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Abstract 

 

Room scheduling is often a time consuming task that requires a great deal of manual efforts. This problem is 

similar to the interval scheduling problem, but with the interval being a non-consecutive discrete value.  The 

paper addresses a related specific problem commonly called ‘timetabling problems.’ The proposed system 

aims to solve the complicated many-to-many problem of students and courses with a main specific constraint 

that no student should take more than one exam at a particular time.  This paper is intended to emphasize on 

the system interactivity, in contrast to the optimization problem. The interactive decision support system is 

designed to expedite the final exam scheduling steps. The interactive tool is preferred over the automatic 

scheduling because the interactive application allows scheduler to consider many dynamic constraints. This 

web-based exam scheduling application allows staff to select courses into multiple timeslots without much 

trial and error effort. In conclusion, the final exam scheduling process has been drastically reduced using the 

interactive decision supported system.  The main contribution to this work includes the development of many-

to-many searching algorithm based on database query and a simple and user-friendly browser based system 

that allows the staff to easily manage courses for dynamic-constraint final exam. The scheduled exam has been 

carried out by the academic support staff and has proven to be effective and more practical than the traditional 

manual exam schedule planning. It also could reduce preparation time. 

Keywords: Decision support system, scheduling exam, exam timetable  

 

Introduction 

Room scheduling has been one of the interesting 

research problems in the field of management science 

and system engineering.  Many variation of the 

problems depending on different types of constraints 

requires different problem solving approaches. The 

problems addressing in this paper are the case of placing 

courses into a timeslot with a constraint that no students 

should be placed into the same timeslot. This problem is 

similar to the interval scheduling problem, but with the 

interval being a non-consecutive discrete value.  Other 

variation with different constraints have been studies in 

different disciplines including hospital room scheduling 

[1], sport tournament scheduling [2], restaurant crew 

scheduling [3], airline crew scheduling [3], etc.  The 

problems addressed in those studies are commonly 

based on the interval scheduling [5]  and resource 

allocation [6] based on specific constraints.  

The specific problem address in this paper is 

commonly called timetabling problems. This type of 

problems are often solved manually because of the lack 

of appropriate computer tools and often done by a staff 

who does not have sufficient computer skills. Many are 

able to build a timetable using various functions from a 

spreadsheet. However, trial and error efforts are 

required to build a complete timetable.  Although much 

complicated algorithm have been reported successfully 

solve the problems in recent years, they are often highly 

dedicated to specific problems. Award and Chinneck [7] 

implements a proctor assignment tasks using genetic 

algorithm with various constraint settings about proctor 

availability. Their work focuses on proctor assignments 

after the classes have been places manually into serval 

rooms throughout the campus.  While many studies 

attempt to search for an optimal approach to build a 

timetable for classroom [8][1], this paper focuses on a 

decision support system (DSS) addressing the final 

exam scheduling problem with a constraint that only 

students should take only one exam in a particular time. 

The term decision support system is commonly used to 

describe a computerized information system that 

support decision-making activities with a certain degree 

of interaction between users and information. This paper 

is, however, intended to emphasize on the system 

interactivity, in contrast to the optimization problem. 

This interactive DSS is preferred over the automatic 

scheduling because the interactive application allows 

scheduler to consider many dynamic constraints such as 

proctor time preference, mix of two courses in one exam 

room etc. 

 

Course assignment problem 
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The classroom scheduling for a final exam 

commonly take a several weeks to complete because 

students can register for any class they wish on a 

particular term, but the exam will be scheduled 

afterward. In this case, a student registers for several 

classes. Each class commonly have about 30-40 

students. The classroom is scheduled for two hours per 

day on available time interval of the days: 8.30-10.30, 

10.30-12.30, 12.30-14.30, and 14.30-16.30.  During the 

registration period, students are free to register any class 

they prefer. If any of two classes that they want to take 

are scheduled at the same time interval, they would have 

to choose another class or another section that has no 

scheduling conflict. The problem arises when the policy 

set that final exam has to be a 3 hour-session that is, 

9.00-12.00, 12.10-15.10, and 15.20-18.20. That is the 

exam scheduler has to schedule an exam of several 

courses into these three intervals without having a 

student in two courses on the same time interval. That 

is, the final exam scheduler must ensure that no students 

should be in more than one class at a given time. For 

example, given student registration record in figure 1 

where the data in the spreadsheet column A, B, D, and 

E are course name, instructor name, student ID, and 

student name, respectively. From the data, final exam of 

HTM442 cannot be scheduled on the same timeslot as 

that of STA505 because “miss malattawam 

wangiangwad” (highlighted in red) is taking both 

classes.   

 

 

Figure 1. Spreadsheet containing students in each course 

 

System Architecture and Design 

This problem can be solved by using information 

technology to help manage the complex database 

relationship.  One approach to solve this problem is by 

using several function offered the spreadsheet such as 

“filtering” and “lookup”.  However, this requires a 

significant effort to perform manual work and cross 

check among the classes. From figure 1, if HTM422 is 

placed at the exam time slot from 9am-12pm, before 

putting the next class in that timeslot, the exam 

scheduler has to check whether the next class will have 

any students in HTM422.  If the brute forth search 

between two courses are used, the computation will 

have an estimate complexity of O(n^2).   

This problem can be solved by using database and 

browser-based application with a consideration of 

usability of the system.  The system must allow the 

selected and deleted courses from the timeslot. Once a 

course is placed in a timeslot, the user must be able to 

see which class cannot be put in that timeslot.  From this 

basic idea, the web platform is chosen since it allows the 

users to use the system from anywhere.  Since the 

system is intended to be used by a staff who has little IT 

knowledge, the raw data are copied and pasted from the 

front-end of the registration system into a spreadsheet. 

A flat list of each class and a list of students within the 

class are the only input required by the system. An 

example of the spreadsheet is shown in Figure 1.   

The application requires a setup process where the 

spreadsheet file shown in figure 1 is upload to the web-

based application. The data will be inserted 

automatically into a database. The flowchart of the setup 

process is shown in Figure 2.  The database consists of 

two tables. The first table maintains the course ID and 

student ID. The second table maintains the slot ID, 

course ID, and teacher id, as shown Figure 3. 

 

 

Figure 2. Application setup flowchart 

 

Figure 3. Entity Relationship Diagram of the database 

Once the data are inserted into the table, user can 

see the timetable from the browser along with all classes 

that will be arranged into the timetable.  The timetable 

is divided into timeslots where the slot outside the 

timetable is internally denoted by ”c00” while Monday 

morning and afternoon are denoted by “c01” and “c02” 

respectively.    

The rest will be an interaction between the front-

end implemented by Javascript, and angularjs with the 

backend implemented by php.  The backend system 

consists of a component dealing with add and delete a 

course from a timeslot and another critical component to 

perform algorithm search based on course and student, 

which will be described in the next section.  When user 

click on a timeslot in the timetable, the timeslot id is 

used as a key to search for courses that are already on 

the timeslot. All students from those courses are then 

used as a key to query database to find courses that these 

students are not registered in.  The course from this 

query will be highlighted in green as an indication that 

the courses can be added to that slot; otherwise, they will 

be highlighted in red. Figure 4 show the interaction 

User Upload Data Parsing Student/Class 
info database

- classID
- studentID

Class Student

- slot
- teacherID
- studentID

Timetable
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between the user and the internal components of the 

application 

 

Figure 4. User interaction with the application and its 

internal components 

 

Algorithm 

As described in the previous section, the main part 

of this program has to do with checking which students 

in which course, which is a many-to-many problem. 

That is, it has to check which students are registered in 

the course for a given time slot and query for courses 

that do not have those students register in.  The query 

for the courses that has been placed in the slot “c01” 

(Monday 9.00-12.00). [step1].  The resulting course ID 

are concatenated for the next query. Let’s say that are 

only 3 courses in the time slot. The resulting 

concatenated text will be saved in a variable [step2]. The 

next query will find the students who are in those 

courses on the slot “c01” [step3].  Similar to the course 

ID query, the resulting of the student ID query are then 

concatenated into the list of students into another 

variable [step4]. The resulting students ID is then 

checked against those courses that have not been placed 

on the timeslot by the final query, which is finding 

courses that do not have students from the previous 

query [step 5]. The course from this query is then used 

to highlight “red” or “green” the courses to be placed 

onto the timetable [step 6].  For any interaction: 

add/remove a course to timetable or select a timeslot, the 

algorithm will be performed. The steps of algorithm can 

be summarized as follow: 

Step 1: Query courses already in the selected timeslot. 

Step 2: Form a string of query result from step 1 

Step 3:  Query for students registering in courses from 

step 2 

Step 4:  Form a string of query result from step 3 

Step 5:  Query for courses that do not contain list of 

students from step 4. 

Step 6:  Run through the courses to highlight color based 

on results in step 5. 

Interface 

The interface is designed such that the user who 

perform the scheduling does not have to go through a 

complicated training.  The user can click on any time 

slot as an intention to work on that time slot. The 

selected time slot will be highlighted. For example, a 

user click on the time slot on Monday 12.10-15.10, the 

time slot will be highlighted to indicate that the time slot 

is active as demonstrated in Figure 5. At this stage the 

front-end and back-end will perform the checking with 

the algorithm described in the previous section. The 

algorithm takes less than a second. Once the checking 

algorithm is done, the course cell with students 

registered in the course already in that time slot will be 

highlighted in red; otherwise, it will be highlighted in 

green as shown in Figure 6.  The course cell consisted 

of 3 parts. The first part has character “M”, which is a 

clickable location of the cell abbreviation of “Move”.  

The 2nd part is the course ID and the 3rd part is the 

instructor ID.  From Figure 5, the course on the upper 

left corner is ABM301 taught by instructor ID=4 

Additional example is illustrated in Figure 5, 

where timeslot 12.10-15.10 is selected. Since there is no 

class in that time slot, all courses above the timetable are 

highlighted in green as indication that any course can be 

added to the timeslot without a conflict. 

From Figure 5, if a user wants to add MAS386 

taught by Tina7 (bottom left of courses above the 

timetable) to the timeslot 12.10-15.10, user can click on 

the “M” part of that cell.  Once the “M” part is clicked, 

the course will be added to the cell as shown in Figure 

6. Immediately after the course is added to the timetable, 

the course above the timetable will be re-highlighted to 

reflect the change in the timetable.  As can be seen from 

Figure 6, the course highlighted in red have students that 

are also in MAS386. On the other hand, from Figure 6, 

if a user desire to remove the course MAS386 from the 

timeslot 12.10-15.10, user can click on the M part of the 

cell. The course will be moved back to the location 

outside the timetable. The resulting timetable and color 

of all courses will change the original status as shown in 

Figure5.

 

 

Figure 5. The selected timeslot is highlighted in pick while the courses outside the timetable are highlighted in green 

Web Front-
End
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Application/

JavaScript
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Application

Student/Class 
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 Conclusions 

The final exam scheduling process has been 

drastically reduced with the system that allows staff to 

schedule final exam using the interactive decision 

supported system.  The main contribution to this work 

includes (1) development of many-to-many searching 

algorithm based on database query (2) a simple and 

user-friendly browser based system that allows staff to 

easily manage courses for dynamic-constraint final 

exam. The scheduled exam has been carried out by the 

staff of academic support and has proven to be effective 

and more practical than the traditional manual exam 

schedule planning. It also could reduce preparation 

time. 

The extension to this work is a development of 

algorithm perform the course placement automatically 

while allow an interaction between the user and the 

system to overcome the dynamic constraints of the 

scheduling problem. The extension requires advanced 

mathematical algorithm such as Greedy algorithms and 

transformation of constraints into algorithmic based 

parameters. 
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Abstract 

Absorbed solution derived from biogas cleaning by chemical absorption with alkali solution which was prepared 

from palm ash with maturation pond effluent, contains high concentration of nutrients. After absorption 

process, carbon dioxide and hydrogen sulfide converted to bicarbonate and sulfide in absorbed solution. It is 

susceptible to deteriorate surrounding water, if the effluent was not managed and discharged properly. To 

reduce negative effects of the effluent from this source, biological treatment of waste water by using aquatic 

plant would be one of an alternative method and can capture nutrients to retain in the form of biomass. Aquatic 

plants (Ceratophyllumdemersum L.) is widely distributed, might be potentially used for this purpose. The study 

consisted of 2 experiments. First experiment, three different initial weights from 50, 75 and 100 g 

Ceratophyllumdemersum L. were cultured in 30L (adding of 0.5% palm oil mill effluent for nutrients). After 

3 weeks of cultured, the suitable initial weight was 50 g with specific growth rate 4.5% per day.In the second 

experiment, Cultivation of by Ceratophyllumdemersum L. using the diluted absorbed solution with to 

CODconcentration of 600 mg/L. The result show that, the specific growth rate was 3.52 % per day, COD, nitrate 

and phosphate dropped about 76%, 76% and 53%, respectively in 3 weeks of culture time. All of water 

parameters including temperature, pH and light intensity were checked daily. Water quality after treatment by 

the Ceratophyllumdemersum L. could be released friendly to the environment and the biomass of the aquatic 

plant could further be utilized for other purposes. 

Keywords: Ceratophyllumdemersum L., absorbed solution,biological treatment, biomass 

 

Introduction 

Biogas is one alternative energy and interest in the 

current. Produce from fermentation and decomposition 

of organic matter in anaerobically. Biogas containing 

methane 50-70 %, carbon dioxide 30-50%, hydrogen 

sulfide 10-2000 ppm and slightly other gases (Hosseini 

and Wahid, 2015).Carbon dioxide is a greenhouse gas 

that is very release. The Kyoto protocol was based on 

the obligation of reducinggreenhouse gas emission, 

aimed especially at the content of carbon dioxide 

(Stainforth et al., 2005). Purification of biogas by 

removing carbon dioxide and hydrogen sulfide is 

necessary to reduce metallic part corrosive and also 

enhance the fuel quality.Chemical absorption with alkali 

solution is one of the most popular for gas treatment in 

industrial which has components carbon dioxide and 

hydrogen sulfide. 

A large amount of alkali wastewater is generated 

in numerous industries such as the beverage industry, 

paper and pulp industry, leather industry, cement and 

concrete industry even water of water treatment 

systems. Alkali wastewater can be used for biogas 

cleaning by remove the acid gas carbon dioxide and 

hydrogen sulfide (Gaur et al., 2009). Therefore, 

maturation pond effluent from water treatment systems 

which has pH around 8.3 would be possible to 

adsorb/absorb the carbon dioxide and hydrogen sulfide 

from biogas. The main components of ash is potassium 

carbonate, sodium carbonate and other elements, such as 

sodium, chloride, potassium, calcium chloride, silica 

and calcium carbonate. Those elements dissolve into the 

water provide alkali solution. Dissolving ash into 

maturation pond effluent could potentially noticeable 

enhance of alkalinity. Palm oil mill generates a large 

amount of wastewater and boiler palm ash. Mixture of 
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mature pond effluent and palm ash is promising choice 

of waste utilization for upgrading biogas which 

generated from palm oil mill effluent (POME). It is 

utilization of plant waste, reducing of new waste and 

costs in biogas cleaning. After absorption process, 

carbon dioxide and hydrogen sulfide changed to 

bicarbonate and sulfide in the absorbed solution. In 

addition, the absorbed solution also contains other 

compounds such as nitrogen, phosphorus, carbon and 

heavy metal must treatment before discharge into the 

river. 

It is interesting approach to capture nitrogen, 

phosphorus, carbon and heavy metal to retain in the form 

of biomass by mechanism of photosynthesis of 

plants.The photosynthesis of aquatic plants are 

occurring a rate faster than terrestrial plants. It would be 

useful to reduce environmental problems, stink, and 

global warming, and also alternative of renewable 

energy. 

In this study focused on culture aquatic plants on 

the absorbed solution from biogas cleaning to remove 

nutrients.The aquatic plants 

selectedCeratophyllumdemersum L. was selected for 

this study due to their presence in a range of lakes, have 

displaced native bicarbonate users and efficiency was 

high but unaffected by alkalinity, indicating high 

adaptation ability to varied nutrients (Cavalli et al., 

2012). The objectives of this study were to investigate 

to treat wastewater byCeratophyllumdemersumL.and 

potential to produce aquatic pant biomass. 

 

Materials and Methods 

Collecting ofCeratophyllumdemersumL. 

Ceratophyllumdemersum L. was collected from the 

creekfrontofPattanipark in Pattani,Thailand. The aquatic 

plant was washed in the creek before being placed in 

containers filled creek water and transported to the 

laboratory room within 30 min from collection. It was 

transferred to a large plastic aquarium (500 L) filled with 

water (add 1% Palm oil mill effluent for nutrients) for 

acclimated before to laboratory. 

 

Wastewater for 

CeratophyllumdemersumL.cultivation 

The treat wastewater byCeratophyllumdemersum 

L. on 4 type of wastewater were ; 1) palm oil mill 

effluent derivedfrom Palm Pattana Southern 

BourderCo,Ltd. Pattani, Thailand). 2) maturation pond 

effluent (M) from water treatment systems of Palm 

Pattana Southern BourderCo,Ltd. Pattani, Thailand. ; 3) 

alkali ash solution (MA)prepared from palm ash with 

maturation pond effluent. (The both were collected from 

Palm Pattana Southern BourderCo,Ltd. Pattani, 

Thailand). ; 4) the absorbed solution (MAC) derived 

from biogas cleaning by the alkali absorption, thealkali 

ash solutionprepared from palm ash and maturation 

pond effluent. The chemical absorption was carried out 

at conditions listed in Table 1.The biogas was provided 

bybiogas plant of Palm Pattana Biogas Co,Ltd. Pattani, 

Thailand. 

Table 1 :Biogas cleaning conditions 

Parameter Conditions 

Weight ratio of  palm ash 

to liquid (kg/L) 
0.3 

Concentration of biogas 
35-39% CO2, 800-1200 

ppm H2S, 55-60% CH4 

Flow rate of gas (L/min) 5 

Flow rate of solution (L/h) 120 

 

Culture of Ceratophyllumdemersum L. 

The study consisted of 2 experiments. In the first 

experiment, different initial weight of 

Ceratophyllumdemersum L. were 50, 75, and 100 gwas 

applied to find out suitable initial stockingweight. 

Culture ofCeratophyllumdemersum L. in a large glass 

aquarium (30 L) filled with water (add 0.5% palm oil 

mill effluent for nutrients). The light/dark cycle was 

naturally. The time of growing was expected around 2-

3 weeks. Weight of Ceratophyllumdemersum L. was 

measured before and after experiment as well as 

proximate nutrient contents (nitrate and phosphate), 

chemical oxygen demand, alkalinity in water was 

analyzed to comparison. Some parameters were also 

recorded including pH, temperature and ligthintensity. 

The second experiment was carried out to study 

treatment efficiency of using different type of 

wastewater M,MA,MAC)byCeratophyllumdemersumL. 

which followed the first experiment buy usin the 

optimum initial weight of Ceratophyllumdemersum L. 

from result on first experiment and the control 

experiment without Ceratophyllumdemersum L. added 

in wastewater also performed. 

Analysis methods 

Alkalinity of absorbed solution sample was 

measured volumetrically using standardize sulphuric 

acid solution using end point indicators and/or pH meter 

(AOAC Official Method 973.43). The chemical oxygen 

demand of absorbed solution sample was calculated 

using a COD-digestion unit according to the open reflux 

method (AOAC Official Method 973.46). The pH was 

measuredusing standard pH meter.Nitrate content was 

measuredby spectrophotometer with Brucine Method 

(APHA, AWWA & WEF No. 4500-NO3- E, 1998) 

while phosphate concentration was determined by 

spectrophotometer with Ascorbic Acid Method (APHA, 

AWWA & WEF No. 4500-PE, 1998). 
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Results and Discussion 

Characteristics of wastewater 

forCeratophyllumdemersumL.cultivation 

The characteristics of wastewater shown in Table 

2, the result indicate thatall type wastewater are high 

COD and high total alkalinity. At high COD not directly 

use to culture Ceratophyllumdemersum L. therefore the 

wastewater must be diluted before use. Main carbonate 

species in M and MAC were HCO3
- while in MA is 

CO3
2-. 

Table 2 : Characteristics of wastewater 

Parameter Palm oil 

mill 

effluent 

Maturation 

pond 

effluent 

Alkali 

ash 

solution 

Absorb

ed 

solution 

COD (mg/L) 78290 8000 8800 6000 

pH 4.14 8.3 9.3 8.3 

Total 

alkalinity 

(mg 

CaCO3/L) 

- 

5080 6240 5480 

NO3
-(mg/L) - 

9.95±0.08 
14.3±0.1

6 
10±0.37 

PO4
3-(mg/L) - 

21.02±0.08 
21.1±0.1

2 
20±0.14 

 

Optimum of initial weight of 

Ceratophyllumdemersum L. 

The average light intensity and temperature during 

the culture day were 20000-30000 lux and 29-30oC. The 

result found that, the highest specific growth rate of 

4.5% per day was obtained from using of 

Ceratophyllumdemersum L. at 50gas shown in Figure 

1.Because mass of Ceratophyllumdemersum L. per area 

less than another trials, so more space to expand its 

branches and trunk. The mass per area is less cause 

blocking the light less so photosynthesis is greater than. 

 

Figure 1.Specific growth rate of Ceratophyllumdemersum 

L. at differentials initial weightCeratophyllumdemersum 

L. in 30 L palm oil mill effluent (POME) on 3 weeks of 

culture time. 

The initial COD of water were 550 mg/L.Figure 2, 

result indicates that the COD reduced to a minimum 

within 2weeks during the experiments. The COD 

removal of all treatments at 2weeks are not significantly 

different except the control set, COD removal is 80% 

according with Saeleum,(2003)who study utilization of 

wastewater from biogas ponds in pig farms as nutrients 

for Ceratophyllumdemersum L. and found that it can 

reduce COD, BOD, TP and especially suspended solids. 

After that COD are slowly increasing all treatments 

because the partially decomposition of 

Ceratophyllumdemersum L.due to part of oldstem and 

inadequate nutrition so cause organic matters in the 

solution. Nitrate removal and phosphate removal at 50 g 

of initial weight are 76% and100%, respectively.  

Moreover, after the wastewater treatment using 

Ceratophyllumdemersum L., the reduction colorand 

suspended solid in wastewater was observed. Algae and 

aquatic plant can remove color from the wastewater 

industry by absorbing colors under the light conditions 

which changing the color molecules to molecules that 

are colorless (Dileket al., 1999). 

 

Figure 2.COD vs. time at differentials initial 

weightCeratophyllumdemersum L. in 30 L palm oil mill 

effluent (POME) on 3 weeks of culture time. 

 

Effect of wastewater type 

onCeratophyllumdemersum L. 

Different type of wastewater of Maturation pond 

effluent (M), alkali solution (MA) and absorbed solution 

(MAC) was used to culture Ceratophyllumdemersum L. 

During first 2 days of experiment, 

Ceratophyllumdemersum L. was floating above the 

water due to non acclimation with new solution and 

some part of stem was rotten from injury during 

transformation from a collect thank. 
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Figure 3.The arrangement stems of 

Ceratophyllumdemersum L. 

  

Over time, Ceratophyllumdemersum L. adaptable 

submerged and a proliferated the new shoots. This is 

expected it stay during Lag phase and entering a 

Logarithm phase.Figure 3 as shown the arrangement 

stems of Ceratophyllumdemersum L. 

 

Figure 4.Specific growth rate of 

Ceratophyllumdemersum L. at different type of 

wastewater on 3 weeks of culture time, M=Maturation 

pond effluent, MA=Alkali solution, MAC=Absorbed 

solution. 

The result found that, the culture by absorbed 

solution gave the highest specific growth rate of 3.52 % 

per day as shown Figure 4. The absorbed solution from 

biogas scrubber contained more carbonate species 

which resulted in higher alkalinity and more 

micronutrient from soluble ash compound such as 

potassium, phosphorus, sodium, magnesium than 

another type of wastewater that caused the highest mass 

production of Ceratophyllumdemersum L. The lowest 

specific growth rate was observed when 

Ceratophyllumdemersum L. was culture in alkali ash 

solution, might be too him of pH at the initial which 

inhibit nutrients transport to plant cell (Aronsson and 

Ekelund, 2006). Decrease of COD in all wastewater type 

was observed, the reduction of COD of all 

Ceratophyllumdemersum L. cultivation was higher than 

the control sets without the aquatic plant growth as show 

in Figure 5. The COD of alkali ash solution was slightly 

increase during 1week, because organic matter 

fromdecomposition of CeratophyllumdemersumL.stem. 

However, Ceratophyllumdemersum L. acclimated with 

alkali ash solutiontogether with proliferation the new 

shootsand COD decline after 1 week. 

 

Figure 5.COD vs. time at different type of wastewater on 

3 weeks of culture time.;M=Maturation pond effluent, 

MA=Alkali solution, MAC=Absorbed solution, 

MC=Control of maturation pond effluent, C=Control set 

without Ceratophyllumdemersum L. culture. 

 

The COD, nitrate and phosphate of absorbed 

solution dropped about 83%, 76% and 53%, 

respectively. Organic carbon, nitrate and phosphate 

required for photosynthesis of plants as equation (1) as: 

 

CO2 + H2O + PO4
3- + NO3

- → Carbohydrate + protein + 

O2 (1) 

 

Carbon dioxide is the species necessary for 

photosynthesis of plant, aquatic plant can uptake in the 

both carbon dioxide and bicarbonate species. 

Wastewater, especially the absorbed solution contained 

rich bicarbonate species which 

Ceratophyllumdemersum L. can directly used. 

Furthermore, carbon dioxide in wastewater also 

generated from aerobic digestion of organic matter as 

shown in equation (2) which oxygen use for anaerobe 

came from the photosynthesis and atmosphere. It can be 

said that, organic matter and inorganic matter in 

wastewater was simultaneous removed with 

photosynthesis of Ceratophyllumdemersum L. 

 

{CH2O} + O2 → CO2 + H2O (2) 

 

In addition, total alkalinity reduced due to applying 

to the photosynthesis of plant. Sooknah and Wilkie, 

(2004) studied nutrient removal by floating aquatic 
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macrophytes by cultured inbatch growth on diluted and 

undilutedanaerobically digested flushed dairy manure 

wastewater. Thealkalinity in these cultures decreased 

38.5 and20.6%, respectively. 

 

Conclusions 

Cultivation of Ceratophyllumdemersum L. using 

dilutedabsorbed solutionderived from biogas scrubber at 

initial COD of 600 mg/L and 50 

gCeratophyllumdemersum L. per 30 L wastewater 

produced 3.52 % per day ofspecific growth rate, the 

COD, nitrate and phosphate dropped about 76%, 76% 

and 53%, respectively in three weeks of culture time. It 

can be concluded that, Ceratophyllumdemersum L. mass 

production for future use as energy or animal feed can 

be performed along with wastewater treatment. 

However Ceratophyllumdemersum L. cultivation could 

slightly increase COD in the cultivated system. 
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Abstract 

Even though hydrogen gas is a clean, recyclable energy fuel with lower air pollution and reduced greenhouse effects, 

it is not readily available and is mainly derived from expensive processes. So hydrogen production by fermentation 

of renewable resources that are rich in carbohydrates has important advantages. Food waste containing high amount 

of carbohydrates have attracted attention as potential substrates for the microbiological conversion of bio-fuels. This 

research project offers a new approach to be applied to the production of butyrate from food waste by deploying 

dark fermentation with enriched thermophilic mixed cultures. Food waste was used as a substrate to feasibly 

investigate the simultaneous production of hydrogen and butyrate by enriching mixed-cultures in batch dark 

fermentation under thermophilic conditions (55°C). The original inoculum was received from a lab scale continuous 

stirred tank reactor (CSTR) fed with palm oil mill effluent (POME) for hydrogen production at a 5- day hydraulic 

retention time (HRT) and under theromophilic conditions. Biostat A plus was used for food waste fermentation due 

to its capability of handling with substrates having such high suspended solid (SS) content, typically with a volatile 

solid (VS) content greater than 2%. The batch experimental results show that a satisfying hydrogen production yield 

of 135.2 mL H2/g-VSadded was achieved by using an initial concentration of food waste 5.8 g-VS/L. Butyrate with a 

concentration of 34.57 mM dominant metabolic produce and other metabolic produces such as lactate, acetate and 

propionate were found at more than 5 times lower concentrations of 7.62, 5.76 and 2.30 mM, respectively. Butyrate 

rich solution could be potentially converted into butanol by using Clostidiumbeijerinckii TISTR 1461 in further 

stages of solventogenesis and associated with sugar supplementation for generating electron from its oxidation 

through glycolysis to enhancing butanol production. 

 

Keywords: Dark fermentation, food waste, hydrogen, butyrate 

 

Introduction 
Sustainable and renewable vehicle fuels are now 

gained increasing consideration due shortage of fossil 

fuels and the environmental problems arising from the 

combustion of fossil fuels. Hydrogen gas is a clean, 

recyclable and high energy fuel (122 kJ g-1) with lower air 

pollution and reduced greenhouse effects (Ozmihci, and 

Kargi, 2010), It produces only water during its 

combustion. Despite such advantages, hydrogen is not 

readily available in nature but it is mainly derived from 

expensive processes of steam reforming of natural gas and 

water electrolysis. Hydrogen Production by fermentation 

of renewable resources that are rich in carbohydrates have 

important advantages over chemical energy intensive 

process due to able to operate under mild conditions 

(Ozmihciet al, 2011). 

An enriched group of bacteria having multi-enzyme 

systems involved in two–step dark fermentation; 

hydrolysis and acidogenesis can produce hydrogen from 

carbohydrates along with the pathways of butyrate and 

acetate with the theoretical yields of 249 and 498 mL-

H2/g-sugars, respectively (Kongjanet al, 2011). Hydrogen 

is preferable to be produced through butyrate pathway, 

when the hydrogen partial pressures are above 60 Pa. 

During acidogenesis, hydrogen partial pressures higher 

than 60 Pa can inhibit proton reduction by NADH, shifting 

the fermentation towards butyrate or other reduced 

products instead of toward acetate (Angenentet al, 2004). 

Thus butyrate as the precursor for butanol generation from 

solventogenesis of butanol producing bacteria can be 

separately produced in conjunction with hydrogen 

production via dark fermentation. 

In Thailand, food wastes generated is around 

600,000 kg/day, accounting approx. 50% of total waste in 

wet-weight ratio. It’s one of the critically problems in 

environmental concerns. Alternatively, food wastes 

containing high amount of carbohydrates (starch, 

celluloses, and hemicelluloses) have attracted attention in 

recent years as the potential substrates for the 

microbiological conversion of bio-fuels (biogas, ethanol, 

butanol and bio-hydrogen) (Lee et al, 2010). Total solids 
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(TS) content and volatile solids (VS) content were 18.9% 

and 90.1% for food waste, respectively. Carbon (C) and 

Nitrogen (N) were 41.1 and 3.4%, respectively (Wan et al, 

2013). 

In this research project, a new approach applying to 

producing of butyrate from food waste for further butanol 

production is proposed by depolying dark fermentation 

with enriched thermophilic mixed cultures. Laboratory 

scale continuous stirred tank reactor (CSTR, Biostat A 

plus) was used for food waste fermentation due to its 

capability of handling with substrates having such high 

suspended solid (SS) content, typically with a volatile 

solid (VS) content greater than 2% (Liu et al, 2008). 

Furthermore, it is simple to construct and is capable to 

regulate both acidity and temperature. Complete 

homogeneous mixing for direct contact between the 

substrate and active biomass can be achieved efficiently 

within CSTR (Hallenbeck and Ghosh, 2009). 

 

Materials and Methods 
Inoculum preparation 

Anaerobic digested sludge collected from biogas 

plant of palm oil extraction plant in Krabi, Thailand was 

used as original inoculum. Prior to inoculation, anaerobic 

digested sludge was loaded shock to eliminate 

methanogens for hydrogen production by using 50-g-

Sucrose/L. Afterwards, load shock digested sludge was 

used as inoculum for further hydrogen production.The 

hydrogen production test was performed in a 120-mL 

serum bottles, 20 mL of load shock digested sludge was 

mixed with food waste at 10 g/L by adjusting with basic 

anaerobic (BA) medium(Angelidaki and Sanders, 2004) to 

60 mL. Positive control with 10 g/L glucose was used to 

test the inoculum performance. Negative control bottle 

contained BA medium solution and inoculum without 

foodwaste. The serum bottles sealed with rubber septa and 

capped aluminum crimps were flushed for 3 min. with 

nitrogen gas to ensure anaerobic conditions. Each 

experimental condition was carried out in triplicate. 

 

Food waste fermentation 

Food waste was collected from the canteen Aquatrap 

of Universiti Malaysia Terengganu. Animal bones in 

collected food waste was separated out before crushed 

with electric blender and stored at temperature 4oC until 

further use. Food waste with different initial concentration 

of 5, 8, 10 and 13%TS were fermented incomparison in 5-

L jacketed fermenters of the model Biostat A Plus 

(Sartorius, Melsungen, Germany) with working volumes 

of 2 L. Process temperature was maintained at 55 ± 3°C 

by using a heating jacket. The pH was controlled 

automatically at 6.0 by adding 2M HCl and 2M NaOH as 

appropriate, and reactors were mechanically stirred at 120 

rpm. Anaerobic reactor was inoculated with600-mL 

enriched inoculum (30 % of reactor's work volume). Each 

experimental condition was carried out for 7 days and 

supplemented with macro, micro nutrients and sorensen 

buffer. Parameters of pH, total carbohydrate, VFAs and 

ethanol were analyzed along the fermentation time. 

 

Analysis Methods 
Total carbohydrate was determined by using the 

phenol-sulfuric method with glucose as the standard 

(Wang et al., 2014), total solid (TS), volatile solids (VS) 

and ash were measured according to standard method for 

the examination of water and wastewater (APHA, 1998). 

The fermentation broth was separated from the residue by 

centrifuging at 10,000 rpm for 10 min, and filtered through 

a filtration membrane with a pore size of 0.45 µm, used to 

determine ethanol and volatile fatty acids (VFAs) 

including acetate propionate and butyrate by gas 

chromatography (GC), HP 6890 Series equipped with a 

Agilent HP-FFAP capillary 30.0m×250µm×0.25µm 

column and a flame ionization detector (FID). The 

temperature of the oven was set at 50 °C and thereafter 

was increased to 230°C. The injector and detector 

temperatures were set at 150°C and 250°C, respectively. 

Nitrogen was use as the carrier gas at a flow rate of 2.0 

mL/min. A does of injected sample was 1 µL each time. 

Hydrogen gas was sampled from the head space of 

the bottles by using plastic syringes and the hydrogen 

concentration was determined by using a gas 

chromatographic techniques (Shimadzu GC 14A equipped 

with thermal conductivity detector, TCD). The hydrogen 

gas was analyzed by GC-TCD fitted with a 2 m stainless 

steel column paced with Shincarbon (80/100 mesh). The 

operational temperatures of injection port, oven, and 

detector were set at 100, 100 and 100 ºC, respectively. 

Nitrogen was used as a carrier gas at a flow rate 35 

mL/min. The amount of total gas produced was 

determined by the water displacement method. 

Polymerase chain reaction-denaturing gradient gel 

electrophoresis (PCR-DGGE) was used to study microbial 

community structure in the thermophilic mixed culture. 

The PCR-DGGE analysis has been described in detail in 

our prior work (Jariyaboon et al., 2014), in which, 

amplification was checked by agarose gel electrophoresis 

of PCR products before DGGE analysis. Most of the 

bands were excised from the gel and re-amplified. PCR 

products were purified and sequenced by Macrogen Inc. 

(Seoul, Korea) after re-amplication. Identification of 

closest matches for partial 16S rRNAgene sequences were 

made by database searches in Gene Bank using BLAST 

(Altschul et al., 1997). 

 

Table 1: Food waste characteristics. 

Parameters Concentration 

Total solid: TS (%) 17.44 ±0.47 

Volatile solid : VS (%ts) 97.15 ±0.83 

Total carbohydrate (g/L) 35.25 ±3.55 

Total protein (%) 4.29 ±9.0×10-2 

C/N ratio 14.08 

Oil and grease (g/g) 0.105 ±4.0×10-3 

 

 

Results and Discussion 
Hydrogen Production from inoculum preparation 

Food waste's primary characteristics are shown in 

Table 1.The quantity of VS, protein and carbohydrate 
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corresponding of Wang et al. (2014). C/N ratio is suitable 

substrate for hydrogen production. 

The H2 production profiles of the mixed culture were 

determined using glucose and food waste as substrate, as 

can be seen in Figure 1. Hydrogen was produced 

simultaneously throughout the fermentation. Gas 

production was initially low, but increased rapidly in the 

exponential and stationary phases. The hydrogen yield 

was 80.6 H2/gVSadded for glucose and 135.2 mL 

H2/gVSadded for food waste,when compare with glucose as 

positive control H2 yield of food waste higher than that 

control about 40.38%. 

 

 
 

Figure 1 Hydrogen production yield of inoculum 

preparation. 

 

The volatile fatty acid (VFA) and ethanol production 

from food waste in batch fermentation 

  

Figure 3 shows the VFAs production during 

fermentation using concentration of food waste at 5, 8, 10 

and 13%TS, respectively. The highest concentration of 

butyrate 6.76 g/L was obtained at 13%TS, follow by 4.53 

g/L in 5%TS, 1.71 g/L in 8%TS, and 2.55 g/L in 10%TS 

of food waste. 

 

 
 

Figure 2 Volatile fatty acid (VFA) and ethanol at different 

concentration of food waste. 

 

DGGE assay 

Batch fermentation of hydrogen and butyrate 

production under anaerobic condition from food waste, 

when analysis with DGGE assay the main structure of 

microorganism populations that produce hydrogen and 

butyrate. In the process of fermentation by different 

concentration of food waste (5, 8 10 and 13%TS food 

waste), the main microorganism as Lactobacillus sp., 

Melissococcus sp. and Clostridiumsp. 
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Figure 3. DGGE profile from sludge with different 

reactor. 

 

Conclusions 
The hydrogen yield was obtained at concentration of 

food waste 5.8 gVS/L with 135.2 mL H2/gVSadded. The 

main metabolites dominated mainly butyrate.The 

microbial community during butyrate production from 

food waste usingCSTRathightemperaturewas dominated 

by Lactobacillus sp., Melissococcus sp. and 

Clostridiumsp.Thereover, butyrate can be converted to 

butanol, which is alternative energy in the future. 
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Abstract 

 

Microwave heating has gained a lot of attention as a way of producing low-fat healthy snacks to substitute 

deep oil fried snacks known as ‘Khao Kriap’ in Thailand. The purpose of this study is to use a commercial 

scale continuous microwave oven (2,450 MHz, 6,400 W) to investigate the optimum condition for puffing 

shrimp crackers. More specifically, it aims to examine the effect of belt speed (or puffing time) on a number 

of physicochemical properties, texture, moisture content, volume expansion ratio, porous structure and 

composition of puffed shrimp crackers. Semi-finished chips were dried in a tray drier at 65๐C for 150, 180 and 

210 minutes respectively. They were then puffed in a continuous microwave oven by using  a belt speed of 15, 

20 and 25 Hz, which corresponds to the puffing time of 4.75, 3.57 and 2.70 minutes respectively. The 

continuous microwave shrimp crackers (MW) was compared with deep-fried shrimp crackers (DF) in terms 

of color, texture, moisture content, volume expansion ratio and proximate composition. The results show that 

the total color difference (∆E) of the MW samples (19.64 – 24.05) was higher than that of the DF samples 

(2.78 – 4.99).  The hardness of the DF samples at 180 ๐C and MW samples that were dried for 180 min and 

puffed in MW at 20 Hz was insignificantly different to commercial shrimp crackers (p ≥ 0.05) while the 

crispness of the MW increased significantly (p < 0.05) due to the uniform porous structure more than 

commercial shrimp crackers. The final moisture contents of the MW and DF samples ranged from 3.19 to 

5.04%. The volume expansion of the MW was lower than the DF (p < 0.05). It was also observed that the MW 

samples had significantly lower fat content than that the DF samples (p < 0.05). In conclusion, it is suggested 

that the continuous microwave oven method could puff shrimp crackers better than the deep fried method. 

 

Keywords:  Shrimp cracker, puffing, microwave, deep fried, quality 

 

 

Introduction 

One of the popular snacks in South East Asia is 

cassava cracker (“Khao Kriap” in Thailand; “Karopok” in 

Malaysia and Indonesia and “Banh Phong Tom” in 

Vietnam) that is normally produced by deep fat frying. 

Preparation of cassava crackers begins with dough 

formation from tapioca flour, cereal starch and protein 

source such as shrimp flesh. Following, dough is cooked 

until completed gelatinization. Cooked dough is then 

sliced and dried to produce semi-finished chips. High 

temperature frying involves heat transfer by convection 

and conduction and mass transfer of water out of the chips 

and oil transfer inside the chips. Finally, chips were 

expanded, porous, low density and crispy (Chang et al., 

2013). However, deep frying causes high oil uptake which 

adversely affected human health such as obesity. 

Consumers are looking for low fat or non fat foods for 

healthy diets. Oil is also the main cost of production of 

shrimp crackers; therefore, the industry also look for the 

new technology to replace frying. 

Microwave heating causes evaporation of moisture 

within an object by converting water to superheated 

steam. Therefore, microwave heating is an alternative 

puffing method for shrimp crackers. Schwab et al. (1994) 

reported that, microwave puffing has been proposed to 

develop low-fat products that may substitute deep fried 

foods. The advantages of microwave heating are saving 

energy and time, green and clean, less start up time. 

Nguyen et al. (2013) reported microwave puffing of 

shrimp cracker in a home microwave oven. Nevertheless, 

the problem found to occur in microwave food products 

is the lack of browning (Sumnu, 2001). Therefore, in this 

study, the objective was to use commercial scale 

continuous microwave oven to examine the effect of belt 

speed (or puffing time) on some physicochemical 

properties, texture, moisture content, volume expansion 

ratio, porous structure and composition of puffed shrimp 

crackers. 

 

Materials and Methods 

1. Preparation of semi-finished chips  

Frozen white shrimp, cassava flour, and wheat flour 

were purchased from supermarket in Bangkok, Thailand. 

Cassava flour (37.62%), wheat flour (4.16%), white 
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shrimp paste (18.85%), hot water (28.46%) and others 

(10.91%) (garlic powder, sugar, salt, pepper, MSG, 

baking powder, trehalose, gum and calcium carbonate) 

were mixed in a mixer for 5 mins. The dough was passed 

through a pasta machine to flatten the dough sheet to the 

thickness of 1 mm. and cut by a circular mold, the 

diameter was 30.51 mm. After that the round slices were 

steamed at 100 ๐ C for 300 s. The round slices were 

dehydrated at 65 ๐C in a tray dry oven for three drying 

time levels (150, 180, and 210 mins respectively) which 

correspond to moisture content of 16.04, 15.43 and 

14.24% wb. 

 

2. Microwave puffing 

The semi-finished chips were puffed by a continuous 

microwave oven (PrimAsia Technology, Bangkok, 

Thailand). It consisted of 8 magnetrons, each had the 

power of 800 watts, 2,450 MHz and the speed was 

controlled for three levels (15, 20, and 25 Hz, 

respectively) which correspond to puffing time of 4.75, 

3.57 and 2.70 min. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A Continuous Microwave Oven (PrimAsia 

Technology, Bangkok, Thailand) 

 

3. Frying process 

The semi-finished chips were fried in deep oil at 180
๐C for 30 seconds by an electric fryer (Fryer Pro; Princess; 

Netherlands). After frying, the shrimp crackers were 

taken out and placed on a paper sheet to reduce the oil 

content until cool and they were stored in an aluminum 

foil pouch until further analysis.  

4. Color measurement 

The color of shrimp crackers was measured using a 

MiniScanTM XE colorimeter (Hunter Lab Model Miniscan 

XE, Hunter Associates Laboratory, Inc., USA). Color was 

determined in the CIELAB system using the D65 standard 

illuminant. The color of each shrimp cracker was 

measured in triplicate. Where L* is whiteness, a* is 

redness, and b* is yellowness. The total color difference 

(ΔE) was estimated as: 

 

Total color difference (ΔE) =   

])()()[( 222 baL           (1) 

Where L  = (Lsample – Lstandard ) ,  

a  = (asample – astandard ),  

b = (bsample – bstandard ) 

 

5. Texture analysis 

A TA-XT plus texture analyzer (Stable Micro 

Systems, Godalming, UK) was used for texture analysis 

with a 50 kg load cell, using a spherical probe (P/0.25S) 

of 6.530 mm diameter. The shrimp crackers were placed 

on the HDP/BS (Crisp Fracture Support Rig). The setting 

conditions were test speed 1 mm/s, trigger force 5 g, travel 

distance of the probe 3 mm. (Salvador et al., 2009).  

 

6. Moisture content 

Moisture contents of the semi-finished chips and 

puffed shrimp crackers were determined by placing 

samples in a hot air oven at 105 ๐C for 24 h (AOAC, 2012). 

Moisture content was measured as the difference in 

weight before and after drying and presented as percent 

wet basis. Each Treatment was performed in triplicate. 

 

7. Volume expansion ratio 

The volume expansion was measured by calculating 

the change in the volume by seed replacement method 

(modified from Chinnaswamy and Bhattacharya 1983a; 

Joshi et al., 2013). The semi-finished chips and puffed 

shrimp cracker were placed in a 500 ml container that was 

completely filled with the dried black sesame seeds. The 

overflow volume of the black sesame seeds was recorded. 

Measurements were carried out in triplicate.  Volume 

expansion ratio was calculated using following 

expression: 

Volume expansion = 
Vinitial

Vfinal
        (2) 

Where Vfinal is the final volume of puffed shrimp 

cracker (in cubic centimeters) and VInitial is initial volume 

of the semi-finished chips or unpuffed shrimp cracker (in 

cubic centimeters). 

 
8. Proximate analysis 

Proximate composition of shrimp crackers that 

includes moisture, protein, fat, fiber, ash and carbohydrate 

were determined by AOAC (2012). Measurements were 

carried out in Duplicate. 

 

9. Statistical analysis 

One-way analysis of variance (ANOVA) and 

independent samples t-test was performed to see the 

difference among the shrimp crackers samples. 

Statistical analysis was performed using the SPSS 

program version 16 (SPSS Inc., Chicago, USA). 
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Table 1: Factorial plan of shrimp cracker samples puffed by a continuous microwave oven. 

 
Treatments Tray dryer Continuous microwave oven 

Drying time (min) Belt Speed (Hz) Puffing  time (min) 

1 150 15 4.75 

2 150 20 3.57 

3 150 25 2.70 

4 180 15 4.75 

5 180 20 3.57 

6 180 25 2.70 

7 210 15 4.75 

8 210 20 3.57 

9 210 25 2.70 

 

Results and Discussion 

1. Color of shrimp crackers 

Table 2 illustrates the effect of drying time and 

puffing time in a continuous microwave oven on the color 

of shrimp crackers comparing with deep oil frying. L* and 

b* value of shrimp crackers increased significantly (p < 

0.05) when puffing in a continuous microwave. In 

contrast, a* decreased significantly (p < 0.05) when 

puffing in a continuous microwave. The total color 

difference (∆E) of shrimp cracker puffing in a continuous 

microwave oven (19.64 – 24.05) was higher as compared 

to shrimp cracker puffing by deep frying (2.78 – 4.99). 

However, the shrimp cracker showed increase in color 

difference when puffing in a continuous microwave. The 

difference in color values may be attributed due to puffing 

by deep frying can react in a form of nonenzymatic 

browning reaction between amino acids and reducing 

sugars which typically proceeds rapidly from around 140 

°C to 165 °C called the Maillard reaction (Martin et al., 

2001) which has brownish color that increases the color 

value in puffing shrimp cracker by microwave more than 

deep frying. 

Table 2: Color of shrimp cracker after puffing 

1All data were expressed as mean + standard error Means with same lowercase letter with in a category column were not 

significantly different at α = 0.05 

2. Hardness and Crispness of shrimp crackers 
Table 3 gives results of texture analysis for the 

shrimp crackers after puffing comparing the hardness and 

crispness of puffed shrimp crackers between puffing 

process by deep frying (DF) and microwave (MW). 

Hardness of shrimp crackers in sample DF 180 and MW 

180 : 20 were most similar to commercial shrimp crackers 

(p ≥ 0.05). The highest hardness of puffed shrimp crackers 

was observed in samples of MW 150 : 15 (17.57 N)  

whereas the lowest hardness of puffed shrimp crackers 

was observed in samples DF 150 (7.07 N). For the 

reduced hardness in deep fried shrimp crackers, more 

puffing was found than continuous microwave may be 

attributed to high moisture content in semi-finished chips 

(14.24-16.04%) in other words upon addition of the 

shrimp crackers to the hot oil,                  the surface 

temperature of the crackers rises rapidly. The water at the 

surface immediately starts boiling and evaporation of 

steam will occur. The evaporation will also lead to 

shrinkage and development of surface porosity and 

roughness. Especially explosive evaporation can lead to 

the formation of large pores (Mellema, 2003) but 

 

TREATMENT 

COLOR OF SHRIMP CRACKER AFTER PUFFING 

L* 

(Lightness) 

a* 

(Redness) 

b* 

(Yellowness) 
∆E 

COMMERCIAL 

DF 150 

DF 180 

DF 210 

MW 150 : 15 

MW 150 : 20 

MW 150 : 25 

MW 180 : 15 

MW 180 : 20 

MW 180 : 25 

MW 210 : 15 

MW 210 : 20 

MW 210 : 25 

57.21b   +  1.23 

52.80a   +  0.44 

58.40b   +  1.36 

60.49c   +  0.58 

76.76de +  1.63 

78.29e f +  0.79 

79.96f    +  2.11 

77.05e  +  1.05 

76.57de +  0.97 

78.30e f +  1.41 

75.11d  +  1.57 

76.91e   +  1.47 

79.95f   +  0.94 

10.45f    +  0.17 

10.41f    +  0.17 

8.20e      +  0.45 

7.32bcd   +  0.17 

8.12de   +  0.75 

7.28bcd  +  0.22 

6.60ab   +  0.87 

7.86cde  +  0.37 

8.24e     +  0.32 

7.14bc   +  0.68 

8.57e    +  0.91 

8.05de    +  0.85 

      6.22a     +  0.72 

18.99a      +  0.31 

19.24a      +  0.51 

19.61a      +  0.21 

20.59a      +  0.39 

26.48d     +  1.51 

25.51bcd  +  0.64 

24.55bc    +  2.24 

24.30bc    +  0.90 

26.82d     +  1.06 

25.48bcd  +  1.83 

26.26d     +  1.01 

25.77cd    +  1.11 

     24.05b      +  0.86 

 - 

4.30ab 

2.78a 

4.99b 

21.30cde 

22.47de 

24.05f 

20.67cd 

21.19cde 

22.59ef 

19.64c 

21.17cde 

23.85f 
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crispness of shrimp cracker increased significantly (p < 

0.05) when puffing in a continuous microwave and deep 

frying comparing the commercial shrimp crackers. 

 

 

3. Moisture content 

The range of final moisture contents of MW and DF 

were 3.19 to 5.04% (Table 3). The maximum expansion 

of shrimp cracker occurred after deep frying in DF 180 

(11.04 times) sample due to expansibility of crackers 

results from increased water evaporation volumes during 

the rapid heating process (Bhat and Bhattacharya, 2001). 

Nevertheless, the moisture contents of shrimp 

cracker in sample DF 180, MW 180: 20, MW 210 : 15 

were lower than 4.00% according to Thai Industrial 

Standards (107/2546) of puffed shrimp crackers. 

4. Volume Expansion ratio 
Table 3 shows the volume expansion ratio of shrimp 

cracker after puffing by deep frying and  

continuous microwave at room temperature. The volume 

of shrimp crackers when puffing in                      the 

continuous microwave oven was lower than deep frying 

(p < 0.05).  

The maximum expansion of shrimp cracker 

occurred after deep frying in DF 180 (11.04 times) sample 

due to expansibility of crackers results from increased 

water evaporation volumes during the rapid heating 

process (Bhat and Bhattacharya, 2001)

Table 3: Texture, moisture content and expansion ratio of puffed shrimp cracker 

 
1All data were expressed as mean + standard error. Means with same lowercase letter with in a category column were 

not significantly different at α = 0.05 

5. Composition of shrimp crackers 

When comparing the proximate composition of 

puffed shrimp cracker between puffing process by Deep 

Frying (DF) and Microwave (MW), the content of 

available total fat in fried shrimp cracker was higher than 

in MW shrimp cracker significantly (p < 0.05) as shown 

in Table 4. 

The total fat in MW shrimp crackers was 0.67% 

while that in DF shrimp cracker was 37.48%. Thus, 

microwave puffing can develop low-fat products that may 

substitute deep fried shrimp cracker.  

 
Table 4: Composition of puffed shrimp cracker between puffing process by Deep Frying and Microwave 

 

Composition MW Shrimp cracker  DF Shrimp cracker 

Carbohydrate (%)  81.03* 50.28* 

Treatment Texture of shrimp cracker after puffing Moisture content Expansion 

Ratio Hardness (N) Count peaks 

Commercial 12.63cd + 1.45 13.56a    +  3.40 1.97a   + 0.45 8.92ef + 0.38 

DF 150 7.07a + 0.23 29.67c      +  3.51 4.23cdef+ 0.12 9.36f  + 0.38 

DF 180 10.65bc + 0.42 18.67b      +  1.15 3.78c    + 0.08 11.04g+ 0.47 

DF 210 8.17ab + 0.02 31.67cd      +  1.15 4.75efg + 0.08 8.14e  + 0.47 

MW 150 : 15 17.57f + 4.12 35.33d    +  2.50 4.12cde+ 0.28 6.91d  + 0.94 

MW 150 : 20 15.96def + 3.39 34.11d   +  2.94 4.76efg+ 0.28 4.54a  + 0.39 

MW 150 : 25 15.29def + 2.34 32.00cd   +  1.58 4.80fg  + 0.68 5.04ab + 0.57 

MW 180 : 15 13.88de + 2.19 33.56cd   +  2.40 4.16cdef+ 0.88 6.11cd  + 0.97 

MW 180 : 20 13.36cde + 2.67 32.33cd   +  4.66 3.82cd + 0.23 5.93bcd+ 0.60 

MW 180 : 25 16.31ef + 3.17 32.00cd   +  1.80 4.46defg+ 0.67 5.87bcd+0.33 

MW 210 : 15 14.61def + 2.46 33.00cd   +  3.81 3.19b   + 0.14 5.45abc+ 0.19 

MW 210 : 20 14.72def + 1.94 32.67cd   +  3.35 4.06cd + 0.10 6.54d   + 0.31 

MW 210 : 25 14.80def + 1.61 31.78cd   +  3.14 5.04g  + 0.13 6.67d  + 0.52 
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Protein (%) 7.06 + 0.04* 4.64 + 0.02* 

Total Fat (%) 0.67 + 1.23* 37.48 + 0.03* 

Moisture (%) 4.92 + 0.01* 3.69 + 0.02* 

Ash (%) 6.32 + 0.04* 3.91 + 0.23* 

Crude Fiber (%)  0.49 + 0.12        0.60 + 0.01  

*significantly different p < 0.05 

 

Conclusion 

It can be concluded that shrimp cracker puffing 

by a commercial scale continuous microwave    at MW 

180 : 20  (drying time 180 min and belt speed 20 Hz (or 

puffing time 3.57 min)) was found to provide a good 

compromise in hardness and final moisture content 

according to Thai Industrial Standards (107/2546), which 

were comparable to deep fried commercial shrimp 

crackers. There were not significantly different in 

hardness of deep fried and continuous microwave puffing. 

However, this could be reduced by using oil content and 

continuous microwave puffing can develop low-fat 

products that may emulate deep fried foods. This 

knowledge can help reducing oil content and reduce cost, 

make a healthy snack with almost no oil content and can 

be applied to other products in a commercial scale 
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Abstract 

Effect of different mixing ratios of palm oil mill effluent (POME) and Cerathophyllum demersum on bio 

hydrogen and methane potential (BHP and BMP) in series was investigated by deploying batch two-stage 

anaerobic co-digestion. In the first stage for hydrogen production under thermophilic conditions (55°C), 

various POME: C. demersum mixing ratios (VS basis) of 0:100, 10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 

70:30, 80:20, 90:10 and 100:0 with the initial organic concentration of 10 g-VS/L were investigated. The 

results show that fermentation by mixing algae in a range of 10-60% could generate satisfied hydrogen yields 

in a range of (49.2-65.4 mL-H2/g-VSadded), which are significantly higher than hydrogen yields obtained from 

mixing ratios having algae higher than 70%. Highest hydrogen production yield of 65.4 mL-H2/g-VSadded was 

obtained from POME: C. demersum mixing ratio of 90:10, which is 19% and 58% higher than that from single 

fermentation of POME and C. demersum, respectively. Subsequently, effluents obtained from the hydrogen 

production phase were further used as substrate to anaerobically produce methane in the second stage under 

mesophilic temperature (35°C). The investigation mixing ratio of POME: C. demersum of 90:10 %v/w 

relatively high methane yield of 360.7±18.0 mL CH4/g-VSadded was obtained. Anaerobic co-digestion of POME 

and C. demersum shows the promising choice for gaseous bio-fuel production.  

Keywords: Two-stage anaerobic, Co-digestion, Palm Oil Mill Effluent, C. demersum 

 

Introduction 

Due to world's petroleum depleting and global 

warming arising, alternative energy sources and 

technological development are required to lowering the 

consumption of petroleum. Biogas generated 

anaerobically from organic waste and/or biomass is 

crucial goal to produce renewable energy and reduce 

global warming cause, simultaneously. It primarily 

contains around 60-70% of methane and 30-40% carbon 

dioxide and is generated by the decomposition of 

organic matter by  a wide range of anaerobic microbial 

species to the most oxidized (CO2) and the most reduced 

(CH4) states (Angelidaki et al., 2009). The anaerobic 

processes are capable to remove organic matters up to 

90-95 percent (Chan et al., 2010; Zinatizadeh et al., 

2007). Thus, the application of anaerobic digestion to 

produce biogas from organic waste generated from 

agricultural industries is considerable effectively for 

coupling renewable energy and quality of the 

environment.  

Palm oil mill, one of the major industrial sectors in 

the south of Thailand generates large quantity of 

wastewater so called palm oil mill effluent (POME).  

For every one ton of palm oil, 2.5- tons of POME could 

possibly be generated. Thailand's palm oil mills have 

present palm oil productivity of 1.35 million tons. Thus, 

palm oil mill effluent could be potentially generated 

around six million cubic meters (Prasertsan et al., 2009; 

O-Thong et al., 2008). POME contains relatively high 

concentrations of organic compounds and is 

considerably suitable as feedstock for anaerobic 

digestion. However there are also experiencing major 

problems in implementing such effective in the 

treatment of organic matters and lower biogas 

production, due to lacking key nutrients (macronutrient) 

such as nitrogen and phosphorus for the growth of the 

bacteria when using only palm oil mill effluent as 

substrate (Chin et al., 2013; Harsono et al., 2013). In 

addition, palm oil mill effluent has high acidity, which 

could cause reactor's instability (O-Thong et al., 2008). 

Anaerobic co-digestion is alternative option to 

optimize and/or stabilize biogas production from palm 

oil mill effluent. Co-substrate degradation in the reactor 

at the same time could enhance conversion of organic 

matter to higher biogas production than single substrate 

mailto:Nikannapas555@gmail.com
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degradation. This is due to positive synergisms leading 

to increase from microbial degradation in the system and 

increase the amount of digestable organic matters by 

microbes, adjust the proportions of macronutrients such 

as the ratio of carbon to nitrogen (C:N) and ratio of 

carbon and phosphorus (C:P) suitable for the growth of 

microorganisms and reduce the occurrence of acute acid 

within the reactor since buffering capacity increasing 

and dilute the concentration of toxins (Angelidaki and 

Ellegaard, 2003; Costa et al., 2012; Mata-Alvarez et al., 

2000). 

Submerged macrophytes including macro algae 

and submerged plants are gaining attention as the third 

generation of biomass for bio-fuel production gathering 

with energy yield of 6-12 times higher than terrestrial 

biomass. Since containing less lignin and not too much 

cellulose, submerged macrophytes could be degraded 

easily by microorganisms (Vergara–Fernandez et al., 

2008; Koyama et al., 2014). Furthermore, carbon to 

nitrogen (C/N) ratio of submerged macrophytes (10.2) 

is rather low than that of other embryophytes (Sialve et. 

al., 2009). Generally, the suitable C/N ratio for 

anaerobic production of biogas should be in a range 

between 15-30. If the C/N ratio in anaerobic system is 

too high, microganisms can be inhibited (Weiland, 

2010). Therefore, low C/N ratio inedible macrophytes 

can be potentially used as co-substrate in conjunction 

with palm oil mill effluent having rather high ratio than 

30 to have suitable C/N ratio for biogas production by 

using strategy of co-digestion (Mamimin et al., 2012).  

Cerathophyllum demersum normally called coontail is 

submerged macrophyte having high productivity and 

growing rate, free-floating aquatic plant and 

cosmopolitan distribution. C. demersum does not have 

much roots and has high capability to absorb nutrients 

from surrounding water and environmental 

contarminants (Pastare et.al., 2015) 

Two-stage temperature phased anaerobic digestion 

(TPAD) comprises separated two stages of acidogenesis 

and methanogenesis. The first acidogenesis step or 

fermentation step operated at thermophilic temperature 

(50-70°C) can produce hydrogen gas coupling with the 

production of organic acids from carbohydrate. The 

second methanogenesis step, first stage's effluent 

containing organic acids is sequential converted to 

methane from at mesophilic temperature (25-40°C). 

Two-stage temperature phased anaerobic digestion is 

capable to produce mixed gaseous biofuel volumetric 

containing 10-30% hydrogen and 70-90% methane, so 

called biohythane. This type of gaseous hythane is more 

helpful thane only methane combustion to improve 

engine combustion and reduce the ratio of air to fuel 

resulting in more stable  and powerful combustion 

(Cooney et al., 2007; Ge et al., 2011) 

In this research, the major objectives was to study 

the effect of different mixing ratios of palm oil mill 

effluent (POME) and C. demersum on bio hydrogen and 

methane potential (BHP and BMP) in series by 

deploying batch two-stage anaerobic co-digestion.  

 

Materials and Methods 

Substrate Preparation  

The Palm oil mill effluent was collected from 

receiving tank of Palm Pattana Southern Border Co, 

Ltd., Pattani, Southern Thailand. POME having brown 

color, pH 3.8±0.2, temperature of 70-80°C which could 

be applied to operate under thermophilic temperature. It 

was stored at 4 °C before further use.  

C. demersum used in the study was collected from 

the canal surrounded the Pattani Municipal Park, 

Thailand. C. demersum was dried and then crushed and 

sieved to have a particle size of mesh 25. The finished 

samples were then packed in plastic bags and placed 

under 4°C before further use. Characteristics of the 

POME and C. demersum were shown in Table 1. 

Inoculum preparation 

The original inoculum for bio-hydrogen potential 

was taken from laboratory scale CSTR reactor of Bio-

mass Conversion to Energy and Chemicals (Bio-MEC 

Research Unit), Faculty of Science and Technology, 

Prince of Songkla University, Pattani Campus, 

Thailand. That CSTR reactor was used for hydrogen 

production from co-fermenting of POME and skim latex 

serum at thermophilic temperature (55°C). The original 

inoculum around 30% of serum bottle working volume 

was then acclimated with 10 g-VS/L POME by diluting 

with basic anaerobic (BA) medium (Angelidaki and 

Sanders, 2004). Capped serum bottles were 

subsequently purged with nitrogen gas to ensure 

anaerobic conditions and later placed in the incubator 
under 55 ํ C conditions. Produced gas was sampled daily 

to analyze gas compositions (H2 and CO2) by using GC-

TCD until hydrogen production ceased. Then, the 

fermentation broth was further used as inoculum to 

evaluate bio-hydrogen potential (BHP).  

Anaerobic digested sludge collected from biogas 

channel plug flow reactor fed with POME of Palm 

Pattana Southern Border Co, Ltd., Pattani, Southern 

Thailand was used as inoculum for bio-methane 

potential. The collected seed sludge was placed in the 
35 ํ C-incubator for one week to maximize elimination of 

organic matters left in digested sludge.  

Bath experiment two-stage anaerobic co-digestion  

Bio-hydrogen potential 

The biodegradability and hydrogen production of 

anaerobic co-digestion of POME with C. dermersum 

were determined in batch assays under thermophilic 

condition (55°C). The first stage for hydrogen 

production was investigated at various POME: C. 

demersum mixing ratios (VS basis) of 0:100, 10:90, 
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20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:20, 90:10 

and 100:0 with the initial organic concentration of 10 g-

VS/L. The hydrogen production test was performed in a 

120-mL serum bottles, 20 mL of acclimated acidogenic 

inoculum was mixed with POME and C. dermersum at 

different mixing ratio and adjusted to 60 mL with 

saturated oil palm ash solution. Positive control with 10 

g/L sucrose was used to test the inoculum performance. 

Negative control bottle contained only palm ash solution 

and inoculum without mixed POME and C. dermersum. 

The serum bottles sealed with rubber septa and capped 

aluminum crimps were flushed for 3 min. with nitrogen 

gas to ensure anaerobic conditions.  

 Bio-Methane potential  

The methane production using related effluents 

obtained from the hydrogen production phase were 

further used as substrate to anaerobically produce 

methane in second stage which was operated at 

mesophilic conditions (35°C). The methane production 

test was performed in 120 mL serum bottles (working 

volume 60 mL) by adding 42 mL of inoculum (70% of 

total liquid volume) to mix with 18 mL of hydrogen 

effluents. The serum bottles sealed with rubber septa 

and capped with aluminum crimps were flushed for 3 

min with nitrogen gas to ensure anaerobic conditions 

prior placing all serum bottles in the incubator. Each 

experimental condition was carried out in triplicate. 

Analysis methods 

Parameters such as pH, total solid (TS), volatile 

solids (VS) and ash were measured according to 

standard method for the examination of water and 

wastewater (APHA, 1998). Chemical oxygen demand 

(COD), oil and grease, and total Kjeldahl nitrogen 

(TKN) were determined in accordance with the 

procedures described in the Standard Methods (APHA, 

1999). The total phenolic content (TPC) was determined 

based on the suggested method (Waterman & Mole, 

1994) with modification of using the Folin–Ciocalteu 

reagent with gallic acid as a standard performed in 15 

mL test tube. 3 mL of distilled water, 0.25 ml of sample 

extract or blank, 0.25 ml of Folin–Ciocalteu reagent 

were added and vortexed and 2.5 ml of 7% saturated 

sodium carbonate (Na2CO3) were added, and stirred 

with vortexes and allowed to stand at ambient 

temperature for 30 min. The absorbance was taken at 

760 nm. C/N ratio using analysis CHONS were 

analyzed by analyzer CHNS/O analyzer (Thermo Quest 

Flash EA 1112). 

Volatile fatty acid (VFA) was analyzed by high 

performance liquid chromatography (HP1100, Hewlett-

Packard GMGH) with following operating conditions; 

Pinnacle® II C18 Columns, ultraviolet (UV) detector at 

210 nm. The mobile phase 0.5 mM of H2SO4 was used 

as a with a flow rate of 0.6 mL/min (Mamimin et. al., 

2012) was applied. Liquid samples were centrifuged at 

10,000 × g for 10 min, and were then filtered through 

0.45 µm nylon membrane was injected in triplicate.  

Volume of produced gas was determined by water 

displacement method and the hydrogen and methane 

content was analyzed by a Shimadzu GC-14A gas 

chromatography (GC) equipped with a thermal 

conductivity detector and 2- m stainless steel 

Shincarbon (80/100 mesh) column. The temperatures of 

injection port, oven and detector were all 100°C. Argon 

gas was used as a carrier gas at a flow rate 35 mL/min. 

The gas sample (0.5 mL) was injected in triplicate.  

Results and Discussion 

Substrate characterization 

The physical and chemical characteristics of 

POME and C. dermersum are shown in Table 1. The 

results show that concentrated POME with high content 

of chemical oxygen demand (COD), total solid (TS) and 

volatile solid (VS) of 63.84, 51.88 and 42.76 g/L, 

respectively. The POME has rather low pH 3.8 and high 

lipid which could potentially inhibit the anaerobic 

process (O-Thong et. al., 2012). POME C/N ratio of 29 

is significantly higher than C. dermersum C/N ration of 

17. C. dermersum has also high content of total solid 

(TS) and volatile solid (VS) of 95.26 and 79.74 %w/w, 

respectively. Both POME and C. dermersum contain 

high organic content as shown in a volatile solid (VS) 

content but they have significantly C/N ratio. These 

results demonstrated C/N ratio of mixed substrate could 

be adjusted by using various POME: C. demersum 

mixing ratios (VS basis) of 0:100, 10:90, 20:80, 30:70, 

40:60, 50:50, 60:40, 70:30, 80:20, 90:10 and 100:0. The 

mixed substrate was controlled at concentration at 10 g-

VS/L. Balancing of the C/N ratio is really helpful to 

avoid the formation of inhibitory ammonium that could 

be considerable generated from a substrate having rather 

low C/N ratio, when anaerobic microorganisms require 

access to nitrogen. Whereas, a substrate having too high 

C/N could have lower production yield due to pH drop 

caused VFA accumulation (Astals et al., 2011). 

Table 1: Physicochemical characteristics of POME and 

C.demersum 

 

Parameters  POME  C.demersum 

pH  3.80 - 

TSC  51.88 g/L  95.26 %w/w  

VSC  42.76 g/L 79.74 %w/w 

Ash 9.12 g/L 15.52 %w/w 

COD  63,840 mg/L -  

TKN  797.77 mg/L 15.76 mg/g 

NH3-N  140.56 mg/L 2.17 mg/g 

Oil and grease 

(g/L) 
14.11±1.05  - 
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C/N ratio*  29 17  

 

Bio-hydrogen potential from different mixing ratios 

of POME and C. dermersum  

Cumulative hydrogen production from the batch 

cultivations at initial concentration of 10 g-VS/L with 

different POME: C. demersum by using oil palm ash 

solution as a buffer solution without addition of any 

other nutrients is shown in Figure 1. It's clearly shown 

that hydrogen from batch having C. demersum in a range 

between 70-90% could start almost immediately with 

lack time less than 1 day, indicating well adaptation of 

microorganisms to the new environmental conditions. It 

is noticeable when decreasing mixing ratio of C. 

demersum, the lag phase was prolonged significantly 

from approximately 1 day for the inoculation with 60 % 

(VS basis) C. demersum to 4 days with only POME. 

This is probably due to oil contained significantly in 

POME is rather difficult to degrade therefore 

microorganisms were taking longer time for adaptation 

in those fermentation conditions. Afterwards, 

significant higher cumulative hydrogen was obtained 

from batch fermentation having significant higher 

proportion of POME in arrange of 40 -90%.  

Total hydrogen production yield from batch 

fermentation at different of POME: C.demersum mixing 

ratio is shown in figure 2.  

 

 

Figure 1. Cumulative hydrogen production from 

anaerobic co-digestion of mixing ratios POME and C. 

demersum. 

 The maximum hydrogen yield 65.35±3.37 mL-

H2/g-VSadded obtained from POME: C. demersum ratio 

of 90:10 (VS basis), which is 19% and 58% higher than 

that from single fermentation of POME and C. 

demersum, respectively. Hydrogen yields achieved from 

the fermentation using C. demersum proportion in a 

wide range of 10-60% (VS Basis) were not significantly 

different (P > 0.05). But when using C. demersum VS 

based-proportion higher than 60 %, hydrogen yield 

decreased significantly. Using only C. demersum could 

give relatively low hydrogen yield of 27.34±0.98 mL-

H2/g-VSadded. In addition to using glucose 10 g/L as the 

sole substrate, obtained hydrogen yield was very low 

since fermentation broth had definitely lack of nutrients.  

Hydrogen production yields obtained from using 

POME VS-based proportion in a range of 40-90%, 

corresponding to suitable C/N ratio range (21.8-27.7) of 

mixed POME and C.demersum are not significantly 

different.  

 

 
Figure 2 Hydrogen production yield from anaerobic co-

digestion of mixing ratios POME and C. demersum. 

Main metabolic products generated from anerobic 

dark fermentation by acidogenic bacteria at different 

mixing ratio of POME and C. demersum is shown in 

table 2. During fermentation process, hydrogen could 

generate simultaneously along acetic acid and butyric 

acid with theoretical yields of 498 mL-H2/g-sugar and 

249 mL-H2/g-sugar, respectively, while other products 

of propionic acid and lactic acid could generate without 

hydrogen formation (Cooney et al., 2007). During 

hydrogen production, the pH of the fermentation broth 

could decrease as a consequence of organic acids 

formation. Therefore, hydrogen fermentation systems 

require buffer solution to withstand and maintain pH in 

an appropriate range of 5-6, which is the optimal 

conditions for the growth of bacteria to produce 

hydrogen (Kengen et al., 2009). In this research, 

satisfied hydrogen production yield of 65.35±3.37 mL-

H2/g-VSadded was obtained from POME: C. demersum 

ratio of 90:10 (VS basis) along with yield of acetic acid, 

48.8 mM, butyric acid 18.3 mM and lactic acid, 17.5 

mM. Furthermore, pH of co-fermentation broth is in a 

range of 5.03-5.65, indicating buffer capability 

contributed from oil palm ash solution.  
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Table 2 Metabolic products from co-fermentation of POME and algae for hydrogen production 

Mixing ratio 

POME: C.demersum 

 (VS basis) 

Concentration (mM) 

p
H

in
it

ia
l 

p
H

fi
n

al
 

A
ce

ti
c 

B
u

ty
ri

c 

P
ro

p
io

n
i

c 

L
ac

ti
c 

Control 14.6 7.2 1.6 11 .0  5.50 4.59 

100:0 36.4 11.1 0 20 .8  4.45 4.95 

90:10 48.8 18.3 0 17 .5  4.55 5.03 

80:20 41.6 13.6 3.2 27 .0  4.67 5.09 

70:30 37.9 12.9 3.5 25 .7  4.80 5.15 

60:40 35.1 11.5 3.7 20 .2  4.94 5.21 

50:50 33.6 10.9 5.8 17 .1  5.11 5.34 

40:60 35.8 9.6 5.4 15 .3  5.32 5.49 

30:70 28.4 7.5 6.2 9 .9  5.61 5.45 

20:80 29.7 6.2 5.7 9 .9  5.87 5.49 

10:90 25.7 5.6 9.8 5 .1  6.22 5.65 

         0:100 23.6 5.1 8.0 5 .0  6.53 5.61 
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Biomethane potential (BMP) from hydrogen 

effluent 

BMP experiment was carried out for 52 days and 

cumulative methane production and total methane 

production yield from related mixing POME: C. 

demersum ratio is shown in Figure 3 and Figure 4. It can 

be seen that the production of methane could also  

almost immediately occurred as lack time is less than 1 

day, indicating very well adaptation of microorganisms 

and advantage of using hydrogen effluent for methane 

production. In the second stage of methanogesis, 

metabolic products (acetic acid, butyric acid, lactic acid, 

and propionic) generated from the first stage of dark 

fermentation could be sequential converted to methane 

by methanogens. Since only acetate can be directly used 

by aceticlastic methanogenesis, other soluble products 

in the hydrogen effluents need to be firstly oxidized to 

acetate and H2/CO2 under low H2 partial pressure (<10-

4 atm). Thus hydrogenotrophic methanogens are 

essentially required to control such low level of low H2 

partial pressure in the anaerobic system. Propionic acid 

is the most difficult to be converted to methane by the 

sequential anaerobic steps (Stams et al., 2005).    

Highest methane yield of 410.4 ± 18.7 ml-CH4/ g-

VSadded was achieved from using only POME. However, 

satisfied methane production yield of 360.7±18.0 mL-

CH4/g-VSadded was also obtained by using hydrogen 

effluent at POME: C. demersum mixing ratio of 90:10 

(VS Basis). Furthermore, methane production from 

hydrogen effluent increasing POME proportion from 

10% up to 60% was slightly decrease but not 

significantly different (P >0.05). However, methane 

production yield was significantly decreased when using 

hydrogen effluents having C. demersum higher than 

70%. Lowest methane production of 71.9±9.4 ml-

CH4/g-VSadded was obtained from using only C. 

demersum. Therefore, experimental results reveal that 

C. demersum could be potentially minor co-substrate for 

mixing with POME to produce gaseous bio-fuel by 

using two-stage anaerobic co-digestion.  

 

 

Figure 3 Cumulative methane production from 

anaerobic co-digestion of mixing ratios POME and   C. 

demersum 

 

 
Figure 4 Methane production yield from anaerobic co-

digestion of mixing ratios POME and C. demersum. 

Hydrogen and methane production yields obtained 

from batch two-stage anaerobic co-digestion at initial 

concentration of 10 g/L with various various POME: C. 

demersum mixing ratios (VS basis) are summarized in 

Table 3. Although  total gas production yield from co-

digestion is slightly lower than that obtained from single 

digestion of POME, higher quality of biohythane could 

be accomplished by co-digestion strategy. Furthermore, 

a wide range of POME: C. demersum mixing ratio could 

be applied with insignificant difference of gas 

production yield. Thus, co-digestion of POME with C. 

demersum can be another approach to enhance quality 

of gaseous biofuel and be partially substituted for 

POME in a period of low oil palm production.     Since 

C. dermasum have capability to be cultivated throughout 

the year. Thus cultivated C. dermasum could be 

potentially co-digested with POME.  
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Table 3 Hydrogen and methane production yield and C/N ratio of mixing ratios POME and C. demersum. 

POME 

and 

C. demersum 

(VS basis) 

C/N Ratios 

H2 Stage CH4 Stage 

Yield ml/g-VS Yield ml/g-VS 

100:0 29.0 49.2 410.4 

90:10 27.7 65.3 360.7 

80:20 26.6 60.9 337.8 

70:30 25.4 57.4 307.2 

60:40 24.2 58.7 267.0 

50:50 23.0 53.3 284.8 

40:60 21.8 55.9 255.4 

30:70 20.6 31.0 131.6 

20:80 19.4 29.1 103.7 

10:90 18.2 30.3 94.0 

0:100 17.0 27.3 71.9 

Conclusion 

Two-stage anaerobic co-digestion of palm oil mill 

effluent (POME) and C. demersum for hydrogen and 

methane production the first stage and second stage 

were operated under thermophilic (55°C) and 

mesophilic (35°C) conditions respectively. In batch 

cultivation at the initial organic concentration of 10 g-

VS/L, various POME: C. demersum mixing ratios (VS 

Basis) of 100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 

40:60, 30:70, 20:80, 10:90 and 0:100 were investigated 

for the bio-hydrogen and methane potentials. Highest 

hydrogen production yield of 65.35±3.37 mL-H2/g-

VSadded obtained from POME: C. demersumratio of 

90:10 (VS Basis), which is 19% and 58% higher than 

that from single fermentation of POME and C. 

demersum, respectively. Subsequent methane 

production yield of 360.7±18.0 mL-CH4/g-VSadded was 

achieved. A wide range of POME and C. demersum 

mixing ratio could have capability to maintain gas 

productivity through the year.  
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Abstract 
 

There has been an increase in the number of car accidents in recent years. One of the main causes has been the 

amount of alcohol consumed by car drivers. To enforce the laws prohibiting drunk driving, it is necessary to 

know the precise measurement of alcohol concentration in drivers. This paper explores the potential of the 

embedded system of Polymer/Carbon Nanotube composite gas sensor array to evaluate alcohol concentration. 

The principle Component Analysis (PCA) methodology is used to discriminate the amount of alcohol from 

breath samples. To evaluate the ability of sensor sets to differentiate the sample of ethanol, the set of 

polymer/CNT based sensors were tested with ethanol with various concentration levels, 0.5%, 1%, 3% and 5% 

v/v respectively. The tests show that the embedded system is able to discriminate the various types of Thai 

beer. The PCA results, analyzed from the percentage of sensor response, show the discrimination of Thai Beer. 

It can be concluded that the embedded system of gas sensor array based on Polymer/CNT coupled with the 

direct flow system can distinguish the smell of alcohol beverage and the amount of breath alcohol 

concentrations in drinkers that have absorbed too much alcohol. The system could thus be a good alternative 

choice for over consume alcohol detection. 

Keywords: Gas sensor array, alcohol sensor, alcohol breath analyzing, drunk-driving detection 

 

Introductions 

 
In recent years, especially in Thailand, traffic 

accidents become the big problem and affect the quality 

of life. The statistic shows the increasing of the traffic 

accident throughout the year. One of the most important 

causes of the traffic accident comes from the drunken 

car and motorcycle drivers. Drunken drivers may lead to 

triple times of occasions to accident compared to normal 

drivers. Currently, only 15% of countries have laws 

concerning drunk driving [1]. To enforce the limit of 

drunken laws, the police units need to have both 

affordable and precise tool to detect the amount of 

alcohol reside in the drivers. 

There are many types commercial instrument for 

breath alcohol measure. The most common types are 

fuel cell alcohol sensor and metal oxide semiconductor 

gas sensor. The former is very precise one with very 

expensive prize while the latter is cheaper but has low 

selectivity. 

Polymer/Carbon Nanotube(CNT) composite based 

gas sensor is one of the interesting types of gas sensor 

because of the good properties. Previous studies show 

the ability of this type of gas sensor to distinguish foods, 

beverage, food spoilage and human illness [2-5]. 

Objective of this work is to fabricate the embedded 

system and evaluate the ability of the polymer/CNT 

composite gas sensor array for the detection of alcohol 

concentration in drunken drivers. 

Experimental Details 

Sensor Fabrication 

To fabricate the sensors based on polymer/CNT 

composite, carboxylic functionalized single-walled 

carbon nanotube (SWNT-COOH) 90wt% and hydroxyl 

functionalized single-walled carbon nanotube (SWNT-

OH) 90wt% were purchased from Cheap Tube Inc while 

four polymers; namely, polyvinyl chloride (PVC), 

cumene terminated polystyrene-co-maleic anhydride 

(cumene-PSMA), poly(styrenecomaleic acid) partial 

isobutyl/methyl mixed ester (PSE), and 

polyvinylpyrrolidon (PVP) were obtained from Sigma-

Aldrich, therefore eight different mixtures between the 

CNT and the polymer can be obtained. The polymer 

solution was prepared by dissolving the 0.005 g of 

polymer in 1 ml of the proper solvent (tetrahydrofuran, 

acetone, acetone and ethyl alcohol respectively). Only 

0.001 g of each kind of the CNT (SWNT-COOH and 

SWNT-OH) was added to the different polymer solution 

to obtain eight different mixtures. Three turns of 30 min 
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stirring and 30 min applying in ultrasonic bath were 

performed in the room temperature to mix the composite 

material. Freshly prepared mixture was deposited onto 

interdigitated electrodes by spin-coating (1500-2000 

rpm for 30 s) and heated at 150°C for 3 h to stabilize the 

sensors. The fabricated gas sensors are tied to the 

doubles side Print Circuit Board (PCB). Each side of the 

PCB contains 4 gas sensors.  The material detail of each 

sensor is according to Table 1. 

Table 1 Material detail of the Polymer/CNT composite 

Sensor 

No. 

Polymer CNT 

1 PSE SWNT-COOH 

2 PVP SWNT-COOH 

3 PVC SWNT-COOH 

4 PVA SWNT-COOH 

5 PSE SWNT-OH 

6 PVP SWNT-OH 

7 PVC SWNT-OH 

8 PVA SWNT-OH 

  

Embedded System Design and Fabrication 

In this work, the in-house designed electronic 

circuit boards for sensor data logging and data 

communications were utilized. The circuits composed of 

an ATMel’s ATMega328 Micro-controlling unit (MCU) 

connected with Polymer/CNT based gas sensor. By 

using the voltage dividing principle, the sensors with 

variable resistances are connected to the constant-value 

voltage dividing resistors and the sensor voltage was 

read by the built-in analog to digital converter inside the 

MCU. The CD4051BM analog multiplexer are also used 

to increase the number of channel of sensor that MCU 

can read. For every second, 200 values of each sensor 

were read by the MCU and these values are calculated 

into a single value using root mean square method to get 

the most precise data.  The calculated sensor data are 

logged into Secure Digital (SD) memory cards via Serial 

Peripheral Interface (SPI) and the data are also sent to 

the receiver computer over Xbee wireless 

communication modules (DIGI Inc.) via Transistor-

Transistor Logic Universal Asynchronous Receiver 

Transmitter (TTL UART) Serial Communication. Light 

Emitting Diodes (LED) is used to display the analyzed 

data. The circuit diagram is according to Figure 1. 

 

Figure 1 Circuit Diagram of the data acquisition and 

communication device 

Gas sensor performance testing 

To evaluate the ability of sensor set to differentiate 

the sample of ethanol, the set of polymer/CNT based 

sensors were test with the ethanol with various 

concentrations (0.5%, 1%, 3% and 5% v/v).  The 

platform of electronic nose for this testing is the 

dynamic electronic nose. The solenoid valves were 

employs to switch between reference   and sample. 

Purified Air was used to carry the VOCs gas and 

reference gas to the sensors chamber automatically at the 

rate of 1L/min. Distilled water is used as the reference 

solution. For data acquisitions, National Instrument’s 

USB6008 coupled with CD4051 multiplexer were used 

to control the system and read the sensor resistance. 

 

Figure 2 Dynamic Flow Measurement Setup for gas 

sensors performance testing. The system composed of 

gas sensors, air flow selection solenoid valves and 

purified air and the air flow rate controller.  

 

Direct mouth blowing measurement setup 

For the measurement of the VOCs from the exhaled 

breath of human, the gas sensors and the flow system 

were set according the diagram. The pressurized clean 

air was used as the VOCs carrier and sensor cleaner.  3-

way tube connector is set to connect between sensors 

(Figure 3), mouthpiece and the clean air. 
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Figure 3 Setup diagram for the detection of alcohol 

volatile from human breath 

To vary the amount of Alcohol Concentration in 

human breath, a male volunteer was asked to drink 

alcoholic beverage (Singha Beer) simultaneously at the 

rate of 10ml/minute. From XXX report that 600 mL (2 

cans or drinking for 60 minutes) of this beverage 

increase blood alcohol concentration to 50 

milligram/100mL that is exceed the law limit. During 

drinking, the volunteer is asked to blow his direct breath 

to   the mouthpiece of the instrument for 2 seconds twice 

an hour to measure the breath alcohol concentration. 

Data Analysis 

Gas sensor response from each sensor is calculated 

to the percentage change of the sensor by comparing the 

sensor resistance to the initial sensor resistance 

(Equation 1) 

               𝑆 = (𝑅/𝑅0)𝑋 100                            (1) 

where S is percentage response of the sensor, R and 

R0 are the sensor resistance and the sensor initial  

resistance respectively 

Principle Component Analysis (PCA) method is 

employed to score and discriminate alcohol beverage 

samples and the amount of alcohol from human breath 

 

Results and Discussion 

Gas Sensor response  

 For the measurement of sensor resistance, the 

gas sensors have their baseline electrical resistance at 5-

35 kiloohms. When the gas sensors were exposed to the 

volatile of ethanol vapor, the reisistance of the gas 

sensors was  increasing. The calculated value of the 

sensing response of the sensor are in the range of 0.4-

33.4% depend on the sensor type(Figure 4) . Most of the 

sensor give very good response to th e concentration of 

the ethanol. It means that the percentage response of the 

sensor is depend on the concentration of the ethanol.  

 

Figure 4 Percentage Responsive curve of the gas sensor 

react to the variation of ethanol concentration. 

Gas Sensor Performance and Sample analytic of 

Alcohol Sample 

In this work, we also demonstrate that the 

embedded system is able to discriminate the types of 

Thai beer. The PCA result (Figure5) analyzed from the 

percentage of sensor response show the discrimination 

of Thai Beer. The result shows the example of 4 brand 

of Thai Beer (namely Singha, Leo, Chang and Hineken. 

The result implies that Singha and Leo is the most 

similar, follow with Chang and Hineken respectively. 

 

 

Figure 5 PCA analysis shows that the gas sensor array 

with the dynamic flow can distinguish the scent of 

many brands of Thai beer. 

Direct Breath Test of Alcohol from Volunteer 
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Figure 6 Response of the Sensor No.1-8 to the increasing 

of the amount of Breath Alcohol Concentration of the 

volunteer during the time of alcohol drinking.  

 

Figure 7 PCA result of direct breath alcohol 

measurement compared to the increasing amount of 

alcohol concentration 

From the Figure 6, plot shows that most of the gas 

sensor array of polymer/CNT coupled with the 

embedded system could response to the increasing of the 

amount of breath alcohol during the time. Tobe more 

visualize, the PCA plot (Figure 7) is employed. This plot 

shows the moving of point from before drink to the last 

hour of drinking. 

 

 

Conclusions 

In this work, we have demonstrated that the 

embedded system of gas sensor array based on 

Polymer/CNT coupled with the direct flow system can 

distinguish the smell of alcohol beverage and the 

amount of breath alcohol concentrations in over 

consumed alcohol drinkers.  
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Abstract 

Broadly speaking, the partial overlapping of two convex objects always creates pairs of concave points. These 

pairs of concave points can be used as ‘cutting points’ for separating connected convex objects. This paper 

presents a new criterion for selecting pairs of concave points used for segmenting connected blood cells. It is 

based on maximizing the minimum distance per displacement ratio (MDDR) between pairs of concave points 

on object boundaries. The pair of concave points on connected convex object boundaries that yields the 

maximum MDDR is selected to be used as ’cutting point’ of connected convex objects. The method for 

segmenting connected blood cells proposed in this paper consists of 4 steps: (i) separating red blood cells from 

white blood cells and platelets; (ii) discriminating between connected and isolated blood cells; (iii) segmenting 

all connected blood cells including red blood cells and white blood cells using the MDDR criterion; and (iv) 

final blood cell counting. The experimental results of blood cell counting using 80 blood smear images reveal 

that the proposed algorithm can achieve an average accuracy of up to 99.2% for red blood cell counting and 

98.9% for white blood cell counting. The proposed criterion is simple, intuitive and very promising for 

segmenting not only connected blood cells but also all other convex objects. 

 

Keywords : Blood cell counting, segmentation of connected blood cells, circular compactness shape factor, 

the minimum distance per displacement ratio 

 

Introduction 

Information retrieved from blood cell counting is 

usually used to diagnose and monitor a number of 

diseases that can be indicated by an unusual number of 

blood cells [1,2 .] Blood cell counting task using human 

visual inspection is quite tedious due to the large number 

of blood cells in a blood smear image [3 ]while a 

computer vision system for automatic blood cell 

counting usually suffers from a large number of 

connected blood cells in an image [3-9 .]In order to 

tackle the problems of connected blood cells, many 

blood cell counting techniques separate connected blood 

cells using watershed segmentation [4 ]and circular 

Hough transform  [ 5 .]Such techniques yield moderate 

results but require extensive computational cost .In this 

paper, a simple but effective algorithm for segmentation 

of connected blood cells in blood smear images using 

the minimum distance per displacement ratio criterion is 

proposed in order to improve blood cell counting 

accuracy . 

Methods 

In general, objects in a blood smear image as shown 

in Figure 2(a )can be categorized into several classes 

including red blood cells (RBC), white blood cells 

(WBC )and platelets [6,7 .]Counting each type of blood 

cells must be performed separately since each type of 

blood cells has its own unique characteristic .In addition, 

connected blood cells are needed to be segmented before 

counting process begins .The method proposed in this 

paper consists of 4 steps as following 

http://gear.kku.ac.th/
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Figure 1. Overview of the proposed method. 

 

1. Discrimination between RBCs and WBCs 
 

First, all objects are separated from bright 

background by thresholding using the Otsu method 

performed on the gray scale image . The obtained binary 

image containing only pixels belonging to RBCs, WBCs 

and platelets is then used as a mask for selecting pixels 

of blood cells to be processed .In order to discriminate 

RBCs from WBCs and platelets, the masked RGB blood 

component image is converted to an L*a*b *image 

where WBCs and platelets have lower b *color 

components than those of RBCs [7 ]and hence appear as 

dark areas in the b *component image .Contrast 

stretching is then applied to the b *component image in 

order to increase the contrast between WBCs and other 

components as shown in Figure 2)b .( 

 

a) 

 

b( 

Figure 2 .a (Blood smear image, b (Contrast-enhanced 

Image. 

The binary image containing pixels of WBCs and 

platelets are obtained by thresholding the contrast-

enhanced b *component image using the Otsu method, 

followed by region filling as shown in Figure 3)a.( The 

remaining image containing only pixels of RBCs is 

shown in Figure 3)b.( 

 

a( 

 

b( 

Figure 3 .a (WBCs binary Image, b (RBCs binary Image. 

2. Discrimination between connected blood cells 

and single blood 

 

Since connected blood cells can lead to an inaccurate 

blood cell counting result, after separating RBCs and 

WBCs from other objects, connected blood cells must 

be identified and segmented before blood cell counting .

Due to the round shape of normal RBCs and WBCs, the 

circular compactness )CC(, defined as the normalized 

ratio between the area and the square of perimeter of a 

region, can be used to identify connected blood cells 

effectively .Single isolated blood cells with nearly 

circular shapes will have CC values around 1.0 while 

elongated connected blood cells will have lower CC due 

to the fact that region’s perimeters of connected blood 

cells increase linearly while the region’s areas of 

connected blood cells increase quadratically [10 .]By 

using a threshold value of  0.95 , regions with CC values 

greater than 0.95 are classified as isolated single blood 

cells while those remaining regions with CC values 

lower than 0.95 are labeled as connected blood cells. 
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3. Segmentation of Connected Blood Cells 

 

In general, a convex object such as a circle or an 

ellipse cannot contain concave points .However, when 

two convex objects partially intersect each other, at least 

one pair of concave points will be created .Therefore, a 

pair of concave points on the boundary of connected 

objects can be used to divide connected convex objects. 

3.1 Detection of Concave Points 
 

 Mathematically, a well-known feature used for 

detecting concave points or corners is the curvature, 

defined as 

    2
3

22
yx

xyyx




  

)1( 

Normally, the large negative and positive curvature 

values occur at concave and convex points respectively .

In order to locate concave points, sequences of boundary 

pixels ))(),(( tytx of connected blood cells are 

extracted from binary images of connected blood cells 

using the classical morphological boundary extraction 

algorithm and then smoothed using a super-Gaussian 

low pass filter with a spread factor of 0.15 and filter 

power of 4 .Derivative x , x  , y  and y  needed to 

calculate the curvature in Equation 1 are then computed 

by using the frequency domain filtering technique. After 

obtaining curvature values of all boundary points, only 

points with local minimum curvature values 

corresponding to concave points are selected. 

3.2 Calculation of the Minimum Distance per 

Displacement Ratio 

 

In order to segment connected blood cells 

precisely, concave points on boundaries of connected 

blood cells must be correctly paired .In this paper, a new 

criterion based on maximizing the minimum distance 

per displacement ratio )MDDR (between concave points 

for pairing concave points of connected convex objects 

is introduced. For example, a pair of concave points of 

connected convex objects as shown in Figure 3, a 

distance is defined as the length of a path along the 

boundary from a starting point to an end point, while a 

displacement is defined as the length of a straight line 

segment connecting the starting point to the end point .

For a given set of boundary points

),(),,{(
1100
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)Dt (and displacement )Dp (are given by 
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For each pair of concave points on a closed 

boundary, there are 2 distance values, one measured in a 

clockwise direction )
cw

Dt  (and another measured in a 

counterclockwise direction) 
ccw

Dt  .(In this paper, only 

the minimum distance is used to compute the MDDR 

using the following formula: 

DpDtDtMDDR ccwcw /),min(  )4( 

 

Figure 4 .Dt and Dp for a pair of concave points. 

3.3 Splitting connected blood cells 

 
Separation of connected blood cells is done by 

drawing a “cutting ”line connecting the pair of concave 

points that yields the highest MDDR compared to those 

of all possible pairs of concave points in connected 

objects .This process is repeated until all connected 

convex objects are segmented  .The proposed technique 

can be applied for segmenting any connected convex 

objects .Nevertheless, in this research, for segmentation 

of connected blood cells, the additional area criterion is 

introduced in order to assure that the final segmentation 

result yields only single separated blood cells . For 

connected RBCs and WBCs, areas of segmented cells 

must be lower than 1.2 and 1.8 times the maximum areas 

of single isolated RBC and WBC, respectively. 

 

a( 

 

b( 



The 4th International Graduate Research Conference 

Assumption University of Thailand 

[ 482 ] 

Figure 5 .a (Separated connected RBCs binary Image, 

b (Separated connected WBCs binary Image. 

If the area of the segmented region is higher than 

these values and there are unused concave points 

remaining in the segmented region, it is possible that 

there are more than one blood cells existing in the 

segmented region .Thus, the segmentation process will 

be repeated until the areas of all segmented regions are 

less than the threshold value .In this step, due to the 

different sizes of RBCs and WBCs, separations of 

connected RBCs and WBCs are performed separately as 

shown in Figure )5a)(b.( 

4. Blood Cell Counting  
 

After all, connected blood cells are segmented, the 

final task is to count all isolated blood cells and 

segmented connected blood cells . Each blood cell will 

be labeled, one by one, until all blood cells are assigned 

their own labels  .Figure 6 shows an example of the 

overall blood cell counting result.
 

Results and Discussion 

 In this paper, 80 blood smear images were tested for 

RBC and WBC counting .It was found that the proposed 

method yields an overall counting result with average 

accuracy of 99.2 % ) 95.9-100 (for RBCs and 98.9 % 

)83.3-100 (for WBCs. Evaluation of the algorithm 

shows results comparable with or better than those of 

other studies as shown in Table1. 

Table1: Evaluation of RBCs and WBC counting. 

 Precision Recall %Error 

RBCs 
99.2  ) 95.9  -  

100( 
96.3 )75.0-100( 

1.1 )0.1-

16.6( 

Le et al [6 ]

)RBCs.( 
87.5-99.1 80.1-99.5  

WBCs 98.9 )83.3-100( 98.5  ) 70.0-100( 
2.1 )0.1-

30.0( 

Le et al [7] 

)WBCs.( 
55.0-100 92.0-100  

In summary, the complete blood cell counting 

technique, consisting of 4 steps from separation of blood 

components, discrimination between isolated single 

blood cells and connected blood cells, segmentation of 

connected blood cells to final blood cell counting, has 

been proposed. Experimental results attaining a high 

accuracy have been demonstrated. By exploiting the 

geometry of convex objects, the proposed criterion, 

maximizing the minimum distance to displacement 

ratio, is simple, intuitive and very promising for 

segmenting not only connected blood cells but also all 

other convex objects. 
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Figure 6. Result images
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Abstract 

 

Silver nanoparticles (AgNPs) have been known to have strong inhibition and bactericidal effects against 

bacteria, fungi and virus. The mechanism of AgNPs against bacterial cells, however, is still not clear. This 

study focuses on an Atomic force microscope (AFM) investigation of the antimicrobial mechanism of AgNPs 

on the E.coli O157:H7 cell. Since the AFM can be efficiently used to study the surface morphology of bacterial 

cells and the nanoscale effects on bacterial cells, it was employed to visualize the mode of action of AgNPs on 

E. coli O157:H7.  The results show that AgNPs can inhibit the growth of E.coli O157:H7 at concentration 8 

µg/ml. The AFM images of bacterial cell treated with AgNPs at different MIC for 1 hour were analyzed. They 

indicated that at 1/4 MIC of AgNPs smooth surface and mirror lesion could be seen. At 1/2 MIC of AgNPs, 

vesicle appeared on the surface membrane. And at MIC, changes in the morphology of bacterial cells and 

damage to the membrane, leakage of cytosol and cell dead could be seen. In addition, at MIC AgNPs, the 

surface roughness of the bacterial cells changed (Rrms =17.6±3.5 nm) more than that of the cells untreated (Rrms 

11.5±1.5 nm) and the height of the cells changed from 237.6± 16.7 nm of the untreated bacterial cells to 

164.5±46.0 nm. The AFM image was able to show detailed differences of the E.coli surface and morphological 

changes.  

 

Keywords: Atomic force microscope (AFM), silver nanoparticle (AgNPs), AFM image, morphological 

change 
 

Introduction 

         In the present, bacteria have been increasing 

resistances against antibiotic and antimicrobial peptide 

(2). AgNPs are a new alternative for therapeutic strategy 

because it has been known that AgNPs have strong 

inhibition and bactericidal effect against bacteria, fungi 

and virus (13) .  However, the antimicrobial mechanism 

of silver nanoparticles is still not clear.  Therefore, 

understanding the antimicrobial mechanism is important 

for further development.  

       AgNPs have been reported as antimicrobial 

mechanisms which attach to the cell membrane 

containing sulfur-containing proteins and penetrate 

inside the bacterial cell. Then the silver nanoparticles 

interact with proteins in the cell as well as with the 

phosphorus containing compounds like DNA. The 

nanoparticles preferably attack the respiratory chain, 

cell division finally leading to 

cell death (17). In 2010, Wen-Ru Li et al analyzed the 

growth, permeability, and the direct observation of 

morphological change of the bacterial cells following 

treatment with AgNPs by TEM and SEM. TEM and 

SEM observation which can be visually noticed the 

morphological change and some surface changes, but no 

roughness of surface change and height change in detail 

was shown. In addition, there is no studies about 

elasticity of cells. Therefore, imaging techniques for 

surface analysis, height and elasticity of bacteria was 

investigated (13). 

      Atomic force microscopy ( AFM)  is a technique 

which can be used to analyze the surface morphology of 

bacterial cells, as it combines greatly improved 

resolution compared to optical microscopy (10) and has 

potential as an effective tool to understanding mode of 

action of antimicrobial peptide, antibiotic and 

antimicrobial agent (12). For example, Arnaldo da Silva 

Jr and Omar Teschke studied antimicrobial effect of 

antimicrobial peptide PGLa on E. coli both in 

physiological medium and in air. Cccile Forsa, MS et al. 

studied nanoscale effects of antibiotic ( tobramycin and 

ticarcillin)  on P. aeruginosa.  In addition, Xiaohai et al 

investigated the characteristic effects of silver ion on 

E.coli and S.epidermidis. The AFM can acquire images 

of morphology, surface roughness, and three-

dimensional images including height of bacterial cell 

( 1) .  In addition, AFM can acquire bacteria surface 

elasticity (9). 

   In this study, we focused on AFM investigation 

about the antimicrobial mechanism of AgNPs on the 

E. coli O157: H7 cell.  The results showed that AFM 

imaging was able to illustrate detailed differences of 
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E. coli surface and morphological change as well as 

collapse and leakage of cytosol of E.coli O157:H7 cells. 

2.  Materials and Methods 

2.1   Bacterial strains and growth conditions 

       E. coli O157: H7 were stored at - 70°C in 20% 

glycerol and then streaked in the medium agar. Bacterial 

cell was growth at 37°C overnight.  The colonies were 

cultured in Mueller Hinton Broth (MHB) and shaken at 

37°C overnight in 160 rpm shaker-incubator. Then, they 

were subcultured for 2- 3 hours for a mid- logarithmic 

growth phase culture. 

2.2 Determination of minimum inhibition  

concentration )MIC( 

         The minimum inhibition concentration ) MIC(  of 

silver nanoparticles against E. coli O157: H7 was 

determined by broth microdilution method (15). Briefly, 

the bacterial suspensions were prepared and added to 

rage of concentrations ( 0. 125, 0. 25, 0. 5, 1, 2, 4, 8, 16, 

32 and 64 µg/ ml)  of AgNPs was prepared by serial 

dilution in each well of 96- well plate.  The plate was 

incubated at 37°C and then after 20 hours was observed. 

The MIC defined as the lowest concentration of 

antimicrobial peptide that completed inhibition growth 

( 11) .  Each MIC test was carried out in 2 independent 

experiment triplicates. 

2.3   Atomic force microscopy )AFM( imaging 

           The AFM images were taken in air with a Park 

system.   Non- contact mode and contact mode using 

silicon nitride cantilever ( PPP- NCHR)  with resonance 

frequencies of approximately 330 kHz and force 

constants of approximately 42 Nm- 1 were measured. 

Height and topography images were scan at 1-0.7 Hz. 

 

Preparation of bacterial samples    

            Colonies were picked and cultured in   Mueller 

Hinton Broth ( MHB)  and the bacterial culture was 

grown overnight at 37°C in a 160 rpm shaker-incubator. 

Then, they were subcultured until they reached mid-

logarithmic growth phase culture. The bacterial cell was 

harvested and washed in phosphate buffer saline (PBS). 

A 10 ml of bacterial solution ( 1x109 Cells/ ml)  was 

combinded with 300 µl of 100 mM N- ( 3-

Dimethylaminopropyl) - N’- ethylcarbodiimide 

hydrochloride ( pH 5.5, EDC, Sigma-Aldrich ). The vial 

was agitated for 10 min. Following EDC treatment, 300 

µl of 40 mM N- Hydroxysulfosuccinimide (  pH 7. 5, 

Sulfo- NHS, Sigma- Aldrich)  was combined with 

bacterial solution for 10 min (19). 

       Glass slide was rinsed with ultrapure water and 

methanol. Then the glass slide was immersed in 30% 3-

aminopropyltriethoxysilane in methanol ( Sigma-

Aldrich) for 20 min. and then rinsed with and ultrapure 

water.  Bacterial solution was added to glass slide for 1-

2 hours to promote bacterial lawn formation before 

imaging. 

 
3. Results and Discussion 

 
3.1 Determination of MIC against E.coli O157:H7 

           Antimicrobial activity of AgNPs against E. coli 

O157:H7 was assessed by measuring the MIC ( Fig.1) . 

The AgNPs were identified to be active against E. coli 

O157:H7 with MIC at 8 µg/ml. 

 

 

Figure1.  Minimal inhibitory concentration ( MIC)  for the 

AgNPs against E.coli O157:H7 

 

3.2 Effect of AgNPs on E.coli O157:H7 analysis using 

AFM imaging      

Morphological changes of E. coli after AgNPs 

treatment    

        The effect of AgNPs on E.  coli cells for different 

concentration was investigated. The AFM imaging of E. 

coli cells untreated displayed rod shape structure and 

smooth surface on rupture and damage (Fig.2 A and 2E). 

When E.  coli cells treated with 1/ 4 MIC of AgNPs 

( 2µg/ ml)  representing cells retained rod- like form. 

However, bacterial cells showed minor lesion at the 

head region ( Fig 2B and 2F) .  At 1/2 MIC of AgNPs 

( 4µg/ml)  bacterial cells showed morphological change 

of membrane surface and vesicles appeared (Fig 2C and 

2G) .  At MIC of AgNPs ( 8µg/ ml)  the bacterial cells 

ruptured and cytoplasmic was leaked ( Fig 2D and 2H) . 

The results indicated that the effect of killing bacterial 

cells was dependent on concentration of AgNPs. 
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Figure2. Dose dependent of silver nanoparticles effects on E. coli imaged by AFM. A-D are error signal images and E-H 

are three-dimensional images of E. coli cells (A and E) untreated cell, and E. coli cells treated with 1/4 MIC (2 µg/ml) (B 

and F), and E. coli cells treated with 1/2 MIC (4 µg/ml) (C and G) and E. coli cells treated with MIC (8 µg/ml) (D and H). 

Height change of E.coli O157:H7 cells  

 

        To monitor height change of AgNPs treatment on 

the E.coli O157:H7, AFM images of a typical untreated 

E.coli bacterium dried in air are presented in Fig.3. Fig. 

3A shows topography image and 3B shows Three-

dimensional image.  The native E. coli cell shows rod 

shaped morphologies. The E.coli  cell are  ̴ 2 µm large 

(green line fig. 3D), ̴ 3 µm long (red line fig.3D and  ̴  

250 nm high (green line fig. 3D). While E.coli cells were 

then treated with the MIC of AgNPs for 1 hour as 

presented in Fig.4. The AFM images E.coli cell  change 

size are  ̴ 1.5 µm large (green line fig. 4D), ̴ 2 µm long 

(red line fig. 4D) and ̴ 160 nm  high (green line fig. 4D). 

The results indicated that the height of bacterial cells 

was decreased when treated with MIC of AgNPs.    

        In addition, when measured bacterium average 

height of E. coli o157:H7 treated MIC of AgNPs, 

it displayed approximately 164.5±46.0 nm (n=8) which 

was decreased when compared with E.  coli o157: H7 

cells untreated that showed approximately 237. 6± 16.7 

nm (n=8) (Table 1). Therefore, AgNPs have effect to E. 

coli o157:H7 cells. 
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Figure3. Atomic force microscopy images of untreated E.coli O157:H7 cell dried in air. A and C, Topography images 

were scanned area for images 10x10 µm2 (A) and 5x5 µm2 (C). B, Three-dimensional images. D, Vertical cross-section 

taken along the red line. E, Horizontal cross-section taken along the green line. 

 

 

Figure 4.  AFM image of E.coli O157:H7 treated AgNPs at MIC (8µg/ml) for 1 hour. A and C, Topography images were 

scanned area for images 10x10 µm2 (A) and 5x5 µm2 (C). B, Three-dimensional images. D, Vertical cross-section taken 

along the red line. E, Horizontal cross-section taken along the green line. 

 

Table 1: Measured AFM parameters from E.  Coli 

o157:H7.  height represent the maximum cell height and 

Rq represents the root mean square roughness.  

 

E. coli o157:H7 

Bacterium average 

height H )nm( 

 

Rq )nm( 

None 237.6± 16.7 11.5±1.5 

AgNPs (8 μg/ml) 164.5±46.0 17.6±3.5 

 

Surface roughness analysis of E.coli O157:H7 cells 

     To evaluate the damage of E. coli O157: H7 cells  

exerted by MIC of AgNPs, AgNPs completed the 

disruption of the bacterial cells .  So, the surface 

roughness measurements were compared between    the 

bacterial cells treated AgNPs at MIC with untreated 

cells served as a control.  The untreated cells showed 

surface roughness less than bacterial cells treated 

AgNPs at MIC (Fig.4). In addition, when measured root 

mean square roughness (Rq) of E. coli o157:H7 treated 

MIC of AgNPs, it displayed approximately 17.6±3.5 nm 

(n=8) while E. coli o157:H7 cells 

untreated showed approximately 11. 5±1. 5 nm ( n= 8) 

( Table 1) .  So, AgNPs can disrupt and damage the 

surface of E. coli o157:H7 membrane 

 

 

 

Figure 4. AFM image shows surface roughness of E.coli O157:H7. A are untreated-cell treated and B are AgNPs at MIC 

(8µg/ml) for 1 hour.
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Conclusions and Discussion 

 
       In this study, we measured the MIC of AgNPs with 

E.coli O157:H7. The results showed that AgNPs have 

effect against E.coli O157:H7 at concentration 8 µg/ml. 

The AFM imaging showed AgNPs at 1/4 of MIC, E.coli 

showed smooth surface. When increase concentration at 

1/4 of MIC, bacterial vesicle appeared on surface 

membrane. And when treated at MIC, bacteria showed 

damage of membrane. This is dependent concentration 

of  AgNPs. It is known that AgNPs show antimicrobial 

activity against E.coli. The AgNPs accumulated in 

bacterial membrane resulted in the membrane exhibited 

“pits” and the increase in permeability led to the death 

of bacterial cells (22). In this study, the AFM image 

showed the effect of AgNPs treating E.coli at MIC 

concentration for 1 hour that E.coli  was damaged at the 

membrane, changed in morphology, shown roughness 

surface, collapsed and leaked cytosol. In addition, 

untreated bacteria cells was decreased their height from 

237.6± 16.7 nm to 164.5±46.0 nm when treated  at MIC 

of AgNPs and the surface of untreated bacteria cells 

showed roughness at 11.5±1.5 nm which is less than 

bacteria treated at MIC of AgNPs which is at 

17.6±3.5nm. In conclusion, AFM image was able to 

illustrate detailed differences of E.coli surface and 

morphological change. It is clear that AFM can acquire 

information about mechanism of AgNPs on bacterial 

cells.  
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Absftract 

 

The genus of Garcinia (Clusiaceae) is well known for producing various types of secondary metabolites, 

especially xanthones,  flavonoids, benzophenones, and terpenoids. Locally known as ‘Ma da,’ it is found in 

Northern Thailand. Garcinia plants are an abundant source of bioactive phytochemicals, which warrants 

investigating them for new bioactive compounds. This study is a report of the phytochemical investigation of 

the stem bark from G. mckeaniana conducted by the authors of this paper. The phytochemical investigation 

of Garcinia mckeaniana stem barks led to the isolation and identification of eight known xanthones; 

pancixanthone A (1); assiguxanthones A and B (2 and 4); 1, 3, 7-trihydroxy-2-(3-methylbut-2-enyl)-xanthone 

(3); 1, 3, 5-trihydroxyxanthone (5); 1,3,7-trihydroxyxanthone (6); and norathyriol (7) and montixanthone (8). 

All compounds were characterized by spectroscopic techniques and were also evaluated for antimalarial 

activity. Compounds 3 and 4 showed antimalarial activity against Plasmodium falciparum, TM4 and K1 

(multidrug resistant strains) strains, with IC50 values ranging from 10.41.9 - 14.92.0 µM. Those two 

compounds, which contain isoprenyl unit at C-2, showed the best activity against P. falciparum. However, 

other parts of this plant, the leaves, twigs and fruits, should be further isolated and all pure compounds 

evaluated for biological activities. 

Keywords: Garcinia mckeniana, clausiaceae, xanthone, antimalarial activity 

 

Introduction 

The genus of Garcinia (Clusiaceae) is well 

known to produce a various types of secondary 

metabolites, especially xanthones [1-3], flavonoids [3], 

benzophenones [4] and terpenoids [1]. These plants 

have been used in traditional medicines [3,5-7] and 

some of compounds isolated from these plants have 

shown important pharmaceutical activities, including 

antimalarial [8] antimicrobial [9-11] and cytotoxic 

activities [12]. Thus Garcinia plants are abundant 

source of bioactive phytochemicals and are significant 

species to investigate for new bioactive compounds. The 

first investigation of Garcinia mckeaniana Craib was 

reported in 1989 [13]. The mixture compounds was 

isolated from bark which showed antibacterial activity. 

This plant is locally named “Ma da” and is found in the 

North of Thailand. We report here our results from the 

phytochemical investigation of the stem bark from G. 

mckeaniana. This study resulted in the isolation of eight 

known xanthones. The biological activities of these 

compounds against the Plasmodium falciparum 

strains, TM4 and K1 (multidrug resistant strains) were 

examined and the results are also reported.  

 

Materials and Methods 

General experimental procedures 

Melting points were determined on a SANYO 

Gallenkamp melting point apparatus and are 

uncorrected. UV-vis absorption spectra were measured 

in MeOH with a Perkin-Elmer UV-vis 

spectrophotometer. The infrared (IR) spectra were 

recorded on a Bruker Tensor 27 FT-IR spectro-meter. 

The NMR spectra were recorded using either a 400 MHz 

Bruker or a 500 MHz Varian UNITY INOVA 

spectrophotometer. Chemical shifts were recorded in 

parts per million () in CDCl3 (H 7.26 and C 77.0 ppm) 

and/or acetone-d6 (H 2.05 and C (CO) 206.2 and (CH3) 

29.8 ppm), with TMS as an internal reference. The 

MicroTOF data was obtained on a Bruker Daltonics 

mass spectrometer. Thin-layer chromatography (TLC) 

was performed on silica gel 60 GF254 (Merck). Column 

chromatography (CC) was carried out on Sephadex LH-

20 with MeOH or silica gel (Merck) type 100 (62-400 

µm) and type 60 (5-40 µm) for quick column 

chromatography (QCC). Solvents for extraction and 

chromatography were distilled prior to use. 
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Plant Materials  

The stem bark of G mckeaniana Craib was 

collected from Doi Suthep National Park, Chiang Mai, 

Thailand in September 2013. This plant was identified 

by James F. Maxwell, CMUB Herbarium, Chiang Mai 

University, Thailand, where a voucher specimen has 

been deposited (specimen no. Tonglau 1). 

Extraction and isolation 

The air dried stem bark of G. mckeaniana (2.5 kg) 

was extracted with acetone (8 L) over a period of 3 days 

at room temperature. Evaporation of the solvent under 

reduced pressure provided the crude acetone extract 

(56.6 g) as a dark brown gum. The acetone extract was 

separated by QCC over silica gel by elution with a 

solvent gradient from hexanes (100%) to CH2Cl2 

(100%) to MeOH (100%) to provide eleven fractions (A-

K). Fraction F (1.02 g) was separated by CC over 

Sephadex LH-20 with 100% MeOH to afford three 

subfractions (F1-F3). Subfraction F2 (21.7 mg) was 

fractionated by CC over silica gel by elution with 100% 

CH2Cl2 to afford compound 1 (9.3 mg) as a yellow 

viscous oil. Fraction H (498.1 mg) was separated by CC 

over silica gel by elution with acetone/hexanes (1:4) to 

yield five subfractions (H1-H5). Subfraction H2 (87.4 

mg) was purified by CC over silica gel by elution with 

EtOAc/hexanes (1.5:8.5) to give three subfractions 

(H2A-H2C). Subfraction H2B (13.1 mg) was further 

separated by CC over Sephadex LH-20 with 100% 

MeOH to give compound 3 (6.7 mg) as a yellow solid. 

Compound 2 (2.0 mg) was obtained as a yellow 

amorphous by purification of subfraction H4 (20.5 mg) 

by CC over Sephadex LH-20 with 100% MeOH. 

Fraction J (4.71 g) was fractionated by CC over silica 

gel with gradient elution with MeOH/CH2Cl2 (0:1 to 

1:0) to afford eight subfractions (J1-J8). Subfraction J2 

(329.6 mg) was separated by CC over silica gel by 

elution with acetone/hexanes (1:4) to afford three 

subfractions (J2A-J2C). Subfraction J2B (9.2 mg) was 

separated by CC over Sephadex LH-20 with 100% 

MeOH to furnish compound 8 (3.7 mg) as a yellow 

solid. Subfraction J4 (767.6 mg) was separated by QCC 

over silica gel by elution with a solvent gradient from 

CH2Cl2/hexanes (4:1) to MeOH/CH2Cl2 (0.5:9.5) to give 

four subfractions (J4A-J4D). Compound 6 (2.0 mg) was 

obtained as a yellow solid, from subfraction J4B (99.0 

mg) after purification by CC over Sephadex LH-20 with 

100% MeOH. Subfraction J4C (145.6 mg) was 

separated by CC over Sephadex LH-20 with 100% 

MeOH to give three subfractions (J4C1-J4C3). 

Subfraction J4C3 (30.2 mg) was purified by CC over 

silica gel by elution with MeOH/CH2Cl2 (0.3:9.7) to 

afford compound 5 (6.3 mg) as a yellow solid. 

Compound 4 (4.8 mg) was obtained as a yellow solid 

from subfraction J6 (341.1 mg) by CC over Sephadex 

LH-20 with 100% MeOH. Subfraction J8 (987.5 mg) 

was purified by CC over Sephadex LH-20 with 100% 

MeOH to give five subfractions (J8A-J8E). Separation 

of subfraction J8D (374.9 mg) by CC over silica gel by 

elution with acetone/hexanes (3:7) gave three 

subfrations (J8D1-J8D3). Subfraction J8D2 (12.4 mg) 

was purified by CC over Sephadex LH-20 with 100% 

MeOH to yield compound 7 (4.4 mg) as a yellow 

powder. 

Pancixanthone A (1): yellow viscous oil; UV 

(CH3OH) max (log ): 245 (4.78), 319 (6.73), 359 

(3.88); IR (neat) max: 3429, 1647, 1579, 1500; 1H NMR 

(400 MHz, CDCl3): 13.19 (1H, s, 1-OH), 7.71 (1H, br d, 

J = 7.6 Hz, H-8), 7.27 (1H, d, J = 7.4 Hz, H-6), 7.22 (1H, 

t, J = 7.8 Hz, H-7), 6.63 (1H, dd, J = 17.7 and 10.6 Hz, 

H-14), 6.28 (1H, s, H-2), 5.35 (1H, d, J = 17.7Hz, H-15), 

5.22 (1H, d, J = 10.6 Hz, H-15), 1.71 (6H, s, H-12 and 

13); 13C NMR (100 MHz, CDCl3): 181.4 (C-9), 164.4 

(C-3), 161.1 (C-1), 155.1 (C-4a),  154.9 (C-14), 145.5 

(C-5), 144.5 (C-10a), 124.1 (C-7), 120.6 (C-8a), 119.7 

(C-6), 115.9 (C-8), 112.1 (C-4), 105.6 (C-15), 103.4 (C-

9a), 99.7 (C-2), 41.4 (C-11), 27.7 (C-12 and 13). 

Assiguxanthone A (2): yellow amorphous; UV 

(CH3OH) max  (log ): 253 (4.83), 286 (4.27), 327 

(4.49); IR (neat) max: 3416, 1648, 1575,  1466; 1H NMR 

(400 MHz, acetone-d6): 13.45 (1H, s, OH-1), 7.58 (1H, 

d, J = 8.7 Hz, H-8), 6.97 (1H, d, J = 8.7 Hz, H-7), 6.57 

(1H, dd, J = 17.5, 10.6 Hz, H-14), 6.28 (1H, s, H-2), 5.08 

(1H, d, J = 17.5 Hz, H-15), 4.92 (1H, d, J = 10.6 Hz, H-

15), 1.75 (6H, s, CH3-12 and 13).  

1,3,7-Trihydroxy-2-(3-methylbut-2-enyl)-

xanthone (3): yellow   solid; mp. 226-228 C; UV 

(CH3OH) max (log ): 239 (4.29), 262 (4.29), 313 

(3.95), 376 (3.52); IR (neat) max: 3423, 1646, 1610, 

1477; 1H NMR (400 MHz, acetone-d6): 13.26  (1H, s, 

OH-1), 7.57 (1H, d, J = 3.0 Hz, H-8), 7.42 (1H, d, J = 

9.0 Hz, H-5), 7.33 (1H, dd, J = 9.0, 3.0 Hz, H-6), 6.49 

(1H, s, H-4) 5.28 (1H, t, J = 7.2 Hz, H-12), 3.36 (2H, d, 

J = 7.2 Hz, H-11), 1.78 (3H, s, CH3-15), 1.65 (3H, s, 

CH3-14).  

Assiguxanthone B (4): yellow solid; mp. 258-260 

C; UV (CH3OH) max (log ): 242(4.41), 258 (4.41), 

320 (4.18), 366 (3.98); IR (neat) max: 3396, 1647, 1570, 

1489; 1H NMR (400 MHz, acetone-d6): 13.48 (1H, s, 

OH-1), 7.54 (1H, br s, H-8), 6.89 (1H, br s, H-5), 6.46 

(1H, s, H-4), 5.27 (1H, br t, J = 7.1 Hz, H-12), 3.34 (1H, 

d, J = 7.1 Hz, H-11), 1.77 (3H, s, CH3-15), 1.64 (3H, s, 

CH3-14).  

1,3,5-Trihydroxyxanthone (5): yellow solid; mp. 

230-232 C; UV (CH3OH) max (log ): 244 (4.25), 312 

(4.90), 367 (3.20); IR (neat) max: 3444, 1653, 1577, 

1497; 1H NMR (400 MHz, acetone-d6): 12.96 (1H, s, 

OH-1), 7.66 (1H, dd, J = 7.8, 1.4 Hz, H-8), 7.35 (1H, dd, 

J = 7.8, 1.4 Hz, H-6), 7.28 (1H, t, J = 7.8 Hz, H-7), 6.48 

(1H, d, J = 2.0 Hz, H-4), 6.27 (1H, d, J = 2.0 Hz, H-2). 

1,3,7-Trihydroxyxanthone (6): yellow solid; mp. 

decomposed 300 C; UV (CH3OH) max (log ): 254 

(4.30), 238 (4.24), 312 (3.98), 359 (3.94); IR (neat) max: 

3417, 1653, 1579, 1291; 1H NMR (400 MHz, acetone-

d6): 12.98 (1H, s, OH-1), 7.56 (1H, d, J = 3.0 Hz, H-8), 

7.44 (1H, d, J = 9.0 Hz, H-5), 7.34 (1H, dd, J = 9.0, 3.0 

Hz, H-6), 6.40 (1H, d, J = 1.8 Hz, H-4), 6.25 (1H, d, J = 

1.8 Hz, H-2). 
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Norathyriol (7): yellow powder; mp. 320-322 C; 

UV (CH3OH) max (log ): 237 (4.32), 254 (4.42), 311 

(4.10), 363 (4.01); IR (neat) max: 3444, 1635, 1304 and 

1186 cm-1; 1H NMR (400 MHz, CD3OD): 7.36 (1H, br 

s, H-8), 6.68 (1H, br s, H-5), 6.25 (1H, br s, H-4), 6.11 

(1H, br s, H-2).  

       Montixanthone (8): yellow solid; mp. decomposed 

270 C; UV (CH3OH) max (log ): 238 (4.38), 254 

(4.46), 312 (4.16), 358 (4.07); IR (neat) max: 3357, 

1615, 1490; 1H NMR (400 MHz, CD3OD): 7.46, (1H, br 

s, H-8), 6.73 (1H, br s, H-5), 6.27 (1H, d, J = 2.1 Hz, H-

4), 6.13 (1H, d, J = 2.1 Hz, H-2), 3.93 (3H, s, 1-OCH3). 

Biological Activity 

The in vitro antimalarial activity against 

Plasmodium falciparum (TM4 and K1, multidrug 

resistant strains) was carried out using as described by 

Wangchuk, using chloroquine, cycloguanil and 

pyrimethamine as positive controls [14]. 

Results and Discussion 

 

  

Figure 1. Structures of Isolated Compounds 1-8 

All isolated compounds showed typical UV 

absorption bands of xanthone chromophore at max 237-

245 (strong), 253-286 (strong), 311-327 (medium) and 

358-376 (weak) nm [15-16]. All compounds showed in 

their IR spectra hydroxyl and carbonyl stretching bands 

at 3357-3444 and 1615-1653 cm-1, respectively. In the 
1H NMR spectra, a singlet at  12.96-13.48 indicated the 

presence of a hydroxyl group at C-1, chelated to the 

xanthone carbonyl. A signal of a deshiled aromatic 

proton at  7.36-7.71 was attributed to H-8 due to the 

anisotropic effect of carbonyl group. 

Compound 1 was obtained as a yellow viscous oil. 

The 1H NMR spectrum showed resonances for a 

chelated hydroxy proton H 13.19 (1H, s), 1,2,3-

trisubstituent aromatic protons [H 7.71 (1H, br d, J = 

7.6 Hz, H-8) and 7.27 (1H, d, J = 7.4 Hz, H-6 and 7.22 

(1H, t, J = 7.8 Hz, H-7)], one single aromatic proton at 

H 6.28 (1H, s, H-2) and a set of 1,1-dimethylallyl group 

[H 6.63 (1H, dd, J = 17.7, 10.6 Hz, H-14), 5.35 (1H, d, 

J = 17.7 Hz, H-15), 5.22 (1H, d, J = 10.6 Hz, H-15) and 

1.71 (6H, s, CH3-11 and 12)]. The 1,1-dimethyl allyl 

group was placed at C-4 due to methine proton H-14 (H 

6.63) showed HMBC correlations to C-4 (C 112.1). 

Therefore, compound 1 was characterized as 

pancixanthone A [17]. 

Compound 2 was isolated as yellow amorphous. 

The 1H NMR spectral data of 2 was similar to those of 1 

except compounds 2 displayed an AB splitting pattern 

or aromatic protons, [H 7.58 (1H, d, J = 8.7 Hz, H-8) 

and 6.97 (1H, d, J = 8.7 Hz, H-7)] instead of the ABC 

system in 1.  Thus, compound 2 was identified as 

assiguxanthone A [18]. 

Compound 3 was isolated as yellow solid, mp. 226-

228 C and identified to 1,3,7-Trihydroxy-2-(3-

methylbut-2-enyl)-xanthone [19] which showed the 1H 

NMR signals as follow: a chelated hydroxy proton at H 

13.26 (1H, s, OH-1), a set of 1,2,4-trisubstituent 

aromatic protons [H 7.57 (1H, d, J = 3.0 Hz, H-8), 7.42 

(1H, d, J = 9.0 Hz, H-5) and 7.33 (1H, dd, J = 9.0, 3.0 

Hz, H-6)], one singlet aromatic proton at H  6.49 (1H, 

s, H-4) and an isoprenyl unit [H 5.28 (1H, t, J = 7.2 Hz, 

H-12), 3.36 (2H, d, J = 7.2 Hz, H-11), 1.78 (3H, s, CH3-

15) and 1.65 (3H, s, CH3-14)].  

 Compound 4 was isolated as yellow solid, mp. 

258-260 C and was assigned as assiguxanthone B [18]. 

The 1H NMR spectral data of 4 was similar to that of 3 

except that compound 4 displayed an AB splitting 

pattern at H 7.54 (1H, br s, H-8) and 6.89 (1H, br s, H-

5) instead of ABX splitting pattern of H-5, H-6 and H-

8.  

Compound 5 was isolated as yellow solid, mp. 230-

232 C. The 1H NMR spectral data was similar to that of 

1 except that compound 5 displayed an aromatic proton 

at 6.48 (1H, d, J = 2.0 Hz, H-4) instead of the 1,1-

dimethylallyl group at C-4. Therefore, compound 5 was 

identified as 1,3,5-trihydroxyxanthone   [20]. 

Compound 6 was obtained as yellow solid, mp. 

decomposed >300 C. The NMR spectral data was 

similar to that of 3. The main difference was found that 

compound 6 displayed an aromatic proton at C-2 (H 

6.40 1H, d, J = 1.8 Hz) instead of isoprenyl group that 

appeared in 3.  Thus, compound 6 was assigned as 1,3,7-

trihydroxyxanthone [21]. 

Compound 7 was isolated as yellow powder, mp. 

320-322 C.  The 1H NMR spectral data of 7 was similar 

to that of 4 except compound 7 showed an aromatic 

protons atH 6.11 (1H, br s, H-2) instead of isoprenyl 

group at C-2. Therefore, compound 7 was identified as 

norathyriol [22].  

Compound 8 was obtained as a yellow solid, mp. 

decomposed >270 C. This compound was a 1-OMe 

derivative of compound 7 which showed an additional 

OMe signal at H 3.93 3H, s and was identified as 

montixanthone [23]. 
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All isolated compounds were evaluated for 

antimalarial activity against Plasmodium falciparum 

(TM4 and K1, multidrug resistant strains) as shown in 

Table 1. Only xanthones (1, 3 and 4), having prenyl 

group showed moderate activity with IC50 values in the 

range of 10.41.9 -56.0 and 11.52.0 - 38.45.2 µM 

(TM4 and K1, multidrug resistant strains), respectively.

  

Table 1. Antimalarial Activity against Plasmodium 

falciparum of the Isolated Compounds (IC50, µM) 

Compounds 

Antimalarial activity against 

 P. falciparum  

TM4 K1 

1 56.0 38.45.2 

3 14.92.0 14.93.3 

4 10.41.9 11.52.0 

Chloroquine 0.03 0.30.04 

Cycloguanil 0.040.01 3.20.8 

Pyrimethamine 0.080.01 31.08.4 

 

Conclusions 

The phytochemical investigation of of G. 

mckeaniana stem bark led to the isolation and 

identification of eight known xanthones (1-8). 

Compounds 3 and 4, which containing isoprenyl unit at 

C-2, showed the best activity against P. falciparum. 

However, the other parts of this plant such as leaves, 

twigs and fruits will be further isolated and all pure 

compounds will be evaluated for biological activities. 
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