensity, the 
three ultrasonic exposure times resulted in mean specific growth rates significantly higher than the control 
group, with a p-value of 0.0001 (DF = 3, F(3, 52) = 226.4). The 1-min and 10-min stimulation groups had similar 
growth rates. The mean specific growth rate values were 0.29 ±0.035, 0.34 ±0.029, 0.30 ± 0.037, and 0.07 ± 0.006 
per day for the 1-, 5-, and 10-min stimulation groups and the control, respectively (Figure. 2d). 

 

Figure 2.  The specific growth rate according to the light intensity culture (a): 14.29 μmol m−2 s−1, (2): 42.86 
μmol m−2 s−1, (3): 71.43 μmol m−2 s−1  and (4): Fluorescent after ultrasonic stimulation at 1, 5, and 10 
min and control. 

 In this study, the biomass productivity resulting from the stimulation of ultrasonic growth at 50 Hz 
for 5 and 10 min ranged from 0.65 to 0.89 g/L/day. Previous research on the semi-continuous cultivation of C. 
vulgaris for lipid production tested four ultrasonic wave frequencies and recorded the highest biomass yield 
at 20 Hz [22]. Other studies have reported varying optimal frequencies for different algae strains: C. sorokiniana 
SDEC-18 achieved its highest biomass (0.63 g/L/day) with 15 Hz stimulation, increasing lipid production from 
50.53% to 64.38%. Scendesmus sp., when stimulated at a frequency of 20 Hz for 2 minutes, yielded a maximum 
biomass of 0.68 g/L/day [23]. In this investigation, the highest average biomass (0.89 g/L/day) of C. ellipsoidea 
strain TISTR 8260 was attained when the algae were cultivated at 71.43 μmol m−2 s−1 with ultrasonic wave 
stimulation at 50 Hz for 1 min [24]. Notably, this study employed a frequency twice as high as previous 
research, which might account for the shorter time needed to enhance the desired growth rate. Furthermore, 
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the biomass productivity in this study surpasses last year by approximately 23%. The exposure to high-frequency 
ultrasonic waves may have activated the cell walls of algae, potentially leading to accelerated cell division [12]. 

Ultrasonic stimulation with varying light intensity levels significantly influences growth rate and 
biomass productivity. The peak yield is achieved at a light intensity of 71.43 μmol m−2 s−1, whereas the lowest 
product is observed at 114.29 μmol m−2 s−1 in the culture. This phenomenon resembles findings in the batch 
cultivation of Squama quadricauda, where the highest biomass yield of 0.68 g/L/day was recorded at a light 
intensity of 42.86 μmol m−2 s−1 for 5 min. Similarly, Scenedesmus obliquus (FACHB12) displayed a biomass 
production of 0.69 g/L/day when cultured at 14.29 μmol m−2 s−1 after 3 min of sound wave stimulation at 23 
Hz [25]. Based on the results, lower light intensity is optimal for accelerating the growth rate and biomass 
production of algae in this study. Offering excess light intensity may lead to cell overexposure rather than 
promoting accelerated algae proliferation. Employing an ultrasonic pulse enhances membrane permeability 
and induces changes in enzyme structure, facilitating improved aeration and the release of cell clusters during 
cultivation. These alterations also extend to cellular and genetic components, as illustrated in Figure 2, 
showcasing the impact of this application on microalgae growth. These transformative effects arise from 
cavitation events. Ultrasonic sound waves induce metabolic changes, increasing transmembrane permeability 
and enzyme structural modifications. This process introduces air and releases cellular clusters, consequently 
affecting cell count and producing elevated chemicals [26]. 

In contrast to our findings, the cultivation of B. braunii, stimulated by sound waves at a frequency of 
40 Hz every four days, resulted in a maximum specific growth rate of 0.089 per day and a biomass output of 
0.043 g/L/day [27]. In our study, we employed ultrasonic sound waves at 50 Hz and allowed the algae to grow 
for 14 days, with specific growth rates and biomass under these conditions. The highest specific growth rate 
recorded was 0.59 per day when C. ellipsoidea was exposed to ultrasound waves for 1 min and cultivated under 
a light intensity of 71.43 μmol m−2 s−1. In comparison, Nannochloris sp., stimulated at 20 Hz for 2 min and 
cultured in the Bold medium, exhibited the highest specific growth rate of 0.42 per day and a biomass yield of 
0.78 g/L. Interestingly, the exposure of C. vulgaris to sound waves at the same frequency as in our study did 
not result in an enhanced growth rate; instead, it achieved a specific growth rate of 0.65 per day and a biomass 
output of 0.772 g/L/day [28]. This entails initiating ultrasonic stimulation at the onset of the growth phase, 
thereby sustaining a continuous increase in biomass productivity through repeated algae stimulation. 

4. Conclusions 
In this study, we evaluated the effect of ultrasonic stimulation on the growth of C. ellipsoidea strain 

TISTR 8260 using a batch-cultivation system. C. ellipsoidea was exposed to ultrasonic waves at 50 Hz for 1, 5, 
and 10 min and cultivated at different light intensities. They stimulated C. ellipsoidea with ultrasonic waves for 
1 min and rearing at a light intensity of 71.43 μmol m−2 s−1 improved biomass productivity and specific growth 
rates. Beyond creating the optimal conditions to stimulate growth and enhance algae biomass production in 
our experiment, these methods could be extended to other commercially significant algae strains. Leveraging 
ultrasonic sound waves to accelerate the cultivation of economically valuable green microalgae, thereby 
reducing their growth cycle and increasing biomass output, presents considerable promise. This strategy may 
yield economic advantages for entrepreneurs within the marketing ecosystem. 
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