
i 

 

 

Functional and Biological Properties of Enzymatic Hydrolysate from 

Defatted Rice Bran by Using Partial Purified Nile Tilapia  

(Oreochromis niloticus) Viscera Extract 

 

 

 

 

 

Tatchaporn  Chaijaroen 

 

 

 

 

 

A Thesis Submitted in Partial Fulfillment of the Requirements for the 

Degree of Doctor of Philosophy in Functional Food and Nutrition 

Prince of Songkla University 

2015 

Copyright of Prince of Songkla University 

 



ii 

 

Thesis Title  Functional and biological properties of enzymatic hydrolysate from 

defatted rice bran by using partial purified Nile tilapia (Oreochromis 

niloticus) viscera extract 

Author Miss Tatchaporn  Chaijaroen 

Major Program Functional Food and Nutrition 

 

 

Major Advisor Examining Committee: 

 

…………………………………......... …………………….………..Chairperson 

(Asst. Prof. Dr. Chakree Thongraung) (Assoc. Prof. Dr. Aran H-kittikun) 

 

 ……………………….………………...... 

 (Assoc. Prof. Dr. Wirote Youravong) 

 

 ……………………….………………….. 

 (Assoc. Prof. Dr. Manat Chaijan) 

 

 …………………………………………... 

 (Asst. Prof. Dr. Chakree Thongraung) 

 

  

 

 

 

The Graduate School, Prince of Songkla University, has approved this 

thesis as fulfillment of the requirements for the Master of Science Degree in Functional 

Food and Nutrition 

 

   ……………………………………….. 

    (Assoc. Prof. Dr. Teerapol  Srichana) 

                 Dean of Graduate School  



iii 

 

This is to certify that the work here submitted is the result of the candidate’s own 

investigations. Due acknowledgement has been made of any assistance received. 

 

 

 

 

 …………………………………Signature 

 (Asst. Prof. Dr. Chakree Thongraung) 

 Major Advisor 

 

 

 

 

 …………………………………Signature 

 (Ms. Tatchaporn Chaijaroen) 

 Candidate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dict.longdo.com/search/signature
http://dict.longdo.com/search/signature


iv 

 

I hereby certify that this work has not already been accepted in substance for any degree, 

and is not being concurrently submitted in candidature for any degree. 

 

 

 

 

 …………………………………Signature 

 (Ms. Tatchaporn Chaijaroen) 

 Candidate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dict.longdo.com/search/signature


v 

 

ช่ือวทิยานิพนธ์  สมบติัเชิงหนา้ท่ีและทางชีวภาพของไฮโดรไลเสทจากกากร าขา้ว 
  หลงัสกดัน ้ามนัโดยใชส้ารสกดัเอนไซมจ์ากเคร่ืองในปลานิล 
   (Oreochromis niloticus) ท่ีผา่นการท าบริสุทธ์ิบางส่วน 

 
ช่ือผู้เขียน  นางสาวธชัชพร ไชยเจริญ 
สาขาวชิา  อาหารเพื่อสุขภาพและโภชนาการ 
ปีการศึกษา  2558 

 

บทคดัย่อ 

การสกัดเอนไซม์จากเค ร่ืองในปลานิล (Oreochromis niloticus) โดยใช้น ้ า , 
สารละลายโซเดียมคลอไรด์ และอะซิโตน พบวา่ การใชส้ารละลายโซเดียมคลอไรดท่ี์ความเขม้ขน้ 
5% w/v จะไดส้ารสกดัท่ีมีกิจกรรมของเอนไซมโ์ปรติเอสและอะไมเลสสูงสุด คือ 1,300 และ 1,600 
ยนิูตต่อมิลลิกรัมโปรตีน ตามล าดบั โดยเอนไซมท์ั้งสองชนิดน้ีมีกิจกรรมสูงสุดท่ีสภาวะเดียวกนั คือ
ท่ี pH 8.0 และอุณหภูมิ 60๐C และเม่ือบ่มสารสกดัท่ีสภาวะดงักล่าว พบวา่ กิจกรรมของเอนไซมโ์ป
รติเอส ลดลง 50% ของกิจกรรมเร่ิมตน้เม่ือบ่มไว ้30 นาที ในขณะท่ีกิจกรรมของเอนไซมอ์ะไมเลส
เพิ่มข้ึน 5 เท่าในช่วงแรกก่อนท่ีจะลดลงประมาณ 3 เท่าของกิจกรรมเร่ิมตน้เม่ือบ่ม 90 นาที  ซ่ึงการ
แยกเอนไซม์โปรติเอสและอะไมเลสออกจากกนัด้วยเมมเบรน ชนิดอลัตราฟิวเทรชัน ท่ีมีรูพรุน
ขนาด 30 กิโลดาลตนั พบว่า ไม่สามารถแยกเอนไซม์ทั้งสองชนิดน้ีออกจากกนัไดอ้ย่างสมบูรณ์
ส่วนการตกตะกอนโปรตีนอ่ืนท่ีไม่ใช่เอนไซมด์ว้ยแอมโมเนียมซัลเฟต พบว่า ท่ีความเขม้ขน้ของ
แอมโมเนียมซัลเฟต 30 % และ 35% มีผลให้กิจกรรมของเอนไซม์โปรติเอสและอะไมเลสในสาร
ละลายเพิ่มข้ึน เม่ือวิเคราะห์ด้วย SDS-PAGE พบว่า โปรตีนในสารสกัดจากเคร่ืองในปลานิลมี
น ้ าหนักโมเลกุล 26.5, 37.3 และ 56.4 กิโลดาลตัน และพบกิจกรรมของเอนไซม์โปรติเอส         
ไลคีเนส และอะไมเลส ในแต่แถบโปรตีนดงักล่าวตามล าดบั แสดงให้เห็นวา่สารสกดัเอนไซมท่ี์มี
เอนไซม ์3 ชนิด สามารถเตรียมไดจ้ากเคร่ืองในปลานิล 

ไฮโดรไลเสทร าขา้วท่ีเตรียมจากกากร าขา้วหลงัการสกดัน ้ามนัซ่ึงเป็นเศษเหลือจาก
กระบวนการผลิตน ้ามนัร าขา้ว โดยใชส้ารสกดัจากเคร่ืองในปลานิลท่ีความเขม้ขน้ 1, 2 และ 3% w/v 
และใชเ้วลายอ่ย 30, 60 และ 120 นาที พบวา่ เม่ือยอ่ยโดยใชส้ารสกดัจากเคร่ืองในปลานิล 1% เป็น
เวลา 30 นาที จะไดไ้ฮโดรไลเสทท่ีมีปริมาณเบตา้กลูแคนสูงสุดในขณะท่ี %DH ต ่าสุด และสภาวะน้ี
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ยงัช่วยเพิ่มคุณสมบติัในการจบักบัน ้ าของไฮโดรไลเสท นอกจากน้ีการเพิ่มเวลายอ่ยมีผลให้สีของ
ไฮโดรไลเสทเขม้ข้ึน 

ไฮโดรไลเสทร าขา้วท่ีผลิตโดยใช้สารสกดัจากเคร่ืองในปลานิล 1% เป็นเวลา 30 
นาที แสดงกิจกรรมการเป็นสารตา้นการเกิดออกซิเดชั่นในระบบหลอดทดลองสูงสุดในทุกการ
ทดสอบ ไดแ้ก่ การตา้นอนุมูลอิสระ ABTS, อนุมูลอิสระ DPPH, อนุมูลอิสระไฮดรอกซิล, อนุมูล
อิสระซุปเปอร์ออกไซด์, อนุมูลอิสระรีดิวซ่ิงพาวเวอร์ และการจบัโลหะ     นอกจากนั้นไฮโดรไล
เสทท่ีไดจ้ากทุกสภาวะไม่เป็นพิษต่อเซลล์แมคโครฟาจน์ RAW 264.7 เม่ือใชท่ี้ความเขม้ขน้สูงสุดท่ี 
500 ไมโครกรัมต่อมิลลิลิตร ซ่ึงไฮโดรไลเสทท่ีไดจ้ากการยอ่ยดว้ยสารสกดัเคร่ืองในปลานิลเขม้ขน้ 
1% และ 2% เป็นเวลา 30 นาที มีฤทธ์ิยบัย ั้งการสร้างไนตริกออกไซด์ดีท่ีสุด โดยมีค่า IC50 เท่ากบั48 
และ 49 ไมโครกรัมต่อมิลลิลิตร ตามล าดบั ซ่ึงไฮโดรไลเสทท่ียอ่ยดว้ยสารสกดัเคร่ืองในปลานิล 2% 
เป็นเวลา 30 นาที มีฤทธ์ิลดการหลัง่ไซโตไคน์ TNF-α, IL-1β และ IL-6  ดงันั้นกากร าขา้วหลงัการ
สกดัน ้ามนัจึงสามารถใชผ้ลิตไฮโดรไลเสทท่ีมีฤทธ์ิตา้นการเกิดออกซิเดชัน่และตา้นการอกัเสบได ้
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ABSTRACT 

Nile tilapia (Oreochromis niloticus) viscera extracts were prepared using 

water, NaCl solution and acetone homogenization. The saline solution (5% w/v) 

yielded the extract with the highest protease and amylase with the specific activities of 

1,300 and 1,800 unit/mg protein, respectively. These two enzymes were active at the 

identical optimum pH (8.0) and temperature (60C). At this condition, the protease 

activity was gradually lost and remained at 50% of its initial value after 30 min. In 

contrast, the amylase activity had risen 5 times before declining to about 3 times of its 

initial activity after 90 min. The protease and amylase could not be successfully 

separated by 30 kDa molecular cut-off ultrafiltration. Precipitation of non-enzyme 

protein by using 30 or 35% ammonium sulphate effectively improved specific activity 

of both enzymes of the extract. This partial purified fraction and the crude exhibited 

three protein bands by using SDS-PAGE assigned as 26.5, 37.3 and 56.4 kDa. And 

these protein bands showed the activity of protease, lichenase and amylase, 

respectively. Therefore, the results revealed that crude enzymes extract with three 

enzyme activities could be prepared from tilapia viscera. 

Defatted rice bran, a leftover rice bran oil production, and crude tilapia 

viscera extract were used for preparation of rice bran hydrolysate (RBH). Effects of 

concentration of the viscera extract (1, 2 and 3% w/v) and hydrolysis duration (30, 60 

and 120 min) on catalytic process and hydrolysate characteristics were investigated. 

The mildest hydrolysis using 1% viscera extract for 30 min yielded the hydrolysate with 
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the highest -glucan content and the lowest degree of hydrolysis (DH) value. This 

condition also improved hydration properties of the RBH (water holding, water binding 

and swelling capacity). Extension of hydrolysis time caused the darkening of RBH. 

The hydrolysis using 1% viscera extract for 30 min yielded the 

hydrolysate with the highest in vitro anti-oxidative activities. All obtained RBHs 

exhibited no cytotoxicity on RAW 264.7 cell lines at the maximum concentration of 

500 µg/ml. The RBHs obtained by using 1% and 2% viscera extract with 30 min 

hydrolysis time showed the best nitric oxide inhibitory in the RAW 264.7 cell with an 

IC50 of 48 and 49 µg/ml, respectively. The RBH produced by 2% viscera extract with 

30 min hydrolysis time exhibited the strongest reduction of TNF-α, IL-1 and IL-6 

cytokines. Thus, the defatted rice bran could be used for preparation of RBH with strong 

antioxidative and anti-inflammatory activities. 
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CHAPTER 1 

INTRODUCTION AND REVIEW OF LITERATURE 

1.1  Introduction  

Nile tilapia (Oreochromis niloticus) is a cichlid fish native of Africa that 

prefers to live in shallow water. Tilapia is one of the most popular fish for culture and 

have been introduced into many countries around the world (FAO, 2001). In recent 

years, attention has been focused on developing tilapia culture. The production of 

farmed tilapia in the world is rising, and global tilapia production is expected to almost 

double from 4.3 million tons per year in 2010 to 7.3 million tons a year in 2030 (FAO 

globefish, 2014). In Thailand, tilapia is a freshwater fish that is widely consumed and 

cultivated. Tilapia exports of Thailand to the European Union’s market is worth several 

million dollars annually and likely to increase over time. The volume of exports was 

9,515.9 tons in 2012 (Nurit, 2012). The tilapia industry in Thailand has grown 

significantly over the past decade. The most exported products of tilapia are frozen 

whole fish amount of 6,867.8 tons, followed by chilled fish fillets 2,120.1 tons and 

frozen fish fillets 386.2 tons (Nurit, 2012). The mass industrial processing of the tilapia, 

fish fillets as a priority, generates large amount of by-products especially viscera 

(Freitas-Júnior et al., 2012).  

Fish viscera have been reported to be a good source of digestive enzymes 

(Simpson et al., 1991; Bezerra et al., 2005; Khantaphant and Benjakul, 2010; Klomklao 

et al., 2008; Souza et al., 2007) and their properties are highly valued in a wide range 

of industrial applications and processes (Espisito et al., 2009; Klomklao et al., 2005). 

Proteases represent an important class of industrial enzymes, accounting about 50% of 

the total sale of the enzymes in the world (Souza et al., 2007). Digestive protease have 

been studied in several species of fish (De Vecchi and Coppes, 1996) and are the 

primary enzymes which have been isolated and characterized from various parts of 

tilapia digestive tract (Tengjaroenkul et al., 2000; Hinsui et al., 2006). Enzyme from 

tilapia viscera is however likely to contain more than one type of enzyme. Because of 
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tilapia is a herbivorous fish and its digestive system also displays greater activity of 

amylase than protease and a lesser lipase activity (Tengjaroenkul et al., 2000).  

Rice bran is a by-product of the rice milling process (the conversion of 

brown rice to white rice). Rice bran contains a non-significant amount of protein (12-

20%), with fairly high nutritional quality (Saunders, 1990). Rice bran protein is also 

very digestible (more than 90%) (Wang et al., 1999) and maybe hypoallergenic (Helm 

and Burks, 1996). Rice bran protein holds great promise as an alternative protein source 

such as a food ingredient (Yeom et al., 2010). Rice bran has been utilized to produce 

protein isolates and respective protein hydrolysates for potential application in various 

food products (Bandyopadhyay et al., 2008).  Rice bran protein hydrolysates have 

various pharmacological activities such as anti-diabetic effects (Boonloh et al., 2015) 

or antioxidant activity (Chanput et al., 2009; Daou and Zang, 2011). However, the large 

portions of rice bran protein cannot be solubilized by regular solvents such as salt, 

alcohol and acid due to extensive disulfide bonding and aggregation (Silpradit et al., 

2010). The most common method of isolating proteins from rice bran is alkali 

extraction. Though this treatment with high temperature and concentration of alkaline 

solution solubilizes most of the rice bran proteins, it also cause the occurrence of 

denaturation and hydrolysis of proteins, increased maillard reaction (which causes dark-

colored products) and increased extraction of non-protein components which co-

precipitate with protein and lower the isolate quality (Wang et al., 1999). Enzymatic 

method has been used to enhance solubilization of rice bran protein and achieve a wide 

range of protein hydrolysates (Silpradit et al., 2010). Therefore, the present study 

produced rice bran hydrolysate by using tilapia viscera enzyme extract and investigated 

it’s properties. 

  

 

  

http://en.wikipedia.org/wiki/Brown_rice
http://en.wikipedia.org/wiki/White_rice
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bandyopadhyay%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18075222
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1.2  Review of literature 

1.2.1  Nile Tilapia (Oreochromis niloticus) 

Nile tilapia is the ordinary name for nearly a hundred species of 

freshwater and some brackish water fishes. The fish labeling regulations designate that 

all species of the genera Oreochromis. It is also commercially known as Mango fish or 

Nilotica. Tilapias are very important in world fisheries, and are the second most 

important group of food fishes in the world (FAO, 2011). While capture production is 

relatively small, several species of tilapia are cultured commercially on a significant 

scale. The most important and abundant species (capture and aquaculture) is Nile tilapia 

(Oreochromis niloticus) which is cultivated in large scale production units and often 

insignificant volumes by small local producers (Nurit, 2012). Many species of tilapia 

have been cultured in developing countries, where animal protein is lacking such as 

Africa, China, Indonesia, Mexico, Honduras, Colombia and Brazil and account for 75% 

of worldwide production (Azevedo-Santos et al., 2011). Tilapia fish is nutritious and 

forms a healthy part of a balanced diet to human being that is high in protein as much 

of required protein as in meat (Foh et al., 2011). The tilapias are considered suitable for 

culture, because of their rapid growth and palatability, high tolerance to adverse 

environmental conditions, resistance to disease, excellent quality of its firmly texture 

flesh and finely appetizing fish to consumers (Jhingram, 1987; Mohamed et al., 2011).  

1.2.2  Fish Enzyme  

Fish processing generates large amount of waste. Fish processing waste, 

especially viscera, head, bones and frames, stick-water and effluent from processing 

account for more than 70% of the total weight of some aquatic animals. Fish viscera 

are non-edible parts and seem to be a rich source of digestive enzyme, especially 

proteases (KlomKlao et al., 2007) that are highly valued in a wide range of industrial 

applications and processes (Simpson et al., 1991).  
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1.2.2.1 Protease 

Proteases may be classified base on their similarities to well 

characterized proteases, as trypsin like, chymotrypsin-like, etc., their pH activity 

profiles as acid, neutral or alkaline proteases, substrate specificity and mechanism of 

catalysis (Haard and Simpson, 1994). Proteases are ubiquitous in occurrence, being 

found in all living organisms, and are essential for cell growth and differentiation. The 

extracellular proteases are commercial value and find multiple applications in various 

industrial sectors. 

Proteases are classified according to their source (animal, plant and 

microbial), their catalytic action (endopeptidase or exopeptidase) and the nature of the 

catalytic site. Endopeptidases cleave the polypeptide chain at particularly susceptible 

peptide bonds distributed along the chain, but exopeptidases hydrolyze one amino acid 

from N terminus (amino peptidase) or C terminus (carboxypeptidases). 

a. Endopeptidases 

Endopeptidases or endoproteinases are proteolytic peptidases that break 

peptide bonds of nonterminal amino acids (i.e. within the molecule). Endopeptidases 

cannot break down peptides into monomers. A particular case of endopeptidase is the 

oligopeptidase, whose substrates are oligopeptides instead of proteins. They are usually 

very specific for certain amino acids. Examples of endopeptidases include trypsin, 

chymotrypsin, elastase, thermolysin and pepsin.  

b. Exopeptidases 

Exopeptidases are proteolytic peptidases enzyme that catalyze the 

cleavage of the terminal (last) or next-to-last peptide bond from a polypeptide or 

protein, releasing a single amino acid or dipeptide. Examples of exopeptidases include 

carboxypeptidase, metallo carboxypeptidase and cysteine carboxypeptidase.  

The International Union of Applied Biochemists classified that proteases 

from fish and aquatic invertebrates may be classified into four major groups (Simpson, 

2000) include acid proteases, serine proteases, cysteine proteases and metalloproteases. 

http://en.wikipedia.org/wiki/Protease
http://en.wikipedia.org/wiki/Peptidase
http://en.wikipedia.org/wiki/Peptide_bonds
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Oligopeptidase
http://en.wikipedia.org/wiki/Trypsin
http://en.wikipedia.org/wiki/Chymotrypsin
http://en.wikipedia.org/wiki/Elastase
http://en.wikipedia.org/wiki/Thermolysin
http://en.wikipedia.org/wiki/Pepsin
http://en.wikipedia.org/wiki/Protease
http://en.wikipedia.org/wiki/Peptidase
http://www.medterms.com/script/main/art.asp?articlekey=7766
http://www.medterms.com/script/main/art.asp?articlekey=39554
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1.2.2.1.1 Acid proteases 

The acid or aspartyl protease have been described as a group of 

endopeptidase characterized by high activity and stability at acid pH. They are referred 

to as “aspartyl” proteinases (or carboxyl proteinases) because their catalytic sites are 

composed of the carboxyl group of two aspartic acid residues (Whitaker, 1994). Three 

common acid protease that have been isolated and characterized from the stomach of 

marine animals are pepsin, chymosin, and gastricsin (Simpson, 2000).  

Among these acid proteases, pepsin is the major enzyme for this group 

found in fish viscera. Pepsin is secreted as a zymogen (pepsinogen) activated by acid 

in stomach (Clarks et al., 1985). Pepsin prefers specifically the aromatic amino acids 

phenylalanine, tyrosine and tryptophan. Pepsin is composed of a single polypeptide 

chain of 321 amino acids and has a molecular weight of 35 kDa (Simpson, 2000). 

However, the pepsins from marine animals were reported to have molecular weights 

ranging from 27 to 42 kDa (Klomklao, 2008). Pepsin activity is very dependent on pH 

values, temperatures and type of substrate. Pepsin from polar cod stomach showed a 

maximal activity against hemoglobin at pH 2.0 and 37°C (Arunchalam and Haard, 

1985). Gildberg et al. (1990) reported that the optimal pH of Atlantic cod pepsin for 

hemoglobin hydrolysis was 3.0. Pepsin is quite stable from pH 2 to 6 but it rapidly loses 

activity at pH above 6 due to the denaturation (Simpson, 2000). Pepsin from sardine 

stomach was stable between pH 2 and 6 and showed harsh loss of activity at pH 7.0 

(Noda and Murakami, 1981). Castillo-Yanez et al. (2004) found that Monterey sardine 

acidic enzymes were stable at pH ranging from 3.0 to 6.0. 

1.2.2.1.2 Serine proteases 

The serine proteases have been explained as a group of endopeptidase 

with a serine residue together with the imidazole group and an aspartyl carboxyl group 

in their catalytic site (Simpson, 2000). Serine protease exhibits high activity under 

alkaline rather than neutral pH and sensitivity to serine protease inhibitors (Simpson, 

2000). The common serine proteases have been recovered from digestive glands of 

marine animals are trypsin (EC 3.4.21.4), chymotrypsin (EC 3.4.21.1) and elastase (EC 

3.4.21.11) (Klomklao, 2008).  
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Trypsin has a very narrow specificity for the peptide bonds on the 

carboxyl side of arginine and lysine, while chymotrypsin has a much broader specificity 

for amino acids with bulky side chains and nonpolar amino acid such as tyrosine, 

phenylalanine, tryptophan and leucine. Trypsins from marine animals tend to be more 

stable at alkaline pH, but are unstable at acidic pH. On the other hand, mammalian 

trypsins are most stable at acidic pH (Simpson, 2000; Klomklao et al., 2006). Trypsins 

from marine animals are similar to mammalian trypsins with respect to their molecular 

size (22-30 kDa), amino acid composition and sensitivity to inhibitors. Their pH optima 

for the hydrolysis of various substrates were from 7.5 to 10.0, while their temperature 

optima for hydrolysis of those substrates ranged from 35 to 65°C (De Vecchi and 

Coppes, 1996). Trypsin from tongol tuna spleen showed the high stability in the pH 

range of 6-11, but the inactivation was more pronounced at pH values below 6 

(Klomklao et al., 2006). The stability of trypsins at a particular pH might be related to 

the net charge of the enzyme at that pH (Castillo-Yanez et al., 2005). Trypsin might 

undergo the denaturation under acidic conditions, where the conformational change 

took place and enzyme could not bind to the substrate properly (Klomklao et al., 2006). 

Chymotrypsins have been isolated and characterized from marine 

species such as anchovy (Heu et al., 1995) and Monterey sardine (Castillo-Yanez et al., 

2006). In general, these enzymes are single-polypeptide molecules with molecular 

weights between 25 and 28 kDa. They are most active in the pH range of 7.5 to 8.5 and 

are most stable at pH 9.0 (Simpson, 2000). Chymotrypsin has a much broader 

specificity than trypsin. It cleaves peptide bonds involving amino acids with bulky side 

chains and nonpolar amino acids such as tyrosine, phenylalanine, tryptophan, and 

leucine (Simpson, 2000). 

1.2.2.1.3 Cysteine proteases 

Cysteine or thiol protease are a group of endopeptidase that have 

cysteine and histidine residues as the essential groups in their catalytic sites. The sample 

of cysteine protease from the digestive glands of marine animals is cathepsin B (EC 

3.4.22.1) (Simpson, 2000).  
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1.2.2.1.4 Metalloproteases 

The metalloproteases are hydrolytic enzymes whose activity rely on the 

presence of bound divalent cations. The metalloproteases have been studied from 

marine animals such as rockfish, carp, and squid mantle but have not been found in the 

digestive glands except in the muscle tissue (Simpson, 2000). 

1.2.2.2 Amylase 

Amylases are starch degrading enzymes that catalyzes starch into sugars. 

They are widely distributed in microbial, plant and animal kingdoms. They degrade 

starch and related polymers to yield products characteristic of individual amylolytic 

enzymes. Initially the term amylase was used originally to designate enzymes capable 

of hydrolyzing α-1,4-glucosidic bonds of amylose, amylopectin, glycogen and their 

degradation products (Aiyer, 2005). They act by hydrolyzing bonds between adjacent 

glucose units, yielding products characteristic of the particular enzyme involved. 

Amylases are divided into endo-amylase (α-amylase, EC 3.2.1.1) and 

exo-amylase (-amylase, EC 3.2.1.2 and -amylase, EC 3.2.1.3) and are widely 

distributed in animals, plants and microbes. They can hydrolyze starch on non-reducing 

ends into mono-, di-, tri- and oligo- dextroses, and are usually used to produce syrup, 

wine and fermented foods. 

1.2.3 Enzyme from fish viscera 

Recently, there has been increasing demand for proteolytic enzymes in 

the pharmaceutical and food biotechnology industries. Proteases are mainly derived 

from plants, animals, and microbial sources. However, their marine and aquatic 

counterparts have not been used extensively. One of the most important by-products in 

fishery processing is the viscera, and it has wide biotechnological potential as a source 

of digestive enzymes (Rawdkuen et al.,2012).  

Fish viscera are known to be a rich source of digestive enzymes. The 

recovery of proteolytic enzymes from fish viscera represents an interesting alternative 

when the aim is to minimize the economic losses and ecological hazards caused by this 

http://en.wikipedia.org/wiki/Catalysis
http://en.wikipedia.org/wiki/Starch
http://en.wikipedia.org/wiki/Sugar


8 

 

waste (Bougatef et al., 2007). Fish viscera were reported to be used as a source of 

enzymes particularly proteolytic digestive enzymes or serine protease (Heu et al., 

1995). Among industrial enzymes, proteases are most widely used and account for 60% 

of the industrial enzymes quantity (Haard, 1992). Commercial protease has been used 

in seafood processing plant for production of fish extract in Southern Thailand. 

Hidalgo et al. (1999) compared the activities of proteolytic and amylase 

enzyme in six species of fish with different nutritional habits: rainbow trout, gilthead 

seabream, European eel, common carp, goldfish and tench showed in Table 1. 

 Total proteolytic activity was obtained as the sum of those determined at pH 1.5, 3, 4, 7, 8.5, 9 and 10.    

 Amylase activity was determined at pH 7.5. Values are mean ± SEM of five observations. 

Source: Hidalgo et al. (1999) 

1.2.4  Isolation of enzyme 

1.2.4.1 Isolation of fish digestive protease 

Fish viscera or internal organs are a relatively large portion of the animal 

round weight; approximately 5% (Gildberg, 1992). Fish digestive organs are the 

important source of enzymes, especially proteases. Digestive proteases from marine 

animals are produced by digestive glands of marine animals. Digestive proteases from 

marine animals are hydrolytic in their action and catalyze the cleavage of peptide bonds 

with the participation of water molecule as reactants (Klomklao, 2008). Digestive 

proteases have been studied in several species of fishes. Proteases found in the viscera 

Table 1  Total proteolytic and amylase activities in liver and digestive tract of the  

   different species of fish, determined at 37°C. 
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of fish include trypsin, chymotrypsin, collagenase, elastase, carboxypeptidase and 

carboxyl esterase (Haard, 1994). Pepsin and trypsin are two main groups of protease 

found in fish viscera. Acidic proteases from fish stomachs display high activity between 

pH 2.0 and 4.0, while alkaline digestive proteases are most active between pH 8.0 and 

10.0 (Hayet et al., , 2011). There are summarized in Table 2. 

Beltagy et al. (2004) studied the extraction of acidic protease from the 

digestive tracts (viscera) of bolti fish (Tilapia nilotica) defatted with acetone. The 

acetone dried powder of viscera was extracted with distilled water (1:20, w/v) for 1 h 

and adjusted the supernatant to pH 2.5, precipitated from the resulting extract by 

ammonium sulfate followed by dialysis. The crude enzyme was purified using gel 

filtration; the enzyme showed the highest activity and purification-fold when 

precipitated at 40–60% ammonium sulfate and showed a molecular weight of 31.0 kDa. 

The optimal pH and temperature were 2.5 and 35°C. The enzyme showed pH stability 

between 2 and 6. It retained more than 50% of its activity after heating between 50 and 

60°C for 30 min, and 40.2 and 74.9% after heating between the same temperatures for 

120 min. While the extraction of alkaline protease was studied by Bezerra et al. (2005) 

from the intestine of Nile tilapia, Oreochromis niloticus. Forty mg of tissue/ml (w/v) in 

0.9% (w/v) NaCl was homogenized by using a tissue homogenizer. The resulting 

preparation was centrifuged at 10,000 xg for 10 min at 10°C to remove cell debris and 

nuclei. The supernatant (crude extract) presented a yield of 30% and showed a single 

band by SDS-PAGE (23.5 kDa). The optimum temperature was found at 50°C and it 

was stable for 30 min at 50°C. The optimum pH of 8.0 was noticeable.  
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Table 2  Thermal stability, pH stability and kinetic properties of digestive proteases  

   from fisha. 

Enzyme Identified 

species 

Optimum 

Temperature 

(๐C) 

Optimum 

pH 

km 

valueb 

(Mm) 

Arrhenius 

Activation 

Energy 

(kcal/mol) 

Reference 

Protease I 

Protease II 

Pepsin I 

Pepsin II 

 

Pepsinogen 

Pepsinogen A 

Pepsinogen B 

Protease I 

Protease II 

Pepsin  

Pepsin  

Pepsin  

Pepsin  

Pepsin I 

Pepsin IIa 

Sardine 

Sardine 

Arctic capelin 

Arctic capelin 

 

Rainbow trout 

Polar cod 

Polar cod 

Orange roughy 

Orange roughy 

Palometa 

Greenland cod 

Greenland cod 

Arctic cod 

Atlantic cod 

Atlantic cod 

55 

40 

38 

43 

 

37 

37 

37 

37 

37 

37 

30 

- 

32 

40 

40 

4.00 

2.00 

3.70 

2.50 

 

3.00 

3.75 

4.75 

2.50 

3.50 

3.50 

3.00-3.50 

3.50 

3.00-3.50 

3.50 

3.00 

- 

- 

- 

- 

 

- 

0.060 

1.330 

0.124 

0.517 

- 

1.140 

0.860 

0.400 

0.175 

0.033 

- 

- 

- 

- 

 

9.13 

3.20 

2.90 

- 

- 

- 

4.70 

- 

4.10 

- 

- 

Noda and Murakami (1981) 

Noda and Murakami (1981) 

Gildberg and Raa (1983) 

Gildberg and Raa (1983) 

 

Twining et al. (1983) 

Arunchalam and Haard (1985) 

Arunchalam and Haard (1985) 

Xu et al. (1996) 

Xu et al. (1996) 

Pavlisko et al. (1997) 

Haard et al. (1982) 

Squires et al. (1986) 

Haard et al. (1982) 

Gildberg et al. (1997) 

Martinez and Olsen (1989) 

a Experiment conditions of measurements used by different authors are not the same; therefore, attention 

should be made when making comparison. 
b Km = Michaelis constant. 

Source: Shahidi and Kamil (2001) 

Bougatef et al. (2007) isolated of trypsin from the viscera of Sardina 

pilchardus by homogenized with 500 ml of 10 mM Tris– HCl pH 8.0 and 10 mM CaCl2 

for 30 s, and centrifuged at 10,000 g for 15 min at 4°C. The supernatant was collected 

and purified by fractionation with ammonium sulphate, heat treatment and Sephadex 

G-100 gel filtration was estimated to be 25,000 Da on SDS–PAGE. This enzyme 

showed esterase specific activity on Na-benzoyl- L-arginine ethyl ester. The optimum 

pH and temperature for the enzyme activity were pH 8.0 and 60°C, respectively. And 

the enzyme showed pH stability between 6.0 and 9.0. And a novel aspartic protease was 

extracted from the defatted viscera of sardinelle (Sardinella aurita) with two volumes 

of cold acetone for 30 s in a tissue homogeniser (Hayet et al., 2011). The acetone dried 

powder was then suspended in 50 mM phosphate buffer, pH 7.0, at a ratio of 1:10 (w/v) 

and stirred continuously for 3 h at 4°C. The mixture was centrifuged at 13,000 g for 20 

min at 4°C to remove the tissue debris. The supernatant was adjusted to pH 3.0 by 

adding 0.1 M HCl. The acidified extract was incubated for 45 min at room temperature 

and then centrifuged at 13,000 g for 20 min to remove precipitated debris. The 
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supernatant obtained was referred to as crude acidic protease with 23.3% recovery had 

17 kDa of the molecular weight. The optimum pH and temperature for protease activity 

were around 3.0 and 40°C, respectively. The enzyme showed pH stability between 2.0 

and 5.0 and retained more than 50% of its activity after heating for 30 min at 50°C. 

Unajak et al. (2012) reported that trypsin from intestinal extracts of Nile tilapia 

(Oreochromis niloticus L.) with three-step purification by ammonium sulphate 

precipitation, Sephadex G-100, and Q Sepharose – was applied to isolate trypsin, and 

resulted in 3.77% recovery with a 5.34-fold increase in specific activity. Only one major 

trypsin isozyme was isolated with high purity appearing as a single band of 

approximately 22.39 kDa protein. The purified trypsin was stable, with activity over a 

wide pH range of 6.0–11.0 and an optimal temperature of approximately 55–60°C.  

1.2.4.2 Isolation of fish digestive amylase 

Herbivorous fishes often exhibit higher carbohydrase activities, 

apparently to digest the storage carbohydrates of macroalgae, which can contain up to 

50% carbohydrate, whereas carnivorous fishes frequently show higher proteolytic 

enzyme activities, to digest their high-protein animal diets (German et al. 1986). 

Tongsiri et al. (2010) studied the activity of amylase in stomach and intestine of the 

Mekong  giant  catfish (Pangasianodon  gigas), put in dry ice immediately and added 

into a centrifuge tube containing  phosphate buffer pH 7 for homogenization and 

centrifuged at 10,000 x g at 4ºC for 10 min and the supernatant was collected. The 

amylase enzyme from the stomach and intestine of the Mekong Giant Catfish were 

studied at pH 2-12 and at temperatures between 25-80ºC. Amylase activities of the 

stomach were alkaline amylase and the optimal temperatures to be 25 and 50ºC. 

Amylase activities of the intestine were neutral amylase as well as alkaline amylase and 

the optimal temperature range was at 25-30ºC. 

Nile tilapia, which were previously known to be able to be fed with a 

high carbohydrate content diet, are certainly able to digest dietary starch by their own. 

Only three tissues liver, mesenteric tissue and intestine were found to contain any 

significant amount of amylase. No activity was recovered from the stomach (Moreau et 

al., 2001). α-Amylases from the intestinal cavity of two tilapia species, Oreochromis 

niloticus and Sarotherodon melanotheron, are active similar to those of human and 
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porcine pancreatic α-amylase (Al Kazaz et al., 1996). Moreau et al. (2001) extracted α-

amylases from the intestinal cavity of these two tilapia species and purified using 

ammonium sulfate precipitation. The purification was approximately 100-fold. The 

molecular mass of the enzyme differs slightly, 56.6 and 55.5 kDa of O. niloticus and S. 

melanotheron, respectively. Only three tissues (liver, mesenteric tissue and intestine) 

were found to contain any significant amount of amylase. No activity was recovered 

from the stomach. Although large inter-individual differences in the total activity (15-

48 mol min-1 g-1) were observed, the activity was found to be distributed in roughly 

equal amounts among all the tissues from the eight fishes (S. melanotheron) studied 

(Figure 1). 

 

Figure 1  Distribution histogram of amylase activity between liver, intestine and  

 mesenteric tissue from 8 tilapias (Sarotherodon melanotheron). (▪) Liver,  

 (▫) intestine, (grey box) mesenteric tissue. The solid line indicates the total  

 activity in each fish. Activities are given per gram of fresh tissue 

Source:   Moreau et al. (2001) 

 

1.2.5 Stability of enzyme 

1.2.5.1 Effect of pH  

Enzymes are affected by changes in pH. The most favorable pH value - 

the point where the enzyme is most active is known as the optimum pH. This is 

graphically illustrated in Figure 2. Extremely high or low pH values generally result in 

complete loss of activity for most enzymes. pH is also a factor in the stability of  
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enzymes. As with activity, for each enzyme there is also a region of pH optimal 

stability. 

 

         Source:  Martinek (1969) 

 

1.2.5.2 Effect of temperature 

Like most chemical reactions, the rate of an enzyme-catalyzed reaction 

increases as the temperature is raised. A ten degree Centigrade rise in temperature will 

increase the activity of most enzymes by 50 to 100%. Variations in reaction temperature 

as small as 1 or 2 degrees may introduce changes of 10 to 20% in the results. In the case 

of enzymatic reactions, this is complicated by the fact that many enzymes are adversely 

affected by high temperatures. As shown in Figure 3, the reaction rate increases with 

temperature to a maximum level, then abruptly declines with further increase of 

temperature. Because most animal enzymes rapidly become denatured at temperatures 

above 40°C, most enzyme determinations are carried out somewhat below that 

temperature. Bezerra et al.,(2005) studied thermal stability of Nile tilapia (Oreochromis 

niloticus) intestine trypsin by assaying its activity after pre-incubation for 30 min at the 

indicated temperatures. The values (mean S.D.) were expressed as percentage of the 

highest one (Figure 4). 

 

 Figure 2  Effect of pH on reaction rate. 
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 Figure 3   Effect of temperature on reaction rate. 

Source:     Martinek (1969) 

 

                 

Figure 4 Thermal stability of O. niloticus intestine trypsin. 

Source:    Bezerra et al. (2005) 
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1.2.6 Enzyme Purification  

There have been many reports about the purification of proteolytic 

enzymes from fish viscera by various separation techniques. Typically, reports of 

extraction and purification of proteases describe salt and organic precipitation, 

chromatography, or phase separation by an aqueous two-phase system. Most of these 

operations are time consuming, difficult to scale up, involve expensive reagents, and 

require technical skill. 

Enzymes, groups of proteins, are commonly isolated from tissue samples 

and purified for experimental use. The experimental methods can enable the 

understanding of cell function and metabolic pathways. Chromatography and other 

methods along with adjusted conditions of pH, salt concentration, etc., are chosen based 

on the types of enzymes being purified. The first method of purification is using the 

precipitation technique based on salt concentration. Ammonium sulfate is a common 

solution used in this method. Usually the protein or enzyme solution is brought to a 50 

percent saturation with a saturated ammonium sulfate solution. Due to the salt balance, 

the proteins will coagulate and precipitate to the bottom when centrifuged at a high 

speed for approximately 15 minutes. 

Chromatography methods include ion exchange, bio-affinity and 

hydrophobicity. Ion exchange uses molecular charge, and bio-affinity uses 

biomolecular interaction. Initial preparation for such methods includes the lysing of 

cells and centrifugation for a pure supernatant. Supernatants contain the appropriate 

isolated enzymes and can be further purified by one of the above chromatography 

methods. Gel filtration is also a method of chromatography based on the molecular 

weight of the desired enzyme sample. The method uses beads that come in various pore 

sizes. The pores of these beads hold the appropriate proteins that are intended to be 

filtered. Once all of a sample is run through, the beads are extracted for the purified 

enzymes. 
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1.2.6.1 Ammonium sulphate precipitation of protein 

The most common type of precipitation for proteins is salt induced 

precipitation. Different types of salts such as ammonium sulphate and sodium sulphate 

are widely used to precipitate out proteins. Ammonium sulphate is the most widely used 

salt for the precipitation of proteins as it is highly soluble, inexpensive, available in 

highest purity level, does not change the protein solution to extreme pH and in most of 

case it does not denature proteins. Ammonium sulphate can be used for precipitation of 

total proteins at ~90% saturation or for differential precipitation level of proteins using 

different saturation of salts. Up to 20% saturation, ammonium sulphate precipitate 

particulate materials, and preaggregated and very high molecular weight proteins and 

at 90% saturation it precipitates almost all proteins (Asenjo, 1990). 

Proteins have polar amino acids such as glycine, serine etc. Usually in 

native proteins hydrophilic amino acids are on the surface of proteins whereas 

hydrophobic amino acids are buried. Attractive interactions between the nearby 

oppositely charged groups are ion pairs or salt bridges.  Analysis has revealed that in 

folded proteins, 4 attractive ion pairs and 1 repulsive ion pair are present per100 amino 

acids. Water as powerful solvent, interacts with these surface amino acids and keep 

them in solution (Janson and Lars, 1989). Protein solubility depends on several factors. 

It is observed that at low concentration of the salt, solubility of the proteins usually 

increases slightly. This is termed “Salting in”. But at high concentrations of salt, the 

solubility of the proteins drops sharply. This is termed “Salting out” and the proteins 

precipitate out. During ammonium sulphate precipitation the salt has to be added in 

small amount under constant stirring to avoid accumulation of high concentration of 

salts.  When large amount of salt is added to an aqueous solution of proteins the salt 

requires more amount of water for its dissolution. This leads to competition for water 

molecule on the proteins. Completely ionized salts have more affinity for water 

molecules then protein hence addition of salts takes up water molecule from the protein. 

Therefore the ionic interactions between water molecules and protein are reduced and 

as result hydrophobic interactions dominate. The hydrophobic amino acid patches 

present in all the proteins attract each other and forms aggregates. These aggregates are 

nothing but the proteins in the form of precipitates (Asenjo, 1990; Janson and Lars, 

http://www.rpi.edu/dept/chem-eng/Biotech-Environ/PRECIP/precpsalt.html
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1989). In salt precipitation, the anions appear to be more significant. Temperature, pH 

and the most important the protein concentration affect ammonium sulphate 

precipitation of proteins to large extent. Higher ammonium sulphate is required for 

precipitating highly soluble proteins (Janson and Lars, 1989). 

There have been reported about the purification of fish viscera enzyme 

by many researcher. The crude acidic protease from viscera of Sardine was purified by 

0–80% saturation of ammonium sulphate precipitation and dialysed for 24 h at 4°C. 

The precipitate was then successively subjected to Sephadex G-100 gel filtration, 

Mono-S cation-exchange chromatography, ultrafiltration and Sephadex G-75 gel 

filtration. After the final purification step, the aspartic protease was purified 9.47-fold, 

with a recovery of 23.3% and a specific activity of 28.41 U/mg, using haemoglobin as 

a substrate (Table 3) (Hayet et al., 2011).  

 Table 3  Summary of the purification of the acidic protease from S. aurita viscera. 

Purification 

steps 

Total activity 

(U) 

Total protein 

(mg) 

Specific 

activity 

(U/mg) 

Recovery (%) Purificati

on fold 

Crude extract 

Acidification 

(NH4)2SO4 

(0-8%) 

Sephadex G-100 

Mono-S 

     Sepharose 

Ultrafiltration 

Sephadex G-75 

214 

200 

 

162 

117 

80 

 

64 

50 

70 

55 

 

34 

14 

5 

 

3 

1.76 

3 

3.63 

 

4.76 

8.35 

16 

 

21.33 

28.41 

100 

93.45 

 

75.7 

54.6 

37.38 

 

29.9 

23.3 

1 

1.21 

 

1.58 

2.78 

5.33 

 

7.11 

9.47 

All operations were carried out at 4°C. Protease activity was assayed at pH 3.0 and 40°C for 15 min using 

haemoglobin as a substrate. 

Source: Hayet et al. (2011) 

1.2.6.2 Diafiltration 

In order to obtain a product with the desirable purity, a specialized 

operation involving membrane filtration, called diafiltration has been applied. 

Diafiltration is term used reflecting tangential flow filtration (TFF) method of 

“washing” or removing permeable molecule (impurities, salts, solvents, small proteins, 

etc) from a solution in an accelerated method when compared to dialysis tubing (Beaton 

and Klinkowski, 1983). In diafiltration the feed volume is kept constant by adding fresh 
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solvent (such as water or buffer). Feed is diluted with added solvent to reduce the 

concentration of permeable components and to remove them by passing this through a 

membrane. Therefore, the purity of the retained components should be further increased 

(Li et al., 2009). The process of diafiltration generally includes three steps. These are a 

pre-concentration step, a diafiltration step and a post-concentration step. The selection 

of an appropriate membrane, the membrane pores must be large enough to allow the 

permeable species to pass through (when fractionating) and small enough to retain the 

larger species. A large variety of membranes are available in the ultrafiltration and 

microfiltration range for this purpose (Beaton and Klinkowski, 1983). Li et al. (2009) 

collected and used as feed for ultrafiltration, a polysulphone hollow fiber membrane 

with a molecular weight cutoff of 30 kDa, a fiber diameter of 1 mm, a flow length of 

30 cm and an effective area of 0.01 m2, TMP of 1.6 bar, at ambient temperature (27°C) 

for pretreated tuna spleen extract in purification of protease. 

1.2.7 Rice bran 

Rice bran is the hard outer part of the grain that consists of aleurone, a 

form of protein found in the protein granules of maturing seeds, as well as pericarp, the 

outer and edible layer of the rice kernel (Figure 5). Apart from these two, it also contains 

germs and endosperm of the rice kernel. Rice bran is obtained as a by-product during 

the rice milling process and the outer layers are removed at the time of whitening or 

polishing (the conversion of brown rice to white rice) of the husked rice.  

 

Figure 5  Rice seed composition. 

http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.fitnessvsweightloss.com/is-rice-bran-oil-healthy/&ei=TolIVb6NFpKouwTLhIGoDg&psig=AFQjCNGt_RMyiMjGoTK0cB3cPuSRBQ9D3g&ust=1430903487637315
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However, since rice bran oil was promoted for its health benefits 

(Seetharamaiah and Chandrasekhara, 1989; Ausman et al., 2005; Zigoneanu et al., 

2008), the demand for milled rice bran is increasing in the worldwide market and the 

latent demand estimated in the US in 2011 is 99.18 million dollars (Parker, 2005). 

Defatted rice bran is a by-product of rice bran oil extraction from whole rice bran. As a 

by-product, defatted rice bran is actually an excellent source of protein, minerals, 

dietary fiber and other components (Abdul-Hamid and Luan, 2000). 

Rice bran composes of many nutritious substances like protein, fat, fiber, 

various antioxidants, etc. that have a beneficial effect on human health. Because of its 

multi-nutritional properties, rice bran is being consumed by humans for thousands of 

year. A major rice bran fraction contains 12%-13% oil and highly unsaponifiable 

components (44.3%). This fraction also contains tocotrienols (a form of vitamin E), 

gamma-oryzanol, and beta-sitosterol; all these constituents may contribute to the 

lowering of the plasma levels contained in the lipid profile. Rice bran also contains a 

high level of dietary fibers like beta-glucan, pectin, and gum. The oil present in the rice 

bran is a rich source of vitamin E, vitamin B, minerals and other essential acids. The 

composition of rice bran is showed in Table 4. 

Table 4 Percent composition of whole barley, -glucan-enriched barley fraction  

 (GEB), rice bran, and oat bran. 

Cereal  Total 

dietary 

fiber 

Soluble 

dietary 

fiber 

β-glucan Fat  Nitrogen  Dry 

matter 

Dehulled whole    

     Barley 

GEB 

Rice bran 

Oat bran 

17.2 

 

43.8 

22.9 

18.6 

6.0 

 

19.8 

1.4 

8.0 

5.7 

 

18.9 

1.8 

8.3 

3.1 

 

3.7 

20.6 

7.7 

2.2 

 

2.1 

2.4 

3.6 

91 

 

90.2 

92.2 

89.7 

 Source : Kahlon et al. (1993) 

 

Rice bran contains many important nutrients that are essential for the body. The 

various health benefits associated with the use of rice bran are 
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 It helps in reducing the level of cholesterol, thereby reducing the risks 

of heart attacks in human beings (Othman et al., 2011). 

 The presence of dietary fibers and whole grains helps in preventing the 

occurrence of Type II diabetes (Liu, 2003). 

 Rice bran also helps in reducing high blood pressure as well as 

intestinal cancer (Most et al., 2005). 

1.2.8 Beta glucan 

Beta-glucan (β-Glucan) is a polysaccharides that contain only glucose as 

structural components, and is linked with β-glycosidic bonds (Mason, 2001). β-glucans 

are a diverse group of molecules that can vary with respect to molecular mass, 

solubility, viscosity, and three-dimensional configuration. They occur most commonly 

as cellulose in plants, the bran of cereal grains, the cell wall of baker's yeast, certain 

fungi, mushrooms and bacteria. Some forms of β-glucan are useful in human nutrition 

as texturing agents and as soluble fiber supplements, but can be problematic in the 

process of brewing. For decades scientists have known β-glucan as a food constituent, 

and they knew it was abundant in the foods. It is extremely difficult to extract and 

purify. However, oat bran contains about 7% β-glucan, and is inexpensive, but only 

good as a food.  

1.2.8.1 Structure of β-glucan 

β-glucan have 2 forms structure that are (1→3),(1→4)-β-D-glucan and 

(1→3),(1→6)-β-D-glucan. The name of (1→3),(1→4)-β-D-glucan is mixed-linkage, 

belongs to a family of polymers which are heterogeneous with respect to the molecular 

size and fine structure, varying with tissue, stage of maturity and source (Bacic et al., 

1988). Mixed-linkage β -glucans are exclusively found in cereal grains (Ford and 

Percival, 1965). On 21 January 1997, the U. S. federal authority Food and Drug 

Administration (FDA) published health claim on food-product packages stating that “A 

diet high in soluble fibre from whole oats and low in saturated fat and cholesterol may 

reduce the risk of heart disease” (FDA, 1996; FDA, 1997). The beneficial effect of oat 

products is primary attributed to the soluble dietary fibre compound that is mixed-

linkage β -glucans (FDA, 1997).  

http://en.wikipedia.org/wiki/Glucans
http://en.wikipedia.org/wiki/Polysaccharide
http://en.wikipedia.org/wiki/Glucose
http://en.wikipedia.org/wiki/Glycosidic_bonds
http://en.wikipedia.org/wiki/Cellulose
http://en.wikipedia.org/wiki/Bran
http://en.wikipedia.org/wiki/Cereal_grain
http://en.wikipedia.org/wiki/Baker%27s_yeast
http://en.wikipedia.org/wiki/Fungus
http://en.wikipedia.org/wiki/Mushroom
http://en.wikipedia.org/wiki/Human_nutrition
http://en.wikipedia.org/wiki/Soluble_fiber
http://en.wikipedia.org/wiki/Brewing
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Mixed-linkage β -glucans is a linear molecule of partially water-soluble 

polysaccharide consisting of glucose linked composed of (1→4) linked glucopyranosyl 

(Glcp) residues (approx. 70%) substituted at position 3 or 4 and (1→3)-linked Glcp 

residues (approx. 30%) substituted at position 4 (Aspinall, 1984) (Figure 6).  

 

 

Figure 6 Mixed-linkage β –glucans structure. 

Source:   Roubroeks et al. (2001). 

 

1.2.8.2 Health effect of β –glucans 

Mixed-linkage β-glucan is known to reduce blood cholesterol levels. The 

Food and Drug Administration of the USA has accepted a health claim in which it is 

stated that a daily intake of 3 g of soluble oat β-glucan can lower the risk of coronary 

heart disease (FDA, 1997). Oats also reduce the glucose and insuline responses 

(Johansson, 2006). Ripsin et al. (1992) showed in a meta-analysis that oat products in 

a diet cause a modest reduction in blood cholesterol level. They concluded that a daily 

intake of 3 g of oat soluble fiber was needed to reduce cholesterol 0.13-0.16 mmol/l. 

Kalra and Jood (2000) showed that barley β-glucan lowered the levels of total 

cholesterol, LDL-cholesterol and triglycerides in rats. Cereal β-glucan showed positive 

physiological effects on the cardiovascular system but also their antibacterial, 

antitumoral, immunomodulant, and radioprotective properties are mentioned 

(Havrlentová et al., 2011).  
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1.2.9 Hydrolysate 

Protein hydrolysate was obtained by breakdown peptide bond of proteins 

into peptide fragments with different sizes and free amino acids. It can be achieved by 

acid, alkaline or enzyme. Acid and alkaline processes can transform L amino acids to 

D amino acids and it can generate toxic substance include lysinoalanine (Clement, 

2000). Enzymatic hydrolysis is performed under a mild condition, pH 6-8 and 

temperature 40-60°C, that more gently than acids and do not require high temperature 

and usually target specific peptide bonds (Taherzadeh and Karimi, 2007). There are 

several advantages and disadvantages of acid and enzymatic hydrolysis, which are lists 

in Table 5. Using of enzymes is a better control of the hydrolysis process and results in 

high functionality products, good organoleptic properties and excellent nutritional 

value. The material that results from a proteolytic digestion is a mixture of amino acids 

and polypeptides of varying lengths 

 

Table 5  Comparison between acid and enzymatic hydrolyses. 

Comparing variable Acid hydrolysis Enzymatic hydrolysis 

Mild hydrolysis condition No Yes 

High yield of hydrolysis No Yes 

Product inhibition during 

hydrolysis 

No Yes 

Formation of inhibitory by-

products 

Yes No 

Low cost of catalyst Yes No 

Short time of hydrolysis Yes No 

Source: Taherzadeh and Karimi (2007) 

 

1.2.10 Antioxidant 

Antioxidant is defined as any substance which is capable of delaying, 

retarding or preventing the development of rancidity or other flavor deterioration due 
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to oxidation (Gordon, 2001). In general, antioxidants act by reducing the rate of 

initiation reaction in the free radical chain reactions (Schafer et al., 2002). 

1.2.10.1 Classification of antioxidant 

1.2.10.1.1 Primary antioxidant 

Primary antioxidant terminate the free radical chain reaction by donating 

hydrogen or electron to free radicals and converting them to more stable products. They 

may also interact with the lipid radicals, forming lipid antioxidant complexes (Gordon, 

2001).  

1.2.10.1.2 Secondary antioxidant 

Secondary or preventing antioxidant function by decomposing the lipid 

peroxides into stable end product (Rajalakshmi and Narasimhan, 1996). Synergistic 

antioxidant can be broadly classified as oxygen scavengers and chelators. Transition 

metals, such as iron, copper, cobalt etc in foods affect both the rate of autoxidation and 

the breakdown of hydroperoxide to volatile compounds. Transition metal ions react 

very quickly with peroxides by acting as one electron donors to form alkoxyl radical 

(Godon, 2001). Peptides in hydrolysate could chelate the pro-oxidant, leading to 

decreased lipid oxidation. So, chelation of transition metal ions by antioxidant or 

antioxidative peptides retarded the oxidationreaction (Sherwin, 1990). 

1.2.10.2 Oxidation in biological system 

An oxidation-reduction (redox) reaction is a type of chemical reaction 

that involves a transfer of electrons from an electron donor (reducing agent) to an 

electron acceptor (oxidizing agent). The cellular redox environment is influenced by 

the production and removal of reactive oxygen species (ROS) (Sarsour et al., 2009). 

ROS are chemically reactive molecules containing oxygen that are highly reactive in 

redox reaction such as oxygen ions and peroxides. This is a collective term and includes 

oxygen free radicals and several non-radical agent (Table 6).  
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  Table 6  Reactive oxygen species. 

Name  Symbol 

 

Oxygen (bi-radical) 

Superoxide ion 

Hydroxyl 

Peroxyl 

Alkoxyl 

Nitric oxide 

 

Hydrogen peroxide 

(Organic peroxide) 

Hypochlorous acid 

Ozone 

Aldehydes 

Singlet oxygen 

peroxynitrite 

Oxygen radicals 

 

 

 

 

 

 

Nonradical oxygen derivatives 

 

 

O2
.. 

O2
-. 

OH. 

ROO. 

RO. 

NO. 

 

H2O2 

ROOH 

HOCL 

O3 

HCOR 

1O2 

ONOOH 

  Source: Kohen and Nyska (2002) 

1.2.11 Inflammation 

1.2.11.1 Inflammation 

Inflammation is the body's attempt at self-protection; the aim being to 

remove harmful stimuli, including damaged cells, irritants, or pathogens and begin the 

healing process. When something harmful or irritating affects a part of our body, there 

is a biological response to try to remove it, the signs and symptoms of inflammation, 

specifically acute inflammation, show that the body is trying to heal itself. 

Inflammation does not mean infection, even when an infection causes inflammation. 

Infection is caused by a bacterium, virus or fungus, while inflammation is the body's 

response to it (Gould, 2002; Gupta et al., 2003). Inflammation is characterized by 

several familiar signs, redness, swelling, heat, fever, pain and loss of function. 



25 

 

Therefore, the main purpose of inflammation is to identify and eliminate injurious 

agents and to repair the surrounding tissue. The inflammation response involves several 

stages include dilation of capillaries to increased blood flow, microvascular structural 

change and escape of plasma proteins from the blood stream, leukocyte-adhesion 

cascade, elimination of possible pathogens and resolution of inflammation.  

Common acknowledge, inflammation plays important roles in the 

initiation and progress of many diseases including cancer in multiple organ sites 

(Schetter et al., 2010). Inflammation, classified either acute or chronic, has been 

described as a basis of many human. Acute inflammation occurs from minutes to hours 

and days following tissue damage caused by physical force or an immune response. 

Chronic inflammation occurs over a longer period of time and is cause by pro-

inflammation mediators. Chronic inflammation in linked to rheumatoid arthritis, 

diabetes, atherosclerosis, and cancer (Guo et al., 2008). Therefore, inhibition of the 

production of pro-inflammatory mediators is an important point in the treatment of 

various inflammatory diseases. 

1.2.11.2 Nitric oxide (NO) and nitric oxide synthase (NOS) 

Nitric oxide (NO), a colorless gas, has been considered as an important 

biological regulator which is a fundamental component in the fields of neuroscience, 

physiology and immunology (Derosa et al., 2008; Jiang et al., 2012). Nitric oxide (NO) 

or nitrogen oxide also known as nitrogen monoxide, is a free radical and is a member 

of the labile radical entities knows as reactive oxygen species (ROS). It is a gaseous 

signaling molecule that regulates various physiological and pathophysiological 

response in the human body (Alderton et al., 2001). These include circulation and blood 

pressure, platelet function, host defense and neurotransmission in central nervous 

system and in peripheral nerves (Korhonen and Pihlanto, 2006). However, NO can act 

as a cytotoxic reagent in pathological processes, particularly in inflammatory disorder 

(Alderton et al., 2001). 

NO is produced by various group of enzyme termed as nitric oxide 

syntheses (NOS) which are present in body (Brero et al., 2010). The synthesis of NO 

takes place by the conversion of L-arginine to L-citrulline, the reaction being catalyzed 
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by nitric oxide synthases (NOS) (Boucher et al., 1999) (Figure 7). The two cofactors 

have been found to be involved in this process which includes oxygen and NADPH. 

Moreover, three isoforms of NOS are present whose names are termed on the basis of 

their activities, which include following neuronal NOS (nNOS), inducible NOS (iNOS) 

and endothelial NOS (eNOS) (Bath et al., 2000).  

Furthermore, scientists have represented their names by numbers like 

NOS 1 for nNOS, NOS 2 for iNOS and NOS 3 for eNOS. The isoforms of NOS can be 

broadly categorized as constitutive (cNOS) and inducible NOS. the cNOS is calcium-

dependent and continuously present whereas iNOS is Ca2+ independent and has been 

found to be expressed only after cytokine exposure (Bath et al., 2002). Based on this 

category nNOS and eNOS are constitutively expressed and require elevated levels of 

Ca2+ along with activation of calmodulin in order to produce NO for short period of 

time. In addition, it has been shown that nNOS and eNOS synthesize NO in response 

to intracellular Ca2+ levels, whereas the reactivity of NOS isoform depend upon their 

binding with calmodulin (Bath et al., 2002). When intracellular Ca2+level is leads to 

increased production of calmodulin ultimetly leading to augmented binding of 

calmodulin to eNOS and nNOS which further leads to enhanced production of NO by 

their enzymes (Sánchez et al., 2012). 

 

Figure7  Synthesis of nitric oxide by NOS.  

Source:   Karpuzoglu and Ahmed (2006) 

 

The endothelial nitric oxide synthase (eNOS) is present in endothelium, 

which is known to play an important role in the dynamic control of vascular tone. The 
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neural nitric oxide synthase (nNOS) is mainly present in neural tissue and serves as a 

neurotransmitter. eNOS and nNOS are constitutive isoforms of NOS and are also 

known as cNOS. iNOS-derived nitric oxide is principally generated from cells of the 

macrophage–monocyte lineage such as monocytes, macrophages (Assreuy et al., 1994), 

peritoneal macrophages (Matsuura et al., 2003), microglia, and Kupffer cells 

(Karpuzoglu and Ahmed, 2006). iNOS derived nitric oxide has also been reported in 

certain T (Taylor-Robinson, 1997) and B cell lines (Koide et al., 2003), optic nerve 

astrocytes (Neufeld and Liu, 2003), hepatocytes, neutrophils, vascular smooth muscle 

cells, and endothelial cells (Bogdan, 2000).  

Infected or activated macrophages by such as bacterial lipopolysaccharide 

(LPS) produce high levels of iNOS-derived nitric oxide. iNOS is induced upon 

activation (of mostly macrophages or monocytes) in response to inflammatory 

cytokines such as IFN-γ, IL-1β, and TNF-α (Bogdan, 2001).  

1.2.12 Cytokine 

Cytokines are small secreted proteins released by cells have a specific 

effect on the interactions and communications between cells. Cytokine is a general 

name, other names include lymphokine (cytokines made by lymphocytes), monokine 

(cytokines made by monocytes), chemokine (cytokines with chemotactic activities), 

and interleukin (cytokines made by one leukocyte and acting on other leukocytes). 

Cytokines may act on the cells that secrete them (autocrine action), on nearby cells 

(paracrine action), or in some instances on distant cells (endocrine action) (Zang et al., 

2007). 

Cytokines are made by many cell populations, but the predominant 

producers are helper T cells (Th) and macrophages. Cytokines may be produced in and 

by peripheral nerve tissue during physiological and pathological processes by resident 

and recruited macrophages, mast cells, endothelial cells, and Schwann cells. Following 

a peripheral nerve injury, macrophages and Schwann cells that gather around the 

injured site of the nerve secrete cytokines and specific growth factors required for nerve 

regeneration. Localized inflammatory irritation of the dorsal root ganglion (DRG) not 

only increases pro-inflammatory cytokines but also decreases anti-inflammatory 

cytokines (Xie et al., 2006). Cytokines can also be synthesized and released from the 
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herniated nucleus pulposus, synthesized inside the spinal cord (DeLeo et al., 1996) the 

DRG soma (Schafers et al., 2003) or the inflamed skin (Heijmans et al., 2006). 

Furthermore, cytokines may be transported in a retrograde fashion from the periphery, 

via axonal or non-axonal mechanisms, to the DRG and dorsal horn, where they can 

have profound effects on neuronal activity (Ozaktay et al., 2006) and therefore 

contribute to the etiology of various pathological pain states.  

 

1.2.12.1 Pro-inflammatory cytokines 

Pro-inflammatory cytokines are produced predominantly by activated 

macrophages and are involved in the up-regulation of inflammatory reactions. There is 

abundant evidence that certain pro-inflammatory cytokines such as IL-1β, IL-6, and 

TNF-α are involved in the process of pathological pain (Zang et al., 2007). 

a. TNF-α 

Tumor necrosis factor alpha (TNF-α) also known as cachectin is a 

multifunctional cytokine that can regulate many cellular and biological processes for 

instance immune function, inflammation, cell differentiation, proliferation, apoptosis 

and energy metabolism (Bazzoni and Beutler, 1996; Cawthorn and Sethi, 2008). TNF-

α is a potent pro-inflammatory cytokine released primarily from stimulated 

macrophages. TNF-α was originally identified and isolated for two known 

characteristic activities, the ability to induce hemorrhagic necrosis of certain tumors 

and the ability to induce cachexia during states of chronic infection (Crisafulli et al., 

2009). TNF-α now represents a key mediator of inflammatory responses. Many aspects 

of tissue damage following acute or chronic inflammatory reactions can be directly 

attributed to the concomitant induction of TNF biosynthesis and release, and provide 

the therapeutic rationale for developing TNF antagonists (Crisafulli et al., 2009).  

b. IL-1β 

Interleukin-1 beta (IL-1β) also known as catabolin, is a member of the 

interleukin 1 family of cytokines. This cytokine is produced by activated macrophages 

as a proprotein, which is proteolytically processed to its active form by caspase 1 

(CASP1/ICE). This cytokine is an important mediator of the inflammatory response, 

and is involved in a variety of cellular activities, including cell proliferation, 

http://en.wikipedia.org/wiki/Interleukin_1_family
http://en.wikipedia.org/wiki/Cytokine
http://en.wikipedia.org/wiki/Caspase_1
http://en.wikipedia.org/wiki/Inflammatory_response
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differentiation, and apoptosis. The induction of cyclooxygenase-2 (PTGS2/COX2) by 

this cytokine in the central nervous system (CNS) is found to contribute to 

inflammatory pain hypersensitivity. This gene and eight other interleukin 1 family 

genes form a cytokine gene cluster on chromosome 2 (Dinarello, 1994).  

IL-1β has been described in endothelial cells (Warner et al., 1987) and 

in keratinocytes (Nylander and Egelrud, 1997). Low-dose administration of this 

cytokine induces local inflammatory responses followed by activation of protective 

immunity, whereas high-dose administration causes broad inflammation accompanied 

by tissue damage and tumor invasiveness (Apte and Voronov, 2002) 

c. IL-6 

Interleukin-6 (IL-6) is a multifunctional cytokine that plays key roles not 

only in the immune system but also in a variety of biological processes. IL-6 acts as 

both a pro-inflammatory cytokine and an anti-inflammatory myokine (Akira et al., 

1990). IL-6 is a primary regulator of both acute and chronic inflammations. It has a dual 

effect; at some levels it acts as a defense mechanism but in chronic inflammation it is 

rather pro-inflammatory (Gabay, 2006).  

IL-6 is secreted by T cells and macrophages to stimulate immune 

response, e.g. during infection and after trauma, especially burns or other tissue damage 

leading to inflammation. IL-6 also plays a role in fighting infection, as IL-6 has been 

shown in mice to be required for resistance against bacterium Streptococcus 

pneumoniae (Van der Poll et al., 1997). IL-6 is a pro-inflammatory cytokine that signals 

via binding to a soluble or membrane bound receptor, while nitric oxide (NO), an 

oxidative stress molecule, diffuses through the cell membrane without a receptor. Both 

mediators signal through different mechanisms, yet they are dependent on nuclear 

factor kappa B (NFĸB) (Maalouf et al., 2010).  

IL-6 is an important mediator of fever and of the acute phase response. 

It is capable of crossing the blood-brain barrier (Banks et al., 1994) and initiating 

synthesis of PGE2 in the hypothalamus, thereby changing the body's temperature set 

point. In muscle and fatty tissue, IL-6 stimulates energy mobilization that leads to 

increased body temperature. IL-6 can be secreted by macrophages in response to 

http://en.wikipedia.org/wiki/Apoptosis
http://en.wikipedia.org/wiki/PTGS2
http://en.wikipedia.org/wiki/Central_nervous_system
http://en.wikipedia.org/wiki/Pain
http://en.wikipedia.org/wiki/Chromosome_2
http://en.wikipedia.org/wiki/Cytokine
http://en.wikipedia.org/wiki/Myokine
http://en.wikipedia.org/wiki/T_cell
http://en.wikipedia.org/wiki/Macrophage
http://en.wikipedia.org/wiki/Streptococcus_pneumoniae
http://en.wikipedia.org/wiki/Streptococcus_pneumoniae
http://en.wikipedia.org/wiki/Fever
http://en.wikipedia.org/wiki/Acute_phase_response
http://en.wikipedia.org/wiki/Blood-brain_barrier
http://en.wikipedia.org/wiki/Prostaglandin_E2
http://en.wikipedia.org/wiki/Hypothalamus
http://en.wikipedia.org/wiki/Macrophages
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specific microbial molecules, referred to as pathogen-associated molecular patterns 

(PAMPs). 

1.3 Objective  

1. To optimize the extraction of crude enzyme from Nile tilapia viscera. 

2. To prepare the enzyme extract from tilapia viscera with active protease and 

amylase activities. 

3. To elucidate the characteristic and property of crude enzyme extract from tilapia 

viscera 

4. To prepare rice bran hydrolysate from defatted rice bran by using crude tilapia 

enzyme extract.  

5. To investigate anti-inflammatory activity of rice bran hydrolysate in RAW 

264.7 macrophage cell lines.  

 

 

http://en.wikipedia.org/wiki/Pathogen
http://en.wikipedia.org/wiki/Pathogen-associated_molecular_pattern


CHAPTER 2 

EXTRACTION OF CRUDE ENZYME FROM NILE TILAPIA  

(Oreochromis niloticus) VISCERA 

2.1  Abstract 

Nile tilapia (Oreochromis niloticus) viscera extracts were prepared using 

water, NaCl solution and acetone homogenization. The saline solution (5% w/v) yielded 

the extract with the highest protease and amylase specific activities of 1,300 and 1,800 

unit/mg protein, respectively. These two enzymes were active at the same optimum pH 

(8.0) and temperature (60C). At this condition, protease activity was gradually lost and 

remained at 50% of its initial value after 30 min. In contrast, amylase activity had risen 

5 times before declining to about 3 times of its initial activity after 90 min. Protease and 

amylase could not be successfully separated by 30 kDa molecular cut-off ultrafiltration. 

Precipitation of non-enzyme protein by using 30 or 35% ammonium sulphate 

effectively improved specific activity of both enzymes of the extract. This partial 

purified fraction and the crude exhibited three protein bands by using SDS-PAGE 

assigned as 26.5, 37.3 and 56.4 kDa. And these protein bands showed the activity of 

protease (570.28 unit/ml), lichenase (702.04 unit/ml) and amylase (3,079.17 unit/ml), 

respectively. Therefore, the results revealed that crude enzymes extract could be 

prepared from tilapia viscera. 
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2.2  Introduction 

Nile tilapia (Oreochromis niloticus) is one of the most important fish species 

in Thailand’s aquaculture (Nurit, 2012). The mass industrial processing of Nile tilapia, 

frozen fillets as a priority, generates large amount of waste especially viscera (Nurit, 

2012; Freitas-Júnior et al., 2012). Fish viscera have been reported to be a good source 

of digestive enzymes (Simpson et al., 1991; Bezerra et al., 2005; Khantaphant and 

Benjakul, 2010; Klomklao et al., 2008) and their properties are highly valued in a wide 

range of industrial applications and processes since some proteases are stable and active 

under harsh conditions (high temperature and pH) and in the presence of oxidizing 

agents or surfactants (Klomklao et al., 2005). Proteases are primary enzymes which 

have been isolated and characterized from various parts of Nile tilapia digestive tract 

(Tengjaroenkul et al., 2000, Hinsui et al., 2006). Enzyme from Nile tilapia viscera is 

however likely to contain more than one type of enzyme. Nile tilapia is a herbivorous 

fish. Its digestive system displays greater activity of amylase than protease and a lesser 

lipase activity (Tengjaroenkul et al., 2000).  

Fish digestive proteases are hydrolytic in their action. Proteases found in 

the viscera of fish include trypsin, chymotrypsin, collagenase, elastase, 

carboxypeptidase and carboxyl esterase (Haard, 1994). Amylases from the intestinal 

cavity of tilapia species, Sarotherodon melanotheron, are active similar to those of 

human and porcine pancreatic α-amylase (Al Kazaz et al., 1996). Only three tissues 

(liver, mesenteric tissue and intestine) were found to contain any significant amount of 

amylase. No activity was recovered from the stomach (Moreau et al., 2001). 
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Extraction of enzymes from whole digestive tract is more practicable for 

this soft and perishable by-product. Optimization of extraction and separation in order 

to obtain those active enzymes are thus concerned. Until now, no information has been 

reported on preparation of crude visceral extract containing protease and amylase 

especially from tilapia viscera. Hence, it was the primary objective of this study to 

optimize an extraction of crude enzyme from Nile tilapia viscera and to evaluate 

properties of this mixed enzyme.  
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2.3 Materials and Methods 

2.3.1 Materials and chemicals 

The viscera of Nile tilapia (Oreochromis niloticus) was obtained from a 

local market and a frozen tilapia manufacturer in Songkhla province, Thailand. They 

were transported to the laboratory at Prince of Songkla University on ice within 2 hrs. 

The visible fat and gallbladder were removed manually before being washed with water 

and stored at -20ºC until used for extraction. 

Testing chemicals, including chemicals for tilapia viscera extraction, 

enzyme activity assay, ammonium sulfate precipitation and polyacrylamide gel 

electrophoresis were purchased from Sigma Chemical Co. (St. Louis, MO, USA). 

2.3.2 Crude tilapia viscera enzyme preparation 

To produce a homogeneous sample, the tilapia viscera were minced using a 

blender for 2 min at 4ºC with different media; distilled water, acetone, and 0.3% (w/v) 

NaCl solution at the ratio of 1:3 (w/v). The mixtures were centrifuged at 10,000 × g for 

15 min at 4ºC. The supernatants were then collected and used as “crude enzyme extract” 

for further studies includes: 

2.3.2.1 Analysis of protein concentration by lowry method (Lowry et al., 1951). 

The protein concentration was determined by the Lowry method 

according to the procedure described by Gerhardt et al. (1994). In this procedure, the 

proteins were first pretreated with copper ions in an alkali solution. The aromatic amino 

acids in the treated sample reduced the phosphomolybdic-phosphotungstic acid present 

in the Folin reagent. Since the endpoint of the reaction has a blue color, the amount of 

protein in the sample could be estimated by reading the absorbance using a 

spectrophotometer (Biochrom, Libra S4 Visible spectrophotometer, Holliston, 

Massachusetts, USA) at 750 nm. 

Solution A was prepared by mixing 2.8598 g NaOH and 14.3084 g 

Na2CO3 in 500 ml distilled water. Solution B was made by adding 1.4232 g 

CuSO4.5H2O to 100 ml distilled water. Solution C was prepared by adding 2.85299 g 
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sodium tartarate to 100 ml water. Lowry solution was prepared fresh daily by 

combining solutions A + B + C together in the ratio 100:1:1. Folin Reagent was 

prepared fresh by adding 5 ml of 2 N Folin Ciocalteu’s Phenol Reagent to 6 ml distilled 

water. Bovine serum albumin (BSA) was used as the standard protein solution. 

2.3.2.2 Estimation of protease activity by the modified Hagihara method using 

                        casein as a substrate (Banik and Prakash, 2006).  

The protease activity of the crude extract was determined as described 

by Banik and Prakash (2006) using casein as a substrate. To initiate the reaction, 1,000 

l of 100-fold diluted viscera crude extract with Tris-HCl buffer pH 7.0 was added into 

1,000 l of 1% casein and incubated at 37ºC 15 min. The enzymatic reaction was 

terminated by adding 2,000 l of stop buffer (0.1M TCA: 0.22 M sodium acetate: 0.33 

M acetic acid, 1:1:1). Unhydrolyzed protein substrate was allowed to precipitate for 30 

min, followed by centrifuged at 4,390 x g for 10 min. The supernatant was measured 

using spectrophotometer at 275 nm. The absorbance value were determined by 

comparing with tyrosine standard curve to obtain the tyrosine concentration. The 

protease activity was calculated by using the following equation: 

Protease activity (unit/ml)    = 

                         mg of tyrosine x 1,000 x fold of dilution 

Mw of tyrosine  x  incubation time (min)  x  enzyme solution volume (ml) 

 

Specific activity (unit/mg protein)         =         protease activity (unit/ml) 

                   protein concentration (mg/ml) 

2.3.2.3 Determination of amylase activity by the starch hydrolysis method   

                        (Pongsawadi and Yagisawa, 1988).  

Amylase activity of the crude extract was determined by the starch 

hydrolysis method, described by Pongsawadi and Yagisawa (1988). To initiate the 

reaction, 1,000 l of 100-fold diluted viscera crude extract with Tris-HCl buffer pH 7.0 

was added into 3,000 l of 1% starch solution and incubated at 37ºC 30 min. Then 200 

l of the mixed solution was transferred into 5,000 l of iodine solution. The 



36 

 

absorbance of the solution at 540 nm was measured using a spectrophotometer. The 

amylase activity was calculated according to the following equation: 

Amylase activity (unit/ml)     =     D (Ro – R) / Ro x 100 

  

   when   D  =  dilution factor of enzyme 

     Ro = absorbance of blank 

     R  =  absorbance of enzyme 

Specific activity (unit/mg protein)         =         amylase activity (unit/ml) 

                   protein concentration (mg/ml) 

 

2.3.3 Effect of NaCl on crude tilapia viscera enzyme  

Effect of NaCl concentration on enzyme extraction and activity was 

determined by homogenization of the minced tilapia viscera with different 

concentration of NaCl (0.1%, 0.5%, 1%, 5%, 10%, 15%, 20% w/v) at the ratio of 1:3. 

The suspended particle was removed by centrifugation at 10,000 × g for 15 min at 4 ºC.  

The supernatant (crude extract) was then collected and determined protease and 

amylase activities at 37ºC pH 7.0. The optimum NaCl concentration with the highest 

activity of enzyme was selected. 

2.3.4  pH and temperature profile of crude enzyme extract 

2.3.4.1 pH profile  

pH profile of crude enzyme extract was determined at 37ºC, over the pH 

range of 2.0-11.0 (0.1 M sodium citrate buffer for pH 2.0-5.0, 10 mM Tris-HCl buffer 

for pH 6.0-9.0, 0.05 M carbonate-bicarbonate buffer for pH 10.0-11.0). Effects of the 

pH values on protein content including protease and amylase activities were evaluated 

and selected the optimum pH for crude enzyme extract. 
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2.3.4.2 Temperature profile  

Temperature profile for crude enzyme extract was determined at 

optimum pH over the thermal range of 30-80°C. Evaluation of protein content, protease 

and amylase activities and select the optimum temperature for crude enzyme extract. 

2.3.5 Stability of crude enzyme extract 

The stability of crude enzyme was examined by pre-incubating the crude 

enzyme in optimum pH and temperature for up to 6 hrs. Samples were removed at 

intervals of 30 min, protein content and the residual activities of protease and amylase 

were examined. 

2.3.6 Separation of protease and amylase from tilapia viscera extract 

Membrane used for ultrafiltration was a polysulphone hollow fiber 

membrane (UFP-30-E-3MA, Amersham Biosciences, UK) with molecular weight cut-

off of 30 kDa, fiber diameter of 1 mm, flow length of 30 cm and effective area of 

0.01m2. By using the membrane, it was possible that retentate and permeate riched of 

amylase and protease, respectively, would be obtained. Both retentate and permeate 

were then investigated for their protease and amylase activities.  

2.3.7 Partial removal of non-enzyme protein 

2.3.7.1 Ammonium sulphate precipitation 

The crude enzyme extract was first submitted to ammonium sulphate precipitation at 

10%, 20%, 30%, 40%, 50% and 60%. The supernatant obtained after centrifugation at 

10,000 × g and 4ºC for 15 min was analyzed for protein content and enzyme activities. 

The supernatant from the optimum precipitation was later diafiltration by using a 

hollow-fiber membrane (molecular weight cut-off 30 kDa) at ambient temperature (28-

30ºC), pressure 1.3 bars and flow rate 17 ml/sec. The operational modes included a pre-

diafiltration and a post-concentration processes. In all runs, the retentate was recycled 

to the feed tank while any permeate was collected and removed from the system. After 
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that, the protein content, protease and amylase activities were monitored. Protein profile 

of desalted extract was investigated by using SDS-PAGE.  

2.3.7.2 SDS-PAGE 

SDS–PAGE was performed according to the method of Laemmli (1970). 

Sample solutions were mixed at 1:1 (v/v) ratio with the SDS–PAGE sample buffer (0.06 

M Tris–HCl, pH 6.8; 2% SDS; 25% glycerol; 5% -mercaptoethanol; 0.01% 

bromophenol blue) and boiled for 4 min. The samples were loaded onto the gel made 

of 4% stacking and 12% separating gels. After that the gels were stained with 0.1% 

Coomassie brilliant blue R-250 in 40% methanol and 7% acetic acid and destained with 

7% acetic acid in 40% methanol. Each protein band of partial purified extract were 

confirmed by determined enzyme activity via native-PAGE.  

2.3.7.3 Native-PAGE 

Native–PAGE was carried out according to the method of Laemmli 

(1970). The sample solution was mixed at 1:1 (v/w) ratio with sample buffer (240 mM 

tris-HCl, pH 6.8; 30% glycerol; 0.5% bromophenol blue). The sample solution was 

loaded onto the gel made of 4% stacking and 10% separating gels. Then, the gel was 

stained with 0.3% coomassie brilliant blue R-250 in 45% methanol and 10% acetic acid 

and destained with 10% acetic acid and 20% methanol. After that, cut out the desired 

protein band with a scalpel and crushed the gel in a small amount of phosphate buffer 

solution, pH 8.0 (Pollard, 1998). And each band were used for determination the 

activity of protease, amylase and lichenase (McCleary and Nurthen, 1986).  

Activity of protease and amylase of the band were measured by using 

the methods previously described in section 2.3.2.2 and 2.3.2.3, respectively. The 

lichenase activity was assayed using Azo-barley glucan as the substrate according to 

the manufacturer’s instruction of Megazyme. Briefly, 125 µl of pre-warmed Azo-barley 

glucan substrate solution and 125 µl of pre-incubated lichenase in assay buffer were 

mixed vigorously and incubated at 50ºC for 10 min. To terminate the enzyme reaction, 

750 µl of precipitant solution A, 4% (w/v) sodium acetate, 0.4% (w/v) zinc acetate, was 

added. After centrifugation, the absorbance of the supernatant at 590 nm was measured. 
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One unit of enzyme activity was defined as the amount of enzyme that release 1 µmol 

of glucose reducing sugar equivalent per minute under the specified assay condition.  

2.3.8 Statistical analysis 

All experiments were run in triplicate. Results were expressed as the 

mean value ± standard deviation from three replicates. A completely randomized design 

was used throughout this study. Data were subjected to analysis of variance (ANOVA) 

and mean comparison was carried out using Duncan’s Multiple Range Test (Steel and 

Torrie, 1980).  

2.4  Results and Discussion 

2.4.1 The optimum condition for extraction of crude enzyme from Nile tilapia 

viscera 

Effects of different extract media on protein content and specific activity 

of protease and amylase of tilapia viscera extract are shown in Table 7. It is obvious to 

be found that crude extract with the highest protein concentration and specific activity 

of protease and amylase were derived by using saline solution as an extract medium. 

The finding suggested that digestive enzyme accounted for principal protein 

concentration of the extract. Although an enzyme is known as a water soluble protein, 

it is likely that water used as an extract medium decreased the ionic strength of 

endogenous solution of the visceral system. Salt soluble protein may be caused to 

precipitate due to the diluted medium resulting co-precipitation of water soluble protein 

including enzyme. On the other hand extraction with 50 mM salt solution may cause 

insignificant change on ionic strength of the visceral liquid fraction to affect solubility 

of salt soluble protein.  

Pre-extraction of viscera with organic solvent to remove fat and lipid is 

used as a material pretreatment by some research groups (Kishimura and Hayashi, 

2002; Beltagy, 2004; Hayet et al., 2011). Thus, acetone was used to investigate whether 

this fat removal medium affect enzyme extraction. The result revealed that significant 

amount of protease was co-removed with lipid by adoption of this treatment. The loss 

may be facilitated by existence of emulsion. Moreover, organic solvents are known to 
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cause protein denaturation and loss of its functional properties (Fukushima, 1969). Park 

et al. (2008) reported that digestive enzyme from mackerel viscera denatured by solvent 

extraction with protease activity decreased more than 50% while amylase activity 

decreased up to 80%. 

Table 7 Effect of extractants on protein concentration and specific activity of protease 

and amylase in the crude extracts of Nile tilapia viscera. 

Extractant Protein 

concentration 

(mg/ml)* 

Specific activity of 

protease (unit/mg 

protein)* 

Specific activity of 

amylase (unit/mg 

protein)* 

acetone 

water 

NaCl   

(0.3% w/v) 

4.82 ± 0.03 

4.88 ± 0.06 

5.47 ± 0.06 

471.88 ± 2.70 

410.04 ± 2.98 

551.55 ± 3.78 

1,360.40 ± 4.27 

1,414.69 ± 3.78 

1,453.82 ± 2.68 

* The values are expressed as mean ± standard deviation from triplicate determinations. 

There are significant differences among means within the same column at p  0.05. 

2.4.2 Effect of NaCl on protease and amylase activities 

Effects of NaCl on protein concentration and protease and amylase 

activities of the viscera extracts are shown in Figure 8. Protein concentration of the 

extract was increased gradually with increasing of salt concentration reaching the 

highest value of 7.31 mg/ml at 10% NaCl. Thereafter a plateau of protein content was 

found with further increasing of salt concentration. Effect of salt concentration on 

protein content of the extract however differed from its effect on specific activity of 

both protease and amylase. The enzyme activity with relative to that of the water extract 

was increased only if 5% NaCl was used. Decrease of the specific enzyme activities 

was noted if concentration of salt solution was higher than 5%. It is possible that both 

protease and amylase were precipitated more with an increase of salt concentration due 

to the effect of salting out. The difference between these two responses (protein 

concentration and specific enzyme activity) against salt concentration suggested at least 

that extraction of other proteins is enhanced when salt concentration higher than 5%. 
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(a) 

            (b) 

     (c) 

Figure 8  Effect of NaCl concentration on protein concentration (a) and specific   

 activities of protease (b) and amylase (c). Bars represent standard deviation 

from 3 determinations.  
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2.4.3 pH and temperature profiles of tilapia viscera extracts 

Effect of pH on specific activity of crude enzyme extract derived from 

the tilapia viscera was determined over the pH range of 2.0-11.0 as shown in Figure 9. 

The protease and amylase of the extract were highly active within pH range of 7.5-8.5 

and 7.0-9.0, respectively. The increase in protein concentration was observed with 

increasing pH from 2.0-7.0 and stable at pH 7.0-9.0 then slightly decreased when pH 

more than 9.0. This protein behavior at different pH may be relevant to the net charge 

of the protein at that pH.  

Crude enzyme extract from tilapia viscera exhibited the maximum 

activity of protease and amylase at pH 8.0 (Figure 9b and Figure 9c). The activity of 

both enzymes decreased above the optimum pH values. The optimum pH values of 

protease was in accordance with Bezerra et al., (2005) who reported that the optimal 

pH of proteolytic enzyme from the intestine of Nile tilapia was 8.0. The intestinal 

extract from catfish viscera isolated by Villalba et al. (2011) showed the optimum pH 

value of 9.0. Klahan et al., (2008) reported that the optimal pH of amylase from liver, 

stomach and intestine of tilapia were 7.0, 8.0 and 7.0, respectively.  

Effect of temperature on specific activity of crude enzyme extract at pH 

8.0 was determined at different temperatures from 30-80๐C as shown in Figure 10. The 

protease and amylase of the tilapia crude extract were highly active at temperature 

ranges of 40-60๐C and 50-65๐C, respectively. Their optimal temperature was identical 

at 60°C. This protease has optimum temperature slightly higher than those commonly 

reported such as those of the extracts from the intestine of Nile tilapia and hybrid 

Tilapia nilotica/aurea which were 50°C and 40°C, respectively (Bezerra et al., 2005). 

In addition, the optimal temperature for -amylase from tilapia intestine was 40°C 

(Tsao et al., 2004). The optimum temperature may associate with the fact that Nile 

tilapia live in warm water (Bezerra et al., 2005).  

The protein contents decreased with temperature above 40°C that might 

be due to the thermal precipitation of other thermal labile protein in the extract. 

Coagulation of this protein fraction may partly account for an increase of the specific 

activity of both enzymes. Moreover, it is also possible that both enzymes found in the 
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crude extract are thermal stimulated as their activity risen up to 60°C. The appreciable 

decrease in specific activity of both enzymes was observed at temperatures above 60°C, 

presumably as a result of thermal inactivation and coagulation. Enzymes were 

inactivated at high temperature, possibly due to the partial unfolding of the enzyme 

molecule (Klomklao et al., 2006) and the subsequent loss of activity (Villalba et al., 

2011).  
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        (a) 

     (b) 

  (c) 

Figure 9   pH profiles of protein concentration (a) and specific activities of protease (b) 

and amylase (c) at 37°C. Bars represent standard deviation from 3 

determinations. 
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            (a) 

   (b) 

    (c) 

Figure 10   Temperature profiles of protein concentration (a) and specific activities of  

         protease (b) and amylase (c) at pH 8.0. Bars represent standard deviation 

from 3 determinations. 

 

 

0

1

2

3

4

5

6

7

0 20 40 60 80

P
ro

te
in

 c
o

n
ce

n
tr

at
io

n
 

(m
g
/m

l)

Temperature (ºC)

0

200

400

600

800

1000

1200

1400

0 20 40 60 80

S
p

ec
if

ic
 a

ct
iv

it
y
 o

f 
p

ro
te

as
e

(u
n
it

/m
g
 p

ro
te

in
)

Temperature (ºC)

0
200
400
600
800

1000
1200
1400
1600
1800
2000

0 20 40 60 80

S
p

ec
if

ic
 a

ct
iv

it
y
 o

f 
am

y
la

se

(u
n
it

/m
g
 p

ro
te

in
)

Temperature (ºC)



46 

 

2.4.4 Stability of tilapia viscera enzyme extracts 

The stability of tilapia viscera enzymes at 60ºC and pH 8.0 is shown in 

Figure 11. Protease activity of the crude extract decreased significantly after 30 min 

incubation thereafter exhibited a plateau phase at about 50% of its initial activity with 

extension of incubation time up to 360 min. In contrast, amylase activity of the extract 

rose 5 times after incubation for 30 min. It later declined gradually reaching a stationery 

phase of about 3 times of its initial activity after 90 min incubation. The results thus 

suggest a difference between these two enzymes. Protease activity obviously has low 

heat tolerance while amylase activity is not only more heat tolerance but also well heat 

stimulate. Since only about 15 and 30% drop of protein concentration of the extract was 

noted due to the 30 and 90 min incubation, respectively, thus thermal coagulation of 

the enzymes could not primarily account for those changes of the enzyme specific 

activity. On other hand conformation changes of the enzymes due to thermal 

inactivation is likely responsible for the observation made. Nasri et al. (2011) reported 

the activity of alkaline protease from goby (Z. ophiocephalus), thornback ray (R. 

clavata) and scorpionfish (S. scrofa) that decreased immediately after incubation at      

60ºC and complete inactivation when incubated for 30, 30 and 45 min respectively. 

Castillo-Yanez et al. (2005) also reported that activity of trypsin from sardine viscera 

decreased rapidly after incubation for 15 min at 55ºC pH 8. While, Thy et al. (2011) 

incubated amylase enzyme from the intestine of Tra (PANGASIUS) catfish at 55ºC 

found that amylase activity increased at early of incubation time and decreased after 5 

min. Dutta et al. (2006) reported that amylase from Heliodiaptomus viduus decreased 

after incubated for 10 min and retained 50% activity for 85 min when heated to 50ºC. 

The rate of thermal inactivation was faster at higher temperatures. At 60 and 

70ºC, the enzyme lost activity after heating for 120 and 60 min, respectively. 

 

 

. 
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(a) 

(b) 

(c) 

Figure 11   Stability of protein concentration (a) and specific activities of protease (b)  

and amylase (c) at 60ºC pH 8.0. 
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2.4.5 Separation of protease and amylase from tilapia viscera extract 

Separation of protease and amylase enzyme in tilapia viscera extract 

using ultrafiltration membrane with molecular cut-off of 30 kDa showed in Table 8. By 

using 30 kDa molecular weight cut-off membrane, amylase and protease, about 25 kDa 

difference in their molecular weight, were expected to be separated effectively. It was, 

however, found that retentate and permeate displayed both enzyme activities. Size of 

the component is simply a general guide regarding to its ability to cross the membrane. 

Hydration ability of protein created its hydration shell may increase virtual size of 

protein limiting its capability to cross membrane (Smith, 2014). In addition, smaller 

molecule is also able to bind with larger components which could limit its passage 

through a membrane despite an apparent small size (Smith, 2014). These may account 

for significant residual of protease activity found in retentate. Moreover, general 

characteristic of membrane pores are irregular shape, vary in size (She et al., 2008) and 

low density (10%), high pressure is thus required in order to increase flux of the 

operation. This may flavor flow across membrane of high molecular weight molecule 

(Smith, 2014; Nakao, 1994). 

 

Table 8 Specific activity of protease and amylase in retentate and permeate after  

ultrafiltration. 

Samples Specific activity of protease 

(Unit / mg protein)* 

Specific activity of amylase 

(Unit / mg protein)* 

Tilapia viscera extract 401.92 ± 1.74 608.48 ± 2.22 

Retentate 351.64 ± 0.93 454.07 ± 1.92 

Permeate  418.14 ± 1.21 222.42 ± 0.95 

* The values are expressed as mean ± standard deviation from triplicate determinations. 

There are significant differences among means within the same column at p  0.05. 
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2.4.6 Partial removal of non-enzyme protein 

Removal of soluble protein of the crude extract occurred progressively 

with increasing of ammonium sulphate concentration from 10% to 60% (Figure 12). 

According to specific enzyme activity the result suggested that the appropriated 

ammonium sulphate concentration ranges for partial recovery protease and amylase are 

10-35% and 30-40%, respectively. Thus, the extract with improved specific activity of 

both enzymes could be obtained by precipitation of other proteins by using a very 

narrow range (30-35%) of ammonium sulphate concentration. At ammonium sulphate 

concentration higher than 35%, a decrease on specific activity of the protease in the 

residue extract was noted which reflected a better precipitation of the enzyme with 

relative to other non-enzyme proteins. Therefore, the partial purified of tilapia viscera 

enzyme extract with 35% ammonium sulphate concentration was selected to use in 

further study. Rawdkuen and Benjakul. (2012) found that the sediment with the highest 

proteases activity of farmed giant catfish (Pangasianodon gigas) could be obtained by 

partitioning with 50% ammonium sulphate. In contrast, Temiz et al. (2013) reported 

that 20 to 40% ammonium sulphate precipitation of anchovy digestive tract extract 

yielded the pellet rich of alkaline protease. The result also revealed that partial 

separation of amylase from protease and other proteins could be possible by using 40% 

w/v ammonium sulphate whereas partial separation of protease from amylase and other 

proteins could be performed at ammonium sulphate concentration lower than 30% w/v. 

Moreau et al. (2001) isolated α-amylases form Nile tilapia viscera by 

subjected to ammonium sulfate fractionation. Non-enzyme protein contaminant was 

precipitated by using 30% ammonium sulfate thereafter amylase was precipitated from 

the supernatant by using 60% ammonium sulfate. 
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(a) 

  (b) 

   (c) 

Figure 12  Effect of ammonium sulphate precipitation on protein concentration (a) and  

      specific activities of protease (b) and amylase (c). 

Protein patterns of the tilapia viscera, the crude extract and the partial 

purified extracts obtained by using 35% ammonium sulphate under SDS-PAGE are 

shown in Figure 13. The major protein bands with the molecular weight of 26.5, 37.3 

and 56.4 kDa were found in both crude extracts and partial purified extract. The latter 
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band may be represent of protease since its molecular weight is within a range of 23-28 

kDa (Freitas-Júnior et al., 2012). Molecular weight of protease derived from several 

fish visceral. The band with molecular weight of 37.3 kDa might be the band of 

lichenase enzyme that was found in intestine of the herbivorous fish (Linton et al., 2014; 

German et al., 2004). Johansson et al. (2004) reported the molecular weight of lichenase 

was in the range of 27-64.5 kDa. And, Moreau et al. (2001) reported that the molecular 

weight of α-amylases derived from the intestinal cavity of two tilapia species, 

Oreochromis niloticus and Sarotherodon melanotheron, were 56.6 and 55.5 kDa, 

respectively. Therefore, the band with the molecular weight of 56.4 might be the band 

of amylase enzyme. The smear band existed in tilapia viscera (Figure 13 lane A) 

suggested that it is non-enzyme protein removed by NaCl and ammonium sulphate 

precipitation. 

 

Figure 13   SDS-PAGE patterns of tilapia viscera (A); crude enzyme extract (B) and 

partial purified extract (C) from tilapia viscera. 

Protein pattern of the partial purified extract obtained by using 35% 

ammonium sulphate precipitation under native–PAGE are shown in Figure 14. The 

result showed 3 major protein bands of the partial purified extract. The band with 

molecular weight of 13.1 kDa showed protease activity at 570.28 unit/ml. While, the 

protein band with molecular weight of 21.4 kDa had lichenase activity at 702.04 

unit/ml. And the band of 44.5 kDa showed amylase activity at 3,079.17 unit/ml. 
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Therefore, it can confirm that the 3 major protein bands of the partial purified extract 

were protease, lichenase and amylase, respectively. 

 

Figure 14   Native–PAGE pattern of the partial purified extract from tilapia viscera. 

2.5 Conclusion 

The tilapia crude enzyme extract showed high protease and amylase 

activities in the 5% NaCl solution and exhibited a maximal activity at 60ºC and pH 8.0. 

The protease activity of the tilapia crude enzyme extract decreased significantly after 

30 min incubation while amylase activity increased rapidly by about 5 times within 30 

min incubation. The optimum recoveries of protease (68.18%) and amylase (64.30%) 

were obtained by precipitation using ammonium sulphate at concentration range of 30-

35%. The major protein bands with the molecular weight of 56.22, 31.33 and 26.71 kDa 

were found in both crude enzyme extract and the partial purified extract.  

 



CHAPTER 3 

DEFATTED RICE BRAN HYDROLYSATE PRODUCTION BY TILAPIA 

(Oreochromis niloticus) VISCERA ENZYME EXTRACT 

 

3.1 Abstract 

Rice bran hydrolysate (RBH) was prepared by using defatted rice bran 

and crude tilapia viscera extract. Effects of concentration of the viscera extract (1, 2 and 

3% w/v) and hydrolysis duration (30, 60 and 120 min) at 60ºC on catalytic process and 

hydrolysate characteristics were investigated. The hydrolysis of RBH with 1% viscera 

extract for 30 min yielded the hydrolysate with the highest -glucan content and the 

lowest degree of hydrolysis. This condition also improved hydration properties include 

water holding, water binding and swelling capacity of the RBH. Extension of hydrolysis 

time yielded the RBH with low L and b value. 
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3.2 Introduction 

Rice bran is an under-utilized milling by-product of rough rice 

(Jiamyangyuen et al., 2005) containing many bioactive compounds, for instance, 20-

27% total dietary fibers, 12-20% protein, a rich source of iron and B vitamin, and small 

molecules (essential fatty acids, phytosterols, and antioxidants), which give beneficial 

effects to human health (Borresen and Ryan, 2014). Rice bran has been used as a 

feedstock for rice bran oil and has the potential to be used as a food ingredient 

(McCaskill and Zhang, 1999) and it is being used as a low-cost animal feed (Kannan et 

al., 2009). Oil production from rice bran produces defatted rice bran as a waste material. 

Although it is considered a less valuable product, defatted rice bran still contains useful 

substances such as fiber and protein (Anderson et al., 2009). Therefore, the current 

interest is to separate the benefit nutrient of rice bran before discarding as waste.  

Protein hydrolysis is an effective method for modifying functional 

properties and improving extraction (David et al., 2009). Strong acids or bases can also 

be applied to break the peptide bond, which is a simple method, albeit harsh. 

Furthermore, this either destroys or modifies the essential amino acids, and creates toxic 

by-products and undesirable side reactions that reduce the quality of the protein 

(Humiski and Aluko, 2007). However, enzymatic hydrolysis does not affect the 

nutritional value of the proteins. Additionally, enzymatic hydrolysis can improve the 

physicochemical, functional, and sensory properties of native proteins (Kristinsson and 

Rasco, 2000). 

Rice bran contains a significant amount of protein (12-20%), with fairly 

high nutritional quality (Saunders, 1990). The lysine content of rice bran protein is 

approximately 3-4%, which is higher than that of rice endosperm protein or proteins 

from other cereal bran or legume. Rice bran protein is also very digestible (more than 

90%) (Wang et al., 1999) and maybe hypoallergenic (Helm and Burks, 1996). Rice 

bran protein holds great promise as an alternative protein source such as a food 

ingredient (Yeom et al., 2010). However, this protein has received only minimal 

attention and only rarely been employed in the food industry (Yeom et al., 2010). This 

is due partly to the difficulty inherent to the extraction of a large portion of rice bran 
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protein, owing to extensive disulfide bond cross-linkages and strong aggregation 

(Hamada, 1997) and also partly because the protein has exhibited poor functional 

properties (Yeom et al., 2010).  

Rice bran can be also used as a dietary fiber source. One of an active 

component was a water soluble polysaccharide fraction (Aoe et al., 1993) that ß-glucan 

is a main composition (Ahmad et al., 2009). Health benefits associated with intake of 

soluble dietary fiber include low chance of cardiovascular diseases, reduction in 

problem of obesity (Bourdon et al., 1999), lowering of blood cholesterol (Keogh et al., 

2003), better control on diabetes (Brennan and Tudorica , 2003), hypercholesterolemia 

(Maki et al., 2003), cancer (Sier et al., 2004), hypertension (Anderson, 1990) and 

support in growth of beneficial intestinal micro flora (Tungland, 2003). 

The object of this study was to use tilapia viscera crude enzyme extract 

for preparation of hydrolysate from defatted rice bran. 
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3.3  Materials and Methods 

3.3.1 Materials and Chemicals  

Defatted rice bran, a by-product of rice bran oil production was obtained 

from the CEO Agrifood Co., Ltd, Singburi, Thailand. Information of rice bran oil 

extraction and other processing step were gathered from the supplier. The defatted rice 

bran was stored at -20ºC until used.  

Testing chemicals, including chemicals for analysis of DH, chemical 

composition and functional property were purchased from Sigma Chemical Co. (St. 

Louis, MO, USA). 

3.3.2 Analysis of chemical composition of defatted rice bran 

The chemical composition of defatted rice bran was performed include 

moisture content, protein, ash, fat, starch, crude fiber and total dietary fiber according 

to the method of AOAC (2000). Total β-glucan content was determined by the method 

of McCleary and Mugford (1997) using Megazyme (Megazyme International Ltd., 

Bray, Ireland) mixed linkage β-glucan assay kit. Reducing sugar was determined by 

3,5-dinitro salicylic acid (DNS method) (Neureiter et al., 2002) 

3.3.3 Extraction of rice bran hydrolysate by using tilapia viscera enzyme 

extract 

Enzymatic hydrolysis of defatted rice bran was conducted using tilapia 

viscera enzyme extract selected from the previously studied in chapter 2. Protease 5,760 

units and amylase 8,640 units were obtained from started tilapia viscera 100 g. The 

specific activities of protease and amylase in this enzyme extract were 16,780 and 

189,480 unit/mg protein, respectively. Rice bran was dispersed in a 5-fold volume of 

distilled water and adjusted to the optimum pH of tilapia viscera enzyme extract at 8.0, 

and incubated at the optimum temperature (60ºC). Hydrolysis was performed by using 

the tilapia viscera crude enzyme extract either at 1.0%, 2.0% or 3.0% and hydrolysis 

time of 0.5, 1 or 2 h.  Non-digested residue was removed by using centrifugation at 



57 

 

10,000 ×g for 20 min at 4ºC. The hydrolysate was prepared into a powder form by using 

a freeze dryer (Figure 15). 

Rice bran + distilled water 

 

adjusted to pH 8.0 

 

heated to 60ºC 

 

added tilapia viscera enzyme extract 1.0%, 2.0% and 3.0% 

 

hydrolyzed for 0.5, 1 and 2 h 

 

hold at 90ºC for 10 min to stop enzymatic reaction 

 

centrifuged at 10,000 ×g at 4ºC for 20 min 

 

        supernatant % DH                residue 

 

       freezed dry           discard 

  

      “rice bran hydrolysate (RBH)” 

Figure 15   Rice bran hydrolysate production. 

 

3.3.4 Analysis of degree of protein hydrolysis  

The degree of protein hydrolysis (DH) in the RBH solution was 

determined using OPA method with some modifications described by Wanasundara et 

al. (2002), for the reaction of amino nitrogen with ortho-phthalaldehyde (OPA). The 

OPA reagent was prepared by dissolving 6 mM OPA and 5.7 mM DL-dithiothreitol in 

0.1 M sodium tetraborate decahydrate containing 2% (w/v) SDS. A volume of 0.4 ml 
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of hydrolysate was added to 3 ml of the OPA solution and mixed well. This mixture 

was allowed to stand for 2 min at ambient temperature and the absorbance was 

measured at 340 nm using a spectrophotometer. The quantity of free amino groups were 

calculated as L-serine-NH2 group which was used as a reference. The acid hydrolysis 

of RBH in 6 M HCl for 24 h at 110ºC was carried out for determination of total free 

amino group of defatted rice bran. The DH value was calculated as the ratio of released 

free amino groups because of enzymatic hydrolysis to total free amino groups released 

due to complete acid hydrolysis per unit of protein and expressed as a percentage value:  

DH (%)   =   free amino groups released due to enzymatic hydrolysis     x     100 

      total free amino groups from acid hydrolysis 

 

3.3.5 Chemical composition of rice bran hydrolysate  

The chemical composition of RBH was performed include protein 

content using the Kjeldahl method and total dietary fiber (AOAC, 2000). Total β-glucan 

content was determined by the method of McCleary et al. (1997) using Megazyme 

(Megazyme International Ltd., Bray, Ireland) mixed linkage β-glucan assay kit. 

Reducing sugar was determined by 3,5-dinitro salicylic acid (DNS method) (Neureiter 

et al., 2002) 

3.3.6 Color of rice bran hydrolysate 

 Color of RBH powder was determined by a Hunter-Lab (Miniscan XE 

Plus, Hunter-Lab, USA). The instrument was calibrated before color measurement 

with black glass and white calibration tile. Each RBH sample was put in a cuvette and 

replaced into the sample port, the color parameters (L, a and b) were then read.  

 

3.3.7 Functional properties of rice bran hydrolysate powder 

3.3.7.1 Water holding capacity (WHC) 

WHC was demonstrated follow the methods of Robertson et al. (2000) 

and Daou and Zhang (2011). Distilled water (30 ml) containing sodium azide (0.02%) 



59 

 

was added into RBH (1 g) and hydrated for 18 h. Then, removed the supernatant by 

allowing the wet RBH to drain in a sieve. The hydrated RBH was removed, weighed 

and dried to stable weight (±0.05 mg) in hot-air oven at 110ºC. WHC was expressed as 

the amount of water retained per gram dry sample (g/g dry weight). 

WHC (g/g) = (Hydrated residue weight - Dry residue weight)  

     Dry residue weight 

3.3.7.2 Water binding capacity (WBC) 

WBC was estimated follow the procedure of Robertson et al. (2000); 

Ahmad et al. (2010) and Daou and Zhang (2011) with some modifications. Distilled 

water (30 ml) containing sodium azide (0.02%) was added into the RBH (1 g) and stand 

at room temperature for 18 h. Then, the RBH was centrifuged (3000×g) for 20 min. The 

supernatant was removed by passing through a Büchner funnel vacuum suction. The 

hydrated residue was weighted and RBH was dried for 24 h at 105ºC to get dry weight. 

WBC was demonstrated as the amount of water retained per gram dry sample. 

WBC (g/g)   = (Residue hydrated weight after centrifugation - Residue dry weight)  

        Residue dry weight 

3.3.7.3 Swelling capacity (SC) 

SC was investigated follow Robertson et al. (2000). Distilled water (10 

ml) containing sodium azide (0.02%) was added into dry sample (0.2 g). After that 

tubes were stand for 18 h at room temperature. The volume was recorded and SC was 

calculated as ml per gram of dry RBH for 18 h, then the final volume attained was 

evaluated: 

SC (ml/g)   =   Volume occupied by sample  

                           Original sample weight 
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3.3.7.4 Fat binding capacity (FBC) 

FBC was examined by the method of Lin et al. (1974). The RBH (5 g) 

was mixed with soybean oil (20 ml) in centrifuge tube. Then, stirred for 30 s in every 5 

min and after 30 min centrifuged at 1600×g, 25 min. Free oil was gradually poured and 

absorbed oil was calculated by difference and illustrated as ml (oil) per gram sample. 

FBC (ml/g) = (Precipitation weight - Dry weight)  

              Dry Weight 

3.3.7.5 Emulsifying capacity (EC) 

EC was evaluated according to the method of Yasumatsu et al. (1972). 

Mix 20 ml of aqueous dispersion RBH (by adding RBH 1.5 g to 20 ml of distilled water) 

with soybean oil (20 ml) and blended for 5 min with high speed blender. Then, 

centrifuged at 3000×g for 5 min. The total mixture (%) that remained after 

centrifugation was presented as stability index. The stability index of a good emulsion 

is greater than 94% while a poor emulsion is lower than 50% (Wang and Kinsella, 1976; 

Yasumatsu et al., 1972). 

3.3.8 Statistical analysis 

All experiments were run in triplicate. Results were expressed as the 

mean value ± standard deviation from three replicates. A completely randomized design 

was used throughout this study. Data were subjected to analysis of variance (ANOVA) 

and mean comparison was carried out using Duncan’s Multiple Range Test (Steel and 

Torrie, 1980).  

 

 

 

  



61 

 

3.4  Results and Discussion 

3.4.1 Chemical composition of defatted rice bran  

The chemical composition of defatted rice bran is shown in Table 9. 

Defatted rice bran composed of 15.41% protein which Juliano and Villarea (1993) 

reported that the protein content of Oryza sativa bran ranged from 4.5 to 15.9 % 

depended on rice varieties (Oszvald et al., 2008). Ash content was 7.47%, which 

represented that defatted rice bran was a good source of minerals and trace minerals. 

The total dietary fiber content of defatted rice bran used in this study was 19.08% that 

slightly lower than value of 27.04 % reported by Abdul-Hamid and Luan (2000) and 

30.98% by Wan (2010). This variation might be due to the different rice milling 

processing equipment and conditions that may remove rice bran from rice with more or 

less endosperm (Wan, 2010). In addition, defatted rice bran also contains -glucan 

(7.3%).  

Table 9   Chemical compositions of defatted rice bran. 

Compositions       Values (%) 

moisture 

protein  

ash 

fat 

crude fiber 

total dietary fiber 

starch 

total -glucan 

reducing sugar 

9.55 ± 0.34 

15.41 ± 0.43 

7.47 ± 0.37 

0.37 ± 0.28 

9.11 ± 0.41 

19.08 ± 0.59 

67.20 ± 0.46 

7.30 ± 0.27 

0.015 ± 0.34 

The data are mean ± SD (n = 3).  
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3.4.2 Effect of hydrolysis condition on protein content and degree of protein  

  hydrolysis of RBH 

The effects of enzyme content and hydrolysis time on protein and DH of 

RBH at 60ºC pH 8.0 are shown in Figure 16 and Figure 17. The protein content of RBH 

was in the range of 0.4-1.49% (Figure 16). The protein content of the hydrolysate 

depended on the amount of tilapia enzyme as well as the hydrolysis time. The highest 

protein content of the hydrolysate was obtained by hydrolysis with enzyme 

concentration of 3% (v/w of rice bran) and hydrolysis time of 60 min. Thereafter 

gradual reduction of protein content was found with extension of hydrolysis time. 

 The degree of protein hydrolysis (DH) of RBH derived by Nile tilapia 

viscera enzyme extract and different hydrolysis time is shown in Figure 17. The result 

revealed that both enzyme content and hydrolysis time affected DH of the enzymatic 

process. The DH value was significantly (p<0.05) increased when enzyme 

concentration was increased from 1% to 3%. The significant increase of DH was 

observed by using 3% (v/w) enzyme suggesting that at concentration at 1% or 2% 

enzyme content is considerably low relative to available peptide bond. This result is 

similar to the report of Haslaniza et al. (2010) stated that significant improve of DH 

was occurred after increase enzyme concentration at certain level. 

The DH value was increased from 30 min up to 60 min and decreased 

when the hydrolysis time reaching to 120 min (Figure 17). The result is likely due to 

enzyme deactivation with long incubation (Amza et al., 2013). The protease activity of 

the viscera extract decreased about 50% of its initial activity with extension of 

incubation time up to 120 min. 
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Figure 16  Effect of tilapia viscera extract content and hydrolysis time on protein  

               concentration of RBH (     :  1% tilapia viscera extract in hydrolysis reaction, 

                    : 2% tilapia viscera extract in hydrolysis reaction,     :  3% tilapia 

                   viscera extract in hydrolysis reaction). The data are means ± SD (n =3). 

                   The different letters indicate significant differences (p≤0.05). 

 

       

Figure 17   Effect of tilapia viscera extract content and hydrolysis time on degree of 

                   hydrolysis (DH) (     : 1% tilapia viscera extract in hydrolysis reaction, 

                       : 2% tilapia viscera extract in hydrolysis reaction,      :  3% tilapia 

                   viscera extract in hydrolysis reaction). The data are means ± SD (n =3). 

                   The different letters indicate significant differences (p≤0.05). 
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3.4.3 Effect of hydrolysis condition on total dietary fiber and -glucan content  

   of RBH 

The RBH with the highest total dietary fiber was obtained after 60 min 

hydrolysis with 3% the tilapia viscera extract (Figure 18a). Reducing sugar content 

associated with hydrolysis level of dietary fiber increased with increasing of hydrolysis 

duration and enzyme concentration (Figure 18b). These result related with the result of 

-glucan content (Figure 18c). 

The -glucan was decreased by increasing amount of tilapia viscera 

enzyme. The highest content (4.64% w/w) of -glucan was obtained by using the 

mildest hydrolysis condition (1% tilapia viscera enzyme for 30 min). The tilapia viscera 

enzyme has lichenase enzyme (Mw 27-64.5 kDa) (Sasmal and Ray, 2015) that found 

in digestive tract of herbivorous fish (German et al., 2004). The lichenase enzyme is 

specifically cleaves the (1-4)--linkage next to a (1-3)--linkage at the reducing end of 

-glucan and products are (1-4)-link-oligosaccharide with one (1-3)-linked glucose unit 

(Johansson et al., 2004). Activity of this enzyme may responsible for reduction of -

glucan after extension of the hydrolysis. This was support by increase of reducing sugar 

with increasing hydrolysis duration. The report of the hydrolysis of β-glucan from oat 

bran by Sibakov et al. (2013) showed the β-glucan concentration was reduced from 

16.4 to 11.6% when the hydrolysis time was prolonged from 60 to 240 min. 
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      (a) 

         (b) 

 

  

     

 

 

 

 

 

                                                                                                                  (c) 

Figure 18  Effect of enzyme content and hydrolysis time on total dietary fiber, reducing  

                  sugar and  -glucan content (    : 1%    tilapia viscera extract in hydrolysis  

                  reaction,        : 2% tilapia viscera extract in hydrolysis reaction, 

                        :  3% tilapia viscera extract in hydrolysis reaction). The data are means 

                  ± SD (n =3). The different letters indicate significant differences (p≤0.05). 
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3.4.4 Effect of hydrolysis condition on color of RBH 

Table 10 shows the color parameters (L, a and b) of the RBH. L value 

which expresses the brightness was in the range of 22.26-37.36. The values of a 

(redness) and b (yellowness) were in the range of 4.34-7.17 and 12.93-18.63, 

respectively. It can be noticed that tilapia viscera extract content have no effect on L, a 

and b values of the RBH. However, duration of hydrolysis reaction has effect on L, a 

and b values of the RBH. Increasing of hydrolysis time caused a decrease in L and b 

value but an increase in a value. It means that the RBH seemed to be darker with longer 

hydrolysis time. 

 

Table 10 Effect of hydrolysis condition on color of RBH. 

% enzyme Hydrolysis time 

(min) 

L 

 

a b 

1 30 37.36±0.13a 4.70±0.04d 15.22±0.01d 

2 30 35.04±0.06b 5.66±0.10c 17.79±0.03b 

3 30 33.35±0.05d 6.80±0.03a 17.99±0.05b 

1 60 30.19±0.04e 5.63±0.04c 18.63±0.03a 

2 60 34.54±0.42c 4.34±0.09d 16.57±0.09c 

3 60 28.51±0.46g 5.83±0.07bc 15.30±0.01d 

1 120 22.26±0.31i 6.17±0.13b 12.93±0.05f 

2 120 29.32±0.09f 6.82±0.04a 16.16±0.14c 

3 120 23.37±0.32h 7.17±0.17a 13.72±0.02e 

The data are expressed as mean ± SD (n =3). Column with different letters indicate 

statistical differences (p  0.05). 

 

 



67 

 

3.4.5 Effect of hydrolysis condition on functional properties of RBH 

The functional properties of RBH hydrolyzed by Nile tilapia viscera 

enzyme are shown in Table 11.  

  Table 11  Effect of hydrolysis condition on hydration properties of rice bran  

        hydrolysate. 

% 

enzyme 

Hydrolysis 

time 

Functional properties 

(min) WHC WBC SC    EC FBC 

  (g/g) (g/g) (ml/g) (%) (ml/g) 

1 30 6.70±0.31a 10.03±0.30a 11.30±0.22a 55.02±0.07a 3.28±0.05b 

2 30 3.48±0.11c 4.83±0.07b 8.81±0.14b 45.13±0.21c 3.41±0.18b 

3 30 2.71±0.26d 2.37±0.07c 4.94±0.06d 50.02±0.16b 3.86±0.66b 

1 60 4.80±0.12b 5.10±0.05b 9.30±0.34b 50.48±0.13b 5.26±0.71a 

2 60 1.93±0.11ef 4.44±0.16b 6.88±0.15c 50.35±0.04b 5.47±0.14a 

3 60 1.40±0.09fg 2.28±0.00c 4.30±0.00e 45.22±0.37c 5.68±0.34a 

1 120 2.27±0.06de 2.04±0.12c 8.91±0.21b 50.40±0.08b 5.34±0.03a 

2 120 1.48±0.07fg  1.34±0.30c 6.45±0.45c 50.23±0.04b 5.92±0.11a 

3 120 1.30±0.21g   0.86±0.00d 4.30±0.39e 50.44±0.34b 5.93±0.07a 

Values are expressed as mean ± standard deviation from triplicate determinations. 

Columns with different letters indicate statistical differences (P0.05). 

 

The result revealed that increasing of hydrolysis by extension of 

hydrolysis duration and increase enzyme concentration caused reduction in water 

holding capacity (WHC), water binding capacity (WBC) and swelling capacity (SC) of 

the obtained RBH. Tounkara et al. (2013) suggested that water holding ability of protein 

hydrolysate may be determined by the difference in molecular weight of peptides within 

protein hydrolysates, type of amino acid, amino acid content and amino acid sequence. 

Emulsifying capacity (EC) (Table 11) of the RBH with 4.66% DH 

showed the highest value (p < 0.05). Mutilangi et al. (1996) postulated that higher MW 

peptides or more hydrophobic peptides contribute to the stability of the emulsion. Most 
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RBH are judged as poor emulsifier based on their stability indices was less than 50%. 

Prakash and Ramanathan (1995) showed that EC of protein concentrate from rice bran, 

range from 52 to 57 %, therefore the lower EC of RBH might be due to the lower protein 

level in the RBH. 

FBC of RBH with long hydrolysis time was greater than that of shorter 

hydrolysis time (Table 11). Generally, the oil absorption is related to the nature of the 

surface and density or thickness of particles (Amado, 1994). It was reported that lignin-

rich samples had higher FBC. The insoluble dietary fiber had higher FBC level than the 

soluble dietary fiber because it contained high percentage of large particles, and might 

also contain lignin (Daou and Zhang, 2011).  

It is important to note that this observation is correspond with the 

observation made in the β-glucan content (Figure 18c). β-glucan is the mixed-linkage 

β-glucan or (1-3)-(1-4) β-D-glucan that is the water soluble dietary fiber (Johansson, et 

al., 2004). Reduction of β-glucan content associated with an intense hydrolysis may at 

least partial, impair those properties of the RBH. 
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3.5 Conclusion 

 

The enzyme content in hydrolysis reaction affected the chemical 

composition of rice bran hydrolysate, including protein, total dietary fiber, DH and 

reducing sugar. The protein and total dietary fiber content were in line with DH and 

reducing sugar, respectively. The -glucan content decreased with increasing enzyme 

content and hydrolysis time. The extension of hydrolysis duration and increase tilapia 

enzyme content caused reduction of hydration properties including WHC, WBC and 

SC of RBH. On the contrary, the FBC of RBH was increased with enzyme 

concentration and hydrolysis time. 



CHAPTER 4 

ANTIOXIDATIVE AND ANTI-INFLAMMATORY PROPERTIES  

OF RICE BRAN HYDROLYSATE 

 

4.1 Abstract 

Hydrolysation of defatted rice bran using 1% viscera extract for 30 min 

yielded the hydrolysate with the highest in vitro anti-oxidative activities. All obtained 

RBHs exhibited no cytotoxicity on RAW 264.7 cell lines at the maximum concentration 

of 500 µg/ml. The RBHs obtained by using 1% and 2% viscera extract and 30 min 

hydrolysis were the best nitric oxide inhibitory in the RAW 264.7 cell with an IC50 of 

48 and 49 µg/ml, respectively. The latter RBH exhibited the strongest reduction of 

TNF-α, IL-1 and IL-6 cytokines. Thus, the defatted rice bran could be used for 

preparation of RBH with strong antioxidant and anti-inflammatory. 
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4.2 Introduction 

Reactive oxygen species (ROS) are highly reactive ions and free radicals 

(chemicals containing atoms with an unpaired electron in its outer orbit) involving 

oxygen molecules, such as the superoxide anion, the hydrogen peroxide (H2O2), and 

the hydroxyl radical (HO). ROS consist of radical and non-radical oxygen species 

formed by the partial reduction of oxygen. ROS are regularly generated during 

mitochondrial oxidative metabolism as well as in cellular response to xenobiotics, 

cytokines, and bacterial invasion (Ray et al., 2012). Its occurrence is strongly linked 

with chronic diseases such as coronary heart disease, cancer and Alzheimer's disease 

(Ahn et al., 2012). 

It has been reported that defatted rice bran has the antioxidant potential 

but it still remains a relatively unexplored source material, that demands further 

investigation especially with regards to its phytochemical complement related to 

possible health benefits as antioxidants (Mariod et al., 2010). Arab et al. (2011) found 

that Iranian rice extract have high antioxidant activities. Sirikul et al. (2009) reported 

that both conventional and organic defatted rice bran of Oryza stiva L. CV. Khao Dawk 

Mali-105 possessing high antioxidant activity. Wang et al. (2009) studied the 

scavenging activity of enzymatic hydrolysates of wheat bran by Bacillus subtilis 

xylanase that cleaved the xylan backbone and demonstrated effective in vitro 

antioxidant properties from wheat bran hydrolysates. Chanput et al. (2009) have ever 

been produce protein hydrolysates from rice bran by pepsin and trypsin that had high 

antioxidant activities. 

Inflammation is biodefense mechanism against external stimuli such as 

bacterial infection or internal stimuli such as biometabolic product (Hye Kim et al., 

2013) and many mediators are involved such as intracellular inflammatory controllers 

and pro-inflammatory cytokines (TNF-α, IL-1β, IL-6, IL-8), prostagrandin, lysosomal 

enzyme, and free radicals (Seo et al., 2002). In particular, transcription factors of 

inflammatory response become activated in the macrophage by stimuli such as 

cytokines, tumor necrosis factor (TNF-α), and lipopolysaccharide (LPS), inducible 

nitric oxide synthase (iNOS), and cyclooxygenase-2 (COX-2) are expressed, and nitric 

oxide (NO) and prostaglandin E2 (PGE2) are produced, resulting in inflammation 
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(Kwqamata et al., 2000). In addition, excessive NO production causes exasperation in 

inflammatory response, septic shock by excessive blood vessels dilation, inhibited 

healing, and nerve tissue injury, suggesting harmful action on the body (Hye Kim et al., 

2013). 

The objective of this study was to investigate the effect of different 

hydrolysis condition on antioxidative activity and anti-inflammatory activity of the 

RBH.  

 

4.3 Materials and Methods 

4.3.1 Materials and Chemicals 

Testing chemicals, including chemicals for analysis of antioxidative 

activity, anti-inflammatory activity were purchased from Sigma Chemical Co. (St. 

Louis, MO, USA). Murine TNF, IL-1 and IL-6 ELISA Development Kit were 

purchased from Peprotech (Peprotech, Rocky Hill, USA). 

The mouse macrophage cell lines, RAW 264.7, were obtained from 

Nutraceutical and Functional Food Research and Development Center, Prince of 

Songkla University, Songkhla, Thailand. The other materials required for culturing of 

the cells were purchased from Gibco BRL, Lift Technology (Thailand). 

Rice bran hydrolysate (RBH) was prepared by enzymatic hydrolysis 

with tilapia viscera enzyme extract selected from the previously studied in chapter 2 in 

different contents of these enzyme, 1%, 2% and 3% v/w, at 0.5, 1 and 2 h described in 

chapter 3. 

4.3.2 Antioxidative activity of rice bran hydrolysate 

4.3.2.1 ABTS radical scavenging activity 

ABTS radical scavenging activity was determined as described by 

Khantaphant and Benjakul (2010). ABTS radical (ABTS+) was produced by reacting 

ABTS stock solution (4 mM 2, 2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid); 
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ABTS) with 2.5 mM potassium persulphate at the ratio of 1:1 (v/v). The mixture was 

allowed to react in dark for 16 h at room temperature. Prior to assay, ABTS+solution 

was diluted with methanol to obtain an absorbance of 1.1 ± 0.02 at 734 nm. To initiate 

the reaction, 20 µl of sample was mixed with 280 µl of ABTS+ solution. The 

absorbance was then read at 734 nm after 2 h dark incubation at room temperature. The 

percent reduction of ABTS+ to ABTS was calculated according to the following 

equation: 

     ABTS (%)   =      1 -   absorbance of sample            x     100 

                                        absorbance of control 

4.3.2.2 DPPH radical scavenging activity assay 

The method of DPPH radical scavenging activity was described by 

(Orhan et al., 2007) with a slight modification. The 100 µl RBH sample were dissolved 

in distilled water and mixed with 100 µl of 0.2 mM DPPH that was dissolved in 

methanol. The mixture was then shaken and kept in the dark for 30 min. The absorbance 

of the resultant solution was recorded at 517 nm. The scavenging activity was calculated 

using the following equation: 

 

    DPPH (%)   =        absorbance of control - absorbance of sample              x      100 

                                                     absorbance of control 

4.3.2.3 Metal chelating activity  

The metal chelating activity of the RBH was assessed using the method 

of Dinis et al. (1994) with slight modification. The RBH sample (1 ml) was first mixed 

with distilled water (3.7 ml). Then it was reacted with a solution containing 2 mM FeCl2 

(0.1 ml) and 5 mM ferrozine (0.2 ml). After 10 min, the absorbance of the reaction 

mixture was measured at 562 nm. The metal chelating ability of the RBH was calculated 

as a percentage using the equation: 

Metal chelating activity (%)    =          1 -   absorbance of sample             x    100 

                                                                     absorbance of control 
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4.3.2.4 Hydroxyl radical scavenging activity (Halliwell et al.,1987) 

Scavenging of hydroxyl free radical was measured by the method of 

Halliwell et al.,(1987) with a slight modification by Mandal et al., (2009). 1 mM of 

EDTA, 10 mM of deoxyribose, 10 mM of hydrogen peroxide, 1mM of ascorbic acid 

and 1 mM FeCl3 were mixed to form the reaction mixture. After an incubation period 

of 1 h at 37๐C the extent of deoxyribose degradation was measured by the TBA reaction. 

10% TCA was added in the reaction mixture and kept for 15 min in 90๐C. The hydroxyl 

radical scavenging activity of the RBH was calculated as a percentage using the 

equation:   

scavenging (%)     =            absorbance of control – absorbance of sample          x   100 

                                                             absorbance of control 

4.3.2.5 Superoxide anion scavenging activity 

The superoxide anion scavenging activity was assay as describe by Su 

et al., (2009) with 80 µl of the RBH sample was added to 50 mM Tris-HCl buffer (pH 

8.3) containing 1 mM EDTA. The mixture was incubated at 25๐C for 10 min and 1.5 

mM of pyrogallol was added. The absorbance of the reaction mixture was measured at 

420 nm at 0 and 4 min. The superoxide anion scavenging activity of the RBH was 

calculated as a percentage using the equation: 

Activity (%)   =    ( absorbance of control -  absorbance of sample)    x    100 

                                                absorbance of control 

4.3.2.6 Reducing power 

The reducing power of the RBH was measured according to the method 

described by Chen et al. (2007). Different concentrations of RBH were mixed with 2.5 

ml of phosphate buffer (0.2 M, pH 6.6) and 1.0% potassium ferricyanide. The mixtures 

were incubated at 50๐C for 20 min. After incubation, the reaction was terminated by the 

addition of 10% trichloroacetic acid (TCA) and then followed by centrifugation at 

5000×g for 10 min. The upper layer was mixed with distilled water and 0.1% (w/v) 
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ferric chloride (FeCl3) and then the absorbance of the mixture was measured at 700 nm 

against a blank. Increase of absorbance of the reaction mixture at a wave length of 700 

nm indicates an increase of reducing power. 

4.3.3 Anti-inflammatory activity 

4.3.3.1 Cell culture 

The mouse macrophage-like cell line RAW 264.7 (the American Type 

Culture Collection, USA) was cultured in RPMI Medium 1640 supplemented with 10% 

fetal bovine serum (FBS) and 1% penicillin G/streptomycin sulfate at 37๐C and 5% CO2 

in humidified incubator. For all experiments, the cells were sub-cultured until a 70%-

80% confluent monolayer was achieved.  

4.3.3.2 Cell viability assay 

The cell viability was determined by the 3-(4,5-dimethyl-2-thiazyl)-2,5-

diphenyl-2H-tetrazolium bromide (MTT) reduction assay (or MTT assay) as described 

by Szliszka et al. (2011) and Bronikowska et al. (2012). This test is based on the 

cleavage of the tetrazolium salt MTT to a blue formazan dye by viable cells. Briefly, 

RAW264.7cells (1 × 106 cell/well) were seeded in a 96 well plate for 2 h and treated 

with soluble fraction of rice bran (RB) 500 𝜇g/ml and 1, 5, 10, 100 and 500 𝜇g/ml of 

RBH diluted in RPMI medium. After 24 h the medium was removed, and 10 𝜇l MTT 

solutions (5 mg/ml) was added to each well for 2 h. The resulting formazan crystals 

were dissolved in dimethyl sulfoxide (DMSO). Controls included native RAW 264.7 

cells and medium alone. The spectrophotometric absorbance was measured at 570 nm 

using a microplate reader. The cytotoxicity as percentage of cell death was calculated 

by the formula: 

     absorbance of sample      × 100  

               absorbance of control  
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4.3.3.3 Inhibitory of nitric oxide  

The effect of RBH on nitric oxide (NO) production by RAW 264.7 cell 

lines was determined using a method modified from Wang et al., (2007). Briefly, RAW 

264.7 cells were seeded in 96-well plates at a density of 1.0×106 cells/well and allowed 

to adhere for 2 h. After that the cell were pretreated with RBH (1, 5, 10, 100, 500 𝜇g/ml) 

containing 0.5 μg/ml of lipopolysaccharide (LPS) for 24 h. NO production was 

determined by measuring the accumulation of nitrite in the culture supernatant using 

the Griess reagent (0.1% N-(1-naphthyl)-ethylenediamine, 1% sulfanilamide in 5% 

phosphoric acid) and incubated at room temperature for 10 min, the absorbance was 

measured at 570 nm using the microplate reader. Cytotoxicity was also determined by 

MTT assay. The NO inhibition was calculated by the following formula, then plot graph 

between % inhibition and RBH concentration to obtain IC50. 

Inhibition (%)   =    

 [(OD control – OD blank control) – (OD sample - OD blank sample)]      x      100  

                (OD control – OD blank control) 

 

4.3.3.4 Inhibitory of cytokine (TNF-α, IL-1, IL-6) 

RAW 264.7 cells were seeded in 96-well plates at 1x106 cells/well and 

cultured for 2 h. After LPS media were treated for 6 h, RBH sample were added and 

incubated until 48 h. Then cytokine (TNF-α, IL-1, IL-6) content was determined by a 

quantitative sandwich enzyme-linked immune-sorbent assay (ELISA) using the Murine 

TNF, IL-1 and IL-6 ELISA Development Kit (Peprotech, Rocky Hill, USA) according 

to the manufacturer’s instructions. 

 

4.4  Results and Discussion 

4.4.1 Antioxidative activity of RBH 

The ability to scavenge the ABTS radical (Figure 19), DPPH radical 

(Figure 20), hydroxyl radical (Figure 21), superoxide radical (Figure 22), reducing 

power (Figure 23) and metal chelating activity (Figure 24) of RBHs were observed by 
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increasing of hydrolysis time and the content of tilapia viscera enzyme extract. The 

strongest activity was achieved by hydrolysis for 30 min with 1% tilapia enzyme. It was 

important to note that this condition showed the lowest DH value. It is well documented 

that biological activity of protein hydrolysate is associate with DH (Ismail and Hasni, 

2014). Therefore, it can be indicated that the RBH with lower DH has more ability to 

donate hydrogen atom to the free radicals than higher DH. The result of this study is 

correspond with the finding of Klompong et al., (2007) which stated that at low DH 

(5%) the protein hydrolysate exhibited the highest DPPH radical scavenging activity. 

In addition, Ismail and Hasni (2014) found Green mussel hydrolysate with low DH 

showed higher DPPH radical scavenging activity than that of the higher DH. Li et al. 

(2007) reported that when the DH exceed 85%, most of the peptides have been 

converted into free amino acids and the radical scavenging activity decreased. 

Therefore, the antioxidant activity (ABTS, DPPH, and hydroxyl) of RBH was found to 

depend on the DH and enzyme used. 

The highest metal chelating activity of the RBH was observed if the 

hydrolysis was performed by using 1% tilapia enzyme for 30 min. Its activity was, 

however, not significant difference from that RBHs obtained by using higher enzyme 

concentration. Extension of hydrolysis duration caused significant reduction on the 

metal chelating activity.   
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Figure 19  Effect of hydrolysis condition on ABTS scavenging activity of RBH  

                  (    : 1% tilapia viscera extract in hydrolysis reaction,     : 2% tilapia viscera   

                  extract in hydrolysis reaction,      :  3% tilapia viscera extract in hydrolysis  

                  reaction). The data are means ± SD (n =3). The different letters indicate    

                  significant differences (p≤0.05). 

 

 

            

Figure 20  Effect of hydrolysis condition on DPPH scavenging activity of RBH  

                  (    : 1% tilapia viscera extract in hydrolysis reaction,     : 2% tilapia viscera   

                  extract in hydrolysis reaction,      :  3% tilapia viscera extract in hydrolysis  

                  reaction). The data are means ± SD (n =3). The different letters indicate    

                  significant differences (p≤0.05). 
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Figure 21  Effect of hydrolysis condition on hydroxyl radical scavenging activity of  

                   RBH (    : 1% tilapia viscera extract in hydrolysis reaction,     : 2% tilapia  

                   viscera extract in hydrolysis reaction,      :  3% tilapia viscera extract in   

                   hydrolysis reaction). The data are means ± SD (n =3). The different letters  

                   indicate significant differences (p≤0.05). 

 

 

           

Figure 22  Effect of hydrolysis condition on superoxide radical scavenging activity of  

                   RBH (    : 1% tilapia viscera extract in hydrolysis reaction,     : 2% tilapia  

                   viscera extract in hydrolysis reaction,      :  3% tilapia viscera extract in   

                   hydrolysis reaction). The data are means ± SD (n =3). The different letters  

                   indicate significant differences (p≤0.05). 
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Figure 23  Effect of hydrolysis condition on reducing power of RBH  (     : 1% tilapia  

                  viscera extract in hydrolysis reaction,      : 2% tilapiaviscera extract in  

                  hydrolysis reaction,      :  3% tilapia viscera extract in hydrolysis reaction).  

                  The data are means ± SD (n =3). The different letters indicate significant  

                  differences (p≤0.05). 

 

           

Figure 24  Effect of hydrolysis condition on metal chelating activity of RBH  (     : 1%  

                  tilapia viscera extract in hydrolysis reaction,      : 2% tilapia viscera extract  

                  in hydrolysis reaction,       :  3% tilapia viscera extract in hydrolysis reaction).  

                  The data are means ± SD (n =3). The different letters indicate significant  

                  differences (p≤0.05). 
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4.4.2  Cytotoxicity of RBH to RAW 264.7 cells 

Effect of the soluble fraction of RB and RBH on cytotoxicity in RAW 

264.7 cells is shown in Figure 25. The data was presented only those of the lowest and 

highest concentration studied range; 1 and 500 µg/ml, respectively. It was found that 

RB and RBH was not only exhibited no cytotoxicity against RAW 264.7 cells but also 

exerted the cell growth with about 1.5 times higher than that of the control. The stimulus 

effect on the cell growth was likely decreased by increasing the concentration of the 

RBH. At high concentration both samples probably cause a rapid cell growth and due 

to limited of resources such as nutrients and oxygen thereafter may trigger cell death. 

Ethanolic extract of defatted rice bran was also found no cytotoxicity in RAW264.7 

cells at concentration range of 10-1000 µg/ml as well (Kim et al.,2013).  
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Figure 25  Effect of RBH (1 and 500 µg/ml) on cytotoxicity in Raw 264.7 cells.  

  (RBH1, RBH4 and RBH7 produced by 1% tilapia viscera extract, RBH2,  

  RBH5 and RBH8 produced by 2% tilapia viscera extract and RBH3, RBH6 

and RBH9 produced by 3% tilapia viscera extract.) The data are means ± 

SD (n =3).  
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showed significant inhibition of NO production by activated macrophage up to 20%. 

Ciacci et al. (2014) reported that kiwi fruit peptide displays anti-inflammatory activity 

that was highly effective in preventing the increase of LPS-induced reactive oxygen 

species (ROS) levels in cell line. While, Xu et al. (2012) reported that β-glucan from 

the fruiting bodies of Lentinus edodes resulted in the striking inhibition of NO 

production in LPS-activated macrophage RAW 264.7 cells. 

 

 

Figure 26  Effect of RBH on NO inhibition in RAW 264.7 cells. 

  The data are means ± SD (n =3) and shown as IC50 (µg/ml). The different    

  letters indicate significant differences (p≤0.05). 

 

4.4.4 Effect of RBH on cytokine (TNF-α, IL-1, IL-6) secretion 

The RBH 1, RBH 2, RBH 4 and RBH 5 were selected for their inhibitory 

activity against secretion of pro-inflammatory cytokine based on their inhibitory effect 

against NO production. As shown in Figure 27, secretion of TNF-α, IL-1 and IL-6 

induced by LPS were inhibited by all the RBH used with an IC50 of  30269, 528.70 

and 6617 pg/ml, respectively. Our data presented that TNF-α is a major pro-

inflammatory cytokine response to LPS because of their highest volume released 
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(Figure 27). All RBHs effectively and significantly inhibited secretion of TNF-α; 60 % 

reduction. Bessis et al. (1998) reported that TNF-α is one of the major pro-inflammatory 

cytokines involved in the pathogenesis of chronic inflammatory disease. TNF-α plays 

an important part in an innate immune response (Kim et al., 2013). Moreover, TNF-α 

is a pleiotropic inflammatory cytokine and can stimulate the production or expression 

of IL-1β and IL-6 (Aggarwal and Natarajan, 1996). RBH2 was the most effective pro-

inflammatory cytokine inhibitory candidate based on its inhibition against generation 

of IL-1 (Figure 27b). We also found that   IL-6 secretion was effectively decreased by 

about 80% by the RBH1 and RBH2 (Figure 27c). Jo et al. (2010) reported that anti-

inflammatory compounds exert their activity by inhibiting substances in the body that 

cause inflammation of prostaglandin E2 (PGE2) and NF-B. Inhibition of excessive 

inflammation mediators such as NO and PGE2 maintain and protect inflammation 

diseases (Srisuk et al., 2014). 

In addition, based on their inhibitory activity on generation of all 

cytokines, RBH2 was therefore the most outstanding than other RBHs in anti-pro-

inflammatory cytokines. 
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                         (a) 

 

            (b) 

 

                (c) 

Figure 27  Effect of RBH on cytokine (TNF-α, IL-1, IL-6) secretion by RAW 264.7   

     cell induced with LPS. The data are means ± SD (n =3). The different letters    

   indicate significant differences (p≤0.05). 
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4.5 Conclusion 

Based on the results, the RBHs produced with different condition in this 

study displayed the efficacy in antioxidant activity and non-toxicity to RAW 264.7 cell 

line. In addition, RBH showed ability to inhibit NO, especially RBH produced by mild 

condition, and to reduce pro-inflammatory cytokine secretion. RBH2 exhibited strong 

anti-pro-inflammatory cytokines with a potent candidate to be developed as an 

antioxidant and anti-inflammatory ingredient for a functional food product. 

 

 

 

 



CHAPTER 5 

SUMMARY AND FUTURE WORKS 

5.1 Summary 

1. Extraction of crude tilapia viscera enzyme using 5% NaCl solution obtained the 

higher potential activity of protease and amylase than that of water and acetone 

extractant.  

 2. The application of crude tilapia viscera extract in production of defatted rice bran 

hydrolysate obtained a bioactive hydrolysate with potential free radical scavenging, 

anti-inflammatory and anti-proinflammatory cytokine (TNF-α, IL-1β and IL-6) 

secretion properties. 

3. Different of hydrolysis conditions have an influence on the quality of RBH. The 

mild condition, low enzyme content and hydrolysis time, results in better bioactive 

hydrolysate. 

5.2 Future works 

1. Antioxidative and anti-inflammatory activities of RBH in animal trial should be 

studied. 

2. Crude tilapia viscera enzyme extract should be scaled up for commercial 

production. 

3. RBH with antioxidative or anti-inflammatory activities should be scaled up for 

commercial production. 

 

 

 



88 

 

REFERENCES 

Abdul-Hamid, A. and Luan, S. Y. 2000. Functional properties of dietary fiber prepared 

from defatted rice bran. Food Chem. 68 : 15-19. 

Aggarwal, B. B. and Natarajan, K., 1996. Tumor necrosis factors: developments during 

the last decade. Eur. Cytokine Net. 7 : 93–124. 

Ahmad, A., Anjum, F. M., Tahir, Z. and Haq, N. 2009. Extraction of ß-glucan from oat 

and its interaction with glucose and lipoprotein profile. Pak. J. Nutr. 8 : 1486-

1492. 

Ahmad, A., Anjum, F. M., Zahoor, T., Nawaz, H. and Ahmad, Z. 2010. Extraction and 

characterization of ß-D-glucan from oat for industrial utilization. Int. J. Biol. 

Macromol. 46 : 304-309.  

Ahn, C. B., Je, J. Y. and Cho, Y. S. 2012. Antioxidant and anti-inflammatory peptide 

fraction from salmon by-product protein hydrolysates by peptic hydrolysis. 

Food Res. Int. 49 : 92-98. 

Aiyer, P. V. 2005. Amylases and their applications. Afr. J. Biotechnol. 4 : 1525-1529. 

Akira, S., Isshiki, H., Sugita, T., Tanabe, O., Kinoshita, S., Nishio, Y., Nakajima, T., 

Hirano, T. and Kishimoto, T. 1990. A nuclear factor for IL-6 expression (NF-

IL6) is a member of a C/EBP family. Eur. Mol. Biol. Organ. J. 9 : 1897–1906. 

Alderton, W. K., Cooper, C. E., and Knowles, R. G. 2001. Nitric oxide synthases: 

structure, function and inhibition. Biochem. J. 357 : 593-615. 

Al Kazaz, M., Desseaux, V., Marchis-Mouren, G., Payan, F., Forest, E., Santimone, M. 

1996. The mechanism of porcine pancreatic α-amylase. Kinetic evidence for 

two additional carbohydrate binding sites. Eur. J. Biochem. 241 : 787-796. 

Amado, R. 1994. Physico-Chemical Properties to Relate to Type of Dietary Fibre. In 

Physico-Chemical Properties of Dietary Fibre and Effect of Processing on 



89 

 

Micronutrients Availability. (Amado, R., Barry, J. L. and Frolich, W., eds.). 

p. 49-54. Marcel Dekker, Inc. New York. 

Amza, T., Balla, A., Tounkara, F., Man, L. and Zhou, H. M. 2013. Effect of hydrolysis 

time on nutritional, functional and antioxidant properties of protein 

hydrolysates prepared from gingerbread plum (Neocarya macrophylla) seeds. 

Int. Food Res. J. 20 : 2081-2090. 

Anderson, J. W. 1990. Dietary fiber and human health. Hort. Sci. 25 : 1488-1495. 

Anderson, J. W., Baird, P., Davis, R. H., Ferreri, S., Knudtson, M. and Koryam, A.  

2009. Health benefits of dietary fibre. Nutr. Rev. 67 : 188-205. 

AOAC. 2000. Official methods of analysis of AOAC international. 17th ed. USA.  

Aoe, S., Tatsumi, K., Yamauchi M. and Ayang, Y. 1993. Extraction of soluble dietary 

fiber from defatted rice bran. Cereal Chem. 70 : 423-425. 

Apte, R. N. and Voronov, E. 2002. Interleukin-1 a major pleiotropic cytokine in tumor-

host interactions. Semin. Cancer Biol. 12 : 277–290. 

Arab, F., Alemzadeh, I. and Maghsoudi, V. 2011. Determination of antioxidant 

component and activity of rice bran extract. Sci. Iran. 18 : 1402–1406. 

Arunchalam, K. and Haard, N. F. 1985. Isolation and characterization of pepsin from 

Polar cod (Boreogadus saida). Comp. Biochem. Phys. B. 80 : 467–473. 

Asenjo, J. A. 1990.  Separation Processes in Biotechnology. Vol. 9. Marcel Dekker, 

Inc. New York. 

Assreuy, J., Cunha, F. Q., Epperlein, M., Noronha-Dutra, A., O’Donnell, C. A., Liew, 

F. Y. and Moncada, S. 1994. Production of nitric oxide and superoxide by 

activated macrophages and killing of Leishmania major. Eur. J. Immunol. 24 

: 672–676. 



90 

 

Ausman, L. M., Rong, N. and Nicolosi, R. J. 2005. Hypocholesterolemic effect of 

physically refined rice bran oil: Studies of cholesterol metabolism and early 

atherosclerosis in hypercholesterolemic hamsters. J. Nutr. Biochem. 16 : 521-

529. 

Azevedo-Santos, V. M., Rigolin-Sá, O. and Pelicice, F. M. 2011. Growing losing or 

introducing: Cage aquaculture as a vector for the introduction of non-native 

fish in Furnas Reservoir, Minas Gerais, Brazil. Neotrop. Ichthyol. 9 : 915–

919.       

Bacic, A., Harris, P. J. and Stone, B. A. 1988. Structure and Function of Plant Cell 

Walls. In The Biochemistry of Plants. A Comprehensive Treatise. (Strumpf, 

P. K. and Conn, E. E., eds.). p. 297-371. Academic Press Inc. USA. 

Bandyopadhyay, K., Misra, G. and Ghosh, S. 2008. Preparation and characterisation of 

protein hydrolysates from Indian defatted rice bran meal. J. Oleo Sci. 57 : 47-

52. 

Banik, R. M. and Prakash, M. 2006. Purification and characterization of laundry 

detergent compatible alkaline protease from Bacillus cereus. Indian J. 

Biotechnol. 5 : 380-384. 

Banks, W. A., Kastin, A. J. and Gutierrez, E. G. 1994. Penetration of interleukin-6 

across the murine blood-brain barrier. Neurosci. Lett. 179 : 53-56. 

Bath-Hextall, F. J., Butterworth, R. J. and Bath, P. M. W. 2000. Nitric oxide donors 

(nitrates), L-arginine, or nitric oxide synthase inhibitors for acute ischaemic 

stroke. In The Cochrane Library. 2th ed. (The Cochran Collaboration, ed.). 

John Wiley and Sons, Ltd. USA. 

Bath, P. M. W., Willmot, M. W., Leonardi-Bee, J. and Bath-Hextall, F. J. 2002. Nitric 

oxide donors (nitrates), L-arginine, or nitric oxide synthase inhibitors for 

acute stroke. In The Cochrane Library. 4th ed. (The Cochran Collaboration, 

ed.). John Wiley and Sons, Ltd. USA. 



91 

 

Bazzoni, F. and Beutler, B. 1996. The tumor necrosis factor ligand and receptor 

families. New Engl. J. Med. 334 : 1717-1725. 

Beaton, N. V. and Klinkowski, P. R. 1983. Industrial ultrafiltration design and 

application of diafiltration processes. J. Separ. Process Technol. 4 : 1-10. 

Beltagy, A. E., El-Adawy, T. A., Rahma, E. H. and El-Bedawey, A. A. 2004. 

Purification and characterization of an acidic protease from the viscera of bolti 

fish (Tilapia nilotica). Food Chem. 86: 33-39. 

Bessis, N., Chiocchia, G., Kollias, G., Minty, A. and Fournier, C. 1998. Modulation of 

proinflammatory cytokine production in tumor necrosis factor-α (TNF-α)- 

transgenic mice by treatment with cells engineered to secrete IL-4, IL-10, or 

IL-13. Clin. Exp. Immunol. 111 : 391-396. 

Bezerra, R. S., Lins, E. J. F., Alencar, R. B., Paiva, P. M. G., Chaves, M. E. C., Coelho, 

C. B. B. and Carvalho, L. B. 2005. Alkaline proteinase from intestine of Nile 

tilapia (Oreochromis niloticus). Process Biochem. 40 : 1829–1834. 

Bogdan, C. 2000. The Function of Nitric Oxide in Immune System. In Handbook of 

Experimental Pharmacology. (Born, G. V. R., Cuatrecasas, P., Ganten, D., 

Herken, H., Starke, K. and Taylor, P., eds.). p. 443-492. Springer-Verlag 

Berlin Heidelberg GmbH. Austria. 

Bogdan, C. 2001. Nitric oxide and the immune response. Nat. Immunol. 2 : 907–916. 

Boonloh, K., Kukongviriyapan, U., Pannangpetch, P., Kongyingyoes, B., Senggunprai, 

L., Prawan, A., Thawornchinsombut, S. and Kukongviriyapan, V. 2015. Rice 

bran protein hydrolysates prevented interleukin-6- and high glucose-induced 

insulin resistance in HepG2 cells. Food Funct. 6 : 566-573. 

Borresen, C. E. and Ryan, P. E. 2014. Rice Bran: A Food Ingredient with Global Public 

Health Opportunities. In Wheat and Rice in Disease Prevention and Health. 

(Watson, R. R., Preedy, V. R. and Zibadi, S., eds.). p. 301-310. Elsevier Inc. 

USA.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Boonloh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25518891
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kukongviriyapan%20U%5BAuthor%5D&cauthor=true&cauthor_uid=25518891
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pannangpetch%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25518891
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kongyingyoes%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25518891
http://www.ncbi.nlm.nih.gov/pubmed/?term=Senggunprai%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25518891
http://www.ncbi.nlm.nih.gov/pubmed/?term=Senggunprai%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25518891
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prawan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25518891
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thawornchinsombut%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25518891
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kukongviriyapan%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25518891
http://www.ncbi.nlm.nih.gov/pubmed/25518891


92 

 

Boucher, J. L., Moali, C. and Tenu, J. P. 1999. Nitric oxide biosynthesis nitric oxide 

synthase inhibitors and arginase competition for L-arginine utilization. Cell 

Mol. Life Sci. 55 : 1015–1028. 

Bougatef, A., Nedjar-Arroume, N., Manni, L., Ravallec, R., Barkia, A., Guillochon, D. 

and Nasri, M. 2010. Purification and identification of novel antioxidant 

peptides from enzymatic hydrolysates of sardinelle (Sardinella aurita) by-

products proteins. Food Chem. 118 : 559-565. 

Bourdon, I., Yokoyama, W. and Davis, P.  1999. Postprandial lipid, glucose, insulin  

and cholecystokinin responses in men fed barley pasta enriched with ß-

glucan. Am. J. Clin. Nutr. 69: 55-63. 

Brennan, C. S. and Tudorica, C. M. 2003. The role of carbohydrates and nonstarch 

polysaccharides in the regulation of postprandial glucose and insulin 

responses in cereal foods. J. Nutraceut. Funct. Med. Foods. 4 : 49-55. 

Brero, A., Ramella, R., Fitou, A., Dati, C., Alloatti, G. and Gallo, M. P. 2010. 

Neuregulin-beta rapidly modulates nitric oxide synthesis and calcium 

handling in rat cardiomyocytes. Cardiovasc. Res. 88 : 443-452. 

Bronikowska, J., Szliszka, E., DJaworska, D., Czuba, Z. P. and Kr´ol, W. 2012. The 

coumarinpsoralidin enhances anticancer effect of tumor necrosis factor-

related apoptosis-inducing ligan (TRAIL). Molecules. 17 : 6449–6464. 

Castillo-Yanez, F. J., Pacheco-Aguilar, R., Garciacarreno, F. L. and Navarrete-Del, T. 

M. A. 2004. Characterization of acidic proteplytic enzymes from Monterey 

sardine (Sardinops sagaxcaerulea) viscera. Food Chem. 85 : 343-350. 

Castillo-Yanez, F. J., Pacheco-Aguialr, R. P., Garcia-Carreno, F. L. and Toro, M. A. N. 

D. 2005. Isolation and characterization of trypsin from the pyloric ceca of 

Monterey sardine Sardinops sagax caerulea. Comp. Biochem. Phys. B. 140 : 

91-98. 



93 

 

Castillo-Yanez, F. J., Pacheco-Aguialr, R. P., Garcia-Carreno, F. L., Toro, M. A. N. D. 

and Lopez, M. F. 2006. Purification and biochemical characterization of 

chymotrypsin from the viscera of Monterey sardine (Sardinops sagax 

caerulea). Food Chem. 99 : 252-259. 

Cawthorn, W. P. and Sethi, J. K. 2008. TNF-α and adipocyte biology. Fed. Eur. 

Biochem. Soc. Lett. 582 : 117-131. 

Chanput, W., Theerakulkait, C. and Nakai, S. 2009. Antioxidative properties of 

partially purified barley hordein, rice bran protein fractions and their 

hydrolysates. J. Cereal Sci. 49 : 422-428. 

Chen, G. T., Zhao, L., Zhao, L. Y. and Cong, T. and Bao, S. F. 2007.  In vitro study on  

antioxidant activities of peanut protein hydrolysate. J. Sci. Food Agric. 87: 

357-362. 

Ciacci, C., Russo, I., Bucci, C., Iovino, P., Pellegrini, L., Giangrieco, I., Tamburrini, 

M. and Ciardiello, M. A. 2014. The kiwi fruit peptide kissper displays anti-

inflammatory and anti-oxidant effects in in-vitro and ex-vivo human intestinal 

models. Clin. Exp. Immunol. 175 : 476–484. 

Clarks, J., Macdonald, N. L. and Stark, J. R. 1985. Metabolism in marine flatfish. III. 

Measurement of elastase activity in the digestive tract of dover sole (Solea solea 

L). Comp. Biochem. Phys. B. 91 : 677-684. 

Clement, A. 2000. Enzymatic protein hydrolysate in human nutrition. Trends Food Sci. 

Tech. 11: 254-262. 

Crisafulli, C., Galuppo, M. and Cozzocrea, S. 2009. Effects of genetic and 

pharmacological inhibition of TNF-α in the regulation of inflammation in 

macrophages. Pharm. Research. 60 : 332-340. 

Daou, C. and Zang, H. 2011. Physico-chemical properties and antioxidant activities of 

dietary fiber derived from defatted rice bran. Adv. J. Food Sci. Technol. 3 : 

339-347. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ciacci%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Russo%20I%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bucci%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iovino%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pellegrini%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Giangrieco%20I%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tamburrini%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ciardiello%20MA%5Bauth%5D


94 

 

David, B. A., Rogelio, M. R., Alm, C. C., Arturo, C. R, Ma Eugenia, J. F. and Luis, C. 

G. 2009. Functional properties of hydrolysates from Phaseolus lunatus seeds. 

J. Food Sci. Technol. 44 : 128-137. 

DeLeo, J. A., Colburn, R. W. and Nichols, M. 1996. Interleukin-6-mediated 

hyperalgesia/allodynia and increased spinal IL-6 expression in a rat 

mononeuropathy model. J. Interferon Cytokine Res. 16 : 695–700.  

Derosa, F., Keefer, L. K. and Hrabie, J. A. 2008. Nitric oxide reacts with methoxide. J. 

Org. Chem. 73 : 1139-1142. 

De Vecchi, S. and Coppes, Z. L. 1996. Marine fish digestive proteases in food industry 

and its relevance to the South-West Atlantic region. J. Food Biochem. 10 : 

193-214. 

Dinarello, C. A. 1994. The interleukin-1 family: 10 years of discovery. Fed. Am. Soc. 

Exp. Biol. J. 8 : 1314–1325.  

Dinis, T. C. P., Madeira, V. M. C. and Almeida, M. L. M. 1994. Action of phenolic 

derivates (acetoaminophen, salycilate and 5-aminosalycilate) as inhibitors of 

membrane lipid peroxidation and as peroxyl radical scavengers. Arch. 

Biochem. Biophys. 315 : 161-169. 

Dutta, T. K., Jana, M., Pahari, P. R., Bhattacharya, T. and Zool, T. J. 2006. The Effect 

of Temperature, pH, and Salt on Amylase in Heliodiaptomus viduus (Gurney) 

(Crustacea: Copepoda: Calanoida). Turk. J. Zool. 30 : 187-195. 

Espisito, K., Maiorino, M. I., Ciotola, M., Di Palo, C., Scognamiglio, P., Gicchino, M., 

Petrizzo, M., Saccomanno, F., Beneduce, F., Ceriello, A. and Giugliano, D. 

2009. Effects of a Mediterranean-style diet on the need for antihyperglycemic 

drug therapy in patients with newly diagnosed type 2 diabetes: a randomized 

trial. Ann. Intern. Med. 151 : 306-314. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Esposito%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maiorino%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ciotola%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Palo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scognamiglio%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gicchino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Petrizzo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saccomanno%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beneduce%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ceriello%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Giugliano%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19721018
http://www.ncbi.nlm.nih.gov/pubmed/19721018


95 

 

FAO. 2001. Food and Agriculture Organization of the United Nations: Summary tables 

of fishery statistics: world aquaculture production by principal species. Rome, 

Italy. 

FAO. 2011. The State of World Fisheries and Aquaculture, Food and Agriculture 

Organization, Rome, Italy. 

FAO. 2014. Globefish (Online). Available http://www.globefish.org/tilapia-dec-2014.html. 

(3 May 2015) 

FDA.1996. Food labelling: health claims, oats and coronary heart disease. Proposed 

rule. FDA Talk Paper 1996. Food and Drug Administration. U.S. Department 

of Health and Human Services. 

FDA.1997. FDA allows whole oat foods to make health claim on reducing the risk of  

heart disease. FDA Talk Paper Jan. 22. 1997. Food and Drug Administration. 

U.S. Department of Health and Human Services. 

Foh, M. B. K., Amadou, I., Kamara, M. T., Foh, B. M. and Xia, W. 2011. Effect of 

enzymatical hydrolysis on the nutritional and functional properties of nile 

tilapia (Oreochromis niloticus) proteins. Am. J. Biochem. Mol. Biol. 1 : 54-

67. 

Ford, C. W. and Percival E. 1965. Polysaccharides synthesised by Monodus 

subterraneus. Part II. The cell wall glucan. J. Chem Soc. 3014-3016. 

Freitas-Júnior, A. C. V., Costa, H. M. S., Icimoto, M. Y., Hirata, I. Y., Marcondes, M., 

Carvalho, Jr. L. B., Oliveira, V. and Bezerra, R. S. 2012. Giant Amazonian 

fish pirarucu (Arapaima gigas): Its viscera as a source of thermostable trypsin. 

Food Chem. 133 : 1596–1602. 

Fukushima, D. 1969. Denaturation of soybean proteins by organic solvents. Central 

Research Institute. Japan. 

Gabay, C. 2006. Interleukin-6 and chronic inflammation. Arthritis Res. Ther. 8 : 1-6. 

http://www.globefish.org/tilapia-dec-2014.html.%20(3%20May%202015
http://www.globefish.org/tilapia-dec-2014.html.%20(3%20May%202015


96 

 

Gerhardt, P., Murray, R. G. E., Wood, W. A. and Krieg, N. R. 1994. Methods for 

general and molecular bacteriology. ASM Washington DC. 

German, D. P., Horn, M. H. and Gawlicka, A. 2004. Digestive enzyme activities in 

herbivorous and carnivorous prickleback fishes (Teleostei: Stichaeidae): 

ontogenetic, dietary, and phylogenetic effects. Physiol. Biochem Zoo. 77 : 

789–804. 

Gildberg, A., Olsen, R. L. and Bjannasson, J. B. 1990. Catalytic properties and chemical 

composition of pepsin from Atlantic cod (Gadus morhua). Comp. Biochem. 

Phys. B. 69 : 323-330. 

Gildberg, L. R. 1992. The development of markers for the Big-Five factor structure. 

Psychol. Assessment. 4 : 26-42. 

Gordon, H. M. 2001. The Development of Oxidative Rancidity in Food. In Antioxidant 

in Food. (Pokorny, J., Yanishlieva, N. and Gordon, M., eds.). p. 43-69. CRC 

Press. New York.  

Gould, B. E. 2002. Inflammation and Healing. In Pathophysiology of the Health 

Professions. 2nd ed. (Gould, B.E., ed). p. 192-199. USA. 

Guo, L. Y., Hung, T. M., Bea, K. H., Shin, E. M., Zhou, H. Y., Hong, Y. N., Kang, S. 

S., Kim, H. P. and Kim, Y. S. 2008. Anti-inflammatory effects of schisandrin 

isolated from the fruit of Schisandra chinensis baill. J. Pharmacol. 597 : 293-

299. 

Gupta, M., Mazumder, U. K., Kumar, R. S. and Kumar, T. S. 2003. Studies on anti-

inflammatory, analgesic and antipyretic properties of methanol extract of 

Caesalpinia bonducella) leaves in experimental animal models. Iran. J. 

Pharmacol. Ther. 2 : 30-34.  

Haard, N. F. 1992. A review of protolytic enzymes from marine organisms and their 

application in the food industry. J. Aquat. Food Prod. Technol. 1 : 17-35. 



97 

 

Haard, N. F. 1994. Protein Hydrolysis in Seafoods. In Seafood Chemistry. Processing 

Techonology and Quality. (Shahidi, F. and Botta, J.R., eds.). p. 10-33. 

Chapman & Hall. New York.  

Haard, N. F. and Simpson, B. K. 1994. Proteases from aquatic organisms and their uses 

in the seafood industry. In Fisheries Processing: Biotechnology applications. 

Chapman & Hall Publishing. London. 

Halliwell, B., Guttridge, J. M. C. and Aruoma, O. I. 1987. The deoxyribose method: A 

simple test-tube assay for determination of rate constants for reactions of 

hydroxyl radical. Anal. Biochem. 165 : 215-219. 

Hamada, J. S. 1997. Characterization of protein fractions of rice bran to devise effective 

methods of protein solubilization. Cereal Chem. 74 : 662-668. 

Haslaniza, H., Maskat, M. Y., Wan-Aida, W. M. and Mamot, S. 2010. The effects of 

enzyme concentration, temperature and incubation time on nitrogen content 

and degree of hydrolysis of protein precipitate from cockle (Anadara 

granosa) meat wash water. Int. Food Res. J. 17 : 147-152. 

Havrlentová1, M., Petruláková, Z., Burgárová, A., Gago, F., Hlinková1, A. and Šturdík, 

E. 2011. Cereal β-glucans and their significance for the preparation of 

functional foods. Czech J. Food Sci. 29 : 1–14. 

Hayet, B. K., Rym, N., Ali, B., Sofiane, G. and Moncef, N. 2011.  Low molecular 

weight serine protease from the viscera of sardinelle (Sardinella aurita) with 

collagenolytic activity: Purification and characterization. Food Chem. 124 : 

788–794. 

Heijmans, A. C., Wesseldijk, F. and Munnikes, R. J. 2006. Multiplex bead array assay 

for detection of 25 soluble cytokines in blister fluid of patients with complex 

regional pain syndrome type 1. Mediat. Inflamm. 1 : 1-9. 

Helm, R. M. and Burks, A. W. 1996. Hypoallergenicity of rice bran protein. Cereal 

Food World. 41: 839-843. 



98 

 

Heu, M. S., Kim, H. R. and Pyeun, J. H. 1995. Comparison of trypsin and chymotrypsin 

from the viscera of anchovy (Engraulis japonica). Comp. Biochem. Phys. B.  

112 : 557-567. 

Hidalgo, M. C., Urea, E. and Sanz, A. 1999. Comparative study of digestive enzymes 

in fish with different nutritional habits. Proteolytic and amylase activities. 

Aquaculture. 170 : 267-283. 

Hinsui, J., Worawattanamateekul, W., Raksakulthai, N. and Runglerdkriangkrai, J. 

2006. Characterization of partial purified trypsin and chymotrypsin from 

viscera of Nile tilapia (Oreochromis niloticus Linneaus). Kasetsart J. 

(Nat.Sci.). 40 : 242-248.  

Humiski, L. M. and Aluko, R. E. 2007. Physicochemical and bitterness properties of 

enzymatic pea protein hydrolysates. J. Food Sci. 72 : 605-611. 

Hye-Kim, M., Park, J. S. and Shin, T. Y. 2013. Anti-inflammatory effects of defatted 

rice bran ethanol extract in RAW 264.7 macrophage cells. J. Converg. Inform. 

Technol. 8 : 324-331.  

Ismail, N. and Hasni, F. M. 2014. Antioxidant activity and solubility of green mussel 

(Perna viridis) hydrolysate as influenced by degree of hydrolysis. J. Intelek. 

8 : 13-19. 

Janson, J. C. and Lars, R. 1989. Protein Purification. VCH Publishers. New York. 

Jhingran, V. G. 1987. Introduction to aquaculture. Nigerian Institute for Oceangraphy 

and Matine Research Project. African Regional Aquaculture Centre. 

Jiamyangyuen, S., Srijesdaruk, V. and Harper, W. J. 2005. Extraction of rice bran 

protein concentrate and its application in bread. Songklanakarin J. Sci. 

Technol. 27 : 55-64. 

Jiang, H., Torregrossa, A. C., Parthasarathy, D. K. and Bryan, N. S. 2012. Natural 

product nitric oxide chemistry: new activity of old medicines. Evid. Based 

Complement Alternat. Med. 22 : 354-360. 



99 

 

Jo, W. Y., Choi, T. J., Kim, H. J., Nam, B. B. H., Lee, G. A., Seo, S. Y., Lee, S. W. and 

Jeong, M. H. 2010. Methanolic extract of Asterina pectinifera inhibits LPS-

induced inflammatory mediators in murine macrophage. Toxicol. Res. 26 : 

37-46. 

Johansson, J. 2006. Structural analyses of (1→3),(1→4)-β-D-glucan of oats and barley. 

In Proceedings of Applied Chemistry and Microbiology General Chemistry 

Division Helsinki 2006. 7 April 2006. 

Johansson, L., Tuomainen, P., Ylinen, M., Eckholm, P. and Virkki, L. 2004. Structural 

analysis of water-soluble and -insoluble β-glucans of whole-grain oats and 

barley. Carbohyd. Polym. 58 : 267–274. 

Juliano, B. O. and Villareal C. D. 1993. Grain quality evaluation of world rice. 

International Rice Research Institute. Los Banos, Philippines. 

Kahlon, T. S., Chow, F. I., Knuckles, B. E. and Chiu, M. M. 1993. Cholesterol-lowering 

effects in Hamsters of -glucan-enriched barley fraction, dehulled whole 

barleys, rice bran and oat bran and their combinations. Cereal Chem. 70 : 435-

440. 

Kalra, S. and Jood, S. 2000. Effect of dietary β-glucan on cholesterol and lipoprotein  

fractions in rats. J. Cereal Sci. 31 : 141-145. 

Kannan, A., Hettiarachchy, N. and Narayan, S. 2009. Colon and breast anti-cancer 

effects of peptide hydrolysates derived from rice bran. Open Bioactive 

Compound. J. 2 : 17-20. 

Karpuzoglu, E. and Ahmed, A. S. 2006. Estrogen regulation of nitric oxide and 

inducible nitric oxide synthase (iNOS) in immune cells: Implications for 

immunity, autoimmune diseases, and apoptosis.  Nitric Oxide. 15 : 177–186. 

Keogh, G. F., Cooper, G. J. S. and Mulvey, T. B. 2003. Randomised controlled 

crossover study of the effect of highly ß-glucan enriched barley on 



100 

 

cardiovascular  disease  risk  factors in mildly hypercholesterolemic  men. 

Am. J. Clin. Nutr. 78 : 711-718. 

Khantaphant, S. and Benjakul, S. 2010. Comparative study on the proteases from fish 

pyloric caeca and the use for production of gelatin hydrolysate with anti-

oxidative activity. Comp. Biochem. Phys. B. 151 : 410-419. 

Kim, W. C., Nicholas, M. H., Khong, S. I. and Maznah, I. 2013. Isolation and 

antioxidative properties of phenolics-saponins rich fraction from defatted rice 

bran. J. Cereal Sci. 57 : 480-485. 

Kishimura, H. and Hayashi, K. 2002. Isolation and characteristics of trypsin from 

pyloric ceca of the starfish Asterina pectinifera. Comp. Biochem. Phys. B. 132 

: 485–490. 

Klahan, R., Areechon, N., Yoonpundh, R. and Engkagul, A. 2008. Characterization and 

activity of digestive enzymes in different sizes of Nile tilapia (Oreochromis 

niloticus L.). Kasetsart J. (Nat.Sci.). 43 : 143-153. 

Klomklao, S., Benjakul, S., Visessanguan, W., Simpson, B. K. and Kishimura, H. 2005. 

Partitioning and recovery of proteinase from tuna spleen by aqueous two-

phase systems. Process Biochem. 40 : 3061-3067. 

Klomklao, S., Benjakul, S., Visessanguan, W., Kishimura, H., Simpson, B. K. and 

Saeki, H. 2006. Trypsins from yellowfin tuna (Thunnus albacores) spleen: 

Purification and characterization. Comp. Biochem. Phys. B. 144 : 47-56. 

Klomklao, S., Benjakul, S., Visessanguan, W., Kishimura, H. and Simpson, B. K. 2007. 

Purification and characterization of trypsins from the spleen of skipjack tuna 

(Katsuwonus pelamis). Food Chem. 100 : 1580-1589. 

Klomklao, S. 2008. Digestive proteinases from marine organisms and their 

applications. Songklanakarin J. Sci. Technol. 30 : 37-46. 

Klompong, V., Benjakul, S., Yachai, M., Visessanguan, W., Shahidi, F. and Hayes, K.  

D. 2007. Amino acid composition and antioxidative peptides from protein 



101 

 

hydrolysates of yellow stripetrevally (Selaroides leptolepis). J. Food Sci. 74 : 

C126-133. 

Kohen, R. and Nyska, A. 2002. Oxidation of biological systems: oxidative stress 

phenomena, antioxidants, redox reactions, and methods for their 

quantification. Toxicol. Pathol. 30 : 620-650.  

Koide, N., Sugiyama, T., Mu, M. M., Mori, I., Yoshida, T., Hamano, T. and Yokochi, 

T. 2003. Gamma interferon-induced nitric oxide production in mouse CD5+ 

B1-like cell line and its association with apoptotic cell death. Microbiol. 

Immunol. 47 : 669–679. 

Kristinsson, H. G. and Rasco, B. A. 2000. Fish protein hydrolysates: Production, 

biochemical, and functional properties. Food Sci. Nutr. 40 : 43–81. 

Kwqamata, H., Ochiai, H., Mantani, N. and Terasawa, K. 2000. Enhanced expression 

of inducible nitric oxide synthase by Juzen-taiho-to in LPS activated RAW 

264.7 cells a murine macrophage cell line. Am. J. Chinese Med. 28 : 217-226. 

Laemmli, U. K. 1970. Cleavage of structural proteins during the assembly of the head 

of bacteriophage T4. Nature. 227: 680-685. 

Li, B., Chen, F., Wang, X. and Ji, B. 2007. Isolation and  identification  of  antioxidant  

peptides from porcine  collagen  hydrolysate  by  consecutive chromatography  

and  electrospray  ionization-mass spectrometry. Food Chem. 102 : 1135-

1143. 

Li, Z., H-Kittikun, A. and Youravong, W. 2009. Purification of protease from pre-

treated tuna spleen extract by ultrafiltration: An altered operational mode 

involving critical flux condition and diafiltration. Separ. Purif. Technol. 66 : 

368–374. 

Lin, M. J. Y., Humbert, E. S. and Sosulski, F. W. 1974. Certain functional properties 

of sunflower meal products. J. Food Sci. 39 : 368-370. 



102 

 

Linton, S. M., Saborowski, R., Shirley, A. and Penny, J. A. 2014. Digestive enzymes 

of two brachyuran and two anomuran land crabs from Chrismas Island, Indian 

Ocean. J. Comp. Physiol. B. 25 : 15-22. 

Liu, S. 2003. Whole-grain foods, dietary fiber, and type 2 diabetes: searching for a 

kernel of truth. Am. J. Clin. Nutr. 77 : 527-529. 

Lowry, O. H., Rosenbrougj, N. J., Farr, A. L. and Randall, R. L. 1951. Protein 

measurement with the Folin Phenol Reagent. J. Biol. Chem. 193 : 265-275. 

Maalouf, S. W., Talhouk, R. S. and Schanbacher, F. L. 2010. Inflammatory responses 

in epithelia: endotoxin induced IL-6 secretion and iNOS/NO production are 

differentially regulated in mouse mammary epithelial cells. J. Inflamm. 7 : 58. 

Maki, K. C., Davidson, M. H., Ingram, K. A., Veith, P. E., Bell, M. and Gugger, E. 

2003. Lipid responses to consumption of a beta-glucan containing ready-to-

eat cereal in children and adolescents with mild-to-moderate primary 

hypercholesterolemia. Nutr. Res. 23 : 1527-1535. 

Mandal, P., Kumar, T. and Ghosal, M. 2009. Free-radical scavenging activity and 

phytochemical in the leaf and stem of Drymaria diandra Blume. Int. J. Integr. 

Biol. 7 : 80-85. 

Mariod, A. A., Adamu, H. A.,  Ismailand, M. and Ismail, N. 2010. Antioxidative effects 

of stabilized and unstabilized defatted rice bran methanolic extracts on the 

stability of rice bran oil under accelerated conditions. Grasas Aceites. 61 : 

409-415. 

Martinek, R. 1969. Practical clinical enzymology. J. Am. Med. Technol. 31 : 162. 

Mason, R. 2001. What is beta-glucan. 1st ed. Safe Goods Publishing. USA. 

Matsuura, M., Saito, S., Hirai, Y. and Okamura, H. 2003. A pathway through 

interferon-gamma is the main pathway for induction of nitric oxide upon 

stimulation with bacterial lipopolysaccharide in mouse peritoneal cells. Eur. 

J. Biochem. 270 : 4016–4025. 



103 

 

McCaskill, D. R. and Zhang, F. 1999. Use of rice bran oil in foods. Food Technol. 53 : 

50–52. 

McCleary, B. V. and Mugford, D. C. 1997. Determination of ß-glucan in barley and 

oats by streamlined enzymic method: summary of collaborative study. J. 

Assoc. Off. Agric. Chem. Int. 80 : 580-583. 

McCleary, B. V. and Nurthen, E. 1986. Measurement of (1-3)(1-4)- β-D-glucan in malt, 

wort and beer. J. Inst. Brew. 92 : 168-173. 

McCleary, B. V., Gibson, T. S. and Mugford, D. C. 1997. Measurement of total starch 

in cereal products of amyloglucosidase-alphamylase method: collaborative 

study. J. Assoc. Off. Anal. Chem. 80 : 571–579. 

Moreau, Y., Desseaux, V., Koukiekolo, R., Mouren, G. M. and Santimone, M. 2001. 

Starch digestion in tropical fishes: isolation, structural studies and inhibition 

kinetics of α-amylases from two tilapias Oreochromis niloticus and 

Sarotherodon melanotheron. Comp. Biochem. Phys. B. 128 : 543 – 552. 

Most, M. M., Tulley, R., Morales, S. and Lefevre, M. 2005. Rice bran oil, not fiber, 

lowers cholesterol in humans. Am. J. Clin. Nutr. 81 : 64-68. 

Mutilangi, W. A. M., Panyam, D. and Kilara, A. 1996. Functional properties of 

hydrolysates from proteolysis of heat-denatured whey protein isolate. J. Food 

Sci. 61 : 270-274. 

Nakao, S. 1994. Determination of pore size and pore size distribution. J. Membr. Sci. 

96 : 131-165. 

Nasri, R., Younes, I., Lassoued, I., Ghorbel, S., Ghorbel-Bellaaj, O. and Nasri, M. 2011.   

Digestive alkaline proteases from Zosterisessor ophiocephalus, Raja clavata, 

and Scorpaena scrofa: characteristics and application in chitin extraction. J. 

Amino Acid. 2011 : 1-9. 

http://www.hindawi.com/50616859/
http://www.hindawi.com/40204185/
http://www.hindawi.com/40798978/
http://www.hindawi.com/91235973/
http://www.hindawi.com/50647624/
http://www.hindawi.com/40427325/


104 

 

Ndiaye, F., Voung, T., Duarte, J., Aluko, R. E. and Malar, C. 2012. Anti-oxidant, anti-

inflammatory and immunomodulating properties of an enzymatic protein 

hydrolysate from yellow field pea seeds. Eur. J. Nutr. 51 : 29-31. 

Neufeld, A. H. and Liu, B. 2003. Comparison of the signal transduction pathways for 

the induction of gene expression of nitric oxide synthase-2 in response to two 

different stimuli. Nitric Oxide. 8 : 95–102. 

Neureiter, M., Herbert, D., Christiane, T., Bamusi, S. and Rudolf, B. 2002. Dilute acid 

hydrolysis of sugarcane bagasse at varying conditions. Appl. Biochem. 

Biotechnol. 9 : 98-100. 

Noda, M. and Murakami, K. 1981. Studies on proteinases from the digestive organs of 

sardine. Purification and characterization of two acid proteinases from the 

stomach. BBA-Enzymol. 658 : 27-32. 

Nurit, K. 2012. Report on the situation and tilapia production in 2012. In The State of 

World Fisheries and Aquaculture 2012. (Barbaroux, G., Bizzarri, M. R. and 

Hasan, L., eds.). p. 2. FAO publication. Rome. 

Nylander, L. E. N. and Egelrud, T. 1997. Biologically active, alternatively processed 

interleukin-1 beta in psoriatic scales. Eur. J. Immunol. 27 : 2165–2171. 

Orhan, I., Kartal, M. and Naz, Q. 2007. Antioxidant and anticholinesterase evaluation 

of selected Turkish Salvia species. Food Chem. 103 : 1247 – 1254. 

Oszvald, M., Tomoskozi, S., Tamas, I. and Bekes, F. 2008. Preliminary study to 

investigate the role of rice and added wheat protein in the mixing properties 

of different rice flours. Acta. Aliment. 37 : 399-408. 

Othman, R. A., Moquadasian, M. H. and Jones, P. J. 2011. Cholesterol-lowering effects 

of oat β-glucan. Nutr. Rev. 69 : 299-309.  

Ozaktay, A. C., Kallakuri, S. and Takebayashi, T. 2006. Effects of interleukin-1 beta, 

interleukin-6, and tumor necrosis factor on sensitivity of dorsal root ganglion 

and peripheral receptive fields in rats. Eur. Spine J. 1–9. 



105 

 

Park, J. Y., Back, S. S. and Chun, B. S. 2008. Protein properties of mackerel viscera 

extracted by supercritical carbon dioxide. J. Environ. Biol. 29 : 443-448. 

Parker, P. M. 2005. The 2006-2011 world outlook for milled rice bran. Icon Group 

International. San Diego. 

Pollard, J. D. 1998. Purification of Oligonucleotides Using Denaturing Polyacrylamide 

Gel Electrophoresis. In Current Protocols in Molecular Biology. (Ellington, 

A. and Pollard, J.D., eds.). p. 42-49. John Wiley & Sons, Inc. USA. 

Pongsawadi, P. and Yagisawa, M. 1988. Purification and some properties of 

cyclomaltodextrin glucanotransferase from Bacillus circulans. Agric. Biol. 

Chem. 52 : 1099-1103. 

Prakash, J. and Ramanathan, G. 1995. Effect of stabilization treatment of rice bran on 

functional properties of protein concentrates. J. Sci. Food Agric. 67 : 181-187. 

Rajalakshmi, D. and Narasimhan, S. 1996. Food antioxidants: Sources and methods of 

evaluation. In Food antioxidants. (Madhavi, D. L., Deshpande, S. S.  and 

Salunke, D. K., eds). p. 65–157. Marcel Dekker, Inc. New York. 

Ray, P. D., Huang, B. W. and Tsuji, Y. 2012. Reactive oxygen species (ROS) 

homeostasis and redox regulation in cellular signaling. Cell Signal. 24 : 981-

990. 

Rawdkuen, S. and Benjakul, S. 2012. Biochemical and microstructural characteristics 

of meat samples treated with different plant proteases. Afr. J. Biotechnol. 11 

: 14088-14095. 

Ripsin, C. M., Keenan, J. M., Jacobs, D. R., Elmer, P. J., Welch, R. R. and Van Horn, 

L. 1992. Oat products and lipid lowering. A meta-analysis. J. Am. Med. 

Assoc. 267 : 3317-3325. 

Robertson, J. A., De-Monredon, F. D., Dysseler, P., Guillon, F., Amado, R. and 

Thibault, J. F. 2000. Hydration properties of dietary fibre and resistantstarch: 

A European collaborative study. Lebensm. Wiss. Technol. 33 : 72-79.  



106 

 

Roubroeks, J. R., Andersson, R., Mastromauro, D. I., Christensen B. E. and Aman, P. 

2001. Molecular weight, structure and shape of oat (1→3),(1→4)-b-D-glucan 

fractions obtained by enzymatic degradation with (1→4)-b-D-glucan 4-

glucanohydrolase from Trichoderma reesei. Carbohyd. Polym. 46 : 275-285. 

Sánchez, A., Contreras, C., Martínez, M. P., Climent, B., Benedito, S. and García-

Sacristán, A. 2012. Role of neural NO synthase (nNOS) uncoupling in the 

dysfunctional nitrergic vasorelaxation of penile arteries from insulin-resistant 

obese zucker rats. Public Libr. Sci. 1 : 7-11. 

Sasmal, M. and Ray, R. R. 2015. Production of extracellular enzymes by the gut and 

gill microflora of Tilapia fish (Oreochromis niloticus). Asian J. Multidiscip. 

Stud. 3 : 44-49. 

Saunders, R. M. 1990. The properties of rice bran as a food stuff. Cereal Foods World. 

35 : 632-662. 

Sarsour, E. H., Kumar, M. G., Chaudhuri, L., Kalen, A. L. and Goswami, P. C. 2009. 

Redox control of the cell cycle in health and disease. Antioxid. Redox Signal. 

11 : 2985-3010. 

Schafers, M., Svensson, C. I. and Sommer, C. 2003. Tumor necrosis factor-alpha 

induces mechanical allodynia after spinal nerve ligation by activation of p38 

MAPK in primary sensory neurons. J. Neurosci. 23 : 2517–2521.  

Schetter, A. J., Heegaard, N. H. and Harris, C. C. 2010. Inflammation and cancer. 

Carcinogenesis. 31 : 37-49. 

Seetharamaiah, G. S. and Chandrasekhara, N. 1989. Studies on hypocholesterolemic 

activity of rice bran oil. Atherosclerosis. 78 : 219-223. 

Seo, S. H. and Webster, R. G. 2002. Tumor necrosis factor alpha exerts powerful anti-

influenza virus effects in lung epithelial cells. J. Virol. 76 : 1071– 1076. 



107 

 

Shahidi, F. and Kamil, J. Y. V. A. 2001. Enzymes from fish and aquatic invertebrates 

and their application in the food industry. Trends Food Sci. Technol. 12 : 435–

464. 

She, F. H., Tung, K. L. and Kong, L. X. 2008. Calculation of effective pore diameters 

in porous filtration membranes with image analysis. Robot. Cim-Int. Manuf. 

24 : 427-434. 

Sherwin, E. R. 1990. Antioxidant. In Food additives. (Branen, A. L., Davidson, P. M. 

and Salminen, S., eds). p. 139–193. Marcel Dekker. New York. 

Sibakov, J., Myllymäki, O., Suortti, T., Kaukovirta-Norja, A., Lehtinen, P. and 

Poutanen, K. 2013. Comparison of acid and enzymatic hydrolyses of oat bran 

β-glucan at low water content. Food Res. Int. 52 : 99–108. 

Sier, C. F. M., Gelderman, K. A. Prins, F. A. and Gorter, A. 2004. Beta-glucan 

enhanced  killing of renal cell carcinoma micrometastases by monoclonal 

antibody C250 directed complement activation. Int. J. Cancer. 109 : 900-908. 

Silpradit, K., Tadakittasarn, S., Rimkeeree, H., Winitchai, S. and Haruthaithanasan, V.  

2010. Optimization of rice bran protein hydrolysate production using alcalase 

As. J. Food Ag-Ind. 3 : 221-231. 

Simpson, B. K. 2000. Digestive Proteinases from Marine Animals. In Seafood 

Enzymes: Utilization and Influence on Postharvest Seafood Quality. (Haard, 

N. F. and Simpson, B. K., eds.). p. 531-540. Marcel Dekker, Inc.  USA. 

Simpson, B. K., Smith, J. P. and Haard, N. F. 1991. Marine Enzyme. In Encyclopedia 

of food science and technology. (Francis, F. J., ed.). p. 1645-1653. Fitzroy 

Dearborn Publishers. London. 

Sirikul, A., Moongngarm, A. and Khaengkhan, P. 2009. Comparison of proximate 

composition, bioactive compounds and antioxidant activity of rice bran and 

defatted rice bran from organic rice and conventional rice. As. J. Food Ag-

Ind. 2 : 731-743. 



108 

 

Smith, K. E. 2014. Composition and production of permeate and delactosed permeate. 

Wisconsin Center for Dairy Research. Vol. 17. Paulus, K. (Ed.). University 

of Wisconsin-Madison, USA. p. 2-4. 

Souza, A. A. G., Amaral, I. P. G., Santo, A. R. E., Carvalho, L. B. J. and Bezerra, R. S. 

2007. Trypsin-like enzyme from intestine and pyloric caeca of spotted 

goatfish (Pseudupeneus maculatus). Food Chem. 100 : 1429–1434. 

Srisuk, C., Longyant, S., Senapin, S., Sithigorngul, P. and Chaivisuthangkura, P. 2014. 

Molecular cloning and characterization of a Toll receptor gene from 

Macrobrachium rosenbergii. Fish Shellfish Immunol. 36 : 552-562. 

Steel, R. G. D. and Torrie, J. H. 1980. Principles and Procedures of Statistics; A 

Biometrical Approach. 2nd Ed. McGraw-Hill. New York. 

Su, X. Y., Wang, Z. Y. and Liu, J. R. 2009. In vitro and in vivo antioxidant activity of 

Pinus koraiensis seed extract containing phenolic compounds. Food Chem. 

117 : 681-686. 

Szliszka, E., Czuba, Z. P., Sedek, L., Paradysz, A. and Kr´ol, W. 2011. Enhanced 

TRAIL-mediated apoptosis in prostate cancer cells by the bioactive 

compounds neobavaisoflavone and psoralidin isolated from Psoralea 

corylifolia. Pharmacol. Rep. 63 : 139–148. 

Taherzadeh, M. J. and Karimi, K. 2007. Enzyme-based hydrolysis processes for ethanol 

from lignocellulosic materials: A review. Biol. Resour. 2 : 707-738. 

Taylor-Robinson, A. W. 1997. Counter-regulation of T helper 1 cell proliferation by 

nitric oxide and interleukin-2. Biochem. Biophys. Res. Commun. 233 : 14–

19. 

Temiz, H., Ustun, N. S., Turhan, S. and Aykut, U. 2013. Partial purification and 

characterization of alkaline proteases from the Black Sea anchovy (Engraulis 

encrasicholus) digestive tract. Afr. J. Biotechnol. 12 : 56-63. 



109 

 

Tengjaroenkul, B., Smith, B. J., Caceci, T. and Smith, S. A. 2000. Distribution of 

intestinal enzymes activities along the intestinal tract of cultured Nile tilapia, 

Oreochromis niloticus L. Aquaculture. 182 : 317–327. 

Thy, V. B., Lam, T. B. and Duan, L. 2011. Properties of digestive enzymes from 

visceral organs of Tra (Pangasius) catfish. Sci. Technol. Dev. 14 : 34-43. 

Tounkara, F., Amza, T., Lagnika, C., Le, G. W. and Shi, Y. H. 2013. Extraction, 

characterization, nutritional and functional properties of Roselle (Hibiscus 

sabdariffa Linn) Seed Proteins. Songklanakarin. J. Sci. Technol. 35 : 159-166. 

Tongsiri, S., Mang-Amphan, K. and Peerapornpisal, Y. 2010. Characterization of 

amylase, cellulase and proteinase enzyme in stomach and intestine of the 

Mekong giant catfish fed with various diets consisting of spirulina. J. Biol. 

Sci. 2 : 268-274. 

Tsao, C., Hsu, Y., Chao, L. and Jiang, S. 2004. Purification and characterization of 

three amylases from viscera of hard clam Meretrix lusoria. Fish Sci. 70 : 174–

182. 

Tungland, B. C., 2003. Fructooligosaccharides and Other Fructans: Structures and 

Occurrence, Production, Regulatory Aspects, Food Applications and 

Nutritional Health Significance. In Oligosaccharides in Food and Agriculture. 

(Egglestone, G. and Cote, G.L., eds.). p. 135-152.  The American Chemical 

Society. USA. 

Unajak, S., Meesawat, P., Paemanee, A., Areechon, N., Engkagul, A., Kovitvadhi, U., 

Kovitvadhi, S., Torrissen, K. R. and Choowongkomon, K. 2012. 

Characterisation of thermostable trypsin and determination of trypsin 

isozymes from intestine of Nile tilapia (Oreochromis niloticus L.). Food 

Chem. 134 : 1533-1541. 

Van der Poll, T., Keogh, C. V., Guirao, X., Buurman, W. A., Kopf, M. and Lowry, S. 

F. 1997. Interleukin-6 gene-deficient mice show impaired defense against 

pneumococcal pneumonia. J. Infect. Dis. 176 : 439–44.  



110 

 

Villalba, V. A. G., Pacheco, A. R., Ramirez, S. J. C., Valenzuela, S. E. M., Castillo, Y.  

F. J. and Marquez, R. E. 2011. Partial characterization of alkaline proteases 

from viscera of vermiculated sailfin catfish Pterygoplichthys disjunctivus. 

Fish Sci. 77 : 697–705. 

Wan, Y. 2010. Optimized extraction of soluble defatted rice bran fiber and its 

application for microencapsulation of fish oil. Master dissertation. Louisiana 

State University. 

Wang, J., Yuan, X., Sun, B., Tian, Y. and Cao, Y. 2009. Scavenging activity of 

enzymatic hydrolysates from wheat bran. J. Food Technol. Biotechnol. 47 : 

39-46. 

Wang, M., Hettiarachchy, N. S., Qi, M., Burks, W. and Siebenmorgen, T. 1999. 

Preparation and functional properties of rice bran protein isolate. J. Agric. 

Food Chem. 47 : 411-416. 

Wang, S., Chen, Y., He, D., He, L., Yang, Y., Chen, J. and Wang X. 2007.  Inhibition 

of vascular smooth muscl cell  proliferation  by  serum  from  rats  treated  

orally  with  Gastrodia  and  Uncaria  decoction,  a traditional Chinese 

formulation. J. Ethnopharmacol. 114 : 458-462. 

Wanasundara, P. K. J. P. D., Amarowicz, R., Pegg, R. B. and Shand, P. J. 2002. 

Preparation and characterization of hydrolyzed proteins from defibrinated 

bovine plasma. J. Food Sci. 67 : 623-630. 

Warner, S. J., Auger, K. R. and Libby, P. 1987. Interleukin 1 induces interleukin1. II. 

Recombinant human interleukin 1 induces interleukin1 production by adult 

human vascular endothelial cells. J. Immunol. 139 : 1911–1917. 

Whitaker, J. R. 1994. Classification and Nomenclature of Enzymes. In Principles of 

Enzymology for The Food Sciences. (Dekker, M., ed.). p. 367-385. Marcel 

Dekker, Inc. USA. 



111 

 

Xie, W. R., Deng, H. and Li, H. 2006. Robust increase of cutaneous sensitivity, 

cytokine production and sympathetic sprouting in rats with localized 

inflammatory irritation of the spinal ganglia. Neuroscience. 142 : 809–822.  

Xu, X., Yasuda, M., Nakamura-Tsuruta, S., Mizuno, M. and Ashida, H. 2012. β-Glucan 

from Lentinusedodes inhibits nitric oxide and tumor necrosis factor-α 

production and phosphorylation of mitogen-activated protein kinases in 

lipopolysaccharide-stimulated murine RAW 264.7 macrophages. J. Biol. 

Chem. 6 :  871-878. 

Yasumatsu, K., Sawada, K., Moritaka, S., Nfisaki, M., Toda, J., Wada T. and Ishi, K. 

1972. Whipping and emulsifying properties of soybean products. Agric. Biol. 

Chem. 36 : 719-727. 

Yeom, H. J., Lee, E. H., Ha, M. S., Ha, S. D. and Bae, D. H. 2010. Production and 

physicochemical properties of rice bran protein isolates prepared with 

autoclaving and enzymatic hydrolysis. J. Korean Soc. Appl. Biol. Chem. 53 : 

62-70. 

Yoon, W. J, Kim, S. S, Oh, T. H., Lee, N. H. and Hyun, C. G. 2009. Abies koreana 

essential oil inhibits drug-resistant skin pathogen growth and LPS-induced 

inflamatory effects of murine macrophage. Lipids. 44 : 471–476. 

Zang, T., Barber, A. and Sentman, C. L. 2007. Chimeric NKG2D modified T cells 

inhibit systemic T-cell lymphoma growth in a manner involving multiple 

cytokines and cytotoxic pathway. Cancer Res. 67 : 11029-11036. 

Zigoneanu, I. G., Williams, L., Xu, Z. and Sabliov, C. M. 2008. Determination of 

antioxidant components in rice bran oil extracted by microwave-assisted 

method. Bioresource Technol. 99 : 4910-4918. 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=22102286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yasuda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22102286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura-Tsuruta%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22102286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mizuno%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22102286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ashida%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22102286
http://www.ncbi.nlm.nih.gov/pubmed/22102286
http://www.ncbi.nlm.nih.gov/pubmed/22102286


112 

 

VITAE 

 

Name Miss Tatchaporn  Chaijaroen 

Student ID 5411030005 

Educational Attainment 

       Degree        Name of Institution       Year of Graduation 

        Bachelor of Science               Prince of Songkla                2000 

(Food Science and Nutrition)               University 

         Master of Science               Prince of Songkla                2004 

        (Food Technology)                     University  

Scholarship Awards during Enrolment 

1. Scholarship for Ph.D. student from graduate school, Prince of Songkla University. 

2. Scholarship for Ph.D. education from Phuket Rajabhat University. 

Work – Position and Address  

Faculty of Agricultural Technology, Phuket Rajabhat University 

List of Publication and Proceeding  

Chaijaroen, T. and Thongraung, C. 2014. Characterization of Digestive Enzyme 

Extracted from Nile tilapia (Oreochromis niloticus) Viscera. In Proceeding of the 

International Bioscience Conference and the 5th Joint International PSU-UNS 

Bioscience Conference 2014. Phuket, Thailand. 29-30 September 2014.  

Chaijaroen, T. and Thongraung, C. 2014. Characteristic and properties of rice bran 

hydrolysate derived by using Nile tilapia (Oreochromis niloticus) viscera 

enzyme. In Proceeding of 18th World Congress on Clinical Nutrition (WCCN 

2014): Agriculture, Food and Nutrition for Health and Wellness. Ubon 

Ratchathani, Thailand. 1-3 December 2014. 

 


