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 ไคโตซานโอลิโกแซคคาไรด์หรือคอซ เกิดจากกระบวนการเร่งปฏิกิริยาย่อยสลายในน ้ า 
(hydrolysis) ของไคโตซาน ให้ได้ได้เป็น ไคโตโอลิโกแซคคาไรด์ หรือ คอซ ซ่ึงมีคุณสมบัติ
หลากหลายทั้งในทางชีวภาพและเคมี (physicochemical properties) อนัเป็นประโยชน์ต่อทั้งสุขภาพ
และความงามของมนุษย์   ในงานวิทยานิพนธ์น้ีได้น าเทคโนโลยีเอนไซม์ได้พฒันามาแล้วใน
ห้องปฏิบติัการมาใช้ ได้แก่การปรับแต่งพนัธุกรรมเอนไซม์ไคโตซาเนส จากแบคทีเรียแลคโต
บาซิลลสั แพลนทารัม (Lactobacillus plantarum) TGL02 ซ่ึงเป็นสายพนัธุ์ส าหรับใชใ้นอาหารและ 
จากระบบการแสดงออกของเอนไซมท่ี์มีประสิทธิภาพในแบคทีเรียเอสเชอริเชีย โคไล (Escherichia 
coli : E. coli) TOP10 เพื่อผลิตให้ไดค้อซท่ีมีความสามารถในการละลายน ้ าไดดี้ จากการย่อยไคโต
ซานท่ีเตรียมจากกุ้งและเปลือกกุ้งในตัวท าละลายกรดแลคติก โดยได้ท าการทดสอบสภาวะท่ี
เหมาะสมต่างๆ ต่อกระบวนการผลิต ดงัน้ี ความเขม้ขน้ของไคโตซาน ร้อยละ 1 - 2 มวลต่อปริมาตร 
(1-2 mg/ml)  ระดบัปริมาตร (100 และ 250 มิลลิลิตร) ความเขน้ขน้ของเอนไซมไ์คโตซาเนส (0.1, 
0.5, 1 และ 3 ยูนิตต่อมิลลิตร) ระดบัอุณหภูมิ (37 และ 50 องศาเซลเซียล) ระยะเวลา (6, 12, 24 และ 
48 ชั่วโมง) และตัวท าละลาย (1% กรดไฮโดรคลอริกและ 2% กรดแลคติก) รวมไปถึงการ
ประเมินผลวิธีการการจดัเก็บผลิตภณัฑค์อซท่ีได ้ผลการศึกษาพบว่าสภาวะท่ีเหมาะสมในการผลิต
คอซดว้ยกระบวนการแปรรูปทางชีวภาพ (bioconversion) ไดแ้ก่ ไคโตซานมีความเขม้ขน้เป็น ร้อย
ละ 1 มวลต่อปริมาตร ในตวัท าละลาย กรดแลคติกความเขม้ขน้ ร้อยละ 2  โดยใชเ้วลาย่อยสลาย 48 
ชั่วโมง ในปริมาตร 100 - 250 มิลลิลตร ในสภาวะเช่นน้ีให้ผลผลิตทางชีวภาพเป็น ร้อยละ 100 
จากนั้นท าการวิเคราะห์โครงสร้างสารผลิตภัณฑ์ด้วยวิธีการต่างๆ ได้แก่ การวดั 1H NMR การ
วิเคราะห์ดว้ยแมสสเปกโตรเมทรี (MS) การวิเคราะห์น ้ าหนกัโมเลกุลของพอลิเมอร์ (SEC) และวิธี
โครมาโตกราฟฟีแบบแผ่นบาง (TLC) ผลการวิเคราะห์ผลิตภณัฑ์พบว่าส่วนใหญ่ผลิตภณัฑ์สุดทา้ย
หลงัจากกระบวนการแปรรูปทางชีวภาพ ประกอบดว้ยหน่วยย่อย 2 (dimer) และ 3 หน่วย (trimer) 
เป็นส่วนใหญ่ และมีโอลิโกแซคคาไรด์คาไรด์สายยาว ขนาด 4 และ 5 หน่วยย่อยดว้ย จากผลการ
เปรียบเทียบทางชีวภาพของผลิตภณัฑใ์นรูปแบบของเหลวหรือรูปแบบผงแห้งจากวิธีการเยือกแขง็ 
(lyophilized form) ท่ีความเขม้ขน้ต่างๆ ไดแ้ก่ 25, 50 และ 100 ไมโครกรัมต่อมิลลิลิตร พบว่าไม่มี
ความเป็นพิษต่อเซลล์แมคโครฟาจของมนุษย์ (differentiated human macrophages) โดยผลการ
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ทดลองท่ีส าคญัจากการศึกษาในคร้ังน้ีคือพบว่าผลิตภณัฑท่ี์ผลิตไดจ้ากกระบวนการย่อยน้ีสามารถ
ยบัย ั้งกระบวนการอกัเสบท่ีเกิดจากการชกัน าดว้ยสาร LPS ต่อเซลลโ์มโนไซตท่ี์โตเตม็วยัของมนุษย ์
(human mature monocytes; THP-1) อย่างไรก็ตามพบว่าฤทธ์ิการยบัย ั้งการอกัเสบของคอซจะลดลง
หลังจากกระบวนการท าให้แห้งแบบเยือกแข็ง เน่ืองจากโอลิโกแซคคาไรด์ คอซ ท่ีผลิตได้นั้น
สามารถละลายน ้ าได้ดีและมีฤทธ์ิทางชีวภาพ ดังนั้นงานวิจยัช้ินน้ีจึงมีความน่าสนใจ เพราะอาจ
สามารถประยกุตใ์ชใ้นงานดา้นเภสัชผลิตภณัฑแ์ละเวชส าอางอยา่งหลากหลาย  
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Chitosan oligosaccharides (CHOS), hydrolyzed oligomers of chitosan, have been 

shown to have several biological and physicochemical properties which are beneficial 

to human health and beauty. In this study, we used an established enzyme technology, 

recombinant chitosanase produced from food grade expression system of Lactobacillus 

plantarum TGL02 and efficient Escherichia coli : E.coli TOP10 expression system, for 

the production of soluble CHOS from chitosan prepared from shrimp and prawn shells, 

dissolved in lactic acid solution. To determine the optimal bioconversion reaction, 

different conditions, namely chitosan concentrations (1 and 2%), reaction volumes (100 

mL and 250 mL), enzyme concentrations (0.1, 0.5, 1 and 3 U/mL), temperatures (37 and 

50 oC), reaction times (6, 12, 24 and 48 hours), solvents (1% HCL and 2% LAC), as 

well as the condition for the storage of the final products were evaluated. The results 

indicated that the optimal condition for the bioconversion is 1% chitosan in 2% LAC, 

hydrolyzed for 48 hours at 100-250 mL scale . At these conditions, the bioconversion 

yields were 100%. 1H NMR, Mass spectrometry (MS), Size exclusion chromatography 

(SEC) and Thin Layer Chromatography (TLC) were employed to analyze the final 
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hydrolysis product. Product analysis revealed that the majority of the final product after 

bioconversion are dimers and trimers with combination of small numbers of longer 

saccharides such as tetramers and pentamers. Comparison of bioactivity of the products 

kept in liquid or lyophilized form were investigated, and it was shown that this product 

was not toxic to differentiated human macrophages at various concentrations, i.e., 25, 

50, 100 µg/mL. Most importantly, the hydrolytic products also showed anti-

inflammation activity against LPS-induced inflammation of human mature monocytes 

(THP-1). However, there were some loss of anti-inflammatory activity of certain CHOS 

samples after lyophilization. Since the oligosaccharides generated in this thesis are water 

soluble and bioactive, the expansion of its application to a wide a variety of 

pharmaceutical and cosmeceutical products is attractive.  
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CHAPTER I 

INTRODUCTION 

 

1.1 Background and significant of this study 

Chitin, which is considered to be the second most abundant natural carbohydrate 

on earth after cellulose, is a special polysaccharide found in fungi, mushrooms, yeast 

cell walls, and shells of crustaceans and insects (Aam et al., 2010; Khoushab et al., 

2010). The structure of this insoluble fiber is analogous to indigestible cellulose in 

plants. Chitin is a long chain polymer of N-acetylglucosamine which is shown to feeds 

vital populations in the human gut microorganisms selectively which are responsible 

for maintaining proper functioning of the gut, intestinal mucosa integrity and barrier 

control, immunoprotection and energy efficient metabolism. With its insoluble form, 

chitin exists in two crystalline polymorphic forms, alpha chitin, which is parallel or 

antiparallel chains as tightly packed sheets, and beta chitin, which is parallel chains. In 

nature, alpha form of chitin is more commonly found than the beta one. Chitin is applied 

in different fields such as food technology, material science, microbiology, agriculture, 

wastewater treatment, drug delivery systems, tissue engineering, bionanotechnology 

(Khoushab et al., 2010). 

Chitosan, which is a deacetylated form of chitosan, is heteropolymer of 

glucosamine and D-glucosamine residues. Despite chitin insolubility, chitosan is 

soluble in acid solution. According to N-acetylation pattern (PA), N-acetylation fraction 
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(FA), degree of N-acetylation (DA), degree of polymerization (DP), molecular weight 

(MW) and molecular weight distribution or Polydispersity (PD), chitosan is classified 

different from chitin. Chitosan is also described as continuum of soluble polymeric 

chitin derivatives. With its physicochemical properties, biological properties, non-

toxicity, biocompatibility and biodegradability, chitosan is suitable for a wide variety 

of applications including agriculture, water treatment plant, cosmetic as well as 

pharmaceuticals (Aam et al., 2010; Muanprasat et al., 2017) (V.D., 1998).  

Chitosan oligosaccharides (CHOS), which are expected to be utilized as 

functional foods, pharmaceuticals ingredient and bioactive compound, are hydrolyzed 

oligomers of chitosan. Chitosan oligosaccharides can be produced partially through 

enzymatic reaction or chemically hydrolyzed. At high temperature with strong acidic 

condition, chitosan is hydrolyzed, result in large amount of glucosamine (chitosan 

monomer) produced (Muanprasat et al., 2017). Down point of chemical reaction 

method is needs of highly convenient system to control the progress of the reaction. 

Even large amount of glucosamine produced, however, pentamers and hexamers yield 

is low. Chitosan oligosaccharides production using enzymatic hydrolysis has few 

advantaged over high performance chemical reaction such as reaction condition and 

low monosaccharide final product (Aam et al., 2010). The hydrolysis of chitosan using 

enzymatic methods is better than chemical reagent-catalyzed methods and high energy 

impact as it offers advantages on predictability and controllability (Lodhi et al., 2014). 

The enzymatic methods are highly specific and beneficial with minimal chemical 

modification of the products. Furthermore, the enzyme-catalyzed reactions are 

controllable, which leads to production of CHOS with specific chemical characteristics 

by modification of the production procedures. Enzyme concentrations, pH, 
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temperature, and reaction duration are critical factors in controlling the CHOS 

production using enzyme-catalyzed reaction.   

Chitosan oligosaccharides are being proved to be future industrial applicable 

polysaccharides as currently, it is found to hold plenty of potential biological properties 

and physicochemical properties which are beneficial to human health and beauty. It is 

also reported to have anticancer activity, anti-inflammatory, anti-oxidation and 

especially, as well as a stand-out prebiotic for gut microbiota which are potential 

microorganism supporting human body (Muanprasat et al., 2017). Of particular 

importance, CHOS and its derivatives have been demonstrated to possess several 

biological activities including anti-inflammation, immunostimulation, anti-tumor, anti-

obesity, antihypertension, anti-Alzheimer’s disease, tissue regeneration promotion, 

drug and DNA delivery enhancement, anti-microbial, anti-oxidation and calcium-

absorption enhancement (Dai et al., 2017; Jia et al., 2017; Muanprasat et al., 2017; 

XuWangQu et al., 2017; XuWangYang et al., 2017; Zou et al., 2017). 

Cosmetics are “any substance or mixture intended to be placed in contact with 

the external parts of the human body or with the teeth and the mucous membranes of 

the oral cavity to clean them, change their appearance, protect them, keep them in good 

condition or correcting body odors. There are wide variety products which are included 

in the cosmetic category: make-up powders, toilet soaps, perfumes, shower 

preparations, depilatories, deodorants and antiperspirants, products for external 

intimate hygiene, skin, hair, oral and nail care products. Cosmetics are believed to have 

been used since the Egyptian times. The color from minerals and plants was applied as 

eye make-up while some of the substances were toxic, even though they were used to 
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treat eye and skin illnesses. Gelen, a Greek physician, invented the first cold cream (an 

emulsion of beeswax, vegetable oil and water) was invented in the 2nd century (Costa 

et al., 2017; Dubuisson et al., 2018; Lin, 2010; Nohynek et al., 2010).  

Skin care products processes billions of euros in the cosmetic market. Consumer 

demand and requirements are increasing incredibly. For example, a facial cream, a 

product with hydrating function, should now has cleansing, smoothing, restoring and 

reinforcing as well as protecting properties in addition to its original invented purposes 

(Costa et al., 2017). According to Costa and Santos (2017), consumers demands are not 

universal and static, for instance, old people would normally want preventive and 

therapeutic effects instead of appearance changing effects which are requirements of 

younger consumers. Therefore, to develop a cosmetic product, approaching consumers 

perceptions and requirements are such as critical focusing points as formulation process 

and marketing strategies. Active ingredients are considered a potential factor that 

differentiate thousands type of products. There are variable types of active ingredients, 

instantly, biological active ingredients with natural benefits to consumers are more 

valuable than those synthesized components which actually has advantages in term of 

productivity, source and stability. By the way, as stated in cosmetic safety regulations 

of European union, America, Japan and East Asia, safety concerns of products as well 

as its active ingredients are manufacturer’s responsibility (Nohynek et al., 2010).  

Using natural ingredients in cosmetic formulations is an attracting interest among 

scientific community, cosmetic industry, and consumers in all around the globe. Natural 

emollients, UV-filters, antioxidants, or any other natural substances which has 

beneficial biological activities that could also add value to the product. Products process 
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anti-ageing properties with antioxidants in their formulation are increasingly taking 

over the cosmetic market (Costa et al., 2017). Huge skin care products producer like 

Vaseline, Nivea, Loreal and Secret Key are innovating their skin products with 

inspiration of nature. Some popular natural ingredient seen in many soap brands, body 

scrubs and creams products are curcumin, coconut oil, olive oil as well as some others 

such as honey, avocado, aloe vera, tea tree oil, sea salt, shea butter, lemon essential oil. 

While worldwide consumption of cosmetic products growth is unstoppable and 

expanding undeniable and keeping up with market demands, neither by new creation 

nor innovation, is crucial, and since Chitosan oligosaccharides have been proved to 

have many biological activities including anti-inflammation, immunostimulation, 

tissues regeneration promotion, anti-microbial, anti-oxidation and more, creating new 

skin care product with this value-added oligosaccharide is brightly an advantage for 

humanity. 

 

1.2 Research Objective 

The main objective of this thesis was to produce Chitosan oligosaccharides 

(CHOS) using enzyme technology as material toward novel cosmeceutical product(s). 

This study is also aimed to focus on investigation of chitosan oligosaccharide novel 

biological activities related to skin health, specifically, anti-inflammation, using human 

cell lines as model of study. 
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1.3 Scope and limitation 

In this research chitosan oligosaccharides (CHOS) was produced using enzyme 

technology already established in the laboratory. Only in vitro experiments were 

conducted. Investigations of CHOS biological activities were performed on 

macrophage cell lines (THP-1).  

 

  

 



 

 

CHAPTER II 

LITERATURE REVIEWS 

 

2.1 Chitin and Chitosan 

Chitin, which is considered to be the second most abundant natural carbohydrate 

on earth after cellulose, is a special polysaccharide found in fungi, mushrooms, yeast 

cell walls, and shells of crustaceans and insects (Aam et al., 2010). The structure of this 

insoluble fiber is analogous to indigestible cellulose in plants. Chitin is a long chain 

polymer of N-acetylglucosamine which is shown to feeds vital populations in the 

human gut microorganisms selectively which are responsible for maintaining proper 

functioning of the gut, intestinal mucosa integrity and barrier control, 

immunoprotection and energy efficient metabolism. With its insoluble form, chitin 

exists in two crystalline polymorphic forms, alpha chitin, which is parallel or 

antiparallel chains as tightly packed sheets, and beta chitin, which is parallel chains. In 

nature, alpha form of chitin is more commonly found than the beta one (Berezina, 

2016). 

Chitosan, which is a deacetylated form of chitin, is heteropolymer of glucosamine 

and D-glucosamine residues. Despite chitin insolubility, chitosan is soluble in acid 

solution. According to N-acetylation pattern (PA), N-acetylation fraction (FA), degree 

of N-acetylation (DA), degree of polymerization (DP), molecular weight (MW) and 

molecular weight distribution or Polydispersity (PD), chitosan is classified different 
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Figure 1. Chitin structure, source: (Berezina, 2016). 

from chitin. Chitosan is also described as continuum of soluble polymeric chitin 

derivatives. With its physicochemical properties, biological properties, non-toxicity, 

biocompatibility and biodegradability, chitosan is suitable for a wide variety of 

applications including agriculture, water treatment plant, cosmetic as well as 

pharmaceuticals (Muxika et al., 2017).  

 

 

 

 

 

 

 

 

 

 

2.1.1 Discovery 

Chitin was first discovered by a French scientist, professor Henri 

Braconnot, when studying mushroom in 1811 and named this product as chitin fungine, 

while Chitosan was discovered in 1859 by prof C. Rouget. Chitin and chitosan is used 

in several countries worldwide in variety of applications, and today there are more than 

2000 applications of chitin and its derivatives (Primex). 
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2.1.2 Properties and Application  

Chitin is a long chain polymer of N-acetylglucosamine that selectively feeds 

vital populations in the human gut microbiota which are responsible for maintaining 

proper functioning of the gut, intestinal mucosa integrity and barrier control, 

immunoprotection and energy efficient metabolism (Synowiecki et al., 2003). Chitin 

may play a role in preventing or reversing modern disorders such as diabetes and 

obesity, however, regarding its insolubility in water, chitin has a limit number of its bio 

application (Berezina, 2016; Elieh-Ali-Komi et al., 2016; G. Liu).  

Chitosan, a natural derivative of chitin, is a polysaccharide that has been 

proven to possess a broad spectrum of antimicrobial activity that encompasses action 

against fungi, yeast and bacteria. Chitosan is found to process biological ability in 

decreasing obesity even though its water insolubility limits its absorption through 

intestine (Barroso Aranda et al., 2002; Cnubben et al., 2016; Egan et al., 2016; Egan et 

al., 2015; Pokhis et al., 2015; Trivedi et al., 2016; Walsh et al., 2013).  

Anthocyanins as food additives have attracted increasing interest from the 

food industries, due to its potential health-related functionalities. Chitosan was studied 

in a trial application of formation and stability of anthocyanins-loaded nanocomplexes 

prepared with chitosan hydrochloride and carboxymethyl chitosan in the coming report 

of (Ge et al., 2018) 

 

2.2  Chitosan Oligosaccharides (CHOS) and Production of CHOS 

Chitosan oligosaccharides (CHOS) or Chito-oligosaccharides (CHOS) are homo-

oligomers or heterooligomers of N-acetylglucosamine and D-glucosamine. While the 
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polysaccharides like chitin and chitosan are not water-soluble and therefore have only 

limited use as additives in food products, chitosan oligosaccharide is water-soluble, 

making it suitable for use as an ingredient in food products (Aam et al., 2010). Chitosan 

oligosaccharide (CHOS) is an oligomer of chitosan, which usually has a degree of 

polymerization (DP) b 50–55 and an average molecular weight (MW) b10,000 Da (Fig. 

1). The chemical characteristics of CHOS can also be described by the degree of 

deacetylation (DD), which corresponds to the molar fraction of GlcN in the CHOS 

molecule, molecular weight distribution (polydispersity or PD) and the sequence or 

pattern of N-acetylation (PA). These chemical characteristics have great impacts on the 

physicochemical and biological properties of CHOS (Muanprasat et al., 2017).  

 CHOS is produced using chitosan which is a deacetylated form of chitin as a 

starting material, by enzymatic hydrolysis and chemical reaction methods or 

combination of both procedures. The chitosan hydrolysis reactions can be catalyzed by 

chemical reagents, enzymes and high-energy impact. Chemical reaction method can be 

done using chemical reagents that can induce chitosan hydrolysis including acids (e.g., 

hydrochloric acid, nitrous acid and phosphoric acid) and oxidative reductive agents 

(e.g., hydrogen peroxide/H2O2, ozone and persulfate). Hydrochloric Acid is the most 

common chemical used in production of chitosan oligosaccharides using chemical 

reaction. The commonly used conditions for the HCl-catalyzed CHOS production are 

35% HCl at 80 °C for 1–2h. By the way, the acid concentration, temperature and 

treatment duration greatly impact the MW and DD of CHOS products (Lodhi et al., 

2014; Muanprasat et al., 2017). 
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High-energy impact represents an alternative method for chitosan 

depolymerization through its effect to break O-glycosidic bonds within the polymers. 

The energy sources for this application are ultrasonication, gamma rays and microwave 

(Rong Huei Chen, 1997). Even the method is simple and environmentally friendly, still 

there are induction of side reactions and post-irradiation effects of the high energy 

impact, which further decrease the MW of CHOS in the case of irradiation in the solid 

state (Wenwei et al., 1993). 

The hydrolysis of chitosan using enzymatic methods is better than chemical 

reagent-catalyzed methods and high energy impact as it offers advantages on 

predictability and controllability (Lodhi et al., 2014). The enzymatic methods are highly 

specific and beneficial with minimal chemical modification of the products. 

Furthermore, the enzyme-catalyzed reactions are controllable, which leads to 

production of CHOS with specific chemical characteristics by modification of the 

production procedures. Enzyme concentrations, pH, temperature, and reaction duration 

are critical factors in controlling the CHOS production using enzyme-catalyzed reaction 

(Petsrichuang et al., 2018).  Chitosan can be specifically hydrolyzed by chitosanases 

and chitinases. Chitosanases are enzymes that catalyze the hydrolysis of the b-1,4 

glycosidic bond of chitosan. Chitosanases and chitinases are very effective in CHOS 

production, however, their high cost limits their applications (Muanprasat et al., 2017). 

However, productive and cost effective recombinant chitosanase was developed and 

suitable for the production of CHOS (Pechsrichuang et al., 2016; Pechsrichuang et al., 

2013; Petsrichuang et al., 2018; Sak-Ubol et al., 2016) 
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2.2.1 Chitosanase and Chitosanase production  

Chitosanases are enzymes that catalyze the hydrolysis of the b-1,4 

glycosidic bond of chitosan. Enzymes with chitosanase activity have been found in GH 

families 5, 7, 8, 46, 75 and 80 but only those in GH8 are found to have true chitosanase 

activity (Aam et al., 2010). According to extensive mutagenesis and sequence analysis, 

a group of researchers has established that Glu25 and Asp43 in chitosanase OU01 are 

essential for catalysis in the inverting hydrolysis reaction (Lyu et al., 2015). Glu25 helps 

position the substrate for catalysis by making a hydrogen-bond from its main-chain 

carbonyl group to the C-2amino group of the sugar in the+1 subsite and act as the 

general acid in the inverting hydrolysis reaction (Lyu et al., 2015). (Lyu et al., 2015) 

demonstrated that recognition and subsequent orientation of oligomeric/polymeric 

substrates for catalysis occurs predominantly through interactions formed with sugars 

in the −2 and −1 subsite. Report on efficiency conversion of chitosan with different 

degrees of acetylation into mixtures of CHOS with different properties such as chain 

lengths and compositions by chitosanase, specifically, Bacillus subtilis Chitosanase 

Figure 2. Chitosan oligosaccharides structure. 
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46A. Researchers also reported that variation of conversion depends on the substrate 

and the reaction conditions (Petsrichuang et al., 2018). 

(Pechsrichuang et al., 2013) reported suitable recombinant chitosanase 

enzyme from Bacillus subtilis for the biosynthesis of chitosan-oligosaccharides. Later 

on, the same group of researchers has successfully developed heterogenous secretion 

of B. subtilis chitosanase enzyme from E. coli expression system using OmpA signal 

peptides (Pechsrichuang et al., 2016). In-dept characterization of the BsCsn46A 

chitosanase characteristics was also carried out (Petsrichuang et al., 2018). These 

studies above leaded to better production of Chitosanase enzyme production as well as 

clearer understanding of the enzyme nature. A food-grade expression system for 

expression and secretion of Chitosanase enzyme using Lactobacillus plantarum TLG02 

as expressing host was successfully developed by (Sak-Ubol et al., 2016). Chitosanase 

enzyme was secreted into fermentation broth and can be effectively used for the 

production of Chitosan oligosaccharides directly after purification and concentration 

step.  

 

2.3   Chitosan Oligosaccharides biological properties  

Chitosan oligosaccharides are found to hold plenty of potential biological 

properties and physicochemical properties which are beneficial to human health and 

beauty. It is also reported to have anticancer activity, anti-inflammatory, anti-oxidation 

and especially, it is shown to be a stand-out prebiotic for gut microbiota which are 

potential microorganism supporting human body (Muanprasat et al., 2017). Of 

particular importance, CHOS and its derivatives have been demonstrated to possess 
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several biological activities including anti-inflammation, immunostimulation, anti-

tumor, anti-obesity, antihypertension, anti-Alzheimer’s disease, tissue regeneration 

promotion, drug and DNA delivery enhancement, anti-microbial, anti-oxidation and 

calcium-absorption enhancement (Dai et al., 2017; Jia et al., 2017; Muanprasat et al., 

2017; XuWangQu et al., 2017; XuWangYang et al., 2017; Zou et al., 2017). 

2.3.1 Anti-inflammation activity   

Inflammation is a biological reaction that protects our body from harmful 

stimuli. In general, inflammatory responses are triggered by foreign substances and 

products of tissue damage which lead to production of proinflammatory cytokines, 

immune cell recruitment and activation, and free radical production (Karin et al., 2016; 

Takeuchi et al., 2010). Normally, these inflammatory processes causes eradication of 

foreign bodies and pathogens and tissue regeneration (Karin et al., 2016). In some 

disorders, the inflammation becomes excessive, causing acute or chronic inflammatory 

reactions as well as tissue/organ damage. Lipopolysaccharide (LPS) is a component of 

the cell wall of Gram-negative bacteria that is involved in the pathogenesis of several 

inflammation-associated disease conditions including septic shock, vascular 

inflammation/atherosclerosis, neurodegenerative disorders, metabolic syndrome and 

inflammatory bowel disease (Molteni et al., 2016; Paul-Clark et al., 2012). This 

component binds to toll-like receptor 4 and subsequently induces inflammatory 

responses via either inhibitory kappa B (IκB) degradation or mitogen-activated protein 

kinase (MAPK)-dependent pathways. The IκB degradation triggers inflammatory 

responses by enabling the translocation of nuclear factor-kappa B (NFκB) into the 

nucleus, which induces the transcription of proinflammatory genes (Molteni et al., 

2016). MAPK is composed of three downstream mediators including p38 MAPK, 
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extracellular signal-regulated kinase (ERK1/2) and C-Jun N-terminal kinase (JNK1/2). 

These three mediators promote the nuclear translocation of activator protein 1 (AP-1), 

which induces the transcription of proinflammatory genes. 

CHOS has extensively been demonstrated to inhibit the inflammatory 

responses induced by LPS or other stimuli in various types of cells and animal models 

(Fernandes et al., 2010; Yoon et al., 2007; Yousef et al., 2012). The mechanisms of 

actions of CHOS have been found to involve the modulation of several important 

pathways including the suppression of nuclear factor kappa B (NF-κB) and mitogen-

activated protein kinases (MAPK) and the activation of AMP-activated protein kinase 

(AMPK) (Lee et al., 2009; Muanprasat et al., 2017).  

2.3.2 Anti-oxidation activity  

Nine kinds of hetero-chitosan oligosaccharides (hetero-CHOS) with 

relatively higher molecular weights, medium molecular weights, and lower molecular 

weights were prepared from partially deacetylated hetero-chitosan (90, 75 and 50% 

deacetylated chitosan) were found to have scavenging activities against 1,1-diphenyl-

2-picrylhydrazyl (DPPH), hydroxyl, superoxide and carbon-centered radicals using 

electron spin resonance (ESR) spin-trapping technique (Je et al., 2004). The same group 

of researchers stated that the radical scavenging activity of hetero-CHOS increased with 

a dose-dependent manner, and it was dependent on their degree of deacetylation values 

and molecular weights. (Chang et al., 2017) demonstrated that chitosan molecular 

weight effects on its antioxidant and antimutagenic properties. 

Skin photoaging, which causes skin coarse wrinkling, dryness, irregular 

pigmentation and laxity, is a skin-aging damage when skin is exposed to Ultra Violet 

 



16 

 

 

(UV) radiation repeatedly, mainly UVA and UVB. Skin photoaging is well 

characterized by oxidative stress and inflammatory disequilibrium. In the current 

research, potential preventive effect of CHOS against UV-caused damage in hairless 

mouse dorsal skin were investigated (Kong et al., 2017). Topical application after each 

UV-radiation for 10 weeks, CHOS effectively inhibited the undesirable changes on the 

skin induced by UV. Furthermore, CHOS reduced the macroscopic and 

histopathological damages of mice skin. Kong et al (2017) demonstrated that CHOS 

help mitigating the disrupted collagenous fibers, as well as improving the relative 

content of type I collagen and the amount of total collagen. CHOS is believed to 

effectively inhibits the levels of pro-inflammatory cytokines such as TNF-α, IL-1β and 

IL-6, and markedly improved the activities of antioxidant enzymes (SOD, GSH-Px, 

CAT), as well as the content of skin hydroxyproline and moisture (Kong et al., 2017; 

Muanprasat et al., 2017).  

2.3.3 Anti-microbial 

Chitosan as well as its hydrolysates has been found to have antibacterial 

activity and the inhibitory levels have been shown to be significantly dependent on the 

DP (degree of polymerization) molecular weight according to the finding of (Y.-J. Jeon 

et al., 2001). The same group of researchers has proved that 0.1% of chitosan as well 

as high molecular weight, medium molecular weight and low molecular weight 

chitosan oligosaccharides could inhibit microbial growth of gram positive, gram 

negative and lactic acid bacteria.  

In the upcoming report of (X. Liu et al., 2018), CHOS has been investigated 

its anti-microbial activity in a form of chitosan oligosaccharide-N-chlorokojic acid 
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mannich base polymer as a potential antibacterial material. Furthermore, (Lu et al., 

2014) reported that, Nitric oxide-releasing chitosan oligosaccharides could be 

beneficially applied in bio application as antibacterial agents. The water solubility of 

chitosan oligosaccharides allows for both beneficial diffusion into biofilms and 

subsequent association with bacteria, resulting in efficient eradication of biofilm 

bacteria at concentrations eliciting minimal toxicity to L929 mouse fibroblast cells. 

Experiments are underway to evaluate the biocidal efficacy of these materials against a 

broad spectrum of bacteria strains including methicillin-resistant Staphylococcus 

aureus and cystic fibrosis-related P. aeruginosa strains (e.g., mucoid/alginate 

producing strains) (Lu et al., 2014). 

A study was conducted to understand the influence of Maillard reaction 

(MR) on bioactivity of chitosan oligosaccharide (CHOS). The antibacterial activity 

against Pseudomonas aeruginosa and Vibrio parahaemolyticus and preservative effect 

of two kinds of CHOS MR products (MRPs) on Penaeus vannamei were evaluated (Sun 

et al., 2017).  

2.3.4 Anti-cancer and other disease  

Antitumor activity of CHOS have been examined against Sarcoma 180 solid 

(S180) or Uterine cervix carcinoma No. 14 (U14) tumor cell-bearing mice. Among 

variety of CHOS, medium molecular weight COS with molecular weight range from 

1.5 to 5.5 kDa effectively inhibited the growth of both tumor cells in the mice. In 

addition, the administration of MMWCHOS resulted in increased thymus weight 

among lymphoid organs. The mice treated with , medium molecular weight CHOS was 

found to improved survival rate and larger number of survivors after 40 days of feeding 
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(Y. J. Jeon et al., 2002). The same group of scientists has stated that the most effective 

of medium molecular weight CHOS for antitumor activity in the S180- or U14-bearing 

mice was 20 mg/kg/day or more.  

Amyloid precursor protein (APP) proteolysis is essential for the production 

of β-amyloid peptides (Aβ) that form senile plaques in Alzheimer’s disease (AD) 

brains. The β-site amyloid protein precursor cleaving enzyme 1 (BACE1) is the rate 

limiting enzyme in the generation of Aβ from APP, inhibition of BACE1 is thereby 

considered as an attractive strategy for anti-AD drug discovery. (Dai et al., 2017) 

investigated the potential inhibitory effect of CHOS on both BACE1 expression in 

HEK293 APPswe cells and BACE1 enzymatic activity in vitro. Their results showed 

that COS (100–500 μg/ml) dose-dependently decreased the cell apoptosis, and potently 

repressed the secretion of both Aβ40 and Aβ42 as determined by ELISA. Moreover, 

treatment with CHOS resulted in a dramatic reduction in BACE1 mRNA and protein 

expression level, eIF2α phosphorylation as well as BACE1 enzymatic activity. They 

indicated that COS can ameliorate Aβ-associated neurotoxicity, which may be, at least 

in part, attributable to reductions in BACE1 enzymatic activity and expression. 

HCT116, a human colon carcinoma cell line, were treated with different 

concentrations of CHOS (0, 100, 500 and 1000 ug/mL, respectively). These chitosan 

oligosaccharides with degree of polymerization 2-6 was found to induced apoptosis in 

this human colon cancer cells (Zou et al., 2017). Moreover, it also promoted mitosis 

and S cell cycle arrest in the cancer cells.  

Chitosan oligosaccharides has also been found to process the biological 

ability to protect nucleus pulposus cells from hydrogen peroxide-induced apoptosis in 
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a rat experimental model (Jia et al., 2017). CHOS have been shown to help protect 

nucleus pulposus (NP) cells against intervertebral disc degeneration(IDD), however, its 

high molecular weight limits its clinical application.  

2.3.5 Anti-obesity  

Similar to chitosan, CHOS has been demonstrated to have effective 

mechanism in reducing body weight gain, reducing serum levels of triglyceride and 

cholesterol (total cholesterol and low-density lipoprotein), and alleviating lipid 

accumulation in the liver and adipose tissues in rodent models of obesity (Choi et al., 

2012; Huang et al., 2015; Kang et al., 2012; Kumar et al., 2009; Sumiyoshi et al., 2006). 

As CHOS is water solubility and lower viscosity and is more easily absorbed through 

the intestine then chitosan, there is increasing interest in developing CHOS for anti-

obesity and anti-dyslipidemia applications (Muanprasat et al., 2017). Multiple 

mechanisms have been proposed to mediate the anti-obesity and lipid-lowering effects 

of CHOS. It is reported that CHOS inhibits the pancreatic lipase activity and bind with 

bile acids, resulting in reduced intestinal fat absorption and increased fecal fat excretion 

(Kang et al., 2012; Sumiyoshi et al., 2006). There is also report on inhibition of CHOS 

on cell differentiation, triglyceride accumulation and the expression of adipogenic 

markers in 3T3-L1 cells, an adipocyte cell line (Cho et al., 2008). Furthermore, many 

researchers have been demonstrated that COS has biological activity to suppress in vivo 

adipogenesis in both rat and mouse models of obesity (Choi et al., 2012; Huang et al., 

2015; Kumar et al., 2009).  
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2.3.6 Anti-hypertension 

Hypertension is a worldwide health issue which is also a major risk factor 

for the development of cardiovascular disease, stroke and renal disease (Y. Zhang et 

al., 2006). Kidney fluid and salt balances, the renin–angiotensin–aldosterone system 

(RAAS), the sympathetic nervous system activity, and the blood vessel structure and 

function as well as genetic factors are factors involve in controlling blood pressure 

regulation. Any changes done to these factors will result in hypertension development. 

The renin angiotensin aldosterone system processes an enzyme called angiotensin 

converting enzyme (ACE) which act potentially as blood pressure regulator where 

Increasing ACE activity/function is regarded as a cause of hypertension. CHOS and its 

derivatives are believed to be a group of promising natural compounds acting as ACE 

inhibitors. According to (Michaud et al., 1997), the active obligatory site of ACE is 

positively charged and contains hydrogen bond acceptors and zinc as a cofactor, ACE 

inhibitors usually contain one or more functional groups such as carboxyl groups, 

hydrogen bond donors, and zinc binding moieties. So, in order to improve the potency 

of ACE inhibitors, ACE inhibitors negative charge density and numbers of hydrogen 

bond donors and/or zinc-binding moieties are main points to be focusing on. 

There is a report reported that, CHOS exhibited an inhibitory effect on ACE 

activity, with an IC50 ranging from 0.9 μM to N100 μM depending on its MW and DD. 

The study also compared the ACE inhibitory activities of COS with varying degrees of 

polymerization (DP) from 1 to 10 indicated that the chitosan trimer (DP = 3) was the 

most potent derivative (Hong et al., 1998).  
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2.3.7 Other application  

 Chitosan oligosaccharides was recently undergone study on its application 

as drug carrier and release materials in a form of microcapsules (Lian et al., 2016). The 

researchers showed that the chitosan microcapsules as release materials have excellent 

antibacterial effects on Vibrio in the farming of Penaeus vannamei Boone while their 

controlled release could obviously reduce dosage of antibiotics and delivery times, and 

effectively improve the utilization rate of norfloxacin drugs for shrimps. There is also 

report on transport mechanism of chitosan-N-acetylcysteine, chitosan oligosaccharides 

or carboxymethyl chitosan decorated coumarin-6 loaded nanostructured lipid carriers 

across the rabbit ocular (Li et al., 2017). 

 Chitosan oligosaccharides was treated as dietary supplements for weaned 

pig at different levels to help the pig’s growth performance, nutrient digestibility and 

small intestinal functions. The result was interestingly promising as diet supplement 

with 150 mg CHOS per kg was shown to promote nutrients absorption and digestibility 

efficiency (Suthongsa et al., 2017).  

2.3.8 Current industrial application of CHOS  

Chitosan oligosaccharides is applied in many industrial applications and at 

the same time, it is registered as intellectual property in so many fields. In 2017, there 

were 2,436 patents application regarding chitosan oligosaccharides granted (Lens, 

2018a). According to the “The Lens”, patents application related to chitosan 

oligosaccharides keep increasing since 1984 with only 1 patent application to 2,436 

patents in 2017 (Figure 3). In total, there are 2,3749 patent applications of chitosan 

oligosaccharides up to now where United States owns 52.6% of the entire entries. The 
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top application of the patents of chitosan oligosaccharides are pharmaceuticals, 

nutraceuticals, preparation procedures, CHOS derivatives, application methods and the 

chitosan oligosaccharides itself.  

 

Figure 3. Patents application of chitosan oligosaccharides from 1984 to 2017      (Lens, 

2018b) 
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Table 1. Biological activities of CHOS. 

Application  
CHOS 

preparation 
DD 

Molecular 

weight 

Biological activities/activities 

mechanism 
References 

Anti-

inflammatio

n 

 90–

95% 

≤10000 Da - have the anti-inflammatory 

effect via the stimuli of 

TNF-a in the LPS-

stimulated inflammation in 

RAW 264.7 cells. 

(Yoon et al., 

2007) 

CHOS 

mixture in 

saline 

solution (50, 

250 and 

1,000 mg/kg 

of mice 

weight) 

80-

85% 

1.2 & 5.3 

kDa 

- COS possess anti-

inflammatory activity, which is 

dependent on dose and, at 

higher doses, also on the 

molecular weight. 

(Fernandes 

et al., 2010) 

Dissolved in 

water 

90% 5000–

10,000 Da 

- CHOS inhibited NF-ĸB 

signaling 

- CHOS activated apoptosis 

of intestinal epithelial cells 

- CHOS protected against 

mortality and intestinal 

inflammation in a mouse 

model of acute colitis 

induced by 5% dextran 

sulfate sodium (DSS). 

(Yousef et 

al., 2012) 

Anti-

microbial 

CHOS 

solution  

 ≥10 kDa 

≤10 kDa 

≤1 kDa 

- Inhibited growth of various 

bacteria 

(Y.-J. Jeon 

et al., 2001) 

Maillard 

reacted 

CHOS 

98% 8190 Da - enhanced antibacterial 

activity and preservative 

effect on Maillard reaction 

products 

 

 

 

(Sun et al., 

2017) 

Anti-

photoaging 

Dissolve in 

water 

(200, 100 & 

50mg/ml) 

≥90

% 

≤1000 Da - Inhibited UV-induced 

macroscopic appearance in 

mice skin 

- Prevented UV-induced 

reduction in skin hydration 

- Ameliorated UV-induced 

skin histochemical damages 

and epidermal hyperplasia 

- Mitigated UV-induced skin 

collagen degradation 

- Restored the reduced 

activities of skin 

antioxidant enzymes caused 

by UV  

- Suppressed the over 

production of pro-

inflammatory cytokines 

triggered by UV 

(Kong et al., 

2017) 
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Table 2. (Continued) Biological activities of CHOS. 

Application 
CHOS 

preparation 
DD 

Molecular 

weight 

Biological activities/activities 

mechanism 
References 

Antioxidant Dissolve in 

ethanol 

 High 

molecular 

weight (90, 

75 and 50 

HMWCHO

S), medium 

molecular 

weights 

(90, 75 and 

50-

MMWCH

OS), and 

lower 

molecular 

weights 

(90, 75 and 

50-

LMWCHO

S) 

- CHOS has radical 

scavenging activity against 

all tested radicals 

(Je et al., 

2004) 

Anti-obese CHOS 

mixture with 

lard and 

soybean 

 ≤4 kDa - ameliorate HF diet-induced 

weight gain and improve 

serum and liver lipid profile 

abnormalities, which are 

associated, at least in part, 

with altered adipose tissue 

gene expression involved in 

adipogenesis and 

inflammation. 

(Choi et al., 

2012) 

Dissolved in 

water COS1-

H, 1000 

mg/kg/day; 

COS1-M, 500 

mg/kg/day; 

CHOS1-L, 

250 

mg/kg/day; 

CHOS2-H, 

1000 

mg/kg/day; 

CHOS2-M, 

500 

mg/kg/day; 

and CHOS2-

L, 250 

mg/kg/day 

 ≤1000 and 

≤3000 

- CHOS1, and CHOS2 

improved dyslipidemia and 

prevented body weight 

gains by inhibiting the 

adipocyte differentiation in 

obese rats induced by a 

high-fat diet 

(Huang et 

al., 2015) 

Anti-

tumor/anti-

cancer 

Dissolved in 

water  

 High mw, 

medium 

mw and 

low mw 

- MMWCHOS with 

molecular weight range 

from 1.5 to 5.5 kDa 

effectively inhibited the 

growth of both tumor cells 

in the mice 

(Y. J. Jeon 

et al., 2002) 
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Table 3. (Continued) Biological activities of CHOS. 

Application 
CHOS 

preparation 
DD 

Molecular 

weight 

Biological activities/activities 

mechanism 
References 

Anti-aging  Dissolved in 

water 

≥90

% 

average 

molecular 

weight 

≤1000 Da, 

degree of 

polymeriza

tion of 3–7, 

water 

soluble 

- COS has anti-aging activity 

in D-gal-induced subacute 

aging mice, associated with 

enhancing the antioxidant 

defenses, reducing 

oxidative stress, and 

improving the immune 

function 

(Kong et al., 

2018) 
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2.4   Macrophage 

Macrophages are a type of phagocyte, typically white blood cell that engulfs and 

digests cellular debris, foreign substances, microbes, cancer cells, and anything else 

that does not have the types of proteins specific to healthy body cells on its surface in 

a process called phagocytosis. Macrophages are differentiated monocytes, which turn 

into macrophages when they leave the blood. Macrophages are also responsible for 

alerting the immune system to the presence of invaders (Doebel et al., 2017). Besides 

phagocytosis, macrophages are innate immune cells that provide host defense and have 

tissue-specific roles in the maintenance of organ homeostasis and integrity. They play 

a critical role in nonspecific defense (innate immunity) and also help initiate specific 

defense mechanisms (adaptive immunity) by recruiting other immune cells such 

as lymphocytes. For example, they are important as antigen presenters to T cells. In 

humans, dysfunctional macrophages cause severe diseases such as chronic 

granulomatous disease that result in frequent infections (Park et al., 2017; Saradna et 

al., 2018). Macrophages also play important role in the initiation of inflammation 

against intruders. Along with other residing cells such as vascular endothelial cells, 

dendritic cells, and interstitial fibroblasts, macrophages are recruited whenever there is 

initial stimulus. Mature macrophages are the main expressers of pro-inflammatory 

cytokines such IL-1 and TNF-α, so macrophages play key roles in production, 

mobilization, activation, and regulation of inflammatory (Kobayashi, 2005). Despite all 

the important roles of inflammation such as healing, tissue damage rebuilds or fight 

against trauma or infection in the body, inflammation is found out to be a cause behind 

some serious health issues as well. Recent discovery over the last 10-20 years showed 

that inflammation involves in many diseases such as chronic diseases, cancer, diabetes, 

 

https://en.wikipedia.org/wiki/Microbes
https://en.wikipedia.org/wiki/Phagocytosis
https://en.wikipedia.org/wiki/Lymphocyte
https://en.wikipedia.org/wiki/T_cell
https://en.wikipedia.org/wiki/Chronic_granulomatous_disease
https://en.wikipedia.org/wiki/Chronic_granulomatous_disease
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obesity, Alzheimer’s diseases and even Atherosclerosis (Couzin-Frankel, 2010). That 

is where anti-inflammation is becoming a crucial part of human health issue. There is a 

dozen of anti-inflammatory drugs developments in the purpose of reducing or inhibiting 

inflammation when it is over-inflamed, making sick people sicker or causing serious 

health issues (Agatonovic-Kustrin et al., 2018; Butler, 1984; Khalil et al., 2020; Laskin 

et al., 2010; Rehmat et al., 2020; Shabbir et al., 2020; X. Zhang et al., 2016). 

 

2.5   Cell-based assay 

There are a variety of assay technologies available that use standard plate readers 

to measure metabolic markers to estimate the number of viable cells in culture 

(Jitprasertwong et al., 2014). Cell viability assays are used to determine if the test 

molecules have effects on cell proliferation or show direct cytotoxic effects that lead to 

cell death (Pechsrichuang, 2017). Cell-based assays are also widely used for measuring 

receptor binding and a variety of signal transduction events that may involve the 

expression of genetic reporters, trafficking of cellular components, or monitoring 

organelle function (Kong et al., 2017). Regardless of the type of cell-based assay being 

used, it is important to know how many viable cells are remaining at the end of the 

experiment. There are a variety of assay methods that can be used to estimate the 

number of viable eukaryotic cells. MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-

diphenyltetrazolium bromide) assay is a sensitive and reliable colorimetric assay to 

investigate the viability of any cell lines by measuring the cell metabolic activities 

(Chacon et al., 1997; Kuete et al., 2017; Mahajan et al., 2012). The basic principle of 

the assay is that the MTT reagent (yellow water-soluble tetrazolium dye) is primarily 

reduced by an enzyme called dehydrogenases of the cellular mitochondria. It is then 
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formed purple colored formazan crystals. In order to measure the optical density of the 

formazan, it is needed to be solubilized by DMSO-based solubilization reagent. 

Measuring the solubilized nanoparticles optical density, estimation of the extent of 

cellular cytotoxicity of any treatments to the target cell could be done. If the cells are 

not viable, they would not be able to dehydrogenate any MTT into formazan crystals 

and by comparing to the viable cells control, percent of viability of the treated and 

untreated groups could also be calculated and analyzed as simple as making viable cells 

control group as 100 percent viability (Kuete et al., 2017; Mahajan et al., 2012). 

Quantitative assay such as ELISA (enzyme linked immunosorbent assay) is another 

sensitive and reliable colorimetric assay for cell-based assay. It could be used to 

measure expression level of almost any intracellular and extracellular proteins such as 

pro-active cytokines involving with specific cellular mechanism, for instant, pro-

inflammatory cytokines, inside any cells (Giblin et al., 2018).    

 

2.6   Cosmeceutical innovation 

Innovation is often also explained as the application of improvements or better 

solutions that keep up to new requirements or demands, unarticulated needs, or existing 

market needs. Innovation can also be defined as something original and more effective 

or as a consequence new break-through in the market or society (Frankelius, 2009). 

According to Organization for Economic Co-operation and Development (OECD), 

innovation is production or adoption, assimilation, and exploitation of a value-added 

novelty in economic and social spheres; renewal and enlargement of products, services, 

and markets; development of new methods of production; and establishment of new 

management systems. It is both a process and an outcome (Edison et al., 2013). 
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Innovation can be accomplished by creating better or new more effective prototypes, 

products, processes, technologies, systems as well as services which are already in the 

market and society (Tony Davila et al., 2006).  

Cosmetics were originally created as a medium to express consumer-selves and 

enhance stature (Nozaki, 2017). Facial & body care and personal hygiene products are 

the two main categories of cosmetic. However, there are products such as sunscreen 

products and related products, for instance, sunbathing lotions, skin tanning products 

or skin whiteners, somehow is not categorized in both facial & body care and personal 

hygiene products (Salvador et al., 2007). Worldwide consumption of cosmetic products 

growth is unstoppable and its expanding from women to men, to small babies and 

children, is undeniable (Salvador et al., 2007). With this increasing pace, developing 

cosmetic products in order to keep up with marker demands, neither by new creation 

nor innovation, is crucially important. 

 

2.7   Skin care product as Cosmetics innovation 

Skin care products are products which are directly applied on skin. These 

products are commonly commercialized as lotion, cream, gel or moisturizer. Skin care 

products have multiple functions including skin protection, moisturizing, appearance 

changing, smoothing, restoring and also therapeutic effects (Costa et al., 2017). To meet 

the need of consumers, varieties of skincare products, containing several known active 

natural ingredients, are available in the market at the moment. Some popular natural 

ingredient seen in many soap brands, body scrubs and creams products are curcumin, 

coconut oil, olive oil as well as some others such as honey, avocado, aloe vera, tea tree 
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oil, sea salt, shea butter, lemon essential oil (Axe, 2015).  Skin is the first line of defense 

against the outside world. While most women know to take care of their face, many 

neglects complete body skin care. 64% moisturize their face daily and only 42% do the 

same for the rest of their body. Huge skin care product producer like, Vaseline, put 

huge effort onto skin healing project. Innovation with just 100% petrolatum or as 

combination of petrolatum, Theobroma cacao seed butter and fragrance, Vaseline jelly 

is commercialized as skin protectant with ability to heal cracked and dry skin by locking 

moisture on the skin (Vaseline). Despite focusing on skin healing and protection, 

another skin care producer, Nivea, comes up with appearance changing products. With 

the power of silk innovation, Nivea products are commercialized to have special ability 

to make human skin soft, silky and smooth, but with the same goal, their products are 

intended to be used as moisturizer to keep skin intensive hydrated (Nivea). Sederma, a 

cosmetic company dedicated to the development of active ingredients and in the 

creation of innovative concepts for Cosmetics, based on the mastery of biotechnology, 

fine chemistry and vegetal extraction, has launched an active ingredient that is based 

on oligosaccharides to improve both barrier function and skin hydration. Subliskin, a 

Sederma skin care product with anti-ageing, moisturizing, protecting activity, contains 

specific oligosaccharides obtained by a symbiosis-like biotechnological process. The 

oligosaccharides in the ingredient are said to act on keratinocytes and induce chain 

reactions down to dermal fibroblasts. These reactions allow the synthesis of elements 

that are essential to cutaneous homeostasis and regeneration (Schaefer, 2009; 

Sederma).   

 

http://www.sederma.fr/


 

 

CHAPTER III 

MATERIALS AND METHODS 

  

3.1 Materials  

All chemical and reagents used in this research study were analytical grade and 

purchased from trustful supplier with clear and detail material data sheet as well as 

quality control certificate. 

3.1.1 Chitosan 

Food grade chitosan was supported by Marine Bioresource Co.ltd Thailand. 

Chitosan (Off-white yellow appearance) used in this study is highly purified chitosan 

with percentage of purity >90%, produced from chitin of dried shrimp shell from 

tropical ocean. The degree of deacetylation (DD) was higher than 90%, pH 6-8 with 

water insolubility and solubility in acid solutions (99%). Chitosan particle size was 

smaller than 1.5 mm with less than 1% ash content.  

3.1.2 Bacteria 

Lactobacillus plantarum TLG02: (Nguyen et al., 2011; Sak-Ubol et al., 

2016) 

E.coli TOP10: Cloning strain and expressing strain, Invitrogen (Life 

Technologies, Darmstadt, Germany) 
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3.1.3 Cell line 

Human Acute Monocytic Leukemia cell line: CLS Cell Lines Service 

GmbH 

3.1.3 Instruments 

Autoclave:      Hiclave HA-3000MIV, Hiryama, Japan 

Balance: Precisa 205A, Precisa Instruments, 

Switzerland 

Precisa 3000C, Precisa Instruments, 

Switzerland 

Centrifuge machine:  Eppendorf centrifuge 5810 R, Eppendorf, 

USA 

Deep freezer -80 oC:    Heto, Ultra Freeze, Denmark 

ELISA reader:     Sunrise, TECAN, Austria 

Electroporator:     Eppendorf 2510, Eppendorf, USA 

Freezer -20 oC:     Heto, HLLF 370, Denmark 

Gel electrophoresis apparatus:  Mini Protein® 3 cell, BioRad, USA  

Heat Box:      HB1, Wealtee Corp., USA 

Incubator shaker:  C24 Incubator shaker, New Brunswick 

Scientific, USA 
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Incubator:  Memmert, BE 500, WTB Binder BD 115, 

Shel-Lab 2020 Low Temperature Incubator, 

Sheidon, USA 

Laminar hood:     Holten LaminAir HBB 2448, Denmark 

BH2000 Series Class II Biological Safety 

Cabinet, 

       BHA120 & BHA180, Cycle -Apac 

Microcentrifuge:    Mini spin plus, Eppendorf, USA 

       Eppendorf 54154, Eppendorf, Germany 

pH meter:  Ultra Basic pH meter, Denver Instruments, 

Germany 

Rotator:  Certomat TCC, B. Braun Biotech 

International, Germany 

Shaker:  Innova 2300 platform shaker, New 

Brunswick Scientific, UK 

Certomat TC2, B. Braun Biotech 

International, Germany 

Spectrometer:     Ultraspec 2000, Pharmacia biotech, UK 

UltraflexTM TOF/TOF mass spectrometer 

(Bruker Daltonik GmbH, Bremen, Germany) 
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Size exclusive chromatography (Pharmacia 

Biotech, Uppsala, Sweden) 

Stirrer:  Variomag Electronicrührer Poly 15, 

Germany 

       Magnetic stirrer MSH300, USA 

Thermomixer:     Thermomixer compact, Eppendorf, USA 

Vortex:  Vortex-Genie 2 G506, Scientific Industries, 

USA 

 

3.2 Methods 

3.2.1 Expression of Chitosanase using Food Grade Expression system 

Production of Chitosanase was carried out as according to (Sak-Ubol et al., 

2016). In short, batch fermentation with pH control was carried out in 3-L MRS 

medium using a bioreactor. Recombinant L. plantarum strains was taken from a 

glycerol stock stored at -80 °C, re-streaked on appropriate MRS plates and grown 

overnight at 37 °C. Ten colonies were picked and grown in 5 mL MRS broth overnight, 

then sub-culture into two flasks of 100 mL of MRS and cultivate at 37 °C without 

shaking for 18–24 h. The two overnight cultures were pooled together, mixed well and 

after measuring the cell density at 600 nm, they were used to inoculate 3 L of MRS 

medium to an OD 600 of ~0.1. After incubation at 30 °C with 100 rpm agitation under 

anaerobic condition to an OD600 of ~0.3, the cultures were induced with 12.5 ng/mL 

of IP-673 (amino acid sequence of IP-673 is Met-Ala-Gly-Asn-Ser–Ser-Asn-Phe-Ile-
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His-Lys-Ile-Lys-Gln-Ile-Phe-Tr-His-Arg). During further cultivation (30 °C with 100 

rpm), the pH was controlled at pH 6.5 using 3.0 M sodium hydroxide. Chitosanase 

enzyme was in the fermentation broth. 

3.2.2 Expression of Chitosanase using E.coli TOP10 

The methodology was adapted from previous work of (Pechsrichuang et al., 

2016; Pechsrichuang et al., 2013). pMY202-OmpA-BscCsn46A was transformed into 

E.coli TOP10: Cloning strain and expressing strain, Invitrogen (Life Technologies, 

Darmstadt, Germany). 10 colonies were picked after overnight growing on LB-agar 

plate and each colony were grown in 5mL of LB broth media with 250rpm shaking at 

37oC overnight. Then, 2% of overnight culture was inoculated into 1000 mL of TB 

broth and grown using air-lifted bottle system in a water bath maintaining temperature 

at 37˚C until optical density (OD) at 600 nm reach 1. After that, the temperature was 

cooled down to room temperature (25-28 ˚C) for 30 mins. Then, 0.1mM of IPTG was 

added to induce the expression, and further expressed at room temperature for 20 hours. 

The recombinant Csn was expressed and secreted outside of the E.coli TOP10 into the 

culture broad. These recombinant Csn were tagged with 10x histidine tag for further 

purification as downstream processing. After bio-separation, which were mainly 

centrifugation and filtration, the culture broth was concentrated using cross-flow 

concentrator (Viva Flow 200, Satorious) after filtered with 0.2 microns filter and one-

step purification technique with HisPur Ni-NTA Resin (Thermofisher) was used to 

purify secreted enzymes. 
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3.2.3 Enzyme activity assay 

Chitosanase activity assay was carried out according to (Pechsrichuang et 

al., 2013; Sak-Ubol et al., 2016). In short, reaction mixture consisted of 40 µL of 

appropriately diluted sample and 160 µL of 0.5 % chitosan (w/v) (in 200 mM sodium 

acetate buffer, pH 5.5, and preincubated at 50 °C for 30 min). The reaction was 

incubated in a Thermomixer Comfort (Eppendorf AG, Hamburg, Germany) at 50 °C 

for 5 min, with mixing at 900 rpm. The reaction was stopped by adding 200 µL of DNS 

solution, and the mixture was centrifuged at 12,000g for 5 min to remove the remaining 

chitosan that was precipitated. The color in the supernatant was developed by heating 

at 100 °C for 20 min and cooling on ice. The reducing sugar in the supernatant was 

determined by measuring OD at 540 nm, using 1–5 µmol/mL of d-glucosamine as 

standards. The reactions were done in triplicate and we report mean values with 

standard deviations. 

3.2.4 SDS-PAGE  

As described in (Sak-Ubol et al., 2016), denaturing sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) was performed using the method of 

Laemmli with 12 % (w/v) polyacrylamide gels. The protein samples were briefly heated 

(10 min) in the loading buffer at 100 °C using a heat block (Eppendorf), and then cooled 

on ice before loading. Protein bands were visualized by staining with Coomassie 

brilliant blue R-250. 

3.2.5 Protein determination  

Protein concentrations were determined using the BCA method with bovine 

serum albumin as standard. Analysis were operated according to company instruction.  
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3.2.6 Production of Chitosan oligosaccharides 

3.2.6.1 Production of Chitosan oligosaccharides lactic acid using food 

grade enzyme 

Chitosan oligosaccharides was produced using enzyme hydrolysis 

reaction method where enzyme usage conditions were 0.05 and 0.1 µg per 1 mg of 

chitosan to be hydrolyzed, respectively. 1% Chitosan was dissolved using 2% lactic 

acid solution from 85% lactic acid and then pH was adjusted to 5.5 using sodium 

hydroxide (1N). Chitosan substrate solution was pre-incubated for 30 min at 37 oC 

before enzyme is added. The reaction mixture was carried on for 48 hours where 

enzymes were added twice at the start of the reaction and after 24 hours of reaction. 

The reaction mixture was then heated to inactivate enzyme activity at 100 oC for 20 

min, then cool down before being centrifuged and filtered to remove all the precipitate 

in the solution. Chitosan oligosaccharides was lyophilized using freeze-dryer where the product 

mixture was totally frozen before the operation. 
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Figure 4. CHOS production process diagram. Overall production process of CHOS 

is separated into 2 part. Part 1: preparation of chitosan solution, chitosan 

powder was dissolved in HCl or Lactic acid depending of different study 

conditions at different concentration (10g or 20g per liter), pH 5.5. Part 2: 

Hydrolysis reaction, 100mL or 250mL of chitosan solution in HCl or 

lactic acid were used for the degradation reaction at 37 oC. 
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3.2.6.2 Production of Chitosan oligosaccharides in lactic acid using 

enzyme from E.coli TOP10 

Chitosan oligosaccharides was produced using enzyme hydrolysis 

reaction method where enzyme concentration conditions were 0.1, 0.5 and 1 unit per 

milliliter of chitosan solution to be hydrolyzed, respectively. 2% chitosan was dissolved 

using 2% lactic acid solution from 85% lactic acid and then pH was adjusted to 5.5 

using sodium hydroxide (1N). Chitosan substrate solution was pre-incubated for 30 min 

at 37 oC before enzyme is added. The reaction mixture was carried on for 24 hours . 

The reaction mixture was taken at different time points then heated to inactivate enzyme 

activity at 100 oC for 20 min, then cool down and stored for further analysis such as 

TLC. Sample to be obtained as died powder was centrifuged and filtered to remove all 

the precipitate in the solution. Chitosan oligosaccharides was obtained as final dried 

powder product after undergone lyophilization using freeze-dryer where the product 

mixture was totally frozen before the operation. 

3.2.6.3 Production of chitosan oligosaccharides in lactic acid using 

enzyme from E.coli TOP10 – higher volume 

Chitosan oligosaccharides was produced using enzyme hydrolysis 

reaction method where enzyme concentration was 3 units per 1mL of  2% chitosan 

solution to be hydrolyzed. 1% and 2% of chitosan was dissolved using 2% lactic acid 

solution from 85% lactic acid and then pH was adjusted to 5.5 using sodium hydroxide 

(1N), respectively. Chitosan substrate solution was pre-incubated for 30 min at 37 oC 

before enzyme is added. The reaction mixture was carried on for 48 hours where 

enzymes were added 3 times, at the start of the reaction, at 12 hours and after 24 hours 

of reaction. The reaction mixture was then heated to inactivate enzyme activity at 100 
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oC for 20 min, then cool down before being centrifuged and filtered to remove all the 

precipitate in the solution. Chitosan oligosaccharides was obtained as final dried 

powder product after undergone lyophilization using freeze-dryer where the product 

mixture was totally frozen before the operation. 

3.2.6.4 Production of chitosan oligosaccharides in hydrochloric acid 

using enzyme from E.coli TOP10 

Chitosan oligosaccharides was produced using enzyme hydrolysis 

reaction method where enzyme concentration was 3 units per 1mL of  2% chitosan 

solution to be hydrolyzed. 1% of chitosan was dissolved using 1% hydrochloric acid 

solution from 37% hydrochloric acid stock and then pH was adjusted to 5.5 using 

sodium hydroxide (1N). Chitosan substrate solution was pre-incubated for 30 min at 37 

oC before enzyme is added. The reaction mixture was carried on for 48 hours where 

enzymes were added 3 times at the start of the reaction, at 12 hours and after 24 hours 

of reaction. The reaction mixture was then heated to inactivate enzyme activity at 100 

oC for 20 min, then cool down before being centrifuged and filtered to remove all the 

precipitate in the solution. Chitosan oligosaccharides was obtained as final dried 

powder product after undergone lyophilization using freeze-dryer where the product 

mixture was totally frozen before the operation. 

3.2.6.5 Production of Chitosan oligosaccharides using chitosanase in 

broth media from E.coli TOP10 expression system 

250mL of 2 chitosan was preincubated at 37oC with 150rpm shaking 

for 30 mins. After preincubation, approximately 3U of chitosanase per milliliter of 

chitosan was added into the reaction flask and left incubate for 48 hours. The same 
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amount of enzyme was added at 12 hours and 24 hours of reaction. The total volume of 

broth media containing enzyme was 220 mL. The reaction was stopped by heating at 

95oC for 20 mins to inactivate the enzyme. Chitosan oligosaccharides was obtained as 

final dried powder product after undergone lyophilization using freeze-dryer where the 

product mixture was totally frozen before the operation. 

3.2.7 Analysis of Chitosan Oligosaccharides 

3.2.7.1 Chitosan precipitation test 

 To  investigate whether there is chitosan left over in the hydrolysis 

reaction, base precipitation technique was used since chitosan is not soluble in high pH 

solution. Basically, after hydrolysis reaction, base solution (10M sodium hydroxide) 

was added into hydrolyzed chitosan solution to adjust pH to more than 7 to precipitate 

chitosan which left over from the reaction. 

3.2.7.2 Glucosamine concentration measurement  

The assay was carried out according to chitosanase activity assay of 

(Pechsrichuang et al., 2013; Sak-Ubol et al., 2016) with slightly modification. In short, 

reaction mixture was collected from the hydrolysis reaction at designed time points and 

the reaction was stopped by adding 200 µL of DNS solution, and the mixture was 

centrifuged at 12,000g for 5 min to remove the remaining chitosan that was precipitated. 

The color in the supernatant was developed by heating at 100 °C for 20 min and cooling 

on ice. The reducing sugar in the supernatant was determined by measuring OD at 540 

nm, using 1–5 µmol/mL of d-glucosamine as standards.  
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3.2.7.3 Thin Layer Chromatography  

CHOS samples powder was weighted and dissolved in distilled 

water and a solution of 100mg/mL was prepared. 2 and 3 µl was the solution was 

spotted onto the TLC silica plate with the distance from each sample of 0.5 cm. Hot air 

blower was used to dry to the sample after each 1µl of spotting. CHOS prepared in 

Thailand and commercial CHOS was used as control. The prepared plate was then left 

stand in a mobile-phase prepared beaker (14ml isopropanol, 4ml water and 2ml 

ammonia) for about 2 hours until the visible mobile phase wet through to the top of the 

plate, then the plate was dried, and the same chromatography was repeated. After that, 

the plate was dried, and soaked into 10% sulfuric acid in ethanol rapidly for about 1-2 

mins and then the visualization was done by heating the plate at 150oC using a plate 

heater until the sample on the plate became visible. 

3.2.7.4 NMR spectroscopy  

In order to analyze the degree of polymerization of the hydrolyzed 

products as well as degree of scission throughout the whole hydrolysis reaction process, 

samples were subjected to  1H NMR. Hydrolyzed CHOS samples was collected and 

freeze-dried using a freeze-dryer. Dried powder samples were then dissolved in 

deuterium water (D2O), and then samples pD were adjusted to 4.5 (±2) using deuterium 

chloride (DCl) or sodium deuterium oxide (NaOD). The pD adjusted samples were 

lyophilized overnight and then once again, dissolved in deuterium water, pD was as 

well checked and adjusted. Following previous work done by (Petsrichuang et al., 2018; 

Sorbotten et al., 2005). 1H NMR spectra were generated at 400 MHz with the 

temperature of 85 oC. Aα, Aβ,Dα and Dβ are the integrals of the reducing end signals 

of α and β anomers of GlcNAc and GlcN, respectively, while A and D equal the 
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integrals of the peaks representing sugars in internal positions and at the non-reducing 

end. So, DPn formula was DPn = (Aα+Aβ+Dα+Dβ+A+D)/(Aα+Aβ+Dα+Dβ).  

3.2.7.5 Size exclusive chromatography  

SEC was used for baseline separation of CHOS as previously 

described (Sorbotten et al., 2005). Three XK 26 columns were connected in series and 

packed with Superdex™ 30 (Pharmacia Biotech, Uppsala, Sweden), with an overall 

dimension of 2.60×180 cm. The mobile phase, (0.15 M ammonium acetate, pH 4.5) 

was pumped through the system using an LC-10ADvp pump (Shimadzu GmbH, 

Duisburg, Germany) at a flow rate of 0.8 ml/min. Products were detected using a 

refractive index (RI) detector (Shodex RI-101, Shodex Denko GmbH, Dusseldorf, 

Germany) coupled to a CR 510 Basic Data logger (Campbell Scientific Inc., Logan, 

UT). Before being injected into the column, CHOS samples were frozen and freeze-

dried before they were dissolved in the mobile phase and filtered through 0.22µm filter.  

3.2.7.6 Analysis of CHOS by mass spectrometry (MS) 

Identification of CHOS samples was carried out using a Matrix-

Assisted Laser Desorption Ionization mass spectrometry (MALDI TOF/TOF MS). An 

UltraflexTM TOF/TOF mass spectrometer (Bruker Daltonik GmbH, Bremen, 

Germany) with gridless ion optics under the control of Flexcontrol was used to generate 

MS spectra. For CHOS samples crystallization, 1 μl of sample was mixed with 1 μl of 

10% (w/v) 2,5dihydroxybenzoic acid (DHB) in 30% acetonitrile and spotted onto a 

MALDI target plate and dried using a hot-air blower (Bahrke et al., 2002; Petsrichuang 

et al., 2018). The MS experiments were conducted in reflectron mode with a 20-kV 

accelerating potential. 
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3.2.8 Biological activity assay 

3.2.8.1 Macrophage assay 

Proinflammatory cytokine Interleukin 1 beta (IL1β) in macrophage 

was investigated. The human macrophage cell line, THP-1, was cultured according to 

instruction. The chitosan oligosaccharides pre-treatment and the Lipopolysaccharide 

(LPS) exposure was performed. Expression of MAPK and changes of Tumor Necrosis 

Factor alpha (TNF-α), cytokine, IL-6 and IL1β in macrophages cell was observed using 

commercial kits and the analysis was carried out according to company protocol with 

some modification if needed. 

3.2.8.2. Differentiation of THP-1 monocytes 

THP-1 monocytes cell line was used as host cell for biological 

activities assay of the hydrolyzed chitosan oligosaccharides. However, THP-1 

monocytes are not mature macrophages, so differentiation is needed to induce immature 

monocytes to become mature monocytes or macrophages. Vitamin D3 was used as 

inducer for the differentiation at a concentration of 0.2 µm. The differentiation process 

was carried out for 48 hours. Differentiation confirmation was carried using cell 

morphology as criteria such shape, size and suspension/attachment to cell culture flasks 

characteristic of the differentiated cell. THP-1 suspension cells were cultured in 

complete RPMI media (Roswell Park Memorial Institute media) until reaching 90 to 

95% confluency.  Cells were harvested and 5.105  of THP-1 cells were then seeded into 

a 24-wells plate with combination of 0.2 µm of vitamin D3 in the complete media. 

Seeded cells were cultured for 2 days in order to induce the differentiation.  
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3.2.8.3 Anti-inflammation activity of CHOS on differentiated 

monocytes 

Anti-inflammation assay of CHOS on THP-1 cell line was carried in 

24-wells plates with number of cells needed for the assay per well was 5.105 cells. 0.2 

µm of vitamin D3 as final concentration was prepared for differentiation of all seeded 

cells in each well. The cells were left growing for 48 hours. Chitosan oligosaccharides, 

dissolved in water solutions were prepared at 100 mg/mL with pH was adjusted to 7 

using sodium hydroxide and filtered at 0.22 micron, was added into differentiated THP-

1 culture as pretreatment for 24 hours at various concentration ranging from 50 µg/mL 

to 200 µg/mL. Then, the cells were exposed to lipopolysaccharides for 6 hours at a 

concentration of 100 ng/mL of the cell culture volume. Cell culture supernatant of each 

well was collected, centrifuged and stored for proinflammatory cytokines detection.  

IL-1βeta, was targeted cytokines for proinflammatory cytokines 

detection using ELISA based technique. The detection assay was carried out according 

the company standard protocol. First of all, the capture antibodies were immobilized 

into the 96-wells plate overnight the night before assay. Then the immobilized 

antibodies were washed away with PBST as washing buffer. Immobilized plate was 

blocked with reagent diluent for an hour at room temperature. After washing out 

blocking reagent, 200 µl of samples and standards was added to the plate and incubated 

for 2 hours in room temperature. Washing steps were then repeated before addition of 

detection antibodies. The plate was incubated for another 2 hours in the room 

temperature. Washing steps were repeated before streptavidin-HRP was added and the 

plate was incubated in the dark for 20 mins. After another washing, substrate solution 

was added to the plate and incubated in the dark for another 20 mins. After incubation, 
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the reaction was stopped by adding stop solution. Optical density was determined using 

a microplate reader with wavelength set to 450 nm with correction set up at 540 nm. 

Data was analyzed using Microsoft excel 2016 and GraphPad Prism 6 for windows. 

3.2.8.4 Cell cytotoxicity analysis 

 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay (Invitrogen) was used for cellular cytoxicity analysis method for 

investigating CHOS cytotoxicity on THP-1 cell viability. 1 × 105 cells THP-1 cells in 

100 µl containing 0.2 µM of Vitamin D3 were seeded into 96 wells plate and incubated 

at 37 °C and 5% CO2 for 48 hours. The cells were then treated with 25, 50 and 100 

µg/ml of CHOS for 24h. After incubation, culture media was removed and 100 µl of 

0.5 mg/mL MTT solution was added and the cells were further incubated for 3 h. Then, 

the MTT solution was discarded and purple formazan crystal was dissolved in 150 μl 

of solubilize reagent (Invitrogen). The absorbance was measured at 570 nm, using a 

microplate reader (BMG Labtech, Ortenberg, Germany). The absorbance of untreated 

cells was taken as 100% viability. All experiments were performed in triplicate.  

 



 

 

CHAPTER IV 

RESULTS AND DISCUSSION 

 

4.1 Chitosanase Production 

4.1.1 Expression and Purification of Chitosanase 

 Enzymatic hydrolysis was selected for production of chitosan 

oligosaccharides due to its advantages over chemical and physical methods such as 

environmental friendly, production control and more. Bacillus subtillis Chitosanase 

46A (EC. 3.321.312), which was previously engineered by molecular biotechnology 

group of Suranaree university of technology (Pechsrichuang et al., 2016; Pechsrichuang 

et al., 2013; Petsrichuang et al., 2018), was over-expressed using IPTG. With tac 

promoter and OmpA signal peptides (Pechsrichuang et al., 2016), recombinant Csn was 

expressed and secreted outside of the E.coli TOP10 into the culture broad. These 

recombinant Csn were tagged with 10x histidine tag for further purification as 

downstream processing. After bio-separation, which were mainly centrifugation and 

crossflow filtration, the culture broth was concentrated using cross-flow concentrator 

(Viva Flow 200, Satorious) after filtered with 0.2 microns filter.  

One-step purification technique was used to purify secreted enzymes as 

according to (Pechsrichuang et al., 2016). SDS-PAGE analysis of purified enzymes was 

carried out (Figure 5) as confirmation. Chitosanase was successfully expressed, 

secreted and purified as according to SDS-PAGE analysis which could be confirmed 
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with previous work (Pechsrichuang et al., 2016; Pechsrichuang et al., 2013). The 

enzymes were expressed and secreted heterogeneously for 20 hours after induction with 

IPTG with protein  molecular weight of 28 kDa (Pechsrichuang et al., 2016; Sak-Ubol 

et al., 2016) 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.2 Expression of Chitosanase using food grade expression system 

Lactobacillus plantarum TGL02 was used as expression host for the 

production of food grade chitosanase. According to (Sak-Ubol et al., 2016), the major 

Figure 5. SDS-PAGE analysis of expressed, secreted and purified  BsCsn46A. Equal 

volumes (15µL/lane) of samples were loaded into each lane. Purified protein 

was obtained from culture broth after 20 h of induction with 0.1 mM IPTG 

and were separated by SDS-PAGE on 15% gels. 

32kDa 
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proportion of the expressed enzyme is found in the bacterial culture supernatant which 

was reproducible in this experiment. After the expression for 20 hours, the culture 

supernatant was collected by centrifugation, filtered and then subjected to concentration 

process using a cross flow concentration system with molecular weight cut off filter 

membrane at 10,000 Da. The concentrated culture broth was next undergone 

purification process using gravity-flow column technique. With resin affinity beads 

which has high affinity specific binding to histidine tag and well-engineered histidine 

tag on the recombinant enzyme, the enzyme was well purified. Bases on previous study, 

the enzyme molecular weight was 32 kDa as displayed on SDS-PAGE result (Figure 5) 

as expected (Pechsrichuang et al., 2016; Sak-Ubol et al., 2016). The purified enzyme 

was then subjected concentration process, using centrifugation technique with 

molecular weight cut-off filter membrane centrifugation tube, in order to reduce the 

sample volume and increase enzyme concentration. As expected, enzyme concentration 

is higher after concentration (Figure 5). 
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Figure 6. SDS-PAGE of chitosanase using food grade expression system. Equal volumes 

(15µL/lane) of samples were loaded into each lane. Purified protein was 

obtained from culture broth after 20 h of induction with 0.1 mM IPTG and 

were separated by SDS-PAGE on 15% gels. 
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Table 4. Enzymatic activity BsCsn46A 

 

 

4.2 Chitosan Oligosaccharides Production 

4.2.1 Production of Chitosan oligosaccharides using Food Grade enzyme 

At different time points of hydrolysis reaction, CHOS samples were 

collected and were subjected to TLC (Figure 8). 2 different enzyme concentration were 

used, 0.05 and 0.1 µg, respectively. Hydrolyzed chitosan oligosaccharides samples 

were collected from the reaction at different time from 5mins, 10 mins, 30 mins, 60 

mins, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours and enzyme were added again at 24 

hours and samples were collected at 6 hours, 12 hours and 24 hours after second enzyme 

addition. Enzyme chitosanase was found to hydrolyze chitosan with time depending 

manner. According the TLC result, chitosan was cleaved  shorter and shorter 

throughout reaction time, however, as shortest as dimers, the enzyme never cleaves 

chitosan to become chitosan oligosaccharides to monomer level. This phenomena was 

previously described by (Petsrichuang et al., 2018). The reaction solution was then 

subjected to lyophilization using a freeze dryer. The dried CHOS powder was then 

dissolved in water at a concentration of 100 mg/mL for TLC analysis. The sample was 

Samples Induction time (h) 

Enzymatic activity 

(Total unitsa ) 

OmpA Signal Peptides 

Broth (TOP10) 20 80.0±1 

Purified (TOP10) 20 1200.0±1 

Purified Concentrated (TOP10) 20 1325.0±1 

Broth (Food grade) 20 16.0±1 

Purified (Food grade) 20 162.0±1 

Concentrated (Food grade) 20 413.0±1 

 



52 

 

 

fully water soluble which expressed that the water-insoluble chitosan was totally 

depolymerized by the enzyme during hydrolysis reaction. However, the sample of early 

stage of hydrolysis, specially at time points, 5 mins, 10 mins, 30 mins, 1 hours, 2 hours, 

4 hours, 6 hours, 12 hours, 24 hours, 30 hours and 36 hours, respectively, were not 

subjected to lyophilization and solubility testing. Judging from the TLC result, there 

were high molecular weight chitosan in the reaction inside the reaction solution until 

24 hours of the reaction. To these time points,  dimers and trimers CHOS molecules 

were merely visualized on the silica gel plate while larger hydrolyzed molecules such 

as tetramers and pentamers were seen more. After second enzyme addition at 24-hour 

time point, shorter chain of hydrolyzed product was seen more while larger and longer 

molecules were fading out of the TLC plate. Still, no monomer sample was visualized 

even at 48 hours of reaction. Unfortunately, production of chitosan oligosaccharides 

using food grade enzyme was discontinued due to technical difficulty such as low yield 

of food grade enzyme production. 

4.2.2 Production of chitosan oligosaccharides using E.coli TOP10 

expression system enzyme  

Different concentrations 0.1, 0.5, and 1 U/mL, respectively, of enzyme from 

E.coli TOP10 were used to hydrolyzed chitosan. 2 different reaction temperature 37 oC 

and 50 oC was also studied. CHOS sample were collected at different time points. As 

shown in Figure 9 , TLC results of the hydrolyzed CHOS at different conditions shows 

that enzyme concentration, time and temperature do have effects on the final 

hydrolyzed products. At early time of hydrolysis reaction, longer CHOS were displayed 

on the TLC plate while shorter CHOS such DP2 and DP3 could not be seen. However, 

after continuous incubation, shorter and shorter CHOS such as DP2, DP3 and DP4 
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started to be seen on the TLC plate. However, from the start to the end of the hydrolysis 

reaction, monomer (DP1) could not be seen with the TLC analysis. This result 

confirmed previous study which reported that BsCsn46A never cleave chitosan to a 

monomer level due to its subsite binding reference (Petsrichuang et al., 2018). The TLC 

results also dedicated that there was possibility that with enzyme concentration of 

0.1U/mL, 0.5U/mL and 1U/mL, we could not totally degrade chitosan. Precipitation 

test of the final hydrolyzed solution of the 3 reactions also proved that, using 0.1 U/mL 

of enzyme for the reaction, all chitosan was not degraded totally (Figure 7). 

Glucosamine concentration released during the reaction was also investigated using 

DNS methods. According the glucosamine concentration of each reaction, there is 

significant different between those reaction with different enzyme concentration as well 

as reaction temperature. As expected, higher enzyme concentration reaction, produced 

higher concentration of glucosamine, except for 0.5 U/mL and 0.1 U/mL reaction at 50 

oC reaction which were not significant different. Comparing between temperature, at 

37 oC with 0.1 U/mL of enzyme, glucosamine concentration at the end of 24 hours 

reactions was 47 µMol/mL, higher than 0.1 U/mL enzyme reaction at 50 oC, 17 

µMol/mL. At 37 oC with 0.5 U/mL of enzyme, glucosamine concentration at the end of 

24 hours reactions was 67.8 µMol/mL, higher than 0.5 U/mL enzyme reaction at 50 oC, 

59 µMol/mL. At 37 oC with 1 U/mL of enzyme, glucosamine concentration at the end 

of 24 hours reactions was 69.8 µMol/mL, higher than 1 U/mL enzyme reaction at 50 

oC, 59 µMol/mL (Figure 10). Interestingly, at 37 oC, glucosamine was produced more 

than at 50 oC, even using the same concentration of enzyme, however, higher 

concentration of enzyme produced higher concentration of glucosamine within the 

same reaction setup. This proved that enzyme concentration has a crucial role on the 
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Figure 7. Precipitation test of chitosan hydrolyzed using different concentration of 

BsCsn46A enzyme (0.1, 0.5 & 1 U/mL) at 37 oC. Visible turbidity of the 

solution indicated precipitated chitosan which left over from the reaction. 

hydrolysis reaction. Basically, to maximize the degree of scission   (α), other way, 

means to totally hydrolyze all of the chitosan substrate, more enzyme is needed for the 

process to be done which was also demonstrated in previous studies on the subject 

(Pechsrichuang, 2017; Petsrichuang et al., 2018; Sorbotten et al., 2005). 
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Figure 8. Thin layer chromatography of chitosan oligosaccharides produced by food 

grade enzyme. 2 different enzyme concentration were used, 0.05 and 0.1 µg, 

respectively. Hydrolyzed chitosan oligosaccharides samples were collected 

from the reaction at different time from 5mins, 10 mins, 30 mins, 60 mins, 2 

hours, 4 hours, 6 hours, 12 hours, 24 hours and, more enzyme was added again 

at 24 hours and samples were collected at 6 hours, 12 hours and 24 hours after 

second enzyme addition.  
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Table 5. CHOS samples produced in this study. 

 

 

 

 

 

  

 

CHOS 

sampl

e  

 Conditions 

Reactio

n time 

Enzyme 

concentratio

n 

Enzym

e usage 

Enzym

e  

Chitosan 

concentratio

n 

Solvent 

conditio

n 

Reactio

n 

volume 

CHOS 

1 

48 hours 3U/mL x3 

(Time: 

0,12,24) 

Pure 10g/L 1% HCL 100 mL 

CHOS 

2 

48 hours 3U/mL x3 

(Time: 

0,12,24) 

Pure 10g/L 2% LAC 100 mL 

CHOS 

3 

48 hours 3U/mL x3 

(Time: 

0,12,24) 

Pure 10g/L 2% LAC 250 mL 

CHOS 

4 

48 hours 3U/mL x3 

(Time: 

0,12,24) 

Pure 20g/L 2% LAC 100 mL 

CHOS 

5 

48 hours 3U/mL x3 

(Time: 

0,12,24) 

Pure 20g/L 2% LAC 250 mL 

CHOS 

24(1/2) 

24 hours 3U/mL x2 

(Time: 

0,12,) 

Pure 10g/L 2% LAC 100 mL 

CHOS 

24(2/2) 

24 hours 3U/mL x2 

(Time: 

0,12,) 

Pure 20g/L 2% LAC 100 mL 

CHOS 

Broth  

48 hours 3U/mL x3 

(Time: 

0,12,24) 

Broth 20g/L 2% LAC 100 mL 

CHOS 

6 

6 hours 0.5U/mL x1 Pure 20g/L 2% LAC 100 mL 

CHOS 

12 

12  hours 0.5U/mL x1 Pure 20g/L 2% LAC 100 mL 

CHOS 

24 

24 hours 0.5U/mL x1 Pure 20g/L 2% LAC 100 mL 
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Figure 9. Thin layer chromatography of hydrolyzed CHOS at different conditions. At 2 

different temperature 37oC and 50oC, chitosan was hydrolyzed using different 

concentration of  BsCsn46A enzyme (0.1, 0.5 & 1 U/mL). The TLC figure 

displayed appearance of CHOS samples after hydrolyzed at various time 

points.  
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Figure 10. Glucosamine concentration released during hydrolysis reaction of Chitosan 

at different conditions. At 2 different temperature 37oC and 50oC, chitosan 

was hydrolyzed using different concentration of  BsCsn46A enzyme (0.1, 

0.5 & 1 U/mL). The figure also displayed concentration of glucosamine at 

various time points.   
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Another approach to production of CHOS using BsCsn46A was carried out where 

higher concentration of enzyme was used. 3U of enzyme per milliliter of chitosan 

solution were used for the hydrolysis reaction. Different preparations of chitosan 

solution were also prepared as shown in table 3. The same amount of enzyme was added 

to the reaction 3 times at the start of the hydrolysis, after 12 hours of the reaction and 

after 24 hours of the reaction. Final hydrolyzed product was collected at 48 hours after 

hydrolysis reaction. Samples were freeze-dried and then dissolved in water to determine 

that there was no insoluble chitosan left-over.  

 

 

 

 

 

 

 

 

 

 

  

Figure 11. TLC of CHOS hydrolyzed by  BsCsn46A at different incubation time 

points. CHOS was produced using chitosanase at different time of 

hydrolysis reaction at 6 hours, 12 hours and 24 hours 
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Figure 12. TLC analysis of CHOS hydrolyzed by BsCsn46A enzyme for 48 hours, 

stored as liquid vs lyophilized powder. CHOS hydrolyzed for 48 hours with 

enzyme addition at time 0, 12 and 24, final CHOS solution after hydrolysis 

reaction was separated into 2 parts, 1 was kept at solution and 1 was 

lyophilized using a freeze dryer. 
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2ul of each sample were loaded onto TLC plate in order to separate CHOS sample 

based on oligomers size from the mixture.  As could be seen on the TLC plate (Figure 

11 - 12), dominant molecules of the hydrolyzed CHOS were dimers and trimers 

(Petsrichuang et al., 2018). These CHOS samples were further taken into deeper 

characteristics analysis. 

 

4.3 Characteristics of Chitosan oligosaccharides 

4.3.1 Composition analysis of CHOS using Maldi-TOF MS 

The chemical compositions of CHOS mixture obtained after 48 hours 

degradation of chitosan were analyzed by MALDI-TOF-MS and the results are 

summarized in Table 4. As expected, the majority components of the mixture are CHOS 

with degree of polymerization DP2 and DP. Longer degree of polymerization of CHOS 

such as DP4, DP5 and DP6 are also co-existed inside the mixture of the final 

degradation product, however, they were not as dominant as those with DP2 and DP3. 

Corresponding the previous study, monomer molecules were not found in the mixture 

of CHOS after the degradation since in this study we used the same enzyme from 

previous work (Pechsrichuang, 2017; Pechsrichuang et al., 2013; Petsrichuang et al., 

2018). Figure 13.14 & 15 visualizes the mass spectroscopy spectra of analyzed chitosan 

oligosaccharides labelled with mass dedicated chemical compositions where to be 

noted that order of the D (D-glucosamine) and A (Acetyl-D-glucosamine) are their 

sequence dedication. CHOS hydrolyzed using broth enzyme also found to maintain 

their cleaving characteristics as the final product after hydrolysis reaction are dimers 

and trimers, however, there were more than just the oligomers itself since the broth 
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enzyme was in the form of media supernatant. There were some oligomers which were 

could not be identified as their molecular weight was not corresponding to those known 

one. That could be a part of the broth LB media or longer CHOS which are left over 

from the hydrolysis, however, there were not chitosan left over from the reaction as 

after hydrolysis, samples were freeze-dried and dissolved in water. All samples were 

totally water soluble as expected. We also identified chemical composition of  market 

available commercial CHOS. The material contains some familiar components such as 

D2, D3 and D4, but there were also some unidentified molecular mass peaks which 

showed longer length oligomers. The NMR analysis showed that the average degree of 

polymerization of this CHOS was DP10 which is considerably long comparing to our 

produced CHOS in this study. This commercial CHOS also subjected to biological 

activity investigation. 
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Figure 13. Mass spectrometry spectra of chemical composition analysis of degraded 

CHOS at different time points. Chitosan and CHOS samples were collected 

during degradation at different time points and subjected to MALDI-TOF 

analysis. 
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Figure 14. Maldi-TOF MS spectra of degraded CHOS samples C1-C5 using BsCsn46A 

for 48 hours at 37 oC. All CHOS samples were freeze-dried, then dissolved 

in water and crystallized by DHB reagent before subjected to mass 

spectrometry analysis 
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Commercial 

CHOS Broth 

Spray-dried CHOS 

Figure 15. Maldi-TOF MS spectra of degraded CHOS samples. All samples were dry 

powder, then dissolved in water and crystallized by DHB reagent before 

subjected to mass spectrometry analysis 
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Table 6. Chemical compositions of CHOS. 

 

4.3.2 Size exclusive chromatography 

After enzymatic hydrolysis of chitosan with BsCsn46A, final products of 

the reaction were freeze-dried and then were dissolved in 0.15M ammonium acetate for 

separation analysis using size exclusive chromatography. The separation was based on 

degree of polymerization of the oligomers in the mixture. As shown in Figure 16, the 

dominant component oligomers in the final product mixture were DP2 and DP3. There 

were also longer degree of polymerization CHOS such as DP4, DP5 and DP6 peaks 

which were getting lower and lower after time to time of the degradation reaction. The 

SEC results corresponding the mass spectrometry analysis results but eventually 

visualize better picture of the CHOS properties. This results also confirmed previous 

CHOS 

Sample 
Monomer Dimers Trimers Tetramers Pentamers Hexamers 

1 - D2, D1A1 D3, D2A1 
D3A1, 

D2A2 
D3A2 D3A3 

2 - D2, A2 D3, D2A1 D3A1 - - 

3 - D2 D3, D2A1 
D4, D3A1, 

D2A2 
D3A2 

A3D3, 

A2D4 

4 - D2 D3, D2A1 D4, D3A1 - - 

5 - D2, D1A1 D3 D4 D1A4 - 

CS - D2 D3 - - - 

CM - D2, A2 D3 D4 - - 

CB - D2 D3 - - - 
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Figure 16. Analysis of CHOS samples after hydrolysis reaction by size exclusion 

chromatography (SEC). All CHOS (C1-C5) samples hydrolyzed by 

BsCsn46A for 48 hours at 37 oC (Left panel) and Chitosan dissolved in 

lactic acid solution, Chitosan dissolved in SEC mobile phase, commercial 

CHOS and CHOS dry powder using spray drying (Right panel). 

study but notably, the starting substrate chitosan was a mixture of long polymers and 

some short dimers with degree of deacetylation of 90% as displayed on SEC 

chromatograms. SEC results also proved that lactic acid did not have any effects on 

chitosan during substrate preparation. 
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Figure 17. Analysis of CHOS during time-course degradation of hydrolysis reaction 

by size exclusion chromatography (SEC). Size distribution of CHOS after 

degradation at different time points at 37 oC using BsCsn46A. The peaks 

are labeled with indicating DP.  

Time-course degradation experiment was also carried out and injected into SEC 

columns (Figure 17). After an hour of reaction until 12 hours of reaction, longer 

polymers were still seen on the chromatograms which were later on almost disappeared 

at the end of the reaction for 48 hours. The dominant component of the final product 

mixture were clearly dimers, trimers and tetramers as well as pentamers. According to 

this SEC results plus NMR results, there was no monomer in the final reaction mixture 

since BsCsn46A never cleave chitosan into shorter length than dimers due to its natural 

binding preference, subsite specificity, acetylated sugar units (Petsrichuang et al., 

2018). 

  

 



69 

 

 

4.3.3 NMR Spectroscopy 

To determine degree of polymerization (DP) of chitosan oligosaccharides 

produced using enzyme technology, simply described as length or number repeated 

molecule of the oligomers as well as degree of scission (α) of the hydrolysis reaction, 

1H NMR was employed. Time-course degradation curve showed rapid increasing of 

degree of scission while degree of polymerization of the starting material, which is 

chitosan, also decreased rapidly at the start of the reaction (Figure 18). According to 

previous study of the characteristics of the chitosanase used in the reaction, these results 

were well defined relatable to the enzyme behavior (Petsrichuang et al., 2018). At 100 

mL volume scale of the reaction, the degree of scission of C-4 was 0.5 which is higher 

than C-5, 0.4 but with higher reaction volume of 250 mL. Despite the different degree 

of scission, both reactions have reached their maximum degradation since the degree 

of polymerization for both C-4 and C-5 were 2 and 2.3, respectively. However, starting 

chitosan was a low degree of acetylation (DA) chitosan since its degree of deacetylation 

(DD) was 90%, thus, may affect the performance of the enzyme due to its binding 

reference and subsite specificity (Petsrichuang et al., 2018). 
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Figure 18. Time-course degradation of chitosan showing increasing of degree of 

scission (α) and decreasing of degree of polymerization (DP) during the 

hydrolysis reactions 

0

0.1

0.2

0.3

0.4

0.5

0

10

20

30

40

50

0 1000 2000 3000

D
eg

re
e 

o
f 

sc
is

si
o

n
 

D
P

n

Degradation Time

C-5

Dpn a

0

0.2

0.4

0.6

0.8

0

1

2

3

4

5

0 1000 2000 3000

a

D
P

n

Degradation TIme

C 2

Dpn a

0

0.1

0.2

0.3

0.4

0.5

0

2

4

6

8

10

0 1000 2000 3000

a

D
P

n

Degradation Time

C 1

Dpn a

0

0.2

0.4

0.6

0

1

2

3

4

0 1000 2000 3000

a

D
P

n

Degradation time

C3

Dpn a

  

0

0.2

0.4

0.6

0

10

20

30

40

50

0 1000 2000 3000

D
eg

re
e 

o
f 

sc
is

si
o

n

D
P

n

Degradation Time

C-4

Dpn a

 



71 

 

 

4.4 Biological activity of chitosan oligosaccharides 

As an approach toward cosmeceutical innovation, hydrolyzed product of chitosan 

was subjected to biological properties assay such anti-inflammation activity testing on 

human cell line, since CHOS was previously hypothesized and found to be an active 

biological compound with promising properties (more detail in literature review). 

4.4.1 Cellular Viability 

The bioactive chitosan oligosaccharides did not possess any cytotoxicity 

properties toward the human cells at concentration ranging from 25ug/mL, 50ug/mL, 

and 100ug/mL (Appendix 8).  

4.4.2 Anti-inflammation property of chitosan oligosaccharides against LPS 

Chitosan oligosaccharides was used as pretreatment for human 

differentiated monocytes against bacterial lipopolysaccharides challenge. Mature 

monocytes after differentiation by vitamin D3 for 48 hours was pretreated with chitosan 

oligosaccharides at solution different concentration from 25, 50 and 100µg/mL, 

respectively for 24 hours before LPS was exposed to the pretreated cells for 6 hours. 

The cell culture supernatant was then collected by centrifugation and proinflammatory 

cytokines was subjected to detection using ELISA based assay. Interleukin 1 beta 

cytokines was detected in order to investigate anti-inflammation effect of CHOS on the 

LPS-challenged human differentiated monocytes. Effect of Different CHOS samples 

was studied (Figure 19-26). Expression of IL-1beta cytokine was expressed as 

picogram per milliliter of culture supernatant. Average value of duplication was 

reported.  
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Different CHOS samples hydrolyzed at different time were shown to be 

possessing different effects on the cells. CHOS samples with smaller molecules, for 

instant, CHOS C1-C5 (CHOS hydrolyzed for 48 hours with 3U/mL enzyme 

concentration and 3x enzyme addition) with major component of dimers and trimers, 

were found to have highest IL-1β secretion inhibition level compared to CHOS 

hydrolyzed for 6, 12 and 24 hours with less enzyme concentration (Figure 19, 25-26). 

Among the CHOS samples, only small molecules CHOS, hydrolyzed for 48 hours, were 

found to inhibit pro-inflammatory cytokines secretion. Inflammatory response to 

bacterial LPS usually occur on the plasma membrane of the cell where toll-like receptor 

4 is main receptor act as pattern recognition receptors to this LPS ligand (Takeuchi et 

al., 2010). This could lead to possibility of CHOS binding to the toll-like receptor 4, 

blocking LPS from interacting with the receptors, since CHOS molecules are small and 

were pretreated. Furthermore, pretreatments with CHOS alone without any exposure to 

LPS, were found to induce noticeable expression of pro-inflammatory cytokines.  

Anti-inflammation effect of CHOS was previously reported on intestinal 

epithelial cells including T84, HT-29 and Caco-2 (Muanprasat et al., 2015). The 

molecular mechanism of the anti-inflammatory effect was found to be CHOS 

promoting tight junction inside the cells through AMPK-dependent pathway.  

This result expressed opposite finding against other studies including (Kong 

et al., 2017; Kong et al., 2018; Muanprasat et al., 2015), where higher molecular weight 

of CHOS were found to possess better biological activities. 

Figure 27 displays anti-inflammation activities of all CHOS samples (liquid 

form and powder form at different concentrations) as in percent of inhibition against 
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LPS-challenged macrophages. Using cell only without any treatments as 100% of 

inhibition and no pretreatment as 0% of inhibition, it is shown that concentrations had 

significant effects on the inhibition of pro-inflammatory cytokines activity by CHOS.  

However, the same CHOS samples after undergone lyophilization, were 

found to be losing some of its anti-inflammatory properties, even though none 

significant biochemical changes were found between the none lyophilized and 

lyophilized group. According to literature study on freeze drying, this operation could 

be causing structural changes to the saccharides during the process, therefore the reason 

behind this quality loss remains unknown. 
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Figure 19. IL-1β secretion level by CHOS-pretreated (50µg/mL) macrophages after 

LPS-challenge for 6 hours. Samples (Left to right) Cell: differentiated 

macrophage, no pretreat (cell exposed to LPS without CHOS 

pretreatment), CHOS 6, CHOS 12, CHOS 24 and commercial CHOS 

Figure 20. IL-1β secretion level by liquid CHOS-pretreated (50µg/mL) macrophages 

without  LPS-challenge for 6 hours. Samples (Left to right) Cell: 

differentiated macrophage, no pretreat (cell exposed to LPS without 

CHOS pretreatment), C1, C2, C3, C4, C5 and commercial CHOS 
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Figure 21. IL-1β secretion level by liquid CHOS-pretreated (50µg/mL) macrophages  

after LPS-challenge for 6 hours. Samples (Left to right) Cell: differentiated 

macrophage, no pretreat (cell exposed to LPS without CHOS pretreatment), 

C1, C2, C3, C4, C5 and commercial CHOS 

Figure 22. IL-1β secretion level by liquid CHOS-pretreated (50µg/mL) macrophages 

after LPS-challenge for 6 hours. Samples (Left to right) Cell: 

differentiated macrophage, no pretreat (cell exposed to LPS without 

CHOS pretreatment), C1, C2, C3, C4, C5 and commercial CHOS 
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Figure 24. IL-1β secretion level by lyophilized CHOS-pretreated (50µg/mL) 

macrophages without LPS-challenge for 6 hours. Samples (Left to right) 

Cell: differentiated macrophage, no pretreat (cell exposed to LPS without 

CHOS pretreatment), C1, C2, C3, C4, C5 and commercial 

Figure 23. IL-1β secretion level by lyophilized CHOS-pretreated (50µg/mL) 

macrophages after LPS-challenge for 6 hours. Samples (Left to right) 

Cell: differentiated macrophage, no pretreat (cell exposed to LPS without 

CHOS pretreatment), C1, C2, C3, C4, C5 and commercial CHOS 

 



 

 

Figure 25. IL-1β secretion level in differentiated macrophages pretreated with liquid CHOS at different concentration from 25, 50 and 

100ug/mL for 24 hours and induced inflammation by LPS for 6 hours. 
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Figure 26. IL-1β secretion level in differentiated macrophages pretreated with lyophilized CHOS at different concentration from 25, 50 and 

100ug/mL for 24 hours and induced inflammation by LPS for 6 hours. Lactate was also treated onto the cells as control. 

 



 

 

Figure 27. Percent of inhibition of CHOS samples (liquid and powder form at different concentrations, 25, 50 & 100 µg/ML) against 

LPS-challenged macrophages. A: CHOS in liquid form, B: CHOS in powder form 
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CHAPTER V 

CONCLUSION 

 

According to our previous studies and this study, we proved that BsCsn46A can 

be used to efficiently converse chitosan into a mixture of variety of soluble chitosan 

oligosaccharides with various degree of polymerization from shortest DP2 to longest 

DP6 as expected from the enzyme natural characteristics (Petsrichuang et al., 2018). 

Concentration of enzyme, temperature and reaction volume do have effects on the final 

product of the degradation. Eventually, this enzyme is potentially an industrial 

prosperity. Chitosan oligosaccharides produced using this enzyme as well as other 

methodologies also could be an important source for industrial application since the 

material holds such promising biological activities, anti-inflammation (from this study), 

anti-oxidants (Kong et al., 2017; Pechsrichuang, 2017; Petsrichuang et al., 2018), 

Apoptosis (Zou et al., 2017) and more. 

In summary, CHOS, produced from enzyme technology using BsCsn46A 

chitosanase, could protect human macrophage cells from inflammation induced by 

bacterial lipopolysaccharides when it is pretreated as pretreatment before exposing the 

cells to LPS. The anti-inflammation effects of chitosan oligosaccharides effected the 

macrophage at concentration depending manners. Finally, this enzymatic hydrolyzed 

CHOS could be a beneficial material for formulation of applicable products. However, 

further studies are needed. The bioconversion of chitosan into chitosan 
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oligosaccharides could yield up to 100% after 48 h of enzymatic reaction and the 

majority of the final products were dimers and trimers. None of the CHOS products 

showed toxicity to human cell lines. However, analysis of CHOS protection against 

LPS-induced inflammation of human macrophage indicated that CHOS generated from 

different bioconversion processes showed different degree of anti-inflammatory 

activity, despite the similarity of the product composition. These results indicated that 

batch-to-batch variation can occur and careful analysis of functional property of CHOS 

is essential. More biological activities investigations (other pro-inflammatory cytokines 

and its related mechanisms, in vivo assays) should be carried out with the produced 

CHOS in order to uncover its actual potentials for further development, especially 

towards cosmeceutical innovations.   
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NMR Spectra C-1 : 1% HCL 1% Chitosan  

  

 



98 

 

 

NMR Spectra C-2 : 2% LAC 1% Chitosan 
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NMR Spectra C-3 : 2% LAC 1% Chitosan   
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NMR Spectra C-4: 2% LAC 2% Chitosan 
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NMR Spectra C-5: 2% LAC 2% Chitosan 
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NMR Spectra commercial CHOS 
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Cell viability analysis by MTT assay 
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