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บทคัดย่อ 
  

หนึ่ ง ในผลไม้ที่ มี ความส า คัญทางเศรษฐกิจและอุตสาหกรรมคือล าไย   ล าไย 
(Dimocarpus longan Lour.) เป็นไม้ยืนต้นกึ่งเขตร้อนที่อยู่ในวงศ์ Sapindaceae ซึ่งเป็นผลไม้กึ่ง
เขตร้อนที่รู้จักกันทั่วไปในหลายประเทศ โดยเฉพาะในประเทศจีน ไทย เวียดนาม อินเดีย ออสเตรเลยี 
และบางบริเวณในพื้นที่เขตร้อนและกึ่งเขตร้อนของสหรัฐอเมริกา อย่างไรก็ตามสถานการณ์ของขยะ
ผลไม้ที่ใช้ในการฝังกลบนั้น ท าให้เป็นเรื่องน่ากังวลของนักวิจัยเป็นเวลาหลายปีที่ผา่นมา ล าไยตกเกรด
และของเสียจากผลล าไยไม่มีข้อยกเว้นส าหรับใช้เป็นวัตถุดิบในการผลิตเอทานอลชีวภาพ   ใน
การศึกษานี้ได้ท าการปรับสภาพทางกายภาพโดยการต้ม (30 นาที) และการนึ่งฆ่าเช้ือ (15, 30, 45 
นาทีและ 0 นาทีส าหรับชุดควบคุม) หลังจากนั้นน าตัวอย่างมาส่องภายใต้กล้องจุลทรรศน์อิเล็กตรอน
แบบส่องกราด (SEM) เพื่อสังเกตความแตกต่างระหว่างวัตถุดิบ ตัวอย่างที่ผ่านการต้ม และตัวอย่างที่
นึ่งฆ่าเช้ือ  ในกระบวนการไฮโดรไลซิสนั้น มีการไฮโดรไลซิสอยู่สามรูปแบบที่ใช้ในตัวอย่าง ได้แก่ 
เอนไซม์เซลลูเลสทางการค้าที่ความเข้มข้น 2% เอนไซม์จากสาหร่าย 20% รวมทั้งส่วนผสมของ
เอนไซม์เซลลูเลสทางการค้าที่ความเข้มข้น 1% และเอนไซม์จากสาหร่าย 10% (C + A)   โปรแกรม
วิธีการพื้นผิวตอบสนอง (RSM) น ามาใช้เพื่อก าหนดและหาสภาวะที่เหมาะสมที่ดีที่สุดในการปรับ
สภาพและการไฮโดรไลซิสตัวอย่าง 

ในส่วนของล าไยสด สภาวะที่เหมาะสมที่ผลิตน้ าตาลในปริมาณสูงนั้น ใช้เอนไซม์เซลลูเลส
ทางการค้าที่ความเข้มข้น 2% ในการไฮโดรไลซิส และนึ่งฆ่าเช้ือเป็นเวลา 30 นาที ส่งผลให้เกิดการ
ผลิตเอทานอลสูงสุด (9.25 ± 0.25  กรัมต่อลิตร) หลังจากหมักเป็นเวลา 24 ช่ัวโมง   ส่วนล าไย
อบแห้ง สภาวะที่เหมาะสมที่ผลิตน้ าตาลในปริมาณสูงนั้น  ใช้เอนไซม์เซลลูเลสทางการค้าที่ความ
เข้มข้น 2% ในการไฮโดรไลซิส และนึ่งฆ่าเช้ือเป็นเวลา 15 นาที ท าให้ผลิตเอทานอลได้สูงสุด (16.74 
± 0.62 กรัมต่อลิตร) หลังจากหมักเป็นเวลา 24 ช่ัวโมง  จากผลการทดลองข้างต้น ล าไยอบแห้งถูก
เลือกใช้ในการผลิตขนาดใหญ่ ผลการศึกษาหลังการปรับสภาพตัวอย่างดังกล่าว  พบว่ามีปริมาณ
น้ าตาลทั้งหมดและน้ าตาลรีดิวซ์เท่ากับ 157.19 และ 36.43 กรัมต่อลิตร ตามล าดับ  ส่วนหลังจาก
การไฮโดรไลซิส พบว่ามีปริมาณน้ าตาลทั้งหมดและน้ าตาลรีดิวซ์เท่ากับ 271.07 และ 48.21 กรัมต่อ
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ลิตร ตามล าดับ   หลังจากนั้น น าตัวอย่างที่ได้มาหมักด้วยยีสต์ Saccharomyces cerevisiae ที่
ความเข้มข้น 1% เป็นเวลา 24 ช่ัวโมง ท าให้ได้ผลผลิตเอทานอลชีวภาพถึง 1.4% และหลังจากการ
กลั่นจะได้ไบโอเอทานอลเข้มข้นสูงถึง 9% มีค่าความร้อนสูง (HHV) เท่ากับ 4.55 MJ/kg  นอกจากนี้
ในการทดลองนี้ได้วิเคราะห์สมดุลของมวล พลังงาน และการวิเคราะห์ทางเศรษฐศาสตร์เพื่อพิจารณา
การลงทุนเพื่อด าเนินการในโครงการ 

 
ค าส าคัญ : ไบโอเอทานอล, ล าไยตกเกรดและล าไยเน่าเสีย, เอนไซมจ์ากสาหร่าย, โปรแกรมวิธีการ
พื้นผิวตอบสนอง 

 

 

 



 E 

AB ST R ACT  (ENGLI SH) 

Title POTENTIAL STUDY ON BIOETHANOL 
PRODUCTION FROM LOW GRADE AND 
DAMAGED LONGANS FRUITS 

Author Miss Nguyen Thuy  Vy Tu 
Degree Master of Engineering in Renewable Energy 

Engineering 
Advisory Committee Chairperson Dr. Rameshprabu  Ramaraj  

  

ABSTRACT 
  

One of the significant fruits in the economy and industry is longan fruits. The 
longan (Dimocarpus longan Lour.) is a subtropical enduring tree belonging to the family 
Sapindaceae whose name is a well – known subtropical fruit in many countries, 
particularly in China, Thailand, Vietnam, India, Australia, and some tropical and 
subtropical regions in the USA. On the other hand, the status of fruit waste, which 
becomes stuck previous to landfills, is concerned by researchers over the years. Low 
grade and waste longan fruits are also no exceptions that are feedstock material for 
bioethanol production. In this study, physical pretreatment has been carried out which 
include boiling (30 min) and autoclave (15, 30, 45 minutes and 0 min for control). 
Afterward, samples were scanned by scanning electron microscope (SEM) to recognize 
differences between raw materials, boiled samples, and autoclaved samples. 
Hydrolysis process has done with three varied hydrolysis which were utilized in 
samples: 2% commercial cellulase, 20% algal enzyme and combination of 1% 
commercial cellulase and 10% algae enzyme (C+A). Response Surface Methodology 
(RSM) was utilized to determine and optimize condition lead to the best pretreated 
and hydrolysed ways. 

For fresh longan, the optimum condition produce high amount of sugar by 
using 2% commercial celullase in hydrolysis and 30 min autoclave lead to the highest 
bioethanol production (9.25 ± 0.25 g/L) after 24 hours of fermentation. For dried 
longan, the optimum condition produce high amount of sugar by using 2% commercial 
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celullase in hydrolysis and 15 min autoclave lead to the highest bioethanol production 
(16.74 ± 0.62 g/L) after 24 hours of fermentation. As result, dried longan has been 
chosen for a large scale. Results showed that after pretreatment, the total and reducing 
sugar are 157.19 and 36.43 g/L, respectively; the total and reducing sugar was increased 
in hydrolysis with 271.07 and 48.21 g/L, respectively. Fermentation with 1% 
Saccharomyces cerevisiae 24 hours bioethanol production reached 1.4%;  alcohol 
concentration increase to 9% in distillation. The High Heating Value (HHV) was 4.55 
MJ/kg. In this experiment, mass balance, energy, and economic analysis were analyzed 
to consider to invest as a project. 

 
Keywords : Bioethanol, Low grade and damaged longan fruits, Algal enzyme, 

Response Surface Methodology 
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CHAPTER 1 
INTRODUCTION 

 

1.1 Principles, theory, rationale and/or hypothesis 
Population growth is directly proportional to the use of fossil fuels. The Word 

heavily relies on fossil fuels to meet its energy requirements - fossil fuels such as oil, 

gas, and coal are providing almost 80% of the global energy demands (Asif and Muneer, 

2007). However, fossil energy is not only non-renewable but also generates many 

emissions that affect the environment. Therefore, the mentioned global issues of 

energy security and environment have boosted the requirement of an alternative and 

green energy source. Renewable sources like biomass, solar, heat, wind, hydro, wave, 

geothermal and ocean-thermal have been discovered and applied to replace non-

renewable and inhibit climate change. Biofuels can be produced from biomass of plant 

or animal through a chemical and biological process such as bioethanol, biogas, 

biodiesel, biohydrogen, biobutanol, etc. Nowadays, many countries in the world such 

as the USA, Brazil, China, Canada, and Europe have already declared guarantees to 

biofuel programs as attempts to reduce the dependence on fossil fuels 

(Subhadrabandhu and Yapwattanaphun, 2000). 
 

One of the biofuels which are used for transportation is bioethanol. There are 

three main raw materials for bioethanol production: sugar/starch which is called first-

generation, lignocellulosic biomass which is called second-generation and algal 

biomass which is called the third-generation. Bioethanol is obtained after following 

pretreatment, saccharification, fermentation and distillation steps. Each step has a 

unique role in bioethanol production, but the most important step is pretreatment. 

This stage plays vital roles in the destruction of the cell wall which includes cellulose, 

hemicellulose, and lignin with the tightest association to make quickly the next steps. 
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Thailand is an agricultural country with agricultural production as a whole 
account for an estimated 9-10.5 percent of Thai GDP and is also on the way to produce 
biofuels from edible sources to meet the high demand of the entire nation. Low grade 
or damaged longans fruits are among the available materials from agricultural activities. 
Specifically, Lamphun is the most famous producer of longans in northern Thailand. 
Longan (Dimocarpus longan Lour.) is a tropical tree species that produces edible fruits. 
Mature longan fruit (Dimocarpus longan Lour.) has a tasty, edible and white aril. Based 
on fruit weight, skin colour, flesh sugar, acid concentration, sugar: acid ratio, taste, 
maturity (ripeness) can be calculated (Yang et al., 2011). The production of longans in 
1998 was about 238,000 metric tons with the planted area of 41,504 hectares 
(Department of Agriculture Extension, 1999). The production is confined in the northern 
provinces. The leading longans growing provinces are Lamphun, Chiang Mai, and Chiang 
Rai which shared 37.6, 24.1 and 8.0 percent of the total planted area respectively 
(Subhadrabandhu and Yapwattanaphun, 2000). In Thailand, the main longans 
production areas are in the Northern area where the main planting areas are in Chiang 
Mai and Lamphun, accounting for around 75% (Figure 1.1) of the whole yearly 
production (Sopadang et al., 2012).  
 

 

Figure 1. 1 Production of longans by region in Thailand in 2010 

 

The neighbor of Thailand is Vietnam, Vietnam is like the letter S, a long and 

narrow country. It is located on the eastern edge of the peninsula called Indochina in 
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Southeast Asia, which is the market for longans processed products, likewise China, 

Hong Kong, Malaysia, Singapore, USA and France. Key guidelines for the growth of 

longans export markets have been identified: The research of consumer demand in 

target markets, the growth of long-term export markets, both old and new, and the 

production of long-term goods as consumers demand (Jaroenwanit et al., 2001). 

Moreover, longans are the third most grown fruits in Vietnam and this nation is also 

the world's second - largest exporter of longans with $62.13 million in 2017 (Tran et 

al., 2019). Vietnam and Thailand relations through import and export turnover from 

2008 to 2016 are shown in Figure 1.2. The Thai government has set a goal for 

agricultural development orientation in the context of trade liberalization to increase 

productivity, yield, food security, and farmers’ income, restructure, sustainable 

agriculture growth and promote biofuel production. Thailand's agricultural trade policy 

reform has increased the flow of trade between Vietnam and Thailand. For the period 

2006-2010, Vietnam's annual export turnover of agricultural products to Thailand 

increased at an average annual rate of 36.8% per year. Meanwhile, Vietnam's 

agricultural imports from Thailand hit an average speed of 25.5 percent per year from 

USD 301.6 million in 2006 to USD 779.6 million in 2010 (Phu and Lan, 2018). 

 

Figure 1. 2 Import and export turnover of Viet Nam – Thailand from 2008 to 2016 
(Source: General Statistics Office of Viet Nam, 2017) 
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1.2 Research objectives 
1. To investigate the potential of bioethanol production.  
2. To evaluate the influence of autoclaving time to pretreatment process 

from low grade and damaged longans fruits. 
3. To investigate the potential of cellulase enzyme and blue green algae in 

the hydrolysis process. 
4. To analyze the energy and production cost of bioethanol production from 

low grade and damaged longans fruits. 
1.3 Scope of research 

1. Low grade and damaged longans fruits from the company will use as a 

feedstock for possible bioethanol production. 

2. Pretreatment designs which include steam-explosion and boiling will be 

applied. 

3. Hydrolysate with the highest sugar concentration will be chosen and proceed 

to bioethanol fermentation for 120 hours. 

4. The mathematical model of Response Surface Methodology will be used to 

optimize the time and enzyme of hydrolysis for bioethanol production from low grade 

and damaged longans fruits. 

5. The analysis of the energy and economy of bioethanol production from low 

grade and damaged longans fruits. 

1.4 Significance of the research 
1. Utilization of maximum available materials for bioethanol production. 

2. The techniques which are used in this study are uncomplicated, eco-friendly 

and economic efficiency. 

3. Bioethanol from low grade and damaged longans fruits. 

4. The suitable method bioethanol production from longans fruits. 

5. Added the value of low grade and damaged longans fruits. 
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CHAPTER 2 
LITERATURE REVIEW 

 

2.1 Characteristic of bioethanol  
 

Ethanol also called ethyl alcohol, grain alcohol is a liquid biofuel with the 

chemical formula C2H6O, CH3-CH2-OH or EtOH (Figure 2.1). Gasoline and bioethanol 

have disparities in indicators such as a higher octane number, broader flammability 

limits, higher flame speeds and higher heats of vaporization detail shown in Table 2.1. 

These properties allow for a higher compression ratio, shorter burn time and leaner 

burn engine, which leads to theoretical efficiency advantages over gasoline in an 

internal combustion engine (Balat et al., 2008). 

 

Figure 2. 1 Ethanol molecular formula. 
(https://www.thoughtco.com/ethanol-molecular-and-empirical-formula) 
 Table 2.1 Comparative characteristics of ethanol and gasoline (Tao et al., 2014) 

Characteristics Ethanol Gasoline 
Research Octane number 110 88-98 
Lower flammability limit concentration, vol 
% 

3.3 1.4 

Upper flammability limit concentration, vol 
% 

19 7.6 

Heat of evaporation (MJ/kg) 0.92 0.36 

https://www.thoughtco.com/ethanol-molecular-and-empirical-formula
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2.2 Feedstocks 
 

Feedstocks, what the origin of plants, are natural materials that convert light 

energy into chemical energy through the photosynthesis process (Figure 2.2). Plants 

get the support of sunlight, air, water and nutrients from the soil to form sugars or 

carbohydrates. In biochemistry, it is a synonym of saccharide, mainly, three types of 

raw materials, that is starchy crops, sugar juice and lignocellulosic materials are being 

used for ethanol production (Balat et al., 2008). Photosynthetic biomass is a promising 

source for the generation of biofuels and other bioproducts. 
 

 

Figure 2. 2 Photosynthesis process 
(https://www.need.org/Files/curriculum/infobook/BiomassI.pdf) 

2.2.1 Starch 
 

Starch is a polysaccharide carbohydrate. The formula is (C6H10O5)n with α - D-

glucose. The bioethanol production from starch and sugar crops is developed in the 

industry. Agricultural wastes are raw material, for instance, sugar beet molasses, thick 

juice, wheat starch, and cassava starch through fermentable sugars to make bioethanol 

production. Amylose and amylopectin are two components to create amylum. 

Amylopectin, which consists of highly branched glucan chains, makes up 70% of starch, 

https://www.need.org/Files/curriculum/infobook/BiomassI.pdf
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the rest of amylum is amylose account for 30%. Differences between amylose and 

amylopectin are shown in Figure 2.3. 

Amylose 
Amylose is a linear polymer with ≈ 200 to 6,000 glucose units (MW 105-106) linked 

mainly by α-1,4 bonds (≈99%) and few α-1,6 bonds (<1%) (Wu et al., 2006). Soluble 

starch was determined similarly, omitting the initial α-amylase digestion before the 

conversion of dextrins to glucose with amyloglucosidase (Tester and Morrison, 1990).  

Amylopectin 
Amylopectin is a much more abundant and highly branched polysaccharide with 

up to 3x106 glucose units and an MW of ≈ 5x108 and linked by ≈ 95% α-1,4, and 5% 

α-1,6 bonds (Wu et al., 2006). The latter where enzymes can attach so that resulting 

in a soluble molecule that can be quickly degraded.  
 

 

Figure 2. 3 Structure and components of starch granules: amylopectin and amylose 
(Raguin and Ebenhoh, 2017). 

2.2.2 Lignocellulosic biomass 
Second-generation bioethanol can be produced from various lignocellulosic 

biomasses such as wood, agricultural or forest residues (Tester and Morrison, 1990). 
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Lignocellulose is a widely available, but underutilized resource. Therefore, it is a 

promising raw material to create bioenergy production. The composition of 

lignocellulosic biomass can generally be divided into three main types: Cellulose (30-

50%), hemicellulose (15-35%) and lignin (10-20%) (Figure 2.4). Cellulose and 

hemicellulose make up approximately 70% of the entire biomass and are tightly linked 

to the lignin component through covalent and hydrogenic bonds that make the 

structure highly robust and resistant to any treatment (Limayem and Ricke, 2012). 
 

 

 

Figure 2. 4 Structure of lignocellulosic biomass (Baruah et al., 2018) 
 

 Cellulose content 
Cellulose (C6H10O5)n, the main constituent of lignocellulosic biomass, is a 

polysaccharide that consists of a linear chain of D-glucose linked by β-(1,4)-glycosidic 

bonds to each other (Mood et al., 2013). Cellulose is the most abundant organic 

compound that can be found in nature possessing a structural function in plant cell 

walls with a high molecular weight and a maximum of 10,000 monomeric units of D-

glucose (Tursi, 2019). Cellulose microfibrils have an amorphous and crystalline region 

which makes up 30-80% (Figure 2.5). The amorphous region of the cellulose is greater 
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distances among the molecular chains. Therefore, the cellulose enzyme easily 

attacked leading to the hydrolysis of the molecule. On the contrary, the crystalline 

region is hydrophobic does not absorb water. Thus, a reasonable pretreatment is 

needed to not only make cellulose more accessible to hydrolysis agents but also 

decrease of crystallization of cellulose. 
 

 Hemicellulose content 
Hemicelluloses, located in secondary cell walls, have present as the matrix that 

surrounds the cellulose skeleton, has a random, amorphous structure with little 

strength. They are easily hydrolyzed by dilute acid or base as well as a myriad of 

hemicellulose enzymes. While cellulose is composed of glucose units linked by β-1,4-

glycosidic bonds, hemicellulose almost entirely consists of sugars with five carbon 

atoms (xylose and arabinose) and six carbon atoms (glucose, galactose, mannose and 

rhamnose) with an average molecular weight of < 30,000 (Tursi, 2019). 
 

 

Figure 2. 5 The crystalline and amorphous regions of cellulose 
 

 Lignin content                 
Lignin is also contained in plant cell walls, with the function of binding, 

cementing and putting the fibers together in order to enhance the compactness and 

resistance of the plant structure. Therefore, in order to extract cellulosic fibers from 
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plant materials, lignin degradation is essential (Tursi, 2019). Lignin is a synthesized 

aromatic polymer from precursors of phenylpropanoid. The major chemical 

phenylpropane units of lignin consisting primarily of syringyl, guaiacyl and hydroxy 

phenol are linked together by a set of linkages to make a complicated matrix (Mood 

et al., 2013). In cell walls, therefore, lignin is the most difficult compound to 

decompose.  
 

2.3 Pretreatment methods 
Pretreatment is an additional step. However, this stage plays vital roles in the 

destruction of the cell wall which includes cellulose, hemicellulose and lignin with the 
tightest association (Figure 2.6).  

 

 

Figure 2. 6 Simplified form of pretreatment of lignocellulosic biomass 
 

The aim of the effective pretreatment should be focused on: increase the 

accessible surface area and decrystallize cellulose, partial depolymerization of 

cellulose and hemicellulose, solubilize hemicelluloses and/or lignin, modify the lignin 

structure, maximize the enzymatic digestibility of the pretreated material, minimize 

the loss of sugars and minimize capital and operating costs (Maurya et al., 2015). The 

specific types of materials will appropriate with the different pretreatment methods. 
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After the whole process, the performance of this  step will be evaluated by the number 

of sugar yields. High sugar yields, for instance, make up above 90% of theoretical for 

agricultural residues, especially for corn stover (Galbe and Zacchi, 2007). The 

techniques of pretreatment have been developed and applied in recent decades to 

improve the deconstruction of the plant cell wall and can be categorized as shown in 

Figure 2.7 (Baruah et al., 2018).  
 

 

Figure 2. 7 Flow chart diagram of pretreatment processes (Baruah et al., 2018) 
 

 2.3.1 Physical pretreatment 
 

The major goal of physical pretreatment is to reduce the biomass into particles 

of smaller size through mechanical comminution and increase the surface area of 

biomass where cellulases access to realize hydrolysis step due to improving hydrolysis 

yields. Drawbacks of this pretreatment method are its high energy consumption 

depends upon the delignification of the feedstock, the prohibitive cost of its large-

scale. After physical pretreatment, morphology inspection and thermal analysis had 

provided pieces of evidence of structure disruption that led to higher sugar recovery 

in the hydrolysis process (Harun et al., 2011). 
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 2.3.2 Physico-chemical pretreatment 
 

The physico-chemical methods, such as hydrothermal, superheated water 

treatments, are mostly based on violent reaction conditions (Zhao et al., 2012). Recent 

technologies of physico-chemical pretreatment include biochemical and 

thermochemical conversion. The former takes a short time and is considered to have 

an eco-friendly method. 
 

 2.3.3 Steam explosion 
 

Steam explosion pretreatment is currently the most common pretreatment 

method in commercial biorefineries. The term “autohydrolysis” has also been used as 

a synonym for steam pretreatment describing the changes that occur during this 

process (Agbor et al., 2011). The severity factor is a common term used in steam 

explosion pretreatment that describes the combined effects of the temperature and 

duration of the pretreatment (Yu et al., 2012). A higher level of pretreatment can more 

soften and weaken the lignocellulose structure because of the explosion can help 

break down the biomass and decrease its particle size, thus improving its digestibility 

(Pielhop et al., 2016). In this process physically pretreated (chipped, ground or simply 

raw preconditioned) biomass is usually treated with high pressure saturated steam at 

temperatures of about 160-240°C and pressure between 0.7 and 4.8 MPa. The pressure 

is held for several seconds to a few minutes to promote hemicellulose hydrolysis and 

then released (Agbor et al., 2011). The benefits of pretreatment with steam explosions 

include low capital expenditure, modest energy requirements and little impacts on 

the environment. No acid, base or solvent chemicals are required which simplifies the 

subsequent biorefinery stages and reduces their cost: lower detoxification effort due 

to less formation of compounds inhibiting enzymatic hydrolysis and fermentation, 

minimized need for neutralization chemicals and no need for the removal of an organic 
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lignin solvent, which can be inhibitory to cellulose enzymes and fermentative 

microorganisms (Pielhop et al., 2016). 

2.3.4 Liquid hot water pretreatment 
The liquid hot water pretreatment is carried out by cooking the feedstock in 

process water at temperatures between 160 and 190°C and at a pH of 4-7. No 

additional chemicals are needed (Kim et al., 2009). The liquid hot water pretreatment 

is similar to steam explosion but uses water in the liquid state at elevated 

temperatures instead of steam. Steam explosion and liquid hot water are common 

hydrothermal pretreatments applied to lignocellulose materials. Although both 

pretreatment methods do improve cellulose susceptibility to enzymatic hydrolysis, 

liquid hot water pretreatment results in higher hemicellulose sugar recovery and lower 

fermentation inhibiting hydrolyzates than steam explosion pretreatment (Cara et al., 

2007). Liquid hot water pretreatment under controlled pH at 200°C for 15 min showed 

a high ethanol yield of 71.8% of theoretical on fermentation. Liquid hot water 

pretreatment of sugarcane bagasse and achieved 90% glucose recovery on enzymatic 

hydrolysis at 180°C for 30 min. Liquid hot water pretreatment of corn cobs at 160°C for 

10 min provided maximum hemicellulose derived sugar recovery of 58.8% and 

enzymatic hydrolysis yield of 73.1% with more than 60% lignin removal (Baruah et al., 

2018).  

 

2.3.5 Chemical pretreatment 
Acid pretreatment 
 

Acidic pretreatment is one of the most advanced engineering among methods 

of pretreatment for the utilization of feedstocks from lignocellulose. The most 

commonly used acids for substrate pretreatment are sulfuric (H2SO4) and hydrochloric 

(HCL). Among the two mineral acids used for pretreatment, H2SO4 gave higher reducing 
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sugar (0.437 g/g) than HCL (0.224 g/g) (Sindhu et al., 2011). During acid pretreatment, 

xylan depolymerizes to form soluble xylose monomers and oligomers.   
 

Beause the xylan found in nature is highly acetylated, xylose monomer formation inv

-olves two steps (1) cleavage of xylosid bonds, and (2) cleavage of covalently bonded 

acetyl ester groups (Yang et al., 2009). Besides, glucan to glucose conversion was 

enhanced by acid pretreatments, especially those resulting in greater hemicellulose 

solubilization (Yang et al., 2009). However, this pretreatment is expensive because of 

acid corrosion on equipment. 
 

Alkaline pretreatment 
 

Besides acidic pretreatment, the alkaline method that also promotes hydrolysis 

and improves the yield of glucose recovery from cellulose by removing hemicellulose 

or lignin during pretreatment. On the contrary, more than 95% of the cellulose of 

lignocellulosic biomass was preserved in alkaline pretreatment, which can be 

explained by the low reactivity of cellulose with alkali and also its high crystallinity 

(Chen et al., 2013). The ones in this category are (1) sodium hydroxide, (2) ammonia, 

(3) calcium hydroxide (Kim et al., 2016). The most commonly used base is sodium 

hydroxide which is one of the most active base catalysts, with significant effects: 50% 

hemicellulose dissolution, 60-80% delignification (Kim et al., 2016). Increasing alkali 

concentration had no further positive effects. The reaction time of the alkaline reagent 

and lignocellulosic biomass take a long time from an hour to several days. The cost of 

energy consumption for this method is inexpensive which brings economic benefit if 

this pretreatment is applied.  
 

2.3.6 Biological pretreatment 
 

Biological pretreatment is one of the inexpensive methods and eco-friendly 

technique is utilized to breakdown the structure of lignocellulosic materials. 
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Furthermore, the inhibitor formation is not created during the process. Fungi are the 

best suited for cellulose, hemicellulose, and lignin degradation applications. Biological 

pretreatment is used not only to eliminate lignin, but also to remove specific 

components (Zhou et al., 2017). Table 2.2 presents details of different biological 

pretreatment strategies involved for pretreatment of lignocellulosic biomass and its 

advantages (Sindhu et al., 2016). 
 

Table 2.2 Different biological pretreatment strategies involved for pretreatment of 

lignocellulosic biomass and its advantages (Sindhu et al., 2016) 

Microorganism Biomass Major effects 
Punctualaria sp. 
TUFC20056 

Bamboo culms 50% of lignin removal 

Irpex lacteus Corn stalks 82% of hydrolysis yield 
Fungal consortium Straw Seven- fold increase in 

hydrolysis 
P. ostreatus/P. 
pulmonarius 

Eucalyptus grandis 
saw-dust 

Twenty- fold increase in 
hydrolysis 

P. chrysosporium Rice husk - 
Fungal consortium Corn stover 43.8% lignin removal/seven- 

fold increase in hydrolysis 
Ceriporiopsis 
subvermispora 

Wheat straw Minimal cellulose loss 

Ceriporiopsis 
subvermispora 

Corn stover 2–3-fold increase in reducing 
sugar yield 

Fungal consortium Plant biomass Complete elimination of use 
of the hazardous chemicals 
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2.4 Hydrolysis 
Hydrolysis also called saccharification because components of carbohydrates are 

decomposed into fermentable sugars which are glucose, fructose, sucrose, maltose 

and maltotriose. The chemical reaction of hydrolysis is realized when a molecule of 

water burst one or more chemical bonds to form a hydroxyl group and a carboxylic 

acid (Figure 2.8). Invertase is one of the crucial factors for hydrolysis which is an enzyme 

to catalyzes the hydrolysis process. Three main processes of hydrolysis are used to 

generate a variety of sugars appropriate for the production of ethanol: dilute acid, 

concentrated acid and enzymatic hydrolysis (Kumar et al., 2009). 
 

 

 

Figure 2. 8 Chemical reaction of hydrolysis 
 

 2.4.1 Acid hydrolysis 
 

Dilute and concentrated acid is two characteristics of acidic hydrolysis. In the 

dilute - acid process, the reaction is carried out at high temperature (160-230°C) and 

pressure (~10 atm) and because of low yields of glucose from cellulose in the 

hydrolysis step, the ethanol yield is low (Kumar et al., 2009). On the other hand, lower 

operating temperatures (<50°C) and atmospheric pressures are required during the 

concentrated acid hydrolysis process. However, the reaction time of the concentrated 

acid hydrolysis is longer than the dilute acid hydrolysis process due to higher ethanol 

yields. Cellulose was solubilized in concentrated acid together with hemicelluloses, 

leaving insoluble lignin. The hydrolysis products were glucose and oligosaccharides 

without dehydration products (Huang and Fu, 2013). In general, the purposes of the 

acidic hydrolysis process are the pentose sugar degrade more rapidly compared to 
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hexose sugars. The drawbacks of dilute and concentrated acid are the creation of 

waste acid which is required to decline for environmental preservation. Moreover, 

acidic hydrolysis is able to corrode used equipment during this process lead to a high 

production cost. 
 

 2.4.2 Enzymatic hydrolysis 
 

Enzymatic technology is applied in the hydrolysis process. It means that invertase 

is utilized to hydrolyzed complex sugars into simple sugars with conditions that can 

influence hydrolysis productivity such as the nature of substrate present in the 

solution, available surface area, enzyme complex synergy and physico-chemical 

modifications to the substrate (Hao et al., 2018). Cellulase is one of a number of 

enzymes primarily produced by fungi, bacteria. These enzymes synergistically 

hydrolyze cellulose to cellobiose and glucose. The utility cost of enzymatic hydrolysis 

is low compared to acid or alkaline hydrolysis because enzyme hydrolysis is usually 

conducted at mild conditions (pH 4.8 and temperature 45-50°C) and does not have a 

corrosion problem (Sun and Cheng, 2002). 
 

2.5 Cellulase enzyme 
 

Fungi, bacteria, and protozoans are the factors that create enzyme. Cellulase 

which plays an important role in cell breakdown and cellulose degradation. The main 

task of enzyme cellulase is to break down complex sugars into simple sugars. The 

response is related to the hydrolysis of the 1,4-beta-D-glycosidic linkages in cell walls 

include cellulose, hemicellulose, lichenin, and cereal beta-D-glucans. 
 

2.6 Blue green algae 
 

Blue green algae is also known as cyanobacteria or cyanophyta, is a branch of 
microorganisms. Because of their phototropic performance through plastids which is a 
membrane-bound organelle. Therefore, they contain pigments chlorophyll a, 
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biliproteins, β-carotene and are able to photoautotrophs (Fogg, 2012). Therefore, the 
bacteria are identical in cellular and organismal respects (Stanier et al., 1971). Enzymes 
from photosynthetic microorganism include cellulases, galactosidases, proteases, 
lipases, phytases, laccases, amylases, antioxidant enzymes and enzyme associated 
with carbohydrate accumulation and the carbon concentration (Brasil et al., 2017). In 
particular, the enzyme for hydrolysis are cellulases, amylases, laccases, galactosidases. 
Blue green algae can be commercially exploited because of enzymes which create 
from cyanobacteria. A number of enzymes, such as phosphatase, arylsulfatase, 
chitinase, L-asparaginase, L-glutaminase, amylase, protease, lipase, cellulase, urease 
and lactamase producted by blue green algae (Chakdar et al., 2012). The pH range of 
blue green algae between 7.0 and 8.5 (Fogg, 2012).  

 

2.7 Fermentation 
 

Fermentation is a metabolic process that induces chemical changes in organic 

substrates in the absence of oxygen through the action of enzymes. Fermentation of 

ethanol, one glucose molecule is converted into two molecules of ethanol and two 

molecules of carbon dioxide. Figure 2.9 shows the equation for the reaction of 

fermentation. 
 

 
Figure 2. 9 The equation for the reaction of fermentation 
 

The fermentation reaction requires conditions such as temperature, the 

substrate (the glucose solution), pH, yeast. 

The range of fermentation temperature is between 20 and 35°C (Ballesteros et 
al., 2004). High temperature is an unfavorable factor for microorganisms to multiply 
and grow. Because of this condition, ribosome of microorganism is inactive and their 
proteins are shocked by the temperature (McMeekin et al., 2002). The reaction occurs 
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conveniently and efficiently if the glucose solution is enough offered. In the case, the 
little substrate is available the rate of the reaction is slowed and cannot increase. 
According to an investigation of (Lin et al., 2012) about juice fermentation was that 
sugar and microorganism concentration was found 200 g/l and 30 g/l, respectively. 
Controlling pH must be conducted to create acid condition which can make some 
crucial nutrients into the cells by charging of plasma membrane (Zabed et al., 2014). 
The pH range of S. cerevisiae is between 4.0 and 5.0 in bioethanol fermentation (Zhang, 
1995). Yeast produces the zymase enzyme that serves as a reaction catalyst. 
Therefore, the fermentation of the glucose solution to ethanol cannot take place 
without the presence of yeast. Saccharomyces cerevisiae is a species of yeast. S. 
cerevisiae, which is a very safe microorganism with a typical and important role in the 
development of industrial bioethanol, has several advantages due to its high efficiency 
of ethanol and its high tolerance to ethanol and inhibitors (Matsushika et al., 2009). 
The thermotolerant ability of S. cerevisiae to grow and ferment glucose at elevated 
temperatures and examined the influences of temperature, initial substrate 
concentration and pH value on ethanol fermentation (Lin et al., 2012).  
 

2.7.1 Simultaneous saccharification and fermentation (SSF) 
 

Ethanol fermentation was investigated using separate hydrolysis and 

fermentation (SHF) as well as simultaneous saccharification and fermentation (SSF) 

methods (Szambelan et al., 2018). Simultaneous saccharification and fermentation 

(SSF) is a process that enzymatic hydrolysis and fermentation are happening at the 

same time. This means that certain enzymes and fermentative microorganisms are 

added to lignocellulosic and starchy raw materials which are studied, work the same 

time and condition for producing higher yields of ethanol. Several advantages of this 

method are not only cutting both residence times and the capital costs but also 

reducing inhibitory compounds from enzymatic hydrolysis, which decrease the 

compatibility of substrate and enzyme. Furthermore, SSF is easily used for the 

liquid/slurry sample materials to produce higher ethanol concentration. On the other 
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hand, SSF also has disadvantages in pH and processing temperature. Because the 

optimal temperature of enzymatic hydrolysis is usually higher than the fermentation 

temperature. Therefore, it is necessary to find a solution to control the pH and 

temperature when applying this method. The model predicted SSF processing to be 

superior. The superiority of SSF over SHF (separate hydrolysis and fermentation) was 

confirmed experimentally, both concerning ethanol yield on glucose (0.41 g g−1 for SSF 

vs. 0.35 g g−1 for SHF) and ethanol production rate, being 30% higher for an SSF type 

process (Szambelan et al., 2018). A contrast between simultaneous saccharification 

and fermentation and separate hydrolysis and fermentation using steam-pretreated 

corn stovers. SSF yielded 13% higher overall ethanol yield than SHF (72.4% versus 

59.1% theoretical yield) (Öhgren et al.Bura et al.Lesnicki et al., 2007). 
 

Table 2.3 Yield bioethanol using simultaneous saccharification and fermentation 

Materials Yield ethanol (g/l) References 
Banana peels 26.84 (Sharma et al., 2007) 
Raw sweet potato 42.9 (Zhang et al., 2011) 
Wheat straw 36.2 (Tomás-Pejó et al., 2009) 

Slurries 32.0 (Sassner et al., 2006) 
Wheat flour 38.6 (Neves et al., 2006) 
Corn stover 33.8 (Öhgren et al.Vehmaanperä et al., 

2007) 
 

2.7.2 Separate hydrolysis and fermentation (SHF) 
 

Separate hydrolysis and fermentation (SHF) is a process in which enzymatic 

hydrolysis and fermentation are conducted sequentially with two separate stages. 

Hence the temperature for the enzymatic hydrolysis can be optimized independently 

from the fermentation temperature. Materials that are a greater number of solid 

residues are used for SHF. Since Peng and Chen (2007) investigated and showed that 
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the rate of conversion of sugar to ethanol was 34.2% and the yield of ethanol was 190 

g kg−1 of dry paper sludge, leading to a total conversion yield of 56.3% of the 

carbohydrates available on the initial substrate. The separate hydrolysis process has in 

charge of hydrolysis through enzymes for further production of convertible sugars from 

plant components like celluloses and hemicelluloses. On the contrary, the rest of the 

pretreated materials is fermented directly. 
 

Table 2.4 Yield bioethanol using separate hydrolysis and fermentation 

Materials Yield ethanol (g/l) References 
Wheat straw 12.0 (Singhania et al., 2014) 
Sorghum bagasse 28.4 (Shen et al., 2011) 
Douglas – fir 20.4 (Shen et al., 2011) 
Chlorella vulgaris 11.7 (Ho et al., 2013) 

 

2.8 Distillation 
 

The distillation is a process of removing water in the fermented product after 

the fermentation process finished to obtain a high ethanol concentration. Boiling is a 

physical phenomenon that is applied in the distillation process. Because the boiling 

point of ethanol (78.3°C at 1.013 Pa) is lower than the boiling point of water (100°C at 

1.013 Pa). Therefore, ethanol evaporates faster than water, the water is left behind.  

2.8.1 Simple distillation 
 

The impure liquid is put in a round-bottomed flask with a distillation head 

attached to a condenser in turn. The end of the condenser is positioned over a tank 

that absorbs the distillate. The flask is heated and the liquids (the lowest boiling first) 

begin to vaporize. The vapor falls through the head of the distillation and moves 

through the condenser. The vapor is cooled in the condenser by running water which 

causes it to condense into the liquid phase and drip into the flask of collection. The 

purpose of this design, the thermodynamic equilibrium between the vapor and the 
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liquid leaving each stage is presumed to be established (Al-Yaqoobi et al., 2016). 

Distillations can be controlled by measuring the temperature at the condenser's 

entrance; as the system heats up, the vapor from the first component (with the lowest 

boiling point) reaches the thermometer and exits the condenser, while the higher 

boiling point components condense in the unit (Diwekar, 2011). The temperature will 

remain constant until all the first liquid is removed at which point the temperature 

will rise and plateau again until the second liquid is distilled; this pattern will be 

repeated until all liquids are distilled. 

2.8.2 Azeotropic distillation 

The mixture boils at a lower temperature which is impossible to use simple 

distillation to produce ethanol at concentrations higher than 95.6% (Ewell et al., 1944). 

The use of a third component to distinguish two close-boiling components is 

azeotropic distillation. This is achieved by creating an azeotropic mixture between one 

of the original components and the third to increase the boiling point difference and 

promote distillation separation. It is possible to produce more concentrated ethanol 

solutions using drying agents such as anhydrous calcium chloride that physically absorb 

water from an ethanol solution of 95.6%. 
 

 
Figure 2. 10 Simple distillation design 
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2.9 Response surface methodology 

The Response Surface Methodology (RSM) is a widely used mathematical and 

statistical method for modeling and analyzing a process where different variables affect 

the response of interest and analyze a process where different variables affect the 

response of interest and the aim of this method is to optimize the response. 

Dependent variables are the parameters that influence the process (Aydar, 2018). 

Response Surface Methodology is invented by Box and collaborators in the 50s. RSM 

is a group of mathematical and statistical techniques based on the suitability of 

empirical models to the experimental data obtained in relation to experimental design 

(Bezerra et al., 2008). 

RSM's simplest model that can be used in RSM is based on a first-order linear function, 

a linear regression model with k predictor variables, it can be described as in Equation 

3. 
 

Y = β0 + ∑ βiXi
K
I=1 + ε                   Equation 3 

k: Is the number of variables 

β0: Is the constant term 

βi: Regression coefficients of the linear parameters 

Xi: Represents the variables 

ε: Is the residual related to the experiments 

The answer variable was fitted with a second – order model in the form of quadratic 

polynomial equation to predict the optimal conditions a second – order polynomial 

function is employed as Equation 4. 
 

Y =  β0 + ∑ βi
k
i=1 Xi + ∑ βii

k
i=1 Xi

2 + ∑ βijXiXj
k
i≤ij≤j + ε    Equation 4 

Y: Is the predicted response to be modeled 

k: Is the number of variables 
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Xi and Xj the represents the variables which influence Y 

β0, βi, βij are regression coefficient of the model for intercept, linear, quadratic and 

interaction terms, the i linear coefficient, the quadratic coefficient and the ij interaction 

coefficient, respectively. 
 

 2.9.1 Central composite design 
 

The central composite design is employed to fit an empirical, second-order 

polynomial model. Since it combines a two-level factorial design with a star (axial) and 

center points, this design allows a greater number of levels without performing 

experiments at every combination of factor levels which cover the factor space near 

the center with more points. This means only the center points are replicated to 

provide excellent prediction capability near the center of the factor space. Therefore, 

it reduces the total number of experiments needed to determine the best combination 

of factors for the optimization of a process. This design consists of the following parts: 

(1) a complete factory or fractional factory design; (2) an additional design, often a star 

design in which experimental points are at a distance from its center and (3) a central 

point. Figure 2.11 illustrates the full central composite design for the optimization of 

two and three variables (Bezerra et al., 2008). 

 

Figure 2. 11 The full central composite design for optimization of two and three 
variables 
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 2.9.2 Full three-level factorial designs 
  

An experimental matrix of full three-level factorial design has restricted software 

in RSM when the factor number is higher than 2 because of the number of designed 

experiments (calculated by expression N = 3k, where N is experiment number and k is 

factor number) is very huge, thereby losing its efficiency in the modeling of quadratic 

functions. Figure 2.12 a and b illustrates the representation of the three-level factorial 

designs for the optimization of two and three variables, respectively (Bezerra et al., 

2008). 

 

Figure 2. 12 Three-level factorial design for the optimization of (a) two variables, (b) 
three variables and (c) Box-Behnken design for the optimization of three variables 

 

 2.9.3 Box-Behnken design 
 

Box-Behnken design is the other useful tool of response surface methodology 

for optimizing model. The advantage of Box-Behnken design is in pointing out the issue 

of where the experimental boundaries should be in general and in particular to avoid 

the unnecessary combination of treatment. Box and Behnken suggested how to select 

points from the three-level factorial arrangement, which allows the efficient estimation 

of the first and second-order coefficients of the mathematical model. These designs 

are, in this way, more efficient and economical than their corresponding 3k designs, 

mainly for many variables. Figure 2.12 C illustrates Box-Behnken design for the 

optimization of three variables (Bezerra et al., 2008). 
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CHAPTER 3 
MATERIALS AND METHODS 

 

3.1 Sample collection 
 

Low grade and damaged longans fruits are the materials in this study. This 
material was collected at the company Pratupa Agricultural Cooperative with the 
location of factory 92 Moo 5, Pratu Pa Subdistrict, Mueang Lamphun District, Lamphun 
51000 at coordinates 18°37'44.5"N 98°59'48.5"E.  

 

 
Figure 3. 1 Low/grade damaged longan fruits from the company  

 

This company buys longan fruits from farmer households at Lamphun. After 
that, the sorting machine will be used to divide the longan into 4 categories AA, A, B, 
C to serve the domestic consumption and export to contiguous countries. The rest is 
low grade and damaged longan fruits will be collected at the back of this machine. 
Both of these propositions are shown in Figure 3.2. Low grade and damaged longan 
fruits are shown in Figure 3.1. 
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Figure 3. 2 Waste longans of company 
 

3.2 Material preparation 
After collecting, low grade and damaged longan fruits were brought to the 

laboratory at Faculty of Science, Maejo University. The leaves, branches, dust, soil and 
other impurities were removed prior to the experiment. The number of this longan 
were separated: 1) One-half were directly used for fresh longan experiments. 2) The 
rest of longan were dried at Energy Research Center (ERC) (see Figure 3.3). 
 

 
 

Figure 3. 3 The dried longan at Energy Research Center 
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3.3 Methodology of experiments 
Methodology of experiments performs in Figure 3.4. Both of materials which 

involve fresh and dried longan were undergone pretreatment, hydrolysis, fermentation, 
and distillation process to produce bioethanol. 

 

 
Figure 3. 4 The flow process of bioethanol production 

 

3.4 Laboratory scale experiment for bioethanol production  
 

3.4.1 Pretreatment process 
 

Experiments were carried out in 250 mL Erlenmeyer flasks in boiled and 
autoclaved conditions. The sample was boiled within 30 minutes, around 95-98°C. After 
that, the solution was undergone 15, 30, and 45 minutes autoclaving time and 0 min 
for control. 

The steam explosion condition was used at 121°C, 15 psi (see Figure 3.5). Total 
sugar was checked by phenol - sulfuric acid (Dubois et al., 1956) and reducing sugar 
was analyzed by DNS acid (Miller, 1959).  
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Figure 3. 5 Pretreatment process; boiled sample (A); Autoclaved sample (B) 

3.4.2 Enzymatic hydrolysis 
 

Commercial cellulase which was bought at Union Science Company, Chiang Mai, 
Thailand and algal enzymes that was cultivated in ERC were inoculated. Experiments 
performed including 3 treatments: Treatment 1: Enzymatic hydrolysis using a 2% (v/v) 
cellulase enzyme. Treatment 2: Enzymatic hydrolysis using a 20% (v/v) algal enzyme. 
Treatment 3: 1% (v/v) commercial cellulase and 10% (v/v) algal enzymes were added 
in the samples. The pH was controlled for suitable each treatment. Three  
treatments underwent hydrolysis process for 1, 2, and 3 days, respectively. The 
samples were in the incubator which was set at 30°C (see Figure 3.6). By the end of 
the hydrolysis process, total sugar was checked by phenol - sulfuric acid (Dubois et al., 
1956), and reducing sugar was analyzed by DNS acid (Miller, 1959). 
 

 
Figure 3. 6 Hydrolysis process Adjusting the pH (A); keeping sample in incubator (B) 
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3.4.3 Fermentation process  
 The best pretreated and hydrolysis conditions were chosen which were carried 
out ethanol fermentation. The 2% of S. Cerevisiae (dry yeast - Alcohol Yeast, Xinjiang 
Shengli Biotechnology Co., Ltd, China) was added in the samples. The pH was 
controlled 5.6 and kept in room temperature in the absence of oxygen. The bioethanol 
concentration of each samples was measured by Ebulliometer (Dujardin-Salleron, 
Alcohol Burner, France) after 12 hours.  
 

3.4.4 Response Surface Methodology (RSM)  
Response Surface Methodology (RSM) was also used to choose the best 

pretreated and hydrolysis conditions. Central composite designs which was used in this 
study, is one of the most common designs used for quadratic models (Makela, 2017). 
Two factors was run in this software. 
Factor 1: Autoclave time 0, 15, 30, 45 mins. 
Factor 2: Hydolysis time 1, 2, 3 days. 

A central composite design with α > 1 which showed in Figure 3.7. Setting α 

as 1 or 4 √2k are secure selections. The value 4 √2k assurances rotatability. 

 
Figure 3. 7 A central composite design with α > 1 

 

The software involves organization and accomplishment a set of experiments 
to determine the effects of experimental variables on that method. Based on empirical 
data in experiments, the software is a simple mathematical approximation of the 
response. Quantifying linear and interaction effects through factorial designs can be 
used. This way suggest the chosen design to determine the level of suitable, detail 
and complexity that can described with the subsequent model. 
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A Design-Expert® Software Version 11 trial program from Stat-Ease, Inc., 
Minneapolis, USA was utilised to optimizate the reducing sugar (g/l) of dry longan was 
between physical pretreatments and enzymatic hydrolysic time. The independent 
factors contains the physical pretreatment which contains of autoclaving time (min), 
and the enzymatic hydrolysis which involves hydrolysis (day). In this proposal, there 

are three experimental levels: − 1, 0, 1. Table 3.1 showed the range and center point 
values of the three independent factors which were chosen after a series of primary 
single factor experiments. Reducing sugar (g/l) enzymatic hydrolysis were selected as 
the dependent factors by using central composite design (CCD) of RSM which was used 
to produce 24 runs for design with varied inputs of the factors. The surface roughness 
was used to investigate influence of the following controllable process parameters in 
this experimental work. The CCD application and designing methods described by Box 
and Wilson (Box and Wilson, 2012) were applied for the optimization of the reducing 
sugar of longan fruits. The CCD in the experimental design consisted of factorial point, 

axial point (α > 1), and five replicates of the central point. Experimental runs were 
randomized in order to restrain the effects of unpredicted inconsistencies in the 
practical responses. 
Table 3.1 Reducing sugar concentration and their values used for the experiment 
 

Factor Name Units Type Minimum Maximum Low High 
A Autoclave 

time 
Min Numeric 0 45 -1 +1 

        
B Hydrolysis 

time 
Day Numeric 1 3 -1 +1 

 

3.4.5 Scanning electron microscope (SEM) 
 

The cell wall structure of biomass was affected by the pretreatment process. 
Because the crystalline structure of biomass was changed into a non-crystalline 
structure after this process. A scanning electron microscope (SEM) scans the surface 
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with a focused beam of electrons through interaction between the electrons and 
atoms in the sample produce surface topography and composition under images. The 
machine branched JSM-5410LV, USA. The sample was prepared before and after the 
pretreatment process as a dried powder. Pure gold and dried by a dryer (CPO 7501 
Critical Point Dryer, USA) was utilized in 150 seconds at 15 mA. Gold coating plays a 
role important in conductivity properties for biomass. The qualities of images and 
interruption of the vacuum were affected by the amount of presence of water in the 
biomass. Therefore, the powdered biomass needed to do carefully dry. Electron beam 
at 15000 kV was used to shot gold and samples inside the specimen chamber. The 
images of the surface in biomass were shown and taken through the secondary 
electron detector on the monitor screen (Figure 3.8). 
 

 

 
 

3.5 Large scale of bioethanol production  
 

3.5.1 Feedstock preparation  
 

Longan was used in this study as waste fruits. They were collected at Pratupa 
Agricultural Cooperative company Mueang Lamphun District, Lamphun 51000, Chiang 
Mai, Thailand (18°37'44.5"N 98°59'48.5"E) not only free of cost but also in enormous 
quantity due to the small size of longan. Therefore, the expense of the collection of 
waste/damage longan was cut in economic and energy analysis. These materials were 
dried at Energy Research Center (ERC), Maejo University, Chiang Mai, Thailand by 

Figure 3. 8 Sprinkle of sample in pure gold (A); Scanning electron microscope 
equipment (B) 
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sunshine in 1 week until dry. Then the shredder machine was utilized cutting to get 
the smaller size of particles less than 2 cm.  
 

3.5.2 Pretreatment 
 

Pretreatment for waste/damage longan bioethanol production involves boiling 
and autoclave. To have an estimate of the energy required for these operations. In 
theory, 1 kg of gas do can boil 160 kg of water at 100 Celsius degree. In this study, 10 
kg of dried longan and 50 liter of water was boiled at 90-95 Celsius degree in 30 
minutes by small gas system; so the amount of gas took for boiling around 0.5 kg. 
Moreover, the steam explosion condition was used by traditional autoclave in 3 hours 
with 3 kg of gas which was utilized to heat the system.  
The total energy used for pretreatment involves the energy input of fuel and labor. 
3.5.3 Hydrolysis 
 

The pH of the sample was ajdusted to 5 and 0.5 % of cellulase enzyme (v/v) 
was inoculated within 24 hours at room temperature. Then the sample was filtered to 
separate liquid and solid parts.  

Hydrolysis for waste/damage longan bioethanol production involves human 
labor; is usually done manually. To have an estimate of the energy required for these 
operations. The 68% of human energy is consumed after 8 hours of work by the 
observation.  
 

3.5.6 Fermentation 
 

40 liter of the liquid sample was conducted fermentation process with 1 % S. 
Cerevisiae (dry yeast - Alcohol Yeast, Xinjiang Shengli Biotechnology Co., Ltd, China) 
was added at the pH 5.6 condition and kept at 35°C in the absence of oxygen in the 
fermentor (see Figure 3.9) within 24 hours.  

The total energy used for fermentation involves the energy input of machinery 
and electricity. Fermentation is usually done by the pump which was operated by 
electricity to stir. 
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Figure 3. 9 The fermentor machine 

3.5.7 Distillation 
 

Then 24 hours, the sample fermented product was distilled by the distillation 
system to get pure bioethanol. Figure 3.10 showed the distillation system includes 2 
parts of the boiler and condenser. The boiler part where the sample was put inside 
was burned by a gas tank until the temperature reached 80°C. At that time, pure 
bioethanol across the connection pipe to the condenser where a gaseous substance 
condenses into a liquid state through cooling. The distillation process was done within 
1 hour. Distillation is usually done by the use of gas heat the sample at 78 Celsius 
degree to get bioethanol. 

 
The purified bioethanol was determined calorific value by bomb calorimeter 

(Figure 3.11) - (Art. 2060/2070 bomb calorimeter, Thailand). 1 gram pure bioethanol 
was weighed and put in the little combustion cup which in turn sits on the electrodes. 
A fuse wire was measured 12 cm by the ruler to set in the center of the little 
combustion cup. After that, a fuse wire was wired this in wrap it around these 
electrodes which actually provided the electrical charge to ignite the fuse. The amount 
of dried oxygen was offered at a pressure of 30 atmospheres (atm) by a particular 
oxygen cylinder when the system was enclosed. The temperature of the bomb 
calorimeter rose to measure with the calibrated galvanometer - thermocouple 
assembly.  
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The total energy used for distillation and the bomb calorimeter machine 
involves the energy input of fuel, machinery, and labor. 

 

 
Figure 3. 10 Distillation system 
 

 

 
Figure 3. 11 The bomb calorimeter 
 

3.6 Statistical analysis 
Data were reported as mean ± SE from triplicate observations. Significant 

differences between means were analyzed. All statistical analyses were performed 
using SPSS Version 20.0. A correlation was assumed significant when P < 0.05. 
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3.7 Mass balance 
 

Mass balance was calculated using the equations (Nguyen et al., 2020) 
 

𝑋𝑦𝑙𝑎𝑛 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 (%) =
𝑋𝑦𝑙𝑎𝑛 𝑖𝑛 𝑝𝑟𝑒𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑠𝑜𝑙𝑖𝑑 (𝑔)

𝑋𝑦𝑙𝑎𝑛 𝑖𝑛 𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑠𝑜𝑙𝑖𝑑 (𝑔)
× 100% 

𝑋𝑦𝑙𝑜𝑠𝑒 𝑦𝑖𝑒𝑙𝑑 (%) =
𝑋𝑦𝑙𝑜𝑠𝑒 𝑖𝑛 ℎ𝑦𝑑𝑟𝑜𝑙𝑦𝑠𝑎𝑡𝑒 (𝑔)

𝑋𝑦𝑙𝑎𝑛 𝑖𝑛 𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑠𝑜𝑙𝑖𝑑 (𝑔)
×

132

150
 

 

The large molecule is transformed to many smaller monosaccharides or simple 
sugars equivalent by multiplying the ratio of the molecular weights of polysaccharides 
to monosaccharide or fermentable sugars (For example, represent C5 sugars: the ratio 
of the molecular weights of Xylan converted to Xylose 132/150; represent C6 sugars: 
the ratio of the molecular weights of Glucan to Glucose 162/180). The oligomer is 
reported in equivalents. 
3.8 Energy analysis  

Energy analysis is the calculation or determination of the energy flows called 

input and out or output of a system. Energy can neither be created nor destroyed. The 

total energy is constant. It can only transfer from one system to another by the Law 

of Conservation of Energy. There are 2 ways to perform: 1) The basic manual energy 

analysis approach. 2) A detailed computer-aided simulation. For this study, energy 

analysis is analyzed and based on energy consumption through processes such as (1) 

feedstock preparation, (2) pretreatment, (3) hydrolysis, (4) fermentation, and (5) 

distillation. 

Longan fruits bioethanol production’s energy efficiency used two conventional 

indicators the Net Energy Gain (NEG) and the Net Energy Ratio (NER).  

NEG is the difference between the output energy and the total energy input to produce 

one functional unit of longan fruits bioethanol. Besides, NER is the ratio of the output 

energy to that of the total input energy. 
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3.9 Economic analysis 
 

The capital budgeting was analyzed by the net present value to get the 
profitability of the project or an investment (Korzen et al., 2015).  

𝑃𝑉𝐵 = ∑(
𝑎

(1 + 𝑟)𝑡

𝑇

𝑡=0

) 

 

𝑃𝑉𝐶 = ∑(
𝑏

(1 + 𝑟)𝑡

𝑇

𝑡=0

) 

 

𝑁𝑃𝑉 = ∑
𝑎 − 𝑏

(1 + 𝑟)𝑡

𝑇

𝑡=0

 

 

𝑃𝑉𝐵: is the present value benefit 

𝑃𝑉𝐶: is the present value of cost 

𝑁𝑃𝑉: The net present value, 𝑎: is the benefit, 𝑏: is the cost, 𝑟: is the discount rate, 

𝑡: is the number of time periods.  
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CHAPTER 4 
RESULTS AND DISCUSSION 

 

4.1 Raw material characteritics  
 

Longan (Dimocarpus longan Lour, syn. Euphoria longan Lam.) is commercial 
fruits in Thailand with an export value of $109 million in 2006 (Office of Agricultural 
Economics, Thailand, 2007) (Janjai et al., 2011). Flowers of the longan tree bloom at 
the end of wintertime. Longan fruit harvesting duration is over 4-6 weeks in mid-
summer (Jiang et al., 2002). The taste of pulp longan is sweet with translucent of the 
flesh color. The carbohydrates of longan are in the form of fructose, glucose, and 
sucrose. After extraction, longan juice’s main compositions are 2.77% glucose, 3.91% 
fructose, and 14.21% sucrose. The pH of longan juice reaches a low acidic level due 
to the number of organic acids compose, such as gluconic acid, malic acid and citric 
acid (Surin et al., 2014). Morever, the amount of bioactive compounds such as corilagin, 
ellagic acid and its conjugates, 4-O-methylgallic acid, flavone glycosides, glycosides of 

quercetin and kaempferol, ethyl gallate 1-β-O-galloyl-d-glucopyranose, grevifolin and 

4-O-α-l-rhamnopyranosyl-ellagic acid contain in longan fruit content. (Yang et al., 
2011). According to Li et al., 2004 and Wall, 2006, fresh longans fruit aril contain 
properties that component are suitable to produce bioethanol production (Table 4.1). 

The amount of moisture in fruits affect directly to the amount of carbohydrates 
or reducing sugar. For example, the composition of the J. curcas fruit hull with 
carbohydrates account for 42.9% of the dry weight, other lignocellulosic materials: 
wheat straw (59%) and cardoon biomass (52%) (Marasabessy et al., 2012). For longan, 
moisture account for more than half of the composition of fruit aril. Therefore, the 
amount of reducing sugar of this longan lower than other lignocellulosic materials. 
Hemicellulosic sugars (xylose, galactose, mannose, rhamnose, and arabinose) contain 
xylose as the main hemicellulosic carbohydrate. 

Peel of this fruit has brown, thin, and brittle when it ripe. A number of studies 
previous that fruit maturity was increased by pectin methylesterase and 
polygalacturonase activities. Longan fruit pulp was easily breakdown at 28 and 3°C, 



 39 

after 8 and 35 days. The flavour and texture of longan fruits maintain good quality at 
0 °C. During ripening, the total sugars increase. After that, the amount of sugar was 
decreased gradually after harvest. The kind of sugars mainly and presently in longan 
fruits are sucrose, fructose and glucose (Jiang et al., 2002). The seed is ring shape, dark 
black color, and white point at the base (Lapsongphol et al., 2007). Phenolic content 
is the antioxidant which contain in longan seed. Moreover, the longan seed keeps gallic 
acid, ellagic acid, corilagin and acetonyl-geraniin (Soong and Barlow, 2005).  

Table 4. 1 Compositions of fresh longans fruit aril (Li et al., 2004 and Wall, 2006) 
 

Property Value 

Moisture (%) 81.4 

Ash (g/100g) 0.7 

Total carbohydrate (g/100g) 12.38-22.55 

Fiber (g/100g) 0.4 

Reducing sugar (%) 3.85-10.16 

Protein (g/100g) 
 

1.2 

 
 

4.2 Effect of physical pretreatment in fresh and dried longan  
4.2.1 Hydrothermal process 

 

Pretreatment is a necessary process in the enzymatic hydrolysis of biomass and 
the production of bioethanol. One of the notable pretreatment steps is hydrothermal 
pretreatment because that is a way with reduced operational costs and without the 
use of organic solvents, challenging to handle chemicals, and liquid or solid catalysts 
(Nitsos et al., 2013). In this study, low grade damaged longan fruits were treated in 90°C 
-95°C temperature at a heating time of 30 mins. In another case, low severity conditions 
(temperature and duration) bring unwanted by-products in the experiment process 
(Nguyen et al., 2020). However, temperature and duration in the experiment of 
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hydrothermal pretreatment are too severe such as time more than 30 min or a 
combination of the distinctive heating processes lead to needless compounds, which 
was called HMF, or the more significant degradation of hemicellulosic sugars (Gabhane 
et al., 2011). Therefore, in this study, dried low-grade damaged longan fruits were 
carried out at 100°C temperature at a heating time of 30 mins that is a suitable 
condition for longan fruits to assure the amount of sugar of these fruits was produce.  

Moreover, during thermal pretreatment, biomass’s viscosity was reduced by 
the destruction of slime extracellular polymers to promote system fluidity. Besides, 
the volatile dissolved solid increases and  volatile suspended solid decreases (Liu et 
al., 2012). 

 

4.2.2 Steam explosion 
 

The steam explosion was carried out with specific effects such as chemical 
composition changes of material, practical of accessible enzymatic in saccharification, 
and the ability of released sugar for fermentation (Shamsudin et al., 2012). (I) After the 
samples underwent this method, the percentages of cellulose are higher; 
simultaneously, the percentages of hemicellulose are lower than raw samples; that 
means steam pretreatment remove hemicellulose, degrade lignin, and increase 
cellulose content (Ohgren et al., 2007). (II) Moreover, time in steam pretreatment is an 
important factor. Because steam pretreatment at 60 min reduced the percentage of 
hemicellulose and lignin compared to 15 min (Alvira et al., 2010), however, 15 min is 
the best time to conduct a steam explosion because of the peels of longan fruits, 
which make up a tiny part in the whole fruit. Moreover, the degradation of C5 sugars 
is, conducting the pretreatment step in a shorter time (30 min) is preferable than a 
longer pretreatment time if not low pentose recovery is the target (Marasabessy et al., 
2012). On the other hand, in case of C6 sugar degradation, the pretreatment time has 
no significant contribution on the degradation of hexose or the six-carbon 
polysaccharides (mostly cellulose) of the biomass which was completely 
depolymerized and degraded during the pretreatment. 
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Figure 4. 1 Sugar concentration of fresh longan after pretreatment 
 

 

Figure 4. 2 Sugar concentration of dry longan after pretreatment 
 

Figure 4.1 and 4.2 showed sugar concentration of fresh and dry longan after 
pretreatment at 15, 30, 45 mins autoclaving time with 0 min for control. The amount 
of total and reducing sugar of dry longan get higher than fresh longan in shorter 
autoclave time with 245.26 g/L, and 146.41 g/L, respectively. On the other hand, the 
amount of total and reducing sugar of fresh longan are 122.31 g/L, and 59.52 g/L, 
respectively. One reason that can explain this result is the amount of moisture in fresh 
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longan fruits account for 81.4% compare to dry longan (Nguyen et al., 2020). This 
supposes that dry longan is a promising material for the production of bioethanol.  
 Physical pretreatment which contains boiling and autoclave in this study affects 
material structure are temperature and time. Generally, parameters were effective by 
pretreatment methods and condition, including (1) cellulose’s decrystallization and 
accessible of surface area was increased, (2) Cellulose and hemicellulose content was 
depolymerized, (3) the solubilization of lignin, (4) the ability of enzymatic digestibility 
to the material, (5) the minimization loss of reducing sugar, and (6) the decreased 
formation of inhibitors compound in a tolerant amount for fermentative microorganism 
or bacteria to grow (Burhani et al., 2017). According to Li et al. (2017) thermal 
pretreatment also the goal to inactive the enzymes related to waste or damaged fruits 
(Deng et al., 2019). According to Kumar et al. (2020) lignin a plays as the skeleton factor 
of a plant cell to cover and hold cellulose so the initial total sugar 60.02 ± 4.12 mg·g−1. 
However, after physical pretreatment, the different reducing sugars released, the 
contents of glucose, arabinose, galactose, and xylose were 30.35 ± 0.92, 21.44 ± 0.41, 
4.54 ± 0.07, and 6.44 ± 0.04 mg·g−1, respectively, for the potential of sesame material 
for the production of bioethanol (Kumar et al., 2020).  
4.3 Enzymatic hydrolysis treatments for fresh and dried longan  

4.3.1 Influence of type of enzymes as hydrolysis treatments  
 

The pretreatment process supported hydrolysis. Because the pretreatment 
process degrades the structure of the cell wall to enzyme attack easily. After that, the 
hydrolysis process occurs after pretreatment to break down the feedstocks into 
fermentable sugar for bioethanol production. Two pathways involve the enzymatic 
hydrolysis of cellulosic biomass: conversion of cellulose to cellobiose (intermediate 
product) and cellobiose to glucose (final product) (Azhar et al., 2017). In this study, 2% 
commercial cellulase, 20% algal enzyme, and 1% commercial cellulase + 10% algal 
enzyme (C+A) were utilized to hydrolysis fresh and dried longan. 
 For fresh longan, 2% commercial cellulase and 1% cellulase + 10% algal 
enzyme showed the same trend with a gap between total sugar and reducing sugar 
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9.36 g/l and 9.71 g/l, respectively. Follow by the amount of total with 20% algal 
enzyme account to 138.90 g/l and reducing sugar 59.81 g/l (Figure 4.3). 
 

 

Figure 4. 3 Sugar concentration of fresh longan after hydrolysis 
 

Enzyme hydrolysis is the second essential process to convert biomass into 
bioethanol. Hexoses and pentose groups in hemicellulose are degraded by the 
presence of a number of unique enzymes. Moreover, process’s main goal is to 
decrease the degree of polymerization of cellulose by hydrolyzing the large 
polysaccharides to simplesugars that yeast can use for producing bioethanol. 
Hydrolysis is the process of the oligosaccharide in the sample which is entirely 
hydrolyzed into polysaccharide. Moreover, there is not high contamination at 24 h 
leading to the efficiency of sugar digestion, yield coefficient (g/g), and productivity 
(g/L.h) of the total sugar, and reducing sugar is also high. The best result of sorghum 
stalk total sugar and reducing sugar concentration 151.228 ± 12.470 and 25.600 ± 2.117 
g/L, respectively; the best result of sugarcane leaf total sugar and reducing sugar 
concentration 111.228 ± 5.402 and 17.600 ± 2.117 g/L, respectively at 24h (Manmai et 
al., 2020). 

For dried longan, 2% commercial cellulase and 1% cellulase + 10% algal 
enzyme showed the same trend with a gap between total sugar and reducing sugar 
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15.98 g/l and 61.29 g/l, respectively. Follow by the amount of total with 20% algal 
enzyme account to 336.35 g/l and reducing sugar 189.04 g/l. 

 

 

Figure 4. 4 Sugar concentration of dry longan after hydrolysis 
 

The enzyme has disrupted cellulose and hemicellulose; therefore, it produced 
a significantly higher amount of fermentable sugars (reducing sugars). Performance of 
hydrolysis after pretreatment often exceeds 90%, whereas without pretreatment, 
yields of hydrolysis only reach <20% (Khammee et al. 2018). 

 

4.3.2 Effect of hydrolysis time on sugar concentration 
 

Enzymatic hydrolysis was conducted in 1 day, 2 days, and 3 days. Table 4.2 and 
4.3 show the highest sugar concentration in 1 day of fresh and dried longan with 70.0 
g/L at 30 min autoclave, and 234.60 g/L at 15 min autoclave, respectively. According 
to Pribowo et al. (2012), the rate of reaction hydrolysis in 24 hour was higher than 48-
hour initial hydrolysis. Moreover, xylose of the hydrolysate account for 1.8% wt. 
Besides, a substrate conversion up to 85% in 24 hour with maximum sugar content of 
~5.5% or 55.5 g/L (Yang et al. (2010 & 2011)). 
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Table 4. 2 Effect of hydrolysis time on sugar concentration of fresh longan 

 Total sugar Reducing sugar 

Autoclave 1 day 2 days 3 days 1 day 2 days 3 days 

0 min 147.40 116.89 115.43 55.14 48.38 52.29 

15 mins 136.89 121.46 133.01 56.48 57.33 59.29 

30 mins 166.71 162.83 163.70 70.00 76.76 77.71 

45 mins 132.33 136.53 143.65 70.67 54.86 48.29 

 
Table 4. 3 Effect of hydrolysis time on sugar concentration of dried longan 

 Total sugar Reducing sugar 

Autoclave 1 day 2 days 3 days 1 day 2 days 3 days 

0 min 237.14 246.11 231.37 131.27 133.98 116.48 

15 mins 328.59 343.12 337.35 234.60 244.40 233.15 

30 mins 312.99 310.64 351.88 198.56 207.52 234.19 

45 mins 242.48 259.36 260.21 152.94 162.94 161.69 
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 4.4 Optimization of physical pretreatment and enzymatic/microbial hydrolysis 
treatments through Response Surface Methodology 
 

Dried longan was handled by physical pretreatment; the final model in terms 
of a coded factor for reducing sugar is shown in Equation 5. Table 4.2 finalizes the 
number of experimental runs of physical pretreatment along with the predicted and 
observed responses of reducing sugar (RS) concentration. 

𝑅𝑆 (
𝑔

𝑙
) = 218.66 − 5.42∗𝐴 − 10.57∗𝐵 − 5.85∗𝐴𝐵 − 55.71∗𝐴2 − 7.10∗𝐵2 

(Equation 5) 
 
The actual and predicted models were important parts to regulate reducing sugar from 

physical pretreatment and enzymatic hydrolysis of the experiment. Figure 4.5a show 

the externally residual versus predicted reducing sugar. All values of the response, the 

random scatter plot, the variance of original observation is constant. 

Table 4. 4 Actual & predicted values of pretreatment and hydrolysis for dried longan 

Run 

Factor 1 Factor 2 Respond: Reducing sugar (g/L) 
A: 

Autoclave 
time (min) 

B: 
Hydrolysis 
time (day) 

Actual 
value 

Predicted 
value 

Residual 

1 0 1 166.27 165.99 0.2846 
2 0 2 166.98 168.37 -1.39 
3 0 3 156.48 156.56 -0.0783 
4 15 1 215.6 215.79 -0.1902 
5 15 2 214.4 214.28 0.1195 
6 15 3 202.19 198.56 3.63 
7 30 1 217.15 216.08 1.06 
8 30 2 211.52 210.66 0.8596 
9 30 3 185.56 191.04 -5.48 
10 45 1 165.69 166.85 -1.16 
11 45 2 157.94 157.53 0.4126 
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12 45 3 135.94 134.01 1.93 
13 0 1 166.27 165.99 0.2846 
14 0 2 166.98 168.37 -1.39 
15 0 3 156.48 156.56 -0.0783 
16 15 1 215.6 215.79 -0.1902 
17 15 2 214.4 214.28 0.1195 
18 15 3 202.19 198.56 3.63 
19 30 1 217.15 216.08 1.06 
20 30 2 211.52 210.66 0.8596 
21 30 3 185.56 191.04 -5.48 
22 45 1 165.69 166.85 -1.16 
23 45 2 157.94 157.53 0.4126 
24 45 3 135.94 134.01 1.93 

 

There is no need for the transformation of response variables. The measured 
response data include a specific run, and the predicted values evaluated from the 
model are generated by using the approximating functions in Figure 4.5b. Similar values 
presented in blue and green points on graphs show as models from physical 
pretreatment. 

 
Figure 4. 5 Reducing sugar analysis enzymatic hydrolysis of the experiment.  
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The prediction of the statistical factors in the evaluation of the model between 
the procedure variables and the statistical parameters’ responeses was utilized by 
Analysis of variance (ANOVA). The software package Design-Expert, Stat-Ease, Inc 
(Minneapolis, USA) was used to the trial data regression, so the contour plot and 
response surface graphs at the optimized condition were plotted. Three-dimensional 
surface plots and contours were shown to determine the effects of independent 
factors on reducing sugar concentration in physical pretreatment and enzymatic 
hydrolysis.  

The F value and P-value of 600.10 and lower than 0.05, respectively, have a 
high statistical significance. The F value of each factor in this model is in the same 
direction as the reducing sugar ANOVA model. The value of the fortitude coefficient R2 
(0.9904) is presented in Figure 4.5; the representation of 95% of the variation in the 
average reducing sugar coefficient is connected to the two free factors. The relation 
between the free factors is A and B with the response Y (reducing sugar). It is evaluated 
using the contour and response surface plots generated from the predicted model in 
reducing sugar coded equations. The optimized conditions for saccharification were 
reducing sugar. Both results are the same as the direction presented.  

The highest optimal reducing sugar is predicted and shown in the range of 
pretreatment time at 15 to 24 min and enzymatic hydrolysis time for 1–1.5 days. The 
pretreatment time range at 15 to 30 min and the enzymatic hydrolysis time for 1 day. 
It can be used to produce the highest saccharification productivity significantly. In an 
antecedent study of Ramaraj and Umpaprom (Manmai et al., 2020), they reported the 
highest sugar yield coefficient from hydrolysis of pretreated small-flowered nutsedge 
by using cellulase enzyme for 24 h. The results were reported as total sugar and 
reducing sugar yield coefficients of 0.196 ± 0.006 and 0.094 ± 0.001, respectively. Based 
on the experiment methodology design, dried low-grade longan fruit wastes were 
studied, and the operating conditions were optimized. Strong interactions between 
parameters on fermentable sugars and solid residue yield were found during 
pretreatment and hydrolysis.  
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Figure 4. 6 2D contour plot of reducing sugar 
 

 

Figure 4. 7 3D diagram plot of reducing sugar 
 

Table 4. 5 ANOVA analysis of model for optimization of RS from physical pretreatment 
and enzymatic hydrolysis for dried longan 

Source Sum of 
Squares 

df Mean 
Square 

F-value p-value  

Model 17466.03 5 3493.21 600.10 <0.0001 significant 
A-Autoclave 
time 

392.07 1 392.07 67.35 <0.0001  

B-Hydrolysis 
time 

1786.80 1 1786.80 306.95 <0.0001  
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AB 304.52 1 304.52 52.31 <0.0001  
A2 14713.88 1 14713.88 2527.70 <0.0001  
B2 268.77 1 268.77 46.17 <0.0001  
Residual 104.78 18 5.82    
Lack of fit 104.78 6 17.46    
Pure Error 0.0000 12 0.0000    
Cor Total 17570.81 23     
St.Dev 2.41  R2 0.9940   
Mean 182.98  Adjusted R2 0.9924   
C.V. % 1.32  Predicted  0.9904   
       

 

4.5 Significant influence of physical pretreatment on the structure 

Scaning electron microscope (SEM) analysis was conducted to study the effect 
of physicalpretreatments on the morphology changes in longan fruits before and after 
physical pretreatment by SEM images taken at × 500 magnification. For the original 
material, themorphology surface of the longan cell cluster was covered by a 
polysaccharide layer that contains a complex closedring net structure, which is shown 
in Figure 4.8 A that can belimited to the attacked ability of enzymes to change 
cellulose or polysaccharide molecule to fermentable sugars (Lei et al., 2013). However, 
hydrothermal pretreatment methods hadmade the longan more susceptible to 
enzymatic attacksby altering the structures, and increasing the porosity ofmorphology 
leads to some opened holes of cells. The cellwalls were disrupted, allowing the 
creation of holes withdeep and length scales that lead to the surface runningloose. It 
can be observed in Figure 4.8 B. Autoclaving pretreatment was second handled time 
about hydrothermal tochange the more massive structure. The net structure became 
simple, and all upper parts of the cell walls weredisappeared, and blocks were 
exposed clearly, as shown in Figure 4.8 C (Cutzu and Bardi, 2017).  
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Figure 4. 8 SEM of dried longan (a) Untreated. (b) Boiled. (c) Autoclaved 

 

Figure 4. 9 SEM of  fresh longan (a) Untreated. (b) Boiled. (c) Autoclaved 
4.5 Ethanol fermentation (lab scale) 
 

Each treatment of fresh and dried longan is determined the optimum by RSM 
to do fermentation process. The fermentation step was conducted to evaluate the 
performence of bioethanol production from fresh and dried longan. This process was 
carried out in an anaerobic condition by the hydrolyzed samples with 2% S. cerevisiae 
at pH 5.6. Sugar analysis and ethanol production were measurement was adopted the 
methods (Nguyen et al., 2020).  

The highest ethanol production of fresh longan fruit was observed after 24 
hours of fermentation with 9.25 g/L ethanol yield followed by 7.23 g/L at 36 hours. 
The lowest ethanol production was 6.24 g/L at 72 hours as Figure 4.10. On the other 
hand, dried longan at 24 hours, the highest ethanol production was observed 16.74 
g/L, follow by 14.87 g/L at 12 hours. The lowest ethanol production was 2.38 g/L at 
72 hours. 

These results recorded moisture of fruits effect on bioethanol production. 
Bioethanol production from dried low-grade and damaged longan fruit wastes by 
fermentation using S. cerevisiae is given. S. cerevisiae showed efficient propagation in 
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sesame biomass for the initial 24 h, which later become stationary to 108 h. We 
observed that the volume of bioethanol increased with a decrease in particle size. In 
a similar fermentation scheme (separate hydrolysis and fermentation), ethanol 
concentration from low grade and damaged longan fruits exceeded other studies.  

Some researchers examined the improvement of bioethanol production using 
physicochemical pretreatment on rice straw, which produced 26.12 g/L of ethanol 
(Banoth et al., 2017). Interestingly, the ethanol concentration of low-grade and 
damaged longan fruit residue is higher than other waste biomass. The higher 
concentration of alcohol of ethanol produced in the present study is due to the 
significant amount of reducing sugars hydrolyzed after pre-hydrothermal treatment and 
post-oven acid treatment. 

 

Figure 4. 10 Reducing sugar and alcohol concentration of fresh longan after 
fermentation 
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Figure 4. 11 RS and alcohol concentration of dry longan after fermentation 
According to Wang et al. (2008), the higher the sugar content the materials 

have, the higher the ethanol yield. In the present study, it is notable that the reducing 
sugar was relatively high and therefore resulted in high ethanol from fermentation. 
More importantly, the study infers the viability of low-grade and damaged longan fruit 
wastes to produce bioethanol and thus presenting waste to the energy concept. The 
low grade and damaged longan fruit wastes appear to be a promising and potential 
feedstock for bioethanol production due to its plentiful availability and attractive 
composition.  

 

4.6 Sugar concentration of dried longan on scale-up from pretreatment and 
enzymatic hydrolysis and distillation  
 

The amount of total and reducing sugar after pretreatment are 157.19 g/L and 
36.43 g/L, respectively. Hydrolysis step with 1% commercial cellulase enzyme, the 
amount of total and reducing sugar are 271.07 g/L and 48.21 g/L, respectively. 
Moreover, the amount of total and reducing sugar after fermentation in 24 hours are 
67.09 g/L and 43.39 g/L, respectively. Ethanol yield is the highest ethanol concentration 
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with 11.17 g/L (1.4 %) after 1 day. Afterward, distilation was conducted to get 
bioethanol concentration (9 %). 

 

4.7 Mass balance 
 

Mass balance is the conservation of mass to analyzing of physical system, 
detail, accounting for material entering and leaving a system. The processes and mass 
balance of pretreatment and hydrolysis of dried longan were accomplished on a large 
scale and is summarised in Figure 4.12. The experiment was conducted with 1kg of 
dried longan and 50 liters of water. Chemical compositions contain fructose, arabinose, 
xylose, mannose, glucose, galactose which were analyzed in every process in this 
experiment. Mass balance shows the increase of sugar in the pretreatment and 
hydrolysis process to prepare the fermentation step. Table 4.4 showed the percent of 
sugar recovery and sugar yield. The sugar recovery comparison between the kind of 
materials shows that different yields per unit of land area where that crop is cultivated 
the study’s duration. The percent of improvement on sugar recovery up to one percent 
by agricultural activities, for instance, increases fertilizer use efficiency, drip irrigation, 
and insect and pest control. Moreover, one of the factors of the effects of sugar 
recovery is harvest. The products are harvested such as either immature or over-aged 
but an improper methodology easily leads to loss of quality of products, such as, sugar 
recovery, yield, or poor juice quality. In addition, humid and warm climate-related to 
the problem of low sugar recovery (Pathak et al., 2019), (Roy and Chandra, 2018), 
(Renouf et al., 2008). 

According to Sophanodorn et al. (2020), after chemical (2% CaO) and thermal 
pretreatments, the total sugar and reducing sugar are 4.97 and 2.84 kg, respectively. 
The amount of the total sugar and reducing sugar increase 6.97 and 3.67 kg in 10 kg of 
tobacco stalk at the end of hydrolysis by using cellulase enzyme 1 kg. Therefore, the 
mass balance also determined the total sugar and reducing sugar at the end of 
pretreatment and hydrolysis. In this study, sugar recovery and sugar yield of fructose 
are highest at 185.0% and 2.6% in table 4.4. The estimated mass balance from the 
sample in this study is based on transformation of sugar compounds and is analyzed 
in Figure 4.13. The production of ethanol from dried longan is based on the supposition 
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that C-5 and C-6 sugars are co-fermented. Sugars are known as mostly glucose, were 
converted from 88% of the cellulose fraction of algal biomass by enzymatic hydrolysis. 
Afterward, 86% of the fermentation efficiency done successfully subsequently (Kumar 
et al., 2013). Mass balance of palm empty fruit bunches (EFB), 1 kg of dry EFB produced 
0.166 kg ethanol with co-production of 0.14 kg of high-purity lignin and 5.26 kg (2.8% 
xylose concentration) (Cui et al., 2014). 
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Figure 4. 12 Mass balance of conventional ethanol production from dried longan 
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Table 4. 6 Sugar recovery, sugar yield 
 

 Glucose Xylose Fructose Arabinose Mannose Galactose 

Sugar recovery 

(%) 

129.6 108.4 185.0 128.1 136.3 150.5 

Sugar Yield (%) 1.4 2.4 2.6 1.7 1.8 2.0 
 

 

 

Figure 4. 13 Compositions of pretreated solid and hydrolyzed solid fraction 
 

4.8 Energy analysis 
Energy accomplishment of longan bioethanol in Thailand. The value of energy 

performance was indicated  in Table 4.5 that the production of bioethanol of longan 
in Thailand is effective energy. The Net Energy Gain (NEG) and the Net Energy Ratio 
(NER) are two common indicators that parameters were used to assess the energy 
efficiency of bioethanol production from longan. The value of a net energy gain (NEG) 
reaches a positive amount with 1.51 MJ/L ethanol; a net energy ratio (NER) got 1.49. 
Two properties were gotten in the energy performance estimation. In this study, the 
longan tree is a tropical tree that the tree can live and multiply in hot climates or 
places where it can be very dry. Therefore, those expenses, such as, land preparation, 
weeding, irrigation, and clearing were reduced. Hence, the energy performance 
evaluation of ethanol production of longan is effective. 
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Table 4. 7 Life cycle energy for the production of 1 L of ethanol from longan fruits 

Items 
Input Energy Sources (MJ/L of ethanol) 

Machine Labor Fuel Electricity Total 

1. Feedstock preparation  0.355 0.0009 1.809  2.16 

2. Pretreatment 0.281 0.0018  0.017 0.3 

Boiling 0.136 0.0008  0.009  

Autoclave 0.145 0.001  0.008  

3. Hydrolysis 0.082 0.0005  0 0.08 

4. Fermentation 0.298 0.0007 0.806 0.136 1.24 

5. Distillation 0.156 0.0009 0.908 0 1.06 

TOTAL ENERGY INPUT, MJ/L 1.172 0.0048 1.714 0.153 3.04 

TOTAL ENERGY OUTPUT, MJ/L         4.55 

NET ENERGY GAIN (NEG), MJ/L         1.51 

NET ENERGY RATIO (NER), MJ/L         1.49 
 

On the other hand, a perennial plant, such as cassava, energy performance 
from this plant got a net energy gain (NEG) and a net energy ratio (NER) of cassava were 
−3.72 MJ/L and 0.85, respectively (Papong and Malakul, 2010). A net energy gain (NEG) 
reached negative value with −3.72 MJ/L that production of bioethanol from cassava 
took more energy to create the final product. According to Dong et al. (2008), the 
overall net energy gain has improved the potential by extracting additional energy 
through final products in anaerobic digestion or microbial fuel cell with 4.186 kJ/kg. 
Moreover, fermentation temperatures are higher than that the reason leads to negative 
net energy gains. The energy input for ethanol production is predominantly consumed 
in feedstock preparation and fermentation with 2.16 MJ/L and 1.24 MJ/L, respectively. 
Gallegos et al. (2014), and Dai et al. (2006) who also reported that ethanol conversion 
utilized the energy input for production, fertilizers and cultivation material remains 
high spending in ethanol production. 
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4.9 Economic analysis 
 

Table 4. 8 The unit cost of bioethanol production from dried longan 

Vessel total 7 liter 

Items Units Quantity Baht 

Biomass 0 baht/ kg 10 kg 0 

Water 1.02 baht/L 50 liter 51 

Enzyme cellulase 3950 baht 1 kg 3,950 

Yeast 18.573 baht/kg 0.7 kg 13.001 

Sulphuric acid 190 baht/L 1 liter 190 

Milling machine 3.2483 baht/Unit 0.015 kw 0.049 

Distillator 28.25 baht/L 5 liter 141.25 

Centrifuge 3.2483 baht/Unit 0.55 kw 3.573 

Human  250 baht/ day 32 hrs 8,000 

TOTAL   12349.3 

 

  

The economic analysis results are summarized in Table 4.6 which demonstrates 
a summary of the process estimation and the elements used for considering the fixed 
capital investment. The capital investment of a bioethanol plant depends on the type 
of feedstock, the location and scale of the plant. In this case, bioethanol production 
from dried longan was effected by enzyme price, and income of labor. According to 
Kang et al. (2019), enzyme costs affect on the ethanol production cost; the enzyme 
cost is 25% of the ethanol production total cost.  

Table 4.7 shows the net present value (22.3) of this study with an interest rate 
(5%); positive net present value (NPV >0), a profit bring from the plant can get in a 
period of time. In order to be equal to the total net present value of 642,163.6 baht 
(the investment required to finance a plant, producing 364 liter per year), the ethanol 
price should be 51.0 baht/L. 
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Table 4. 9 The net present of value of investment 

Year Cash flow (Baht) Present value (Baht) 

0 642163.6 642163.6 

1 511120.6 486781.5 

2 42580.6 38621.9 

3 40140.6 34675.0 

4 50163.6 41269.7 

5 52120.6 40837.9 

NET PRESENT VALUE  22.3 

   

The value of the ethanol price is equivalent to 1.7 USD. According to Humbird 
et al. (2011), the price of ethanol from corn stover up to 2.25 USD. Moreover, the total 
annual industrial charge was found to be 1.92 USD/gal ethanol from lignocellulosic 
biomass (Alvarado-Morales et al., 2009). In this study, the operation period was 
assumed to be five years with the internal rate of return 5%. 

As a result, the enzyme cost and income of labor had a considerable effect on 
the overall bioethanol production cost from dried longan; the positive net present 
value was calculated to consider the operation of plant in five years. 
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CHAPTER 5 
 

SUMMARY, CONCLUSION AND RECOMMENDATION 
 

Bioethanol production feasibility from low-grade longan fruit waste material 

was recently studied as a novel substrate for bioethanol production. In this study, 

bioethanol was created by four steps: Physical pretreatment, enzymatic hydrolysis, 

fermentation, and distillation. Physical pretreatment is necessary to break down the 

complex structure of biomass, which contain boiling (30 min), and autoclave; the 

pretreatment plays a crucial role for improving the productivity of bioethanol. Three 

types of enzyme hydrolyzed each pretreatment: 2% commercial cellulase, 20% algal 

enzyme and combine 1% commercial cellulase + 10% algal enzyme (C+A). The 

variation of sugar amount after each step (pretreatment and hydrolysis) also was 

calculated by mass balance to recognize the effectiveness of processes. The process 

of saccharification was done by using S. cerevisiae. Distillation and bomb calorimeter 

was utilized to get higher concentration percent of ethanol and check High Heating 

Value (HHV) of ethanol. Energy and economic analysis were calculated to get the result 

of the cost per unit of ethanol. 

As a result of energy, physical pretreatment was carried out to bring a higher 
sugar amount. However, the energy needs to complete this process too high lead to 
high payment for this project. There are some suggestions for this case, such as 
reducing the duration of the boil. As a result of economic analysis, the cost of enzyme 
and humans in this study account for the highest price position. Therefore, the 
alternative of commercial cellulase into algal enzyme needs to research more depth 
in the future. 
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APPENDICES 
 

APPENDIX A: Total sugar analysis 
 

Glucose was weighed 0.1 gram and dissolved in distilled water in volumetric 
flask 100 ml. 
Then 0.5 mL from each concentration of glucose solution was got out to combine 0.5 
mL of 5% phenol (w/v) and 2.5 mL of 98% H2SO4 by using a vortex to ensure the 
mixture was mixed well. This mixture was kept in cool water within 10 minutes, 
checked TS level using a UV-Spectrophotometer detector DV-8000 (Drawell, Osaka, 
Japan) at 490 nm (Dubois et al., 1956).  
 
 

 
 

Standard curve of total sugar 
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APPENDIX B: Reducing sugar analysis 
 

On the other hand, reducing sugar (RS) analysis. 0.5 mL from every 
concentration of glucose solution was got out to combine 0.5 mL of 3,5-dinitrosalicylic 
acid (DNS) through a vortex. Afterward, this mixture was boiled in a water bath within 
15 minutes at 90-95°C. Before checking RS, 4mL of distilled water was added. 540 nm 
was set on a UV-Spectrophotometer detector DV-8000 (Drawell, Osaka, Japan) to read 
the absorbance (Miller, 1959).  
 

 
 

Standard curve of reducing sugar 
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APPENDIX C:  DETERMINATION OF ETHANOL 
 

For the determination of bioethanol, Ebulliometer (Dujardin-Salleron, Alcohol 
Burner, France) was utilized to check alcohol of bioethanol. 50 mL of the sample was 
withdrawn and centrifuged using a centrifuge machine (4 °C, 1000 rpm, 15 min). The 
condenser of Ebulliomter, where this sample was poured and boiled until the steady 
temperature showing in the thermometer of Ebulliomter, has a cylinder shape. 
 
 

  
 

Ebulliometer (Dujardin-Salleron, Alcohol Burner, France) 
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APPENDIX D: EQUIPMENTS OF EXPERIMENT 
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APPENDIX E: PUBLICATIONS 
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APPENDIX D: CERTIFICATES OF ATTENDANCE 
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