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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the degree of Doctor of Philosophy 

EFFECTS OF CHITIN AND CHITOSAN EXTRACTED FROM HOUSE 

CRICKET (Brachytrupes portentosus Lichtenstein) ON PERFORMANCE AND 

IMMUNE RESPONSE OF BROILER CHICKENS 

By 

IBITOYE E. BUSAYO 

November 2018 

Chairman :   Lokman Hakim Idris, PhD 

Faculty :   Veterinary Medicine 

By 2022, the worth of feed additive in the global market would be over US$11 billion. 

Chitin (CT) and chitosan (CS) are potential feed additives and are biologically 

beneficial. However, studies have concentrated mainly on crustacean CT and CS; data 

on their effects on growth performance and immune response in poultry are 

inconsistent, while information on the use of CT and CS from other sources in poultry 

production is unavailable. The present study therefore aims at evaluating the effects 

of dietary cricket and shrimp CT and CS on growth performance and immune response 

in broiler chickens. Chitin and chitosan were extracted from about 8-week old house 

cricket (Brachytrupes portentosus), using a chemical method, whereas shrimp CT and 

CS were commercially obtained. Then, both the cricket chitin (CCT) and chitosan 

(CCS) and shrimp chitin (SCT) and chitosan (SCS) were physicochemically analyzed 

for comparison. To study the effect of dietary CCT, CCS, SCT and SCS on the growth 

performance and immune response of broiler chickens, a total of 150 day-old male 

Cobb500 broiler chicks were randomly allotted into one of the five dietary treatments 

with three replicates. Birds in various treatments were fed as follow: treatments 1 (T1) 

basal diet alone; treatment 2 (T2) 0.5 g/kg diet CCT with basal diet; treatment 3 (T3) 

0.5 g/kg diet CCS with basal diet; treatment 4 (T4) 0.5 g/kg diet SCT with basal diet; 

while treatment 5 (T5) were fed 0.5 g/kg diet SCS with basal diet. To evaluate the 

effect of the treatments on the gut health, the structural morphology of the villus height 

(VH) and crypt depth (CD) of the jejunum and duodenum were evaluated. In addition, 

relative mRNA expression of oligopeptide transporter (PepT1), excitatory amino acid 

transporters 3 (EAAT3), Na+-dependent glucose and galactose transporter (SGLT1) 

and Na+-independent fructose transporter (SGLT5) were determined from the jejunum 

by real-time PCR. Furthermore, in order to evaluate the immune response of the 

experimental birds to dietary CT and CS, weights of Bursa of Fabricius (BF) and 

spleen were evaluated and the relative expression of Toll-like receptor-4 (TLR-4), 

Toll-like receptor-15 (TLR-15), interleukin 1-β (IL-1β) and inducible nitric oxide 
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synthase (iNOS) from the spleen of chickens were studied using real-time PCR. This 

study revealed that house cricket is a potential source of good quality CT and CS and 

that CCT and CCS are similar to SCT and SCS respectively. However, CCT is of purer 

and of better quality than the SCT. The feeding trials showed that dietary CT and CS 

at 0.5 g/kg have a significant (p<0.05) effect on body weight (BW), body weight gain 

(BWG) and body weight adjusted for gizzard and abdominal fat. The BW and BWG 

of experimental birds in T2 (CCT) differ non-significantly (p>0.05) from the control, 

while the BW and BWG of the broilers in T3 (CCS) and T5 (SCS) decreased 

significantly (p<0.05). Also, abdominal fat accumulation in the chickens under T2 

(CCT) and T5 (SCS) reduced significantly (p<0.05). Study of the haemato-

biochemistry of broiler chickens showed that broilers under T5 (SCS) were markedly 

stressed, while those in T4 (SCT) in addition to being stressed were also anaemic with 

marked thrombocytopenia. More so, eosinophilia was observed in birds under T3 

(CCS) and T5 (SCS). However, T2 (CCT) had no statistical adverse effect on 

haemopoiesis, while it also lower serum cholesterol and triglycerides of experimental 

broiler chickens. At day 21, dietary CT and CS had no statistical (p>0.05) effect on 

the index immune organs, while T4 (SCT) significantly reduced the weights of BF and 

spleen of broiler chickens at day 42. Nevertheless, broiler of T2 (CCT) and T5 (SCS) 

had improved BF and spleen similar to the control. The mRNA expressions of TLR-

4, TLR-15, IL-1β and iNOS were significantly (p<0.05) impacted in this study. At 

day 21 and relative to the control (T1), T5 (SCS) significantly up-regulated the gene 

expression of TLR-4 and IL-1β, while other treatments (T2, T3 and T4) non-

significantly (p>0.05) down-regulated them. In addition, T2 (CCT), T4 (SCT) and T5 

(SCS) numerically increased the expression of TLR-15, whereas, T3 (CCS) decreased 

it. More so, these treatments (T2, T3, T4 and T5) significantly decreased the gene 

expression of TLR-4, TLR-15 and iNOS at day 42. Treatments 3 (CCS), T4 (SCT) 

and T5 (SCS) significantly (p<0.05) improved the jejunal CD and VH:CD at day 21, 

while they were significantly improved by T4 (SCT) at day 42. The gut morphology 

of broiler chickens under T4 (SCT) was significantly (p<0.05) better than those of T2 

(CCT). Moreover, at day 21 and relative to the control, dietary CT and CS significantly 

(p<0.05) down-regulated the relative gene expression of PepT1, EAAT3, SGLT1 and 

SGLT5, while only dietary CS (T3 and T5) at day 42 significantly (p<0.05) decreased 

the gene expression of PepT1, EAAT3, SGLT1 and SGLT5. Therefore, chickens in 

T2 (CCT) had a similar growth performance and immune response with the control, 

but better than those of T3 (CCS), T4 (SCT) and T5 (SCS). In addition, birds of T2 

had the lowest abdominal fat accumulation in the chickens. 
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KESAN KITIN DAN KITOSAN YANG DIEKSTRAK DARIPADA 
CENGKERIK RUMAH (Brachytrupes portentosus Lichtenstein) TERHADAP 

PENINGKATAN DAN TINDAKBALAS KEIMUNAN AYAM PEDAGING  

Oleh 

IBITOYE E. BUSAYO 

November 2018 

Pengerusi :   Lokman Hakim Idris, PhD 

Fakulti :   Perubatan Veterinar 

Menjelang tahun 2022, nilai makanan tambahan dalam pasaran global dijangkakan 

melebihi US$11 bilion. Kitin (CT) dan kitosan (CS) merupakan makanan tambahan 

yang berpotensi dan mempunyai faedah secara biologikal. Namun demikian, kajian 

masa kini hanya tertumpu kepada CT dan CS dari krustacea, data yang tidak konsisten 

mengenai kesan CT dan CS terhadap prestasi tumbesaran, tindakbalas keimunan pada 

ayam dan maklumat mengenai penggunaan CT serta CS selain dari krustacea dalam 

bidang penternakan ayam yang sukar diperolehi. Kajian ini dijalankan bertujuan untuk 

menilai kesan dari amalan pemakanan CT dan CS yang diekstrak daripada cengkerik 

rumah dan komersial (udang) terhadap prestasi tumbesaran dan tindakbalas keimunan 

ayam pedaging. Kitin dan kitosan diekstrak secara kaedah kimia daripada cengkerik 

rumah (Brachytrupes portentosus) yang berumur 8 minggu manakala CT dan CS 

udang diperolehi secara komersial. Seterusnya, kitin (CCT) dan kitosan (CCS) 

cengkerik, kitin (SCT) dan kitosan (SCS) udang dibandingkan melalui analisa 

fisikokima. Untuk kajian kesan pemakanan CCT, CCS, SCT dan SCS terhadap 

prestasi tumbesaran dan tindakbalas keimunan, ayam pedaging jantan Cobb500 

berumur 150 hari telah diberi satu daripada lima diet pemakanan secara rawak dengan 

tiga replikat. Ayam kajian telah diberikan pemakanan seperti berikut: rawatan 1 (T1) 

diberi diet asas (kawalan); rawatan 2 (T2) campuran 0.5g/kg CCT dan diet asas, 

rawatan 3 (T3) campuran 0.5 g/kg CCS dan diet asas, rawatan 4 (T4) campuran 

0.5g/kg SCT dan diet asas manakala rawatan 5 (T5) campuran SCS dan diet asas. 

Untuk kajian kesan rawatan diet terhadap kesihatan usus pula, struktur morfologi 

kepanjangan vilus (VH) serta kedalaman krip (CD) jejunum dan duodenum dianalisa. 

Sebagai tambahan, ekspresi mRNA relatif bagi pembawa oligopeptida (PepT1), 

pembawa asid amino baik 3 (EAAT3), pembawa galaktosa dan glukosa bebas Na+ 

(SGLT1) dan pembawa fruktosa bebas Na+ (SGLT5) dikenalpasti dari jejunum 

menggunakan kaedah PCR masa-nyata. Selain itu, untuk mengenalpasti keupayaan 

tindakbalas keimunan ayam kajian terhadap diet CT dan CS, berat bursa Fabricius 
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(BF) dan limpa dianalisa, ekspresi relatif bagi reseptor-4 Toll (TLR4), reseptor-15 Toll 

(TLR15), interleukin 1-β (IL-1β) dan aruhan oksida nitrik sintase (iNOS) dari limpa 

ayam juga dianalisa melalui teknik PCR masa-nyata. Hasil kajian menunjukkan 

cengkerik rumah merupakan sumber CT dan CS yang berkualiti baik di mana CCT 

serta CCS masing-masing menyamai SCT dan SCS. Namun begitu, CCT adalah lebih 

tulen dan berkualiti lebih baik berbanding SCT. Pemberian makanan percubaan 

menunjukkan diet CT dan CS pada 0.5g/kg memberikan kesan yang signifikan 

(p<0.05) terhadap berat badan (BW), peningkatan berat badan (BWG) dan berat badan 

yang disesuaikan untuk gizi dan lemak bahagian perut. Bacaan BW dan BWG dalam 

kumpulan rawatan T2 (CCT) tiada perubahan secara signifikan (p<0.05) berbanding 

kawalan manakala BW dan BWG dalam kumpulan T3 (CCS) dan T5 (SCS) berkurang 

secara signifikan (p<0.05). Pembentukan lemak bahagian perut pada kumpulan ayam 

T2 (CCT) dan T5 (SCS) berkurang secara signifikan (p<0.05). Kajian hemato-

biokimia terhadap ayam pedaging menunjukkan kumpulan T5 (SCS) adalah dalam 

keadaan tekanan manakala kumpulan T4 (SCT) mula mengalami tekanan anemik 

dengan tanda trombosiptopenia. Didapati juga, eosinofilia berlaku dalam ayam 

pedaging kumpulan T3 (CCS) dan T5 (SCS). Namun, kumpulan T2 (CCT) tidak 

menunjukkan kesan sampingan hemopoisis, mempunyai kadar trigliserida dan 

kolestrol serum yang rendah. Pada hari ke-21, diet CT dan CS tidak menunjukkan 

kesan statistik (p<0.05) pada indeks organ keimunan manakala kumpulan T4 (SCT) 

telah mengurangkan berat BF serta limpa ayam pada hari ke-42. Walau 

bagaimanapun, ayam dalam kumpulan T2 (CCT) dan T5 (SCS) meningkatkan bacaan 

BF serta limpa, menyamai kumpulan kawalan. Ekspresi mRNA bagi TLR-4, TLR-15, 

IL-1β dan iNOS memberikan impak yang baik dalam kajian ini, secara signifikannya 

(p<0.05). Pada hari ke-21 dan relatif terhadap kawalan (T1), T5 (SCS) secara 

signifikannya telah meningkatkan pengekpresan gen TLR-4 dan IL-1β manakala 

dalam rawatan T2, T3 dan T4 adalah tidak singnifikan (p>0.05). Kumpulan T2 (CCT), 

T4 (SCT) dan T5 (SCS) meningkatkan pengekspresan TLR-15 manakala berkurang 

dalam T3 (CCS). Rawatan 3 (CCS) mengurangkan pembebasan TLR-4 secara 

signifikan (p<0.05) manakala pembebasan IL-1β telah direndahkan secara signifikan 

(p<0.05) dalam kumpulan T3 dan T4 pada hari ke-21. Rawatan T2, T3, T4 dan T5 

telah merendahkan pengekspresan gen TLR-4, TLR-15 dan iNOS secara signifikan 

pada hari ke-42. Rawatan 3 (CCS), T4 (SCT) dan T5 (SCS) secara signifikan (p<0.05) 

telah meningkatkan CD jejunum dan VH:CD pada hari ke-21 serta telah 

dipertringkatkan secara signifikan oleh kumpulan T4 (SCT) pada hari ke-42. 

Morfologi usus ayam dari kumpulan T4 (SCT) adalah lebih baik secara signifikan 

(p<0.05) berbanding dalam kumpulan T2 (CCT). Selain itu, pada hari ke-21, diet CT 

dan CS secara signifikannya (p<0.05) telah menurunkan pengekspresan gen relatif 

PepT1, EAAT3, SGLT1 and SGLT5 berkadaran dengan kumpulan kawalan manakala 

hanya diet CS (T3 dan T5) pada hari ke-42 merendahkan kadar pengekspresan PepT1, 

EAAT3 dan SGLT1 secara signifikan (p<0.05). Dapat disimpulkan bahawa tiada 

perbezaan yang signifikan (p<0.05) antara ayam yang diberi CT dan CS pada dos 0.5 

g/kg melalui analisa pengekspresan mRNA pembawa nutrien dalam ayam. Justeru, 

ayam dari kumpulan T2 (CCT) menunjukkan peningkatan tumbesaran dan tindakbalas 

keimunan yang menyamai kumpulan kawalan tetapi lebih baik berbanding kumpulan 

T3 (CCS), T4 (SCT) dan T5 (SCS). Ayam dari kumpulan T2 juga menunjukkan 

pembentukan lemak di bahagian perut yang rendah.     
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CHAPTER 1 

1 GENERAL INTRODUCTION 

1.1 Background of the Study 

In modern animal and poultry production, various feed additives are routinely used for 

the maintenance of good health and to achieve good performance indices of 

intensively produced poultry and livestock (European Union, 2018). The most 

important and widely used are the prebiotics, probiotics, phyto extracts, organic-acids 

and feed enzymes (Liao and Nyachoti, 2017; Khan and Elderderya, 2018). Other 

relatively upcoming however less commonly used feed additives are chitin (CT) and 

chitosan (CS). Chiton, a coat-of-mail shell, is the Greek root word for CT (Shahidi 

and Abuzaytoun, 2005). Chitin is a polysaccharide with nitrogen modification 

comprising of N-acetylglucosamine, linked together in beta 1, 4 glucosidal linkages. 

It is an analogue of cellulose; nevertheless, it has an extra amine group and a hydroxyl 

substitute on each monomer. It is the second most abundant bio-polysaccharide next 

to cellulose (LeMieux et al., 2003) and widely distributed in the exoskeleton of marine 

invertebrates, insects and the cell wall of fungi and yeast (Tan et al., 1996; Elieh-Ali-

Komi and Hamblin, 2016). However, CT is not found in vascular plants, mammals 

and other vertebrates (Schoukens, 2009). Chitin is insoluble in many solvents because 

of its dense structure (Kurita, 2001), and this has led to the production of CS; a more 

soluble and utilizable deacetylated derivative of CT. Chitosan is an abundant 

polymeric product of nature and a copolymer of D-glucosamine and N-acetyl- d-

glucosamine with β-(1, 4) linkage. 

Chitin and CS are biologically valuable as they are biocompatible, biodegradable, non-

toxic, non-antigenic, adsorption, film forming and metal chelating abilities (Rout, 

2001; White et al., 2002). In addition, due to their versatility, they have been useful 

for various fields of endeavor (Shahidi et al., 1999; Ong et al., 2008). It has been 

reported that CT and CS are a potent dietary supplement as they promote growth 

performance and immune response and could decrease cholesterol (Razdan and 

Pettersson, 1994). Some researchers have tried to isolate CT and CS from other 

sources, like insects, but there is a paucity of information on the in vivo study on their 

effect on poultry production and health. Therefore, this study was designed to evaluate 

and compare the effect of the house cricket (Brachytrupes portentosus) CT and CS on 

the production performance and immune response of broiler chickens with shrimp CT 

and CS. 

1.2 Statement of the Problem 

Despite the ubiquity and wide applications of CT and CS, currently, their production 

still relies solely on crustaceans (Chatterjee et al., 2005; Silva et al., 2007). Chitin and 

CS derived from crustacean varies physicochemically, possibly due to the 

heterogeneity in origins, the harsh chemical extraction and conversion procedures and 
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variability in the levels of protein contamination, alongside a varying degree of 

acetylation (Nwe et al., 2002; Tajdini et al., 2010). Furthermore, the commercial CT 

and CS appear to have limited potential for medical and agricultural acceptability 

because they are limited and seasonally-dependent in supply (Kurita, 2001). In 

addition, they contain a high percentage of inorganic material (CaCO3). More so, there 

is the issue of confined production locations and high processing costs associated with 

the chemical conversion of CT to CS (Elem and Uraku, 2017). Being valuable 

bioactive agents (Rout, 2001), CT and CS are under high demand in medicine (Shahidi 

and Abuzaytoun, 2005), surgery and tissue engineering and regenerative medicine 

(Shahidi et al., 1999; Ong et al., 2008) and this has limited its application in animal 

production. In 1996, the major argument on the production of CS from shrimp was the 

presence of shrimp antigen in the final product of CS (Tan et al., 1996). Therefore, 

isolating CT and CS from other suitable sources could help in handling the problems 

on consistency in quality, production and demand. 

Furthermore, publications on the impacts of CT and CS on animal performance and 

immune response are contradictory (Razdan and Pettersson, 1994; Chatterjee et al., 

2005). In a work done by Razdan and Pettersson (1994) and Zhou et al. (1999), dietary 

CS significantly depressed body weights and diet intakes, which lead to poorer feed 

efficiency, decreased concentrations of plasma lipid, nutrient digestion in the 

duodenum, lowered ileal digestibility of crude fat, organic matter and non-starch 

polysaccharide residues and reduced caecal short-chain fatty acid (SCFA) 

concentrations when compared with control ration. Contrarily, in a study by Silva et 

al. (2007), broiler chickens fed a low dietary CS supplementation (0.5 – 1 g/kg), had 

a growth performance better than the control birds. Tajdini et al. (2010), however, 

observed that higher (30.0 g/kg) dietary CS decreased the concentrations of plasma 

lipid but depressed growth of broiler chickens. In contrast, Nwe et al. (2002) 

concluded that at an inclusion level of 5.0 g/kg and above, CS had no beneficial impact 

on the growth of bird. In another report, it was concluded that CS could numerically 

increase growth in weaned piglets and the system behind this may be due to the rise 

in the concentration of growth hormone and enhancement in the structural morphology 

of the small intestines (Xu et al., 2013). From the foregoing, it is not categorical which 

of the CT or CS really improve production performance of livestock and poultry. 

Furthermore, their mode of action is yet to be completely unraveled and the effect of 

CT and CS from house cricket on broiler growth response has also not received any 

good attention. 

In the production of livestock and poultry, diseases are a major concern as they 

mitigate the production of adequate animal-derived foods (meat, milk, eggs) (FAO, 

2008) and the availability of manure for crop production. This has led to an upward 

trend in the global use of antibiotics and various antimicrobials in poultry and 

livestock production industry for the treatment and prevention of infectious disease 

(Roberts, 2008) at sub-therapeutic levels in feeds. However, this practice has led to 

the drug residual effect and antibiotic resistance. Therefore, many countries have 

banned the use of antibiotics in livestock and are looking for the replacements for 

antibiotics. Hence, research efforts have been geared towards uncovering new 

unconventional antibiotic feed additive that can stimulate immune reactions and 



© C
OPYRIG

HT U
PM

 

3 

improve the performance of animal (Ashford et al., 1977; Sandoval-Sanchez et al., 

2012). 

Antimicrobial and immunomodulation properties of CT and CS have been 

demonstrated (Pusateri et al., 2003; Kim et al., 2014). However, some researchers 

argued that CS and not CT have immunostimulatory (Nishimura et al., 1985; Zaharoff 

et al., 2007), antimicrobial (Zheng and Zhu, 2003), anti-oxidative (Kim and Thomas, 

2007; Yen et al., 2008) and hypocholesterolemic (Ormrod et al., 1998) properties. The 

antimicrobial activities of CS and their derivative against bacteria, yeast and fungi 

have been reported (Rodríguez-Vázquez et al., 2015), while its activities on some 

foodborne pathogens has been studied (Razdan and Pettersson, 1994; Tan et al., 1996; 

Ma et al., 2001; Khajarern and Khajarern, 2002; Kobayashi et al., 2002). Contrary to 

the findings of  Zaharoff et al. (2007), CT derivatives have been reported to affect 

innate and adaptive immunities (Zhou et al., 1999; Shi et al., 2005). In broilers, low 

dietary supplementation of CS reportedly improved the weights of secondary 

lymphoid organs (Razdan and Pettersson, 1994; Shi et al., 2005), as index of improved 

immune response. 

Additionally, many studies have been focused on CT isolation and characterization 

from crustaceans and mushrooms (Shiau and Yu, 1998; Khambualai et al., 2008) for 

commercial purposes. Recently, studies have investigated CT extracted from some 

insects, sponges, anthozoans and small crustaceans (Asellus aquaticus, Oniscus 

asellus and Gammarus argaeus) (El Hadrami et al., 2010). These investigations 

focused more on CT physicochemical characterization, content and functional 

properties, while CS, the most valuable derivative of CT has not received enough 

similar study. Also, a handful of insect species has been studied in limited detail as a 

substitute source of CT and CS (Zheng and Zhu, 2003; Yoon et al., 2007; Vargas and 

Gonzalez-Martinez, 2010; Wang et al., 2013). Until now, there is no report of the 

effect of either CT or CS isolated from insect on the production performance and 

immune response of poultry and livestock. In addition, a study on CT and CS isolation 

and characterization from house cricket (B. portentosus) and comparative impact on 

the growth performance and immune response of broiler chicken are wanting. 

1.3 Justification of the Study 

For this study, the insect (house cricket) approach has the benefit that insects have 

great biodiversity and occupies about 95% of the animal kingdom (Yen et al., 2008). 

Moreover, demineralization is easier in insect as they possess a low amount of 

inorganic salt (Kim and Thomas, 2007). In comparison with conventional livestock, 

insects can be more sustainably produced, since they have higher feed conversion 

efficiencies, lower water and land requirements and lower greenhouse gas emissions 

(Qin et al., 2002). In Malaysia, formal research into CT and CS has been ongoing for 

no less than 20 years, with a paucity of published information of such in cricket. 

Insects and especially house cricket breeding farms occur in good numbers in most 

parts of Malaysia. Insects are rich in CT, therefore, they can offer an enormous 
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potential as a natural resource for CT and CS production, but there have been few 

reports on the preparation and characterization of CT and CS from cricket. 

More so, some studies have been carried out on the effective utilization of crustacean 

CT and CS as a feed supplement and prebiotic in animal nutrition, but they have given 

variable results (Razdan and Pettersson, 1994; Kobayashi et al., 2002; Kobayashi et 

al., 2006). Nonetheless, the documents on the impact of cricket CT and CS on the 

growth performance, carcass quality and hematology of broiler chickens are lacking. 

In addition, the effects of cricket CT and CS on gut morphology, immune function and 

gene expression of some intestinal nutrient transporters (INT) as it affects production 

in broiler chickens have received little attention. 

The mechanism of action behind the ability of CT and CS to improve growth 

performance of broilers is unknown fully. However, studies have hypothesized that 

CT and CS could protect the mucous membrane of the stomach and improves the 

action of pepsin (Lv et al., 2002), thus enhancing protein digestion and absorption. 

1.4 Hypothesis 

The physicochemical properties of cricket chitin and chitosan and their effect on 

growth performance and immunity of broiler chicken is the same with shrimp chitin 

and chitosan. 

1.5 Aim and Objectives 

The aim of this study is to evaluate and compare the effect of cricket CT and CS on 

productive performance and immune response of broiler chickens with shrimp CT and 

CS. 

The specific objectives of the study are to: 

1.  Isolate CT and CS from crickets (B. portentosus) and physicochemically 

characterize and compare them with shrimp chitin (SCT) and chitosan (SCS). 

2. Compare the effect of cricket and shrimp CT and CS on growth performance 

and carcass characteristics of broiler chickens. 

3. Study the comparative impact of cricket and shrimp CT and CS on 

hematology and serum biochemistry of broiler chickens. 

4. Assess the effect of cricket and shrimp CT and CS on immune response and 

lymphoid organs of broiler chickens. 

5. Study the comparative effects of cricket and shrimp CT and CS on gut 

morphology, mRNA expression of INT and growth hormones of broiler 

chickens. 
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1.6 Limitation of the Study 

Due to unavailability of large extraction vat, more time was spent on the extraction of 

chitin and chitosan from house cricket. In addition, due to inadequate funding other 

haematological parameters evaluated was scaled down. 

  



© C
OPYRIG

HT U
PM

 

143 

9 REFERENCES 

AAFCO. (2000). Official Publication—Association of American Feed Control 

Officials. Atlanta. 

Aathi, K., Ramasubramanian, V., Uthayakumar, V. and Munirasu, S. (2013). Effect 

of Chitosan Supplemented Diet on Survival, Growth, Hematological, 

Biochemical and Immunological Responses of Indian Major Carp Labeo 

Rohita. International Research Journal of Pharmacy, 4(5), 141–147. 

Abdou, E. S., Nagy, K. S. A. and Elsabee, M. Z. (2008). Extraction and 

characterization of chitin and chitosan from local sources. Bioresource 

Technology, 99(5), 1359–1367. 

Abdulkarim, A., Isa, M. T., Abdulsalam, S., Muhammad, A. J. and Ameh, A. O. 

(2013). Extraction and Characterisation of Chitin and Chitosan from Mussel 

Shell. Civil and Environmental Research, 3(2), 108–114. 

Abdurofi, I., Ismail, M. M., Kamal, H. A. W. and Gabdo, B. . (2017). Economic 

analysis of broiler production in Peninsular Malaysia. International Food 

Research Journal, 24(April), 761–766. 

Aderemi, F. A. (2004). Effects of replacement of wheat bran with cassava root sieviate 

supplemewnted or unsupplemented with enzyme on the haematology and 

serum biochemistry of pullet chicks. Tropical Journal of Animal Science, 7, 

147–153. 

Adibi, S. A. (2003). Regulation of expression of the intestinal oligopeptide transporter 

(Pept-1) in health and disease. American Journal of Physiology-

Gastrointestinal and Liver Physiology, 285(5), G779–G788. 

Afolabi, K. D., Akinsoyinu, A. O., Abdullah, A. R. O., Olajide, R. and Akinleye, S. 

B. (2011). Haematological parameters of the Nigerian local grower chickens 

fed varying dietary levels of Palm Kernel Cake. Poljoprivreda, 17(1), 74–78. 

Agboola, A. F., Omidiwura, B. R. O., Odu, O., Popoola, I. O. and Iyayi, E. A. (2015). 

Effects of organic acid and probiotic on performance and gut morphology in 

broiler chickens. South African Journal of Animal Science, 45(5), 494–501. 

Agnihotri, S. A., Mallikarjuna, N. N. and Aminabhavi, T. M. (2004). Recent advances 

on chitosan-based micro- and nanoparticles in drug delivery. Journal of 

Controlled Release, 100(1), 5–28. 

Aguihe, P. C., Kehinde, A. S., Abdulmumini, S., Ospina-Rojas, I. C. and Murakami, 

A. E. (2017). Effect of dietary probiotic supplementation on carcass traits and 

haematological responses of broiler chickens fed shea butter cake based diets. 

Acta Scientiarum. Animal Sciences, 39(3), 265. 

 



© C
OPYRIG

HT U
PM

 

144 

Ahing, F. A. and Wid, N. (2016). Extraction and Characterization of Chitosan from 

Shrimp Shell Waste in Sabah. Transactions on Science and Technology, 3(12), 

227–237. 

Ahmad, K. A., Mohammed, A. S. and Abas, F. (2016). Chitosan nanoparticles as 

carriers for the delivery of FKAZ14 bacteriophage for oral biological control 

of colibacillosis in chickens. Molecules, 21(3). 

Ahmed, A. S., Alhamada, J. M. and Hakami, Z. M. (2014). Evaluation of some blood 

parameters of Hajar 1 and Hajar 2 Saudi Chicken Lines Over the First 30 

Weeks of Age. Asian Journal of Poultry Science, 8(4), 115–122. 

Ahmed, N., Singh, J., Kour, H. and Gupta, P. (2013). Naturally occurring 

preservatives in food and their role in food preservation. International Journal 

of Pharmaceutical and Biological Archieves, 4(1), 22–30. 

Ai, H., Wang, F., Yang, Q., Zhu, F. and Lei, C. (2008). Preparation and biological 

activities of chitosan from the larvae of housefly, Musca domestica. 

Carbohydrate Polymers, 72(3), 419–423. 

Akbary, P. and Younesi, A. (2017). Effect of dietary supplementation of Chitosan on 

growth, hematology and innate immunity of grey Mullet (Mugil cephalus). 

Veterinary Researches and Biological Products, 30(3), 194–203. Retrieved 

from http://vj.areo.ir/article_109873.html 

Akter, S. H., Khan, M. Z. I., Jahan, M. R., Karim, M. R. and Islam, M. R. (2006). 

Histomorphological Study of the Lymphoid Tissues of Broiler Chickens. 

Bangladesh Journal of Veterinary Medicine, 4(2), 87–92. 

Al-Aqil, A. and Zulkifli, I. (2009). Changes in heat shock protein 70 expression and 

blood characteristics in transported broiler chickens as affected by housing and 

early age feed restriction. Poultry Science, 88(7), 1358–1364. 

Al-Sagheer, F. A., Al-Sughayer, M. A., Muslim, S. and Elsabee, M. Z. (2009). 

Extraction and characterization of chitin and chitosan from marine sources in 

Arabian Gulf. Carbohydrate Polymers, 77(2), 410–419. 

Ambarish, C. N. and Sridhar, K. R. (2015). Isolation and characterization of chitin 

from exoskeleton of pill-millipedes. Trends in Biomaterials and Artificial 

Organs, 29(2), 155–159. 

Ameen, S. A., Adedeji, O. S., Akingbade, A. A., Olayemi, T. B., Oyedapo, L. O. and 

Aderinola, A. (2007). The effect of different feeding regimes on 

haematological parameters and immune status of commercial broilers in 

derived Savannah zone of Nigeria. In Proc. of 32 Annual Conf. of the Nig Soc 

for Anim Prod. (NSAP). (pp. 176–178). 

Amnah Hadadi. (2017). Understanding the effect of amide and amine groups on. The 

State University of New Jersey. 



© C
OPYRIG

HT U
PM

 

145 

Anastasiadou, M., Theodoridis, A., Avdi, M. and Michailidis, G. (2011). Changes in 

the expression of Toll-like receptors in the chicken testis during sexual 

maturation and Salmonella infection. Animal Reproduction Science, 128(1–

4), 93–99. 

Anastopoulos, I., Bhatnagar, A., Bikiaris, D. N. and Kyzas, G. Z. (2017). Chitin 

adsorbents for toxic metals: A review. International Journal of Molecular 

Sciences, 18(1), 1–11. 

Andreasen, J. R., Andreasen, C. B., Sonn, A. B. and Robeson, D. C. (1996). The 

effects of haemolysis on serum chemistry measurements in poultry. Avian 

Pathology, 25(3), 519–536. 

Aranaz, I., Mengíbar, M., Harris, R., Paños, I., Miralles, B., Acosta, N., Galed, G. and 

Heras, Á. (2009). Functional Characterization of Chitin and Chitosan. Current 

Chemical Biology, 3(2), 203–230. 

Arca, H. C., Günbeyaz, M. and Senel, S. (2009). Chitosan-based systems for the 

delivery of vaccine antigens. Expert Review of Vaccines, 8(7), 937–953. 

Ashford, N. A., Hattis, D. and Murray. A. E. (1977). Industrial prospects for chitin 

and protein from shellfish wastes. MIT Sea Grant Report MITSG 77-3, MIT, 

Cambridge, Mass. 

Atkins, E. (1985). Conformations in polysaccharides and complex carbohydrates. 

Journal of Biosciences, 8(1–2), 375–387. 

Austin, P. R., Brine, C. J., Castle, J. E. and Zikakis, J. P. (1981). Chitin: New facets 

of research. Science (New York, N.Y.), 212(May), 749–753. 

Azuma, K., Nagae, T., Nagai, T., Izawa, H., Morimoto, M., Murahata, Y., Osaki, T., 

Tsuka, T., Imagawa, T., Ito, N., Okamoto, Y., Saimoto, H. and Ifuku, S. 

(2015). Effects of surface-deacetylated chitin nanofibers in an experimental 

model of hypercholesterolemia. International Journal of Molecular Sciences, 

16(8), 17445–17455. 

Bahijri, S. M., Alsheikh, L., Ajabnoor, G. and Borai, A. (2017). Effect of 

Supplementation With Chitosan on Weight, Cardiometabolic, and Other Risk 

Indices in Wistar Rats Fed Normal and High-Fat/High-Cholesterol Diets Ad 

Libitum. Nutrition and Metabolic Insights, 10, 117863881771066. 

Baldrick, P. (2010). The safety of chitosan as a pharmaceutical excipient. Regulatory 

Toxicology and Pharmacology, 56(3), 290–299. 

Balicka-Ramisz, A., Wojtasz-Pajak, A., Pilarczyk, B. and Alojzy, R. (2007). The 

effect of chitosan on body weight and protection against Salmonella 

gallinarum infection in broiler chickens (short communication). Arch. Tierz., 

Dummerstorf 50, 50(3), 288–293. 

 



© C
OPYRIG

HT U
PM

 

146 

Balke, S. T., Hamielec, A. E., LeClair, B. P. and Pearce, S. L. (1969). Gel Permeation 

Chromatography. Product RandD, 8(1), 54–57. 

Barton, N. F. (1994). Breeding meat-type poultry for the future: targets for selection, 

limits to performance and markets requirements for chicken. In Proceedings of 

the 9th European Poultry Conference. (p. 33–38.). Glasgow, UK. 

Bastard, J., Maachi, M., Lagathu, C., Kim, M. J., Caron, M., Vidal, H., Capeau, J. and 

Feve, B. (2006). Recent advances in the relationship between obesity, 

inflammation, and insulin resistance. European Cytokine Network, 17(March), 

4–12. 

Baudner, B. C., Giuliani, M. M., Verhoef, J. C., Rappuoli, R., Junginger, H. E. and 

Del Giudice, G. (2003). The concomitant use of the LTK63 mucosal adjuvant 

and of chitosan-based delivery system enhances the immunogenicity and 

efficacy of intranasally administered vaccines. Vaccine, 21(25–26), 3837–

3844. 

Bautista-Baños, S., Hernández-López, M., Bosquez-Molina, E. and Wilson, C. L. 

(2003). Effects of chitosan and plant extracts on growth of Colletotrichum 

gloeosporioides, anthracnose levels and quality of papaya fruit. Crop 

Protection, 22(9), 1087–1092. 

Baxter, A., Dillon, M., Taylor, K. D. A. and Roberts, G. A. F. (1992). Improved 

method for i.r. determination of the degree of N-acetylation of chitosan. 

International Journal of Biological Macromolecules, 14(3), 166–169. 

Baxter, S. R. (2004). Molecular Weight and Degree of Acetylation of Ultrasonicated 

Chitosan. University of Tennessee, Knoxville. 

Beaney, P., Lizardi-Mendoza, J. and Healy, M. (2005). Comparison of chitins 

produced by chemical and bioprocessing methods. Journal of Chemical 

Technology and Biotechnology, 80(2), 145–150. 

Beccavin, C., Chevalier, B., Cogburn, L. A., Simon, J. and Duclos, M. J. (2001). 

Insulin-like growth factors and body growth in chickens divergently selected 

for high or low growth rate. The Journal of Endocrinology, 168(2), 297–306. 

Benhabiles, M. S., Salah, R., Lounici, H., Drouiche, N., Goosen, M. F. A. and Mameri, 

N. (2012). Antibacterial activity of chitin, chitosan and its oligomers prepared 

from shrimp shell waste. Food Hydrocolloids, 29(1), 48–56. 

Bernardeau, M. and Vernoux, J. P. (2013). Overview of differences between microbial 

feed additives and probiotics for food regarding regulation, growth promotion 

effects and health properties and consequences for extrapolation of farm 

animal results to humans. Clinical Microbiology and Infection, 19(4), 321–

330. 

Berne, B. J. and Pecora, R. (2000). Dynamic Light Scattering: With Applications to 

Chemistry, Biology and Physics. Dover Publications. 



© C
OPYRIG

HT U
PM

 

147 

Bhaskara Reddy, M. V, Belkacemi, K., Corcuff, R., Castaigne, F. and Arul, J. (2000). 

Effect of pre-harvest chitosan sprays on post-harvest infection by Botrytis 

cinerea and quality of strawberry fruit. Postharvest Biology and Technology, 

20(1), 39–51. 

Bhattacharya, S. (2015). Free Radicals in Human Health and Disease. (V. R. and U. 

C. S. Y. (eds. . (Ed.), Ed.), Free Radicals in Human Health and Disease. 

Springer India. 

Bhattacharyya, A., Chattopadhyay, R., Mitra, S. and Crowe, S. E. (2014). Oxidative 

Stress: An Essential Factor in the Pathogenesis of Gastrointestinal Mucosal 

Diseases. Physiological Reviews, 94(2), 329–354. 

Bihan-duval, E. L. E., Millet, N. and Remignon, H. (1999). Broiler Meat Quality: 

Effect of Selection for Increased Carcass Quality and Estimates of Genetic 

Parameters Effect of Selection on Meat Parameters. Poultry Science, 78(6), 

822–826. 

Blackwell, J., Parker, K. D. and Rudall, K. M. (1965). Chitin in pogonophore tubes. 

Journal of the Marine Biological Association of the United Kingdom, 45(3), 

659–661. 

Blagosklonny, M. V. (2008). Aging: ROS or TOR. Cell Cycle, 7(21), 3344–3354. 

Bodenheimer, F. S. (1951). Insects as human food : a chapter of the ecology of man. 

The Hague: Junk. 

Bordi, F., Cametti, C. and Paradossi, G. (1991). Dielectric behavior of polyelectrolyte 

solutions: the role of proton fluctuation. The Journal of Physical Chemistry, 

95(12), 4883–4889. 

Borges, S. A., Fischer Da Silva, A. V, Majorka, A., Hooge, D. M. and Cummings, K. 

R. (2004). Physiological Responses of Broiler Chickens to Heat Stress and 

Dietary Electrolyte Balance (Sodium Plus Potassium Minus Chloride, 

Milliequivalents Per Kilogram) 1,2. Poultry Science, 83(9), 1551–1558. 

Borrelli, L., Coretti, L., Dipineto, L., Bovera, F., Menna, F., Chiariotti, L., Nizza, A., 

Lembo, F. and Fioretti, A. (2017). Insect-based diet, a promising nutritional 

source, modulates gut microbiota composition and SCFAs production in 

laying hens. Scientific Reports, 7(1), 1–11. 

Britten, R. J. and Roberts, R. B. (1960). High-Resolution Density Gradient 

Sedimentation Analysis. Science (New York, N.Y.), 131(3392), 32–33. 

Bueter, C. L., Lee, C. K., Rathinam, V. A. K., Healy, G. J., Taron, C. H., Specht, C. 

A. and Levitz, S. M. (2011). Chitosan but not chitin activates the 

inflammasome by a mechanism dependent upon phagocytosis. Journal of 

Biological Chemistry, 286(41), 35447–35455. 

 



© C
OPYRIG

HT U
PM

 

148 

Bueter, C. L., Specht, C. A. and Levitz, S. M. (2013). Innate Sensing of Chitin and 

Chitosan. PLoS Pathogens, 9(1), 1–3. 

Burakova, Y., Madera, R., McVey, S., Schlup, J. R. and Shi, J. (2018). Adjuvants for 

Animal Vaccines. Viral Immunology, 31(1), 11–22. 

Burke, W. H. and Marks, H. L. (1982). Growth hormone and prolactin levels in 

nonselected and selected broiler lines of  chickens from hatch to eight weeks 

of age. Growth, 46(4), 283–295. 

Burton-Freeman, B. (2000). Symposium: Dietary Composition and Obesity: Do We 

Need to Look beyond Dietary Fat? Journal of Nutrition, 130(September), 272–

275. 

Buyse, J. and Decuypere, E. (1999). The role of the somatotrophic axis in the 

metabolism of the chicken. Domestic Animal Endocrinology, 17(2–3), 245–

255. 

Campbell, T. W. (1994). Hematology. In Blood (pp. 176–198). 

Cárdenas, G., Cabrera, G., Taboada, E. and Miranda, S. P. (2004). Chitin 

characterization by SEM, FTIR, XRD, and 13C cross polarization/mass angle 

spinning NMR. Journal of Applied Polymer Science, 93(4), 1876–1885. 

Carew, L. B., Hardy, D., Weis, J., Alster, F., Mischler, S. A., Gernat, A. and 

Zakrzewska, E. I. (2003). Heating raw velvet beans (Mucuna pruriens) 

reverses some anti-nutritional effects on organ growth, blood chemistry, and 

organ histology in growing chickens. Tropical and Subtropical 

Agroecosystems, 1(2003), 267–275. 

Cartier, N., Domard, A. and Chanzy, H. (1990). Single crystals of chitosan. 

International Journal of Biological Macromolecules, 12(5), 289–294. 

Caspary, W. F. (1992). Physiology and pathophysiology of intestinal. American 

Journal of Clinical Nutrition, 55(March), 299S–308S. 

Castanon, J. I. R. (2007). History of the use of antibiotic as growth promoters in 

European poultry feeds. Poultry Science, 86(11), 2466–2471. 

Cauchie, H.-M., Hoffmann, L., Jaspar-Versali, M.-F., Salvia, M. and Thome, J. P. 

(1995). Daphnia magna Straus living in an aerated sewage lagoon as a source 

of chitin: ecological aspects. Belgian Journal of Zoology (Vol. 125). 

Cazaban, C., Majo Masferrer, N., Dolz Pascual, R., Nofrarias Espadamala, M., Costa, 

T. and Gardin, Y. (2015). Proposed bursa of fabricius weight to body weight 

ratio standard in commercial broilers. Poultry Science, 94(9), 2088–2093. 

Cha, S. H., Lee, J. S., Song, C. B., Lee, K. J. and Jeon, Y. J. (2008). Effects of chitosan-

coated diet on improving water quality and innate immunity in the olive 

flounder, Paralichthys olivaceus. Aquaculture, 278(1–4), 110–118. 



© C
OPYRIG

HT U
PM

 

149 

Chang, K. L. B., Lin, Y. S. and Chen, R. H. (2003). The effect of chitosan on the gel 

properties of tofu (soybean curd). Journal of Food Engineering, 57(4), 315–

319. 

Chang, S. H., Lin, H. T. V., Wu, G. J. and Tsai, G. J. (2015). pH Effects on solubility, 

zeta potential, and correlation between antibacterial activity and molecular 

weight of chitosan. Carbohydrate Polymers, 134, 74–81. 

Charlesby, A. (1981). Crosslinking and degradation of polymers. Radiation Physics 

and Chemistry (1977), 18(1), 59–66. 

Charlton, B. D. (2016). Female Sexual Preferences Toward Conspecific and Hybrid 

Male Mating Calls in Two Species of Polygynous Deer, Cervus elaphus and 

Female Sexual Preferences Toward Conspecific and Hybrid Male. 

Evolutionary Biology, 43(2), 227–241. 

Chatterjee, S., Adhya, M., Guha, A. K. and Chatterjee, B. P. (2005). Chitosan from 

Mucor rouxii: Production and physico-chemical characterization. Process 

Biochemistry, 40(1), 395–400. 

Chattopadhyay, D. P. and Inamdar, M. S. (2010). Aqueous behaviour of chitosan. 

International Journal of Polymer Science, 2010. 

Chawla, S. P., Kanatt, S. R. and Sharma, A. K. (2014). Chitosan. Polysaccharides, 

(January), 1–24. 

Chebotok, E. N., Novikov, V. Y. and Konovalova, I. N. (2007). Kinetics of base 

deacetylation of chitin and chitosan as influenced by their crystallinity. 

Russian Journal of Applied Chemistry, 80(10), 1753–1758. 

Chen, H. (2014). Chemical Composition and Structure of Natural Lignocellulose. In 

Biotechnology of Lignocellulose: Theory and Practice (pp. 25–72). Chemical 

Industry Press, Beijing and Springer ScienceCBusiness Media Dordrecht. 

Cheng, Y. H., Ding, S. T. and Chang, M. H. (2006). Effect of fumonisins on 

macrophage immune functions and gene expression of cytokines in broilers. 

Archives of Animal Nutrition, 60(4), 267–276. 

Chiu, H. F., Huang, S. R., Lu, Y. Y., Han, Y. C., Shen, Y. C., Venkatakrishnan, K. 

and Wang, C. K. (2017). Antimutagenicity, antibacteria, and water holding 

capacity of chitosan from Luffa aegyptiaca Mill and Cucumis sativus L. 

Journal of Food Biochemistry, 41(3). 

Choct, M. (2009). Managing gut health through nutrition. British Poultry Science, 

50(1), 9–15. 

Chung, Y. C., Wang, H. L., Chen, Y. M. and Li, S. L. (2003). Effect of abiotic factors 

on the antibacterial activity of chitosan against waterborne pathogens. 

Bioresource Technology, 88(3), 179–184. 



© C
OPYRIG

HT U
PM

 

150 

Chung, Y. S., Choi, M., Park, I., Park, K.-Y. and Kim, K. H. (2010). Effects of 

Chitosan on the Production of TNF-α, IL-1β, and IL-6 in Mice. Cancer 

Prevention Research, 15(3), 204–210. 

Ci, S. X., Huynh, T. H., Louie, L. W., Yang, A., Beals, B. J., Ron, N., Tsang, W.-G., 

Soon-Shiong, P. and Desai, N. P. (1999). Molecular mass distribution of 

sodium alginate by high-performance size-exclusion chromatography. Journal 

of Chromatography A, 864(2), 199–210. 

Clifford, C. W. and Woodring, J. P. (1990). Methods for rearing the house cricket, 

Acheta domesticus (L.), along with baseline values for feeding rates, growth 

rates, development times, and blood composition. Journal of Applied 

Entomology, 109(1–5), 1–14. 

Cohen, D. E. (2004). Cholesterol Absorption as a Target for Lipid-lowering Therapy. 

Formulary (Cleveland, Ohio), 39, 3–7. 

Corte, F. D. E. and Não, S. E. (1993). Effect of Age and Strain on Haematological and 

Gasometric Parameters in Selected and Non-Selected Broiler Chickens. 

Brazilian Journal of Veterinary Research and Animal Science, 30(2), 141–144. 

Cossio, M. L. T., Giesen, L. F., Araya, G., Pérez-Cotapos, M. L. S., VERGARA, R. 

L., Manca, M., Tohme, R.A., Holmberg, S.D., Bressmann, T., Lirio, D.R., 

Román, J.S., Solís, R.G., Thakur, S., Rao, S.N., Modelado, E.L., La, A.D.E., 

Durante, C., Tradición, U.N.A., En, M., Espejo, E.L., Fuentes, D.E.L.A.S., 

Yucatán, U.A. De, Lenin, C.M., Cian, L.F., Douglas, M.J., Plata, L. and 

Héritier, F. (2012). Schalm’s veterinary hematology 6th ed. Uma ética para 

quantos? (Vol. XXXIII). 

Crews, P., Rodriguez, J. and Jaspars, M. (1998). Organic Structure Analysis (First). 

NewYork: Oxford Univerdity Press. 

Croisier, F. and Jérôme, C. (2013). Chitosan-based biomaterials for tissue engineering. 

European Polymer Journal, 49(4), 780–792. 

Czechowska-Biskup, R., Jarosińska, D., Rokita, B., Ulański, P. and Rosiak, J. M. 

(2012). Determination of Degree of Deacetylation of Chitosan - Comparaison 

of Methods. Progress on Chemistry and Application of Chitin and Its 

Derivatives, 17, 5–20. 

Czechowska-Biskup, R., Rokita, B., Ulanski, P. and Rosiak, J. M. (2005). Radiation-

induced and sonochemical degradation of chitosan as a way to increase its fat-

binding capacity. Nuclear Instruments and Methods in Physics Research, 

Section B: Beam Interactions with Materials and Atoms, 236(1–4), 383–390. 

Da Silva, C. A., Hartl, D., Liu, W., Lee, C. G. and Elias, J. A. (2008). TLR-2 and IL-

17A in Chitin-Induced Macrophage Activation and Acute Inflammation. The 

Journal of Immunology, 181(6), 4279–4286. 

 



© C
OPYRIG

HT U
PM

 

151 

Darmadji, P. and Izumimoto, M. (1994). Effect of chitosan in meat preservation. Meat 

Science, 38(2), 243–254. 

Das, S. C., Isobe, N. and Yoshimura, Y. (2011). Expression of toll-like receptors and 

avian β-defensins and their changes in response to bacterial components in 

chicken sperm. Poultry Science, 90(2), 417–425. 

Datta, P. K., Basu, P. S. and Datta, T. K. (1984). Isolation and characterization of Vicia 

faba lectin affinity purified on chitin column. Preparative Biochemistry, 14(4), 

373–387. 

De los Santos Romero, R. B., Garcia Guerrero, M., Vega Villasante, F. and Nolasco 

Soria, H. (2017). Effect of dietary chitin on digestive enzyme activity, growth 

and survival of Macrobrachium tenellum juvenile prawns. Latin American 

Journal of Aquatic Research, 45(1), 130–138. 

de Verdal, H., Mignon-Grasteau, S., Jeulin, C., le Bihan-Duval, E., Leconte, M., 

Mallet, S., Martin, C. and Narcy, A. (2010). Digestive tract measurements and 

histological adaptation in broiler lines divergently selected for digestive 

efficiency. Poultry Science, 89(9), 1955–1961. 

DeFoliart, G. R. (1999). Insects as Food: Why the Western Attitude Is Important. 

Annual Review of Entomology, 44(1), 21–50. 

Demina, T. S., Gilman, A. B., Akopova, T. A. and Zelenetskii, A. N. (2014). 

Modification of the chitosan structure and properties using high-energy 

chemistry methods. High Energy Chemistry, 48(5), 293–302. 

Deng, X., Li, X., Liu, P., Yuan, S., Zang, J., Li, S. and Piao, X. (2008). Effect of chito-

oligosaccharide supplementation on immunity in broiler chickens. Asian-

Australasian Journal of Animal Sciences, 21(11), 1651–1658. 

Deuchi, K., Kanauchi, O., Imasato, Y. and Kobayashi, E. (1994). Decreasing effect of 

chitosan on the apparent fat digestability by rats fed on a high-fat diet. 

Bioscience Biotechnology and Biochemistry, 58, 1613–1616. 

Dhillon, G. S., Kaur, S., Brar, S. K. and Verma, M. (2013). Green synthesis approach: 

extraction of chitosan from fungus mycelia. Critical Reviews in 

Biotechnology, 33(4), 379–403. 

Diego Carlstrom. (1957). The Crystal Structure of Alpha-Chitin (Poly-N-Acetyl-D-

Glucosamine). Journal of Biophysics and Biochemical Citology, 3(5), 669–

683. 

Divya, K., Rebello, S. and S, J. M. (2014). A Simple and Effective Method for 

Extraction of High Purity Chitosan from Shrimp Shell Waste. In Proc. of the 

Intl. Conf. on Advances In Applied Science and Environmental Engineering 

(pp. 141–145). Institute of Research Engineers and Doctors. 

 



© C
OPYRIG

HT U
PM

 

152 

Domszy, J. G. and Roberts, G. A. F. (1985). Evaluation of infrared spectroscopic 

techniques for analysing chitosan. Die Makromolekulare Chemie, 186(8), 

1671–1677. 

Doneley, B. and Doneley, R. (2010). Avian Medicine and Surgery in Practice: 

Companion and Aviary Birds. London, UK.: Manson Publishing Ltd.,. 

Doyle, D. (2006). William Hewson (1739-74): The father of haematology. British 

Journal of Haematology, 133(4), 375–381. 

Dragland, I. S., Rukke, H. V., Stenhagen, I. S. R., Lönn-Stensrud, J. and Kopperud, 

H. M. (2016). Antibacterial and Antibiofilm Effect of Low Viscosity Chitosan 

against Staphylococcus epidermidis. International Journal of Microbiology, 

2016. 

Duque, G. A. and Descoteaux, A. (2014). Macrophage cytokines: involvement in 

immunity and infectious diseases. Frontiers in Immunology, 5(Article 491), 1–

12. 

Ebrahimi, R., Jahromi, M. F., Liang, J. B., Farjam, A. S., Shokryazdan, P. and Idrus, 

Z. (2015). Effect of dietary lead on intestinal nutrient transporters mRNA 

expression in broiler chickens. BioMed Research International, 2015(Article 

ID 149745), 8 pages. 

Echard, B. W., Talpur, N. A., Funk, K. A., Bagchi, D. and Preuss, H. G. (2001). Effects 

of oral glucosamine and chondroitin sulfate alone and in combination on the 

metabolism of SHR and SD rats. Molecular and Cellular Biochemistry, 225(1-

), 85–91. 

Ehrlich, H. (2010). Chitin and collagen as universal and alternative templates in 

biomineralization. International Geology Review, 52(7–8), 661–699. 

Ehrlich, H., Kaluzhnaya, O. V, Tsurkan, M. V, Ereskovsky, A., Tabachnick, K. R., 

Ilan, M., Stelling, A., Galli, R., Petrova, O. V, Nekipelov, S. V, Sivkov, V.N., 

Vyalikh, D., Born, R., Behm, T., Ehrlich, A., Chernogor, L.I., Belikov, S., 

Janussen, D., Bazhenov, V. V. and Wörheide, G. (2013). First report on 

chitinous holdfast in sponges (Porifera). Proceedings. Biological Sciences, 

280(1762), 20130339. 

El Hadrami, A., Adam, L. R., El Hadrami, I. and Daayf, F. (2010). Chitosan in plant 

protection. Marine Drugs, 8(4), 968–987. 

Elem, R. C. and Uraku, A. J. (2017). Physicochemical properties of Chitosan from 

Seven Different Wild Edible Nigerian Mushrooms. Research Journal of 

Pharmacology and Pharmacy, 1(4), 1–8. 

Elieh-Ali-Komi, D. and Hamblin, M. R. (2016). Chitin and Chitosan: Production and 

Application of Versatile Biomedical Nanomaterials. International Journal of 

Advanced Research, 4(3), 411–427. 



© C
OPYRIG

HT U
PM

 

153 

Elsamanoudy, A. Z., Neamat-Allah, M. A. M., Mohammad, F. A. H., Hassanien, M. 

and Nada, H. A. (2016). The role of nutrition related genes and nutrigenetics 

in understanding the pathogenesis of cancer. Journal of Microscopy and 

Ultrastructure, 4(3), 115–122. 

European Commission. (2017). Overview report Use of Slaughterhouse Data to 

Monitor Welfare of Broilers on Farm. DG Health and Food Safety. 

Luxembourg: Publications Office of the European Union. 

European Union. (2018). Register of Feed Additives. pursuant to Regulation (EC) No 

1831/2003 (Edition 1/). European Union legislation on feed additives. 

Extracto, E., Cangrejo, D. C. De and Marcadores, M. L. (2017). Crab Shell Extract 

Improves Serum Biochemical Markers and Histological Changes of Pancreas 

in Diabetic Rats. International Journal of Morphology, 35(4), 1437–1443. 

Fadel El-Seed, A. N. M. A., Kamel, H. E. M., Sekine, J., Hishinuma, M. and Hamana, 

K. (2003). Chitin and chitosan as possible novel nitrogen sources for 

ruminants. Canadian Journal of Animal Science, 83(1), 161–163. 

Fallah, R., Kiani, A. and Azarfar, A. (2013). A review of the role of five kinds of 

alternatives to in-feed antibiotics in broiler production. Journal of Veterinary 

Medicine and Animal Health, 5(11), 317–321. 

Fan, Y. and Saito, T. (2009). Nano-fibrillation of chitins by TEMPO-mediated 

oxidation or protonation of amino groups. Funct Mater, 29. 

Fan, Y., Saito, T. and Isogai, A. (2008). Chitin nanocrystals prepared by TEMPO-

mediated oxidation of alpha-chitin. Biomacromolecules, 9(1), 192–198. 

Fanciulli, G., Delitala, A. and Delitala, G. (2009). Growth hormone, menopause and 

ageing: No definite evidence for “rejuvenation” with growth hormone. Human 

Reproduction Update, 15(3), 341–358. 

Fang, Y., Zhang, R., Duan, B., Liu, M., Lu, A. and Zhang, L. (2017). Recyclable 

Universal Solvents for Chitin to Chitosan with Various Degrees of Acetylation 

and Construction of Robust Hydrogels. ACS Sustainable Chemistry and 

Engineering, 5(3), 2725–2733. 

FAO. (2008). 5. Livestock and human and animal health. In The state of food and 

agriculture 2009: Livestock in the balance (pp. 75–93). 

FAO. (2013). Edible insects. Future prospects for food and feed security. Food and 

Agriculture Organization of the United Nations (Vol. 171). 

FAO. (2014). Edible insects in Lao PDR. 

Fluker Farms. (2014). Fluker’s Cricket Biology Guide. 

 



© C
OPYRIG

HT U
PM

 

154 

Fouad, A. M. and El-Senousey, H. K. (2014). Nutritional factors affecting abdominal 

fat deposition in poultry: A review. Asian-Australasian Journal of Animal 

Sciences. 

Francisco, F. C., Simora, R. M. C. and Nuñal, S. N. (2015). Deproteination and 

demineralization of shrimp waste using lactic acid bacteria for the production 

of crude chitin and chitosan. AACL Bioflux, 8(1), 107–115. 

Furda, I. (1982). Aminopolysaccharides - Their Potential As Dietary Fiber. Abstracts 

of Papers of the American Chemical Society, 183(MAR), 47–AGFD. 

Gadgey, K. K. and Bahekar, A. (2017). Studies on extraction methods of chitin from 

crab shell and investigation of its mechanical properties. International Journal 

of Mechanical Engineering and Technology, 8(2), 220–231. 

Gaill, F., Persson, J., Sugiyama, J., Vuong, R. and Chanzy, H. (1992). The chitin 

system in the tubes of deep sea hydrothermal vent worms. Journal of Structural 

Biology, 109(2), 116–128. 

Gallaher, C. M., Munion, J., Hesslink, R., Wise, J. and Gallaher, D. D. (2000). 

Cholesterol Reduction by Glucomannan and Chitosan Is Mediated by Changes 

in Cholesterol Absorption and Bile Acid and Fat Excretion in Rats. The Journal 

of Nutrition, 30(11), 2753–2759. 

Gallinari, P., Di Marco, S., Jones, P., Pallaoro, M. and Steinkühler, C. (2007). HDACs, 

histone deacetylation and gene transcription: From molecular biology to 

cancer therapeutics. Cell Research, 17(3), 195–211. 

Gatford, K. L., Egan, A. R., Clarke, I. J. and Owens, P. C. (1998). Sexual dimorphism 

of the somatotrophic axis. Journal of Endocrinology, 157(3), 373–389. 

Gebelein, C. G. and Dunn,  Richard L. (2013). Progress in Biomedical Polymers. 

( Richard L. D. Charles G. Gebelein, Ed.). Springer Scince+Business Media, 

LCC. 

Gellerstedt, G. (1992). Gel Permeation Chromatography. Methods in Lignin 

Chemistry, 13(1), 487–497. 

Gerber, P., Opio, C. and Steinfeld, H. (2007). Poultry production and the environment-

A review. FAO, 1–27. 

Gerhardt, H. C. and Huber, F. (2002). Acoustic Communication in Insects and 

Anurans: Common Problems and Diverse Solutions. Chicago, IL: University 

of Chicago Press. 

Getty, R. (1975). Sission and Grossman’s The Anatomy of the Domestic Animal. (W. 

B. Saunders Co., Ed.) (5th edn.,). Philadelphia. London. 

 



© C
OPYRIG

HT U
PM

 

155 

Gibson, G. R. and Roberfroid, M. B. (1995). Dietary Modulation of the Human 

Colonie Microbiota : Introducing the Concept of Prebiotics. The Journal of 

Nutrition, 125(6), 1401–1412. 

Gilbert, E. R., Li, H., Emmerson, D. A., Webb, K. E. and Wong, E. A. (2008). Dietary 

protein quality and feed restriction influence abundance of nutrient transporter 

mRNA in the small intestine of broiler chicks. The Journal of Nutrition, 

138(2), 262–271. 

Glick, B. (1956). Normal Growth of the Bursa of Fabricius in Chickens. Poultry 

Science, 35(4), 843–851. 

Glick, B., Chang, T. S. and Jaap, R. G. (1956). The Bursa of Fabricius and Antibody 

Production. Poultry Science, 35(1), 224–225. 

Goddard, C., Wilkie, R. S. and Dunn, I. C. (1988). The relationship between insulin-

like growth factor-1, growth hormone, thyroid hormones and insulin in 

chickens selected for growth. Domestic Animal Endocrinology, 5(2), 165–

176. 

Gomes, A. V. S., Quinteiro-Filho, W. M., Ribeiro, A., Ferraz-de-Paula, V., Pinheiro, 

M. L., Baskeville, E., Akamine, A.T., Astolfi-Ferreira, C.S., Ferreira, A.J.P. 

and Palermo-Neto, J. (2014). Overcrowding stress decreases macrophage 

activity and increases Salmonella enteritidis invasion in broiler chickens. 

Avian Pathology, 43(1), 82–90. 

Gomez, C. R., Nomellini, V., Faunce, D. E. and Kovacs, J. (2008). Innate immunity 

and aging. Experimental Gerontology, 43(8), 718–728. 

Gonil, P. and Sajomsang, W. (2012). Applications of magnetic resonance 

spectroscopy to chitin from insect cuticles. International Journal of Biological 

Macromolecules, 51(4), 514–522. 

Gooch, M., Felfel, A. and Marenick, N. (2010). Food Waste in Canada. Value Chain 

Management Centre. 

Gooday, G. W. (1990). The Ecology of Chitin Degradation. In K. C. Marshall (Ed.), 

Advances in Microbial Ecology (pp. 387–430). Boston, MA: Springer US. 

Gopalakannan, A. and Arul, V. (2006). Immunomodulatory effects of dietary intake 

of chitin, chitosan and levamisole on the immune system of Cyprinus carpio 

and control of Aeromonas hydrophila infection in ponds. Aquaculture, 255(1–

4), 179–187. 

Gou, Z., Liu, R., Zhao, G., Zheng, M., Li, P., Wang, H., Zhu, Y., Chen, J. and Wen, 

J. (2012). Epigenetic modification of TLRs in leukocytes is associated with 

increased susceptibility to Salmonella enteritidis in chickens. PLoS One, 7(3), 

1–10. 

 



© C
OPYRIG

HT U
PM

 

156 

Goy, R. C., Morais, S. T. B. and Assis, O. B. G. (2016). Evaluation of the antimicrobial 

activity of chitosan and its quaternized derivative on E. Coli and S. aureus 

growth. Brazilian Journal of Pharmacognosy, 26(1), 122–127. 

Gross, W. B. and Siegel, H. S. (1983). Evaluation of the Heterophil/Lymphocyte Ratio 

as a Measure of Stress in Chickens. Avian Diseases, 27(4), 972. 

Gross, W. B. and Siegel, P. B. (1993). General principles of stress and welfare. In E. 

T. Grandin (Ed.), Livestock, Handling and Transport (pp. 21–34). 

Wallingford, UK.: CAB International. 

Guan, L. L., Hagen, K. E., Tannock, G. W., Korver, D. R., Fasenko, G. M. and Allison, 

G. E. (2003). Detection and identification of Lactobacillus species in crops of 

broilers of different ages by using PCR-denaturing gradient gel electrophoresis 

and amplified ribosomal DNA restriction analysis. Appllied Environmental 

Microbiology, 69(11), 6750–6757. 

Guðmundsdóttir, S. (2014). Effect of chitin derivatives on macrophages The role of 

chitinases and chitinase-like proteins. University of Iceland. 

Hajji, S., Younes, I., Ghorbel-Bellaaj, O., Hajji, R., Rinaudo, M., Nasri, M. and 

Jellouli, K. (2014). Structural differences between chitin and chitosan 

extracted from three different marine sources. International Journal of 

Biological Macromolecules, 65(November), 298–306. 

Halloran, A. and Vantomme, P. (2012). The contribution of insects to food security, 

livelihoods and the environment. FAO, 1–4. 

Halouzka, R., Jurajdai, V. and Diseases, G. (1991). Morphological Expression of 

Immunosuppression in Poultry. Acta Veterinaria Brno, 60, 271–278. 

Hamed, I., Özogul, F. and Regenstein, J. M. (2016). Industrial applications of 

crustacean by-products (chitin, chitosan, and chitooligosaccharides): A 

review. Trends in Food Science and Technology, 48, 40–50. 

Hampson, D. J. (1986). Alteration in piglet small intestinal structure at weaning. 

Research in Veterinary Science, 40(February 1986), 32–40. 

Han, T., Nwe, N., Furuike, T., Tokura, S. and Tamura, H. (2012). Methods of N -

acetylated chitosan scaffolds and its in vitro biodegradation by lysozyme. 

Journal of Biomedical Science and Engineering, 5(January), 15–23. 

Han, X. Y., Du, W. L., Huang, Q. C., Xu, Z. R. and Wang, Y. Z. (2012). Changes in 

Small Intestinal Morphology and Digestive Enzyme Activity with Oral 

Administration of Copper-Loaded Chitosan Nanoparticles in Rats. Biological 

Trace Element Research, 145(3), 355–360. 

 

 



© C
OPYRIG

HT U
PM

 

157 

Harikrishnan, R., Kim, J. S., Balasundaram, C. and Heo, M. S. (2012a). Dietary 

supplementation with chitin and chitosan on haematology and innate immune 

response in Epinephelus bruneus against Philasterides dicentrarchi. 

Experimental Parasitology, 131(1), 116–124. 

Harikrishnan, R., Kim, J. S., Balasundaram, C. and Heo, M. S. (2012b). 

Immunomodulatory effects of chitin and chitosan enriched diets in 

Epinephelus bruneus against Vibrio alginolyticus infection. Aquaculture, 326–

329, 46–52. 

Harvey, S. and Scanes, C. G. (1977). Purification and radioimmunoassay of chicken 

growth hormone radioimmunoassay. Journal of Endocrinolog, 73, 321–332. 

Harvey, S., Scanes, C. G., Chadwick, A. and Bolton, N. J. (1979). Growth hormone 

and prolactin secretion in growing domestic fowl: influence of sex and breed. 

British Poultry Science, 20(1), 9–17. 

He, Q., Gong, K., Ao, Q., Ma, T., Yan, Y., Gong, Y. and Zhang, X. (2013). Positive 

charge of chitosan retards blood coagulation on chitosan films. Journal of 

Biomaterials Applications, 27(8), 1032–1045. 

He, X., Li, K., Xing, R., Liu, S., Hu, L. and Li, P. (2016). The production of fully 

deacetylated chitosan by compression method. Egyptian Journal of Aquatic 

Research, 42(1), 75–81. 

Hernawan, E., Adriani, L., Mushawwir, A., Cahyani, C. and Darmawan. (2017). Effect 

of Dietary Supplementation of Chitosan on Blood Biochemical Profile of 

Laying Hens. Pakistan Journal of Nutrition, 16(9), 696–699. 

Herth, W., Mulisch, M. and Zugenmaier, P. (1986). Comparison of chitin fibril 

structure and assembly in three unicellular organisms. Journal of Chemical 

Information and Modeling, 53(9), 562. 

Higgs, R., Cormican, P., Cahalane, S., Lloyd, A. T., Meade, K., James, T., Lynn, D.J., 

Babiuk, L.A., Farrelly, C.O. and Allan, B. (2006). Induction of a Novel 

Chicken Toll-Like Receptor following Salmonella enterica Serovar 

typhimurium Infection Induction of a Novel Chicken Toll-Like Receptor 

following Salmonella enterica Serovar typhimurium Infection. Infection and 

Immunity, 74(3), 1692–1698. 

Hirano, S. (1996). Chitin Biotechnology Applications. Biotechnology Annual Review, 

2(C), 237–258. 

Hirano, S., Itakura, C., Seino, H., Akiyama, Y., Nonaka, I., Kanbara, N. and 

Kawakami, T. (1990). Chitosan as an Ingredient for Domestic Animal Feeds. 

Journal of Agricultural and Food Chemistry, 38(5), 1214–1217. 

Hochleithner, M. (1994). Biochemistries. In  ed. B. W. Ritchie, G. J. Harrison, and L. 

R. Harrison (Ed.), Avian Medicine: Principles and Application (pp. 223–245). 

Wingers Publishing Inc., Lake Worth, FL. 



© C
OPYRIG

HT U
PM

 

158 

Hoffman, W. E. and Solter, P. F. (2008). Diagnostic enzymology of domestic animals. 

In E. J. J. Kaneko, J. W. Harvey, and M. L. Bruss (Ed.), Clinical Biochemistry 

of Domestic Animals (6th ed., pp. 351–378). Academic Press, Burlington, 

MA. 

Holmgren, J. A. N., Czerkinsky, C., Lycke, N. and Svennerholm, A. (1992). Mucosal 

immunity: implications for vaccine development. Immunobiology, 184(2–3), 

157–179. 

Hossain, M. S. and Iqbal, A. (2014). Production and characterization of chitosan from 

shrimp waste. Journal of the Bangladesh Agricultural University, 12(1), 153–

160. 

Hossain, S. M. and Blair, R. (2007). Chitin utilisation by broilers and its effect on body 

composition and blood metabolites. British Poultry Science, 48(1), 33–38. 

Huang, H. F. and Peng, C. F. (2015). Antibacterial and antifungal activity of 

alkylsulfonated chitosan. Biomarkers and Genomic Medicine, 7(2), 83–86. 

Huang, L., Chen, J., Cao, P., Pan, H., Ding, C., Xiao, T., Zhang, P., Guo, J. and Su, Z. 

(2015). Anti-obese effect of glucosamine and chitosan oligosaccharide in high-

fat diet-induced obese rats. Marine Drugs, 13(5), 2732–2756. 

Huang, R. L., Yin, Y. L., Wu, G. Y., Zhang, Y. G., Li, T. J., Li, L. L., Li, M.X., Tang, 

Z.R., Zhang, J., Wang, B., He, J.H. and Nie, X. Z. (2005). Effect of dietary 

oligochitosan supplementation on ileal digestibility of nutrients and 

performance in broilers. Poultry Science, 84(9), 1383–1388. 

Huang, S. (2017). Broiler Chickens under Acute Heat Stress. Brazilian Journal of 

Poultry Science, 19(1), 087–094. 

Huang, T., Song, X., Jing, J., Zhao, K., Shen, Y., Zhang, X. and Yue, B. (2018). 

Chitosan-DNA nanoparticles enhanced the immunogenicity of multivalent 

DNA vaccination on mice against Trueperella pyogenes infection. Journal of 

Nanobiotechnology, 16(1), 8. 

Hudson, S. M. and Jenkins, D. W. (2003). Chitin and chitosan. (Vol EPST 1). New 

York.: Wiley. 

Huff, G. R., Huff, W. E., Farnell, M. B., Rath, N. C., Solis de los Santos, F. and 

Donoghue, A. M. (2010). Bacterial clearance, heterophil function, and 

hematological parameters of transport-stressed turkey poults supplemented 

with dietary yeast extract. Poultry Science, 89(3), 447–456. 

Huff, G. R., Huff, W. E., Rath, N. C., Anthony, N. B. and Nestor, K. E. (2008). Effects 

of Escherichia coli challenge and transport stress on hematology and serum 

chemistry values of three genetic lines of turkeys. Poultry Science, 87(11), 

2234–2241. 

 



© C
OPYRIG

HT U
PM

 

159 

Ibitoye, E. B., Lokman, I. H., Hezmee, M. N. M., Goh, Y. M., Zuki, A. B. Z. and 

Jimoh, A. A. (2018). Extraction and physicochemical characterization of chitin 

and chitosan isolated from house cricket. Biomedical Materials, 13(2), 025009. 

IBM. (2013). SPSS Statistics. 

Ifuku, S., Nomura, R., Morimoto, M. and Saimoto, H. (2011). Preparation of chitin 

nanofibers from mushrooms. Materials, 4(8), 1417–1425. 

Ifuku, S. and Saimoto, H. (2012). Chitin nanofibers: Preparations, modifications, and 

applications. Nanoscale, 4, 3308–3318. 

Ighodaro, O. M. and Akinloye, O. A. (2017). First line defence antioxidants-

superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase 

(GPX): Their fundamental role in the entire antioxidant defence grid. 

Alexandria Journal of Medicine, 1–7. 

Iheukwumere, F. C. and Herbert, U. (2003). Physiological responses of broiler 

chickens to quantitative water restrictions: Haematology and serum 

biochemistry. International Journal of Poultry Science. 

Ilyina, A. V., Tikhonov, V. E., Albulov, A. I. and Varlamov, V. P. (2000). Enzymic 

preparation of acid-free-water-soluble chitosan. Process Biochemistry, 35(6), 

563–568. 

Incharoen, T., Khambualai, O. and Yamauchi, K. (2009). Performance and 

histological changes of the intestinal villi in chickens fed dietary natural zeolite 

including plant extract. Asian Journal of Poultry Science, 3(2), 51–56. 

Incharoen, T., Yamauchi, K., Erikawa, T. and Gotoh, H. (2010). Histology of 

intestinal villi and epithelial cells in chickens fed low-crude protein or low-

crude fat diets. Italian Journal of Animal Science, 9(4), 1–5. 

Ioannis, S. A. (2012). Modified Atmosphere and Active Packing Technologies. (E. 

Bekassy-molnar, R. W. Field, F. Lipnizki, F. Andre, N. Fernandes, A. Altan, 

… S. Sahin, Eds.). Taylor and Francis Group. 

Ioelovich, M. (2014). Crystallinity and Hydrophility of Chitin and Chitosan. Journal 

of Chemistry, 3(3), 7–14. 

Isa, M. T., Ameh, A. O., Gabriel, J. O. and Adama, K. K. (2012). Extraction and 

characterization of chitin from Nigerian sources. Leonardo Electronic Journal 

of Practices and Technologies, 11(21), 73–81. 

Islam, M. S., Lucky, N. S., Islam, M. R., Ahad, A., Das, B. R., Rahman, M. M. and 

Siddiui, M. S. I. (2004). Haematological parameters of Fayoumi, Assil and 

local chickens reared in Sylhet Region in Bangladesh. International Journal of 

Poultry Science. 

 



© C
OPYRIG

HT U
PM

 

160 

Ivshina, T. N., Artamonova, S. D., Ivshin, V. P. and Sharnina, F. F. (2009). Isolation 

of the chitin-glucan complex from the fruiting bodies of Mycothallus. Applied 

Biochemistry and Microbiology, 45(3), 313–318. 

Iwasaki, A. and Ruslan, M. (2015). Control of adaptive immunity by the innate 

immune system Akiko. Nature Immunology, 16(4), 343–353. 

Jae-Young Je, Park, P.-J. and Kim, S.-K. (2004). Radical scavenging activity of 

hetero-chitooligosaccharides. European Food Research and Technology, 

219(1), 60–65. 

Jain, N. C. (1993). Essentials of Veterinary Hematology. Philadelphia,USA: Lea and 

Febiger. 

Jamaludin, A. A. (2013). Broiler industry in Peninsular Scientific, Malaysia. In 

Proceeding of WPSA and WVPA Scientific Conference. Selangor: Faculty of 

Veterinary Medicine UPM. Selangor. 

Jameela, S. R. and Jayakrishnan, A. (1995). Glutaraldehyde cross-linked chitosan 

microspheres as a long acting biodegradable drug delivery vehicle: studies on 

the in vitro release of mitoxantrone and in vivo degradation of microspheres in 

rat muscle. Biomaterials, 16(10), 769–775. 

Jang, M.-K., Kong, B.-G., Jeong, Y.-I., Lee, C. H. and Nah, J.-W. (2004). 

Physicochemical characterization of α-chitin, β-chitin, and γ-chitin separated 

from natural resources. Journal of Polymer Science Part A: Polymer 

Chemistry, 42(14), 3423–3432. 

Jarolimkova, V. (2015). Preparation and characterization of antimicrobial packaging 

films from cricket chitosan enriched with Schisandra chinensis extract. Lund 

University. 

Jayakumar, R., Chennazhi, K. P., Srinivasan, S., Nair, S. V., Furuike, T. and Tamura, 

H. (2011). Chitin scaffolds in tissue engineering. International Journal of 

Molecular Sciences, 12(3), 1876–1887. 

Jayakumar, R., Nwe, N., Tokura, S. and Tamura, H. (2007). Sulfated chitin and 

chitosan as novel biomaterials. International Journal of Biological 

Macromolecules, 40(3), 175–181. 

Je, J., Cho, Y. and Kim, S. (2006). Characterization of (Aminoethyl) chitin/DNA 

Nanoparticle for Gene Delivery. Culture, 3448–3451. 

Je, J. Y., Park, P. J. and Kim, S. K. (2004). Free radical scavenging properties of 

hetero-chitooligosaccharides using an ESR spectroscopy. Food and Chemical 

Toxicology, 42(3), 381–387. 

 

 



© C
OPYRIG

HT U
PM

 

161 

Jeong, H., Koo, H., Oh, E., Chae, H., Kim, H., Suh, S., Kim, C., Cho, K., Park, B., 

Park, S., Lee, Y. and Kim, H. (2000). Nitric oxide production by high 

molecular weight water-soluble chitosan via nuclear factor- k B activation. 

International Journal of Immunopharmacology, 22(11), 923–933. 

Jie, H., Lian, L., Qu, L. J., Zheng, J. X., Hou, Z. C., Xu, G. Y., Song, J.Z. and Yang, 

N. (2013). Differential expression of Toll-like receptor genes in lymphoid 

tissues between Marek’s disease virus-infected and noninfected chickens. 

Poultry Science, 92(3), 645–654. 

Jimoh, A. A., Ayuba, U., Ibitoye, E. B., Raji, A. A. and Dabai, Y. U. (2017). Gut 

health maintenance in broilers: comparing potential of honey to antibiotic 

effects on performance and clostridial counts. Nigerian Journal of Animal 

Production, 44(1), 106–113. 

Johney, J., Eagappan, K. and Ragunathan, R. R. (2017). Microbial Extraction of Chitin 

and Chitosan From Pleurotus Spp , Its Characterization and Antimicrobial 

Activity. International Journal of Current Pharmaceutical Research, 9(1). 

Johnson, I. T. and Gee, J. M. (1981). Effect of gel-forming gums on the intestinal 

unstirred layer and sugar transport in vitro. Gut, 22(5), 398–403. 

Joseph, I., Mathew, D. G., Sathyan, P. and Vargheese, G. (2011). The use of insects 

in forensic investigations: An overview on the scope of forensic entomology. 

Journal of Forensic Dental Sciences, 3(2), 89–91. 

Juárez-De La Rosa, B. A., Quintana, P., Ardisson, P. L., Yáñez-Limón, J. M. and 

Alvarado-Gil, J. J. (2012). Effects of thermal treatments on the structure of two 

black coral species chitinous exoskeleton. Journal of Materials Science, 47(2), 

990–998. 

Kadiri, H. E. and Asagba, S. O. (2015). The Biochemical Effects of Cyanide on the 

Activity of the Transaminases and Alkaline Phosphatase in Broilers (Gallus 

domesticus L.). American Journal of Biochemistry, 5(2), 23–29. 

Kaikabo, A. A., AbdulKarim, S. M. and Abas, F. (2017). Evaluation of the efficacy of 

chitosan nanoparticles loaded ΦKAZ14 bacteriophage in the biological control 

of colibacillosis in chickens. Poultry Science, 96(February), 295–302. 

Kalut, S. A. (2008). Enhancement of Degree of Deacetylation of Chitin in Chitosan. 

Thesis, (May). 

Kameda, T., Miyazawa, M., Ono, H. and Yoshida, M. (2005). Hydrogen bonding 

structure and stability of α-chitin studied by 13C solid-state NMR. 

Macromolecular Bioscience, 5(2), 103–106. 

 

 



© C
OPYRIG

HT U
PM

 

162 

Kan, W., Zhao, K. seng, Jiang, Y., Yan, W., Huang, Q., Wang, J., Qin, Q., Huang, X. 

and Wang, S. (2004). Lung, spleen, and kidney are the major places for 

inducible nitric oxide synthase expression in endotoxic shock: role of p38 

mitogen-activated protein kinase in signal transduction of inducible nitric 

oxide synthase expression. Shock (Augusta, Ga.), 21(3), 281–287. 

Kanauchi, O., Deuchi, K., Imasato, Y., Shizukuishi, M. and Kobayashi, E. (1995). 

Mechanism for the inhibition of fat digestion by chitosan and for the 

synergistic effect of ascorbate. Bioscience, Biotechnology and Biochemistry, 

59(5), 786–790. 

Kannaki, T. R., Reddy, M. R., Shanmugam, M., Verma, P. C. and Sharma, R. P. 

(2010). Chicken toll-like receptors and their role in immunity. World’s Poultry 

Science Journal, 66(4), 727–738. 

Kannaki, T. R., Reddy, M. R., Verma, P. C., Shanmugam, M., Kannaki, T. R., Reddy, 

M. R., Verma, P. C., Shanmugam, M., Kannaki, T. R., Reddy, M. R., Verma, 

P. C. and Shanmugam, M. (2015). Differential Toll-Like Receptor ( TLR ) 

mRNA Expression Patterns during Chicken Embryological Development 

Differential Toll-Like Receptor ( TLR ) mRNA Expression Patterns during 

Chicken Embryological Development. Animal Biotechnology, 26(2), 130–

135. 

Kasaai, M. R. (2008). A review of several reported procedures to determine the degree 

of N -acetylation for chitin and chitosan using infrared spectroscopy. 

Carbohydrate Polymers, 71, 497–508. 

Kaur, S. and Dhillon, G. S. (2013). Recent trends in biological extraction of chitin 

from marine shell wastes: a review. Critical Reviews in Biotechnology, 

8551(Early Online), 1–18. 

Kaya, M. and Baran, T. (2015). Description of a new surface morphology for chitin 

extracted from wings of cockroach (Periplaneta americana). International 

Journal of Biological Macromolecules, 75, 7–12. 

Kaya, M., Baran, T., Asan-Ozusaglam, M., Cakmak, Y. S., Tozak, K. O., Mol, A., 

Mentes, A. and Sezen, G. (2015). Extraction and characterization of chitin and 

chitosan with antimicrobial and antioxidant activities from cosmopolitan 

Orthoptera species (Insecta). Biotechnology and Bioprocess Engineering, 

20(1), 168–179. 

Kaya, M., Baran, T., Erdogan, S., Mentes, A., Ozusaglam, M. A. and Cakmak, Y. S. 

(2014). Physicochemical comparison of chitin and chitosan obtained from 

larvae and adult Colorado potato beetle (Leptinotarsa decemlineata). Materials 

Science and Engineering. C, Materials for Biological Applications, 45, 72–81. 

Kaya, M., Baran, T. and Karaarslan, M. (2015). A new method for fast chitin 

extraction from shells of crab, crayfish and shrimp. Natural Product Research, 

29(15), 1477–1480. 



© C
OPYRIG

HT U
PM

 

163 

Kaya, M., Baran, T., Mentes, A., Asaroglu, M., Sezen, G. and Tozak, K. O. (2014). 

Extraction and Characterization of α-Chitin and Chitosan from Six Different 

Aquatic Invertebrates. Food Biophysics, 9(2), 145–157. 

Kaya, M., Baublys, V., Can, E., Šatkauskiene, I., Bitim, B., Tubelyte, V. and Baran, 

T. (2014). Comparison of physicochemical properties of chitins isolated from 

an insect (Melolontha melolontha) and a crustacean species (Oniscus asellus). 

Zoomorphology, 133(3), 285–293. 

Kaya, M., Bitim, B., Mujtaba, M. and Koyuncu, T. (2015). Surface morphology of 

chitin highly related with the isolated body part of butterfly (Argynnis 

pandora). International Journal of Biological Macromolecules, 81, 443–449. 

Kaya, M., Bulut, E., Mujtaba, M., Sivickis, K., Sargin, I., Akyuz, B. and Erdogan, S. 

(2016). Gender Influences Differentiation of Chitin Among Body Parts. 

Archives of Insect Biochemistry and Physiology, 93(2), 96–109. 

Kaya, M., Erdogan, S., Mol, A. and Baran, T. (2015). Comparison of chitin structures 

isolated from seven Orthoptera species. International Journal of Biological 

Macromolecules, 72(January), 797–805. 

Kaya, M., Lelešius, E., Nagrockaite, R., Sargin, I., Arslan, G., Mol, A., Baran, T., Can, 

E. and Bitim, B. (2015). Differentiations of Chitin content and surface 

morphologies of chitins extracted from male and female grasshopper species. 

PLoS One, 10(1). 

Kaya, M., Mujtaba, M., Bulut, E., Akyuz, B., Zelencova, L. and Sofi, K. (2015). 

Fluctuation in physicochemical properties of chitins extracted from different 

body parts of honeybee. Carbohydrate Polymers, 132, 9–16. 

Kaya, M., Mujtaba, M., Ehrlich, H., Salaberria, A. M., Baran, T., Amemiya, C. T., 

Galli, R., Akyuz, L., Sargin, I. and Labidi, J. (2017). On chemistry of γ-chitin. 

Carbohydrate Polymers, 176(August), 177–186. 

Kaya, M., Sargin, I., Aylanc, V., Tomruk, M. N., Gevrek, S., Karatoprak, I., Colak, 

N., Sak, Y.G. and Bulut, E. (2016). Comparison of bovine serum albumin 

adsorption capacities of α-chitin isolated from an insect and β-chitin from 

cuttlebone. Journal of Industrial and Engineering Chemistry, 38, 146–156. 

Kaya, M., Sargin, I., Sabeckis, I., Noreikaite, D., Erdonmez, D., Salaberria, A. M., 

Labidi, J., Baublys, V. and Tubelytė, V. (2017). Biological, mechanical, 

optical and physicochemical properties of natural chitin films obtained from 

the dorsal pronotum and the wing of cockroach. Carbohydrate Polymers, 163, 

162–169. 

Kaya, M., Sargin, I., Tozak, K. Ö., Baran, T., Erdogan, S. and Sezen, G. (2013). Chitin 

extraction and characterization from Daphnia magna resting eggs. 

International Journal of Biological Macromolecules, 61, 459–464. 

 



© C
OPYRIG

HT U
PM

 

164 

Kaya, M., Seyyar, O., Baran, T., Erdoǧan, S. and Kar, M. (2014). A physicochemical 

characterization of fully acetylated chitin structure isolated from two spider 

species: With new surface morphology. International Journal of Biological 

Macromolecules, 65(December), 553–558. 

Kaya, M., Sofi, K., Sargin, I. and Mujtaba, M. (2016). Changes in physicochemical 

properties of chitin at developmental stages (larvae, pupa and adult) of Vespa 

crabro (wasp). Carbohydrate Polymers, 145, 64–70. 

Kaya, M., Tozak, K. O., Baran, T., Sezen, G. and Sargin, I. (2013). Natural porous 

and nano fiber chitin structure from Gammaridae argaeus (Gammaridae 

crustacea). EXCLI Journal, 12, 503–510. 

Ke, H. and Chen, Q. (1990). Potentiometric titration of chitosan by linear method. 

Huaxue Tongbao, 10, 44–46. 

Kemper, H. (1936). Die Bettwanze und ihreBekampfung. Z. Kleintierk., Pelztierk. 

Band 4 Der Schr. Hyg. Zool., 12(3), 1–107, 18 Abb. 

Kent, A. W. and Whitehouse, H. W. (1955). Biochemistry of Amino Sugars. New 

York, N.Y.: Academic Press Inc. 

Kerton, F. M., Liu, Y., Murphy, J. N. and Hawboldt, K. (2015). Renewable resources 

from the oceans: Adding value to the by-products of the aquaculture and 

fishing industries. 2014 Oceans - St. John’s, OCEANS 2014, (January). 

Keser, O., Bilal, T., Kutay, H. C., Abas, I. and Eseceli, H. (2012). Effects of Chitosan 

Oligosaccharide and/or Beta-Glucan Supplementation to Diets Contained 

Organic Zinc on Performance and Some Blood Indices in Broilers. Pakistan 

Veterinary Journal, 32, 15–19. 

Khajarern, J. and Khajarern, S. (2002). Probiotic product lifts performance and 

reduces diarrhoea. Asian Pork Magazine, 44–45. 

Khambualai, O., Yamauchi, K., Tangtaweewipat, S. and Cheva-Isarakul, B. (2008). 

Effects of Dietary Chitosan Diets on Growth Performance in Broiler Chickens. 

Journal of Poultry Science, 45, 206–209. 

Khambualai, O., Yamauchi, K., Tangtaweewipat, S. and Cheva-Isarakul, B. (2009). 

Growth performance and intestinal histology in broiler chickens fed with 

dietary chitosan. British Poultry Science, 50(5), 592–597. 

Khan, M. N. and Elderderya, A. (2018). Alterations of Hematological Parameters , 

Hemoglobin and Hematocrit With Liver Enzymes, Aspartate Transaminase 

and Alanine Transaminase Among Patients With Chronic Kidney Disease 

Undergoing Hemodialysis in Aljouf Region , Saudi Arabia. Journal of 

Hematology, 7(1), 1–6. 

 



© C
OPYRIG

HT U
PM

 

165 

Khan, T. A. and Zafar, F. (2005). Haematological Study in Response to Varying Doses 

of Estrogen in Broiler Chicken. International Journal of Poultry Science, 4, 

748–751. 

Khempaka, S., Chitsatchapong, C. and Molee, W. (2011). Effect of chitin and protein 

constituents in shrimp head meal on growth performance , nutrient digestibility 

, intestinal microbial populations , volatile fatty acids , and ammonia 

production in broilers. Journal of Applied Poultry Research, 20, 1–11. 

Khempaka, S., Mochizuki, M., KatsukiKoh and Karasawa, Y. (2006). Effect of Chitin 

in Shrimp Meal on Growth Performance and Digestibility in Growing Broilers. 

The Journal of Poultry Science, 43(4), 339–343. 

Khoushab, F. and Yamabhai, M. (2010). Chitin research revisited. Marine Drugs, 8(7), 

1988–2012. 

Kim, D. H., Saetrom, P., Snøve, O. and Rossi, J. J. (2008). MicroRNA-directed 

transcriptional gene silencing in mammalian cells. Proceedings of the National 

Academy of Sciences of the United States of America, 105(42), 16230–16235. 

Kim, P. Il, Kang, T. H., Chung, K. J., Kim, I. S. and Chung, K. C. (2004). Purification 

of a constitutive chitosanase produced by Bacillus sp. MET 1299 with cloning 

and expression of the gene. FEMS Microbiology Letters, 240(1), 31–39. 

Kim, K. W. and Thomas, R. L. (2007). Antioxidative activity of chitosans with varying 

molecular weights. Food Chemistry, 101(1), 308–313. 

Kim, S., Bedigrew, K., Guda, T., Maloney, W. J., Park, S., Wenke, J. C. and Yang, Y. 

P. (2014). Novel osteoinductive photo-cross-linkable chitosan-lactide-

fibrinogen hydrogels enhance bone regeneration in critical size segmental bone 

defects. Acta Biomaterialia, 10(12), 5021–5033. 

Kim, S. K. and Rajapakse, N. (2005). Enzymatic production and biological activities 

of chitosan oligosaccharides (COS): A review. Carbohydrate Polymers, 62(4), 

357–368. 

Knaul, J. Z., Hudson, S. M. and Creber, K. A. M. (1999). Crosslinking of chitosan 

fibers with dialdehydes: Proposal of a new reaction mechanism. Journal of 

Polymer Science Part B: Polymer Physics, 37(11), 1079–1094. 

Knorr, D. (1984). Use of chitinous polymers in food: a challenge for food research 

and development. Food Technology (USA), 38, 85–97. 

Kobayashi, S., Chiba, E., Terashima, Y. and Itoh, H. (1996). Effect of Dietary Crude 

Chitin on Thyroid Function in Chicks Fed a Low Iodine Diet. (Japan Poultry 

Science), 33(2), 73–79. 

Kobayashi, S. and Hiroshi Itoh. (1991). Effects of Dietary Abdominal Chitin and 

Chitosan on Growth and Fat Deposition in Chicks. Japan Poultry Science, 28, 

88–94. 



© C
OPYRIG

HT U
PM

 

166 

Kobayashi, S., Terashima, Y. and Itoh, H. (2002). Effects of dietary chitosan on fat 

deposition and lipase activity in digesta in broiler chickens. British Poultry 

Science, 43(2), 270–273. 

Kobayashi, S., Terashima, Y. and Itoh, H. (2006). The Effects of Dietary Chitosan on 

Liver Lipid Concentrations in Broiler Chickens Treated with Propylthiouracil. 

The Journal of Poultry Science, 43(2), 162–166. 

Kogut, M. H. (2009). Impact of nutrition on the innate immune response to infection 

in poultry. Journal of Appllied Poultry Research, 18, 111–124. 

Kogut, M. H., Iqbal, M., He, H., Philbin, V., Kaiser, P. and Smith, A. (2005). 

Expression and function of Toll-like receptors in chicken heterophils. 

Developmental and Comparative Immunology, 29(9), 791–807. 

Koh, C. J. and Atala, A. (2004). Tissue Engineering, Stem Cells, and Cloning: 

Opportunities for Regenerative Medicine. Journal of the American Society of 

Nephrology (Vol. 15). 

Koide, S. S. (1998). Chitin-chitosan: Properties, benefits and risks. Nutrition 

Research, 18(6), 1091–1101. 

Koller, B., Müller-Wiefel, A. S., Rupec, R., Korting, H. C. and Ruzicka, T. (2011). 

Chitin modulates innate immune responses of keratinocytes. PLoS One, 6(2), 

1–7. 

Komi, A. E., Sharma, D., Cruz, L. D. and Charles, S. (2018). Chitin and Its Effects on 

Inflammatory and Immune Responses. Clinical Reviews in Allergy and 

Immunology, 54(2), 213–223. 

Kontecka, H., Ksi, J. M. and Nogowski, L. (1999). Effects of different stressors on 

laying rate and selected blood indices in reproductive ducks. Journal of Animal 

and Feed Sciences, 8(1), 63–72. 

Kovacs, E. J., Palmer, J. L., Fortin, C. F., Jr, T. F. and Daniel, R. (2009). Aging and 

innate immunity in the mouse: impact of intrinsic and extrinsic factors. Trends 

in Immunology, 30(7), 319–324. 

Kucukgulmez, A., Celik, M., Yanar, Y., Sen, D., Polat, H. and Kadak, A. E. (2011). 

Physicochemical characterization of chitosan extracted from Metapenaeus 

stebbingi shells. Food Chemistry, 126(3), 1144–1148. 

Kumar Dutta, P., Dutta, J. and Tripathi, V. S. (2004). Chitin and chitosan: Chemistry, 

properties and applications. Journal of Scientific and Industrial Research, 

63(January), 20–31. 

Kumar, S. G., Md. Rahman, A., Lee, S. H., Hwang, H. S., Kim, H. A. and Yun, J. W. 

(2009). Plasma proteome analysis for anti-obesity and anti-diabetic potentials 

of chitosan oligosaccharides in ob/ob mice. Proteomics, 9(8), 2149–2162. 



© C
OPYRIG

HT U
PM

 

167 

Kumirska, J., Czerwicka, M., Kaczyński, Z., Bychowska, A., Brzozowski, K., 

Thöming, J. and Stepnowski, P. (2010). Application of spectroscopic methods 

for structural analysis of chitin and chitosan. Marine Drugs, 8(5), 1567–1636. 

Kurita, K. (2001). Controlled functionalization of the polysaccharidechitin. Progress 

in Polymer Science, 26, 1921–1971. 

Kurutas, E. B. (2016). The importance of antioxidants which play the role in cellular 

response against oxidative/nitrosative stress: Current state. Nutrition Journal, 

15(1), 1–22. 

Lago, M. A., Costa, H. S., Valdez, H. S., Angulo, I. and Losada, P. P. (2011). 

Compilation of analytical methods to characterize and determine chitosan , and 

main applications of the polymer in food active packaging. Recopilación de 

métodos analíticos para la caracterización y determinación del quitosano y las 

principales aplicacion. CyTA - Journal of Food, 9(4), 319–328. 

Lamichhane, A., Azegami, T. and Kiyono, H. (2014). The mucosal immune system 

for vaccine development. Vaccine, 32(49), 6711–6723. 

Lance Dobson. (2016). Eliminating the unnatural: consumers demand simple food free 

from artificial ingredients. FMCG AND RETAIL. 

Latimer, K. S. and Bienzle, D. (2010). Determination and interpretation of the avian 

leukogram. In D. Weiss and K. J. Wardrop (Ed.), Schalm’s Veterinary 

Hematology (6th ed., pp. 345–357). Blackwell Publishing Ltd., Ames, IA. 

Lee, B. C., Kim, M. S., Choi, S. H., Kim, K. Y. and Kim, T. S. (2009). Effect of MDR1 

gene promoter methylation in patients with ulcerative colitis. International 

Journal of Molecular Medicine, 24, 327–333. 

Lee, C. G., Da Silva, C. A., Lee, J. Y., Hartl, D. and Elias, J. A. (2008). Chitin 

regulation of immune responses: an old molecule with new roles. Current 

Opinion in Immunology, 20(6), 684–689. 

Lee, M. H., Lee, H. J. and Ryu, P. D. (2001). Public Health Risks: Chemical and 

Antibiotic Residues. Asian-Australasian Journal of Animal Science, 14(3), 

402–413. 

Legrand, P., Catheline, D., Le Bihan, E. and Lemarchal, P. (1996). Effect of insulin 

on triacylglycerol synthesis and secretion by chicken hepatocytes in primary 

culture. International Journal of Biochemistry and Cell Biology, 28(4), 431–

440. 

LeHoux, J. G. and Grondin, F. (2015). Some effects of chitosan on liver function in 

the rat. Endocrinology, 132(July), 1078–1084. 

Leibel, R. L. (2002). The Role of Leptin in the Control of Body Weight, (October), 

15–19. 



© C
OPYRIG

HT U
PM

 

168 

Leidy, J. W. J., Romano, T. M. and Millard, W. J. (1993). Developmental and Sex-

Related Changes of the Growth Hormone Axis in Lean and Obese Zucker Rats. 

Neuroendocrinology, 57(2), 213–223. 

LeMieux, F. M., Southern, L. L. and Bidner, T. D. (2003). Effect of mannan 

oligosaccharides on growth performance of weanling pigs. Journal of Animal 

Science, 81(10), 2482–2487. 

Lertsutthiwong, P., How, N. G., Chandrkrachang, S. and Stevens, W. F. (2002). Effect 

of chemical treatment on the characteristics of shrimp chitosan. Journal of 

Metals, Materials and Minerals, 12(February), 11–18. 

Leung, P. S. and Chan, Y. C. (2009). Role of Oxidative Stress in Pancreatic 

Inflammation. Antioxidants and Redox Signaling, 11(1), 135–166. 

Li, D., Guo, L., Yang, N., Zhang, Y., Jin, Z. and Xu, X. (2017). Evaluation of the 

degree of chitosan deacetylation: Via induced-electrical properties. RSC 

Advances, 7(42), 26211–26219. 

Li, H., Shi, B., Yan, S., Zhao, T., Li, J. and Guo, X. (2014). Effects of chitosan on the 

secretion of cytokines and expression of inducible nitric oxide synthase mRNA 

in peritoneal macrophages of broiler chicken. Brazilian Archives of Biology 

and Technology, 57(4), 466–471. 

Li, H. Y. (2009). Effects of chitosan on immune function in broilers and the underlying 

mechanisms. Hohhot Inner Mongolia Agricultural University. (in Chinese). 

Li, L. H., Deng, J. C., Deng, H. R., Liu, Z. L. and Xin, L. (2010). Synthesis and 

characterization of chitosan/ZnO nanoparticle composite membranes. 

Carbohydrate Research, 345(8), 994–998. 

Li, Q., Dunn, E. T., Grandmaison, E. W. and Goosen, M. F. A. (1992). Applications 

and Properties of Chitosan. Journal of Bioactive and Compatible Polymers, 

7(4), 370–397. 

Li, T., Na, R., Yu, P., Shi, B., Yan, S., Zhao, Y. and Xu, Y. (2015). Effects of dietary 

supplementation of chitosan on immune and antioxidative function in beef 

cattle. Czech Journal of Animal Science, 60(2), 38–44. 

Li, X. guang, Chen, X. ling and Wang, X. qi. (2013). Changes in relative organ weights 

and intestinal transporter gene expression in embryos from white Plymouth 

Rock and WENS Yellow Feather Chickens. Comparative Biochemistry and 

Physiology - A Molecular and Integrative Physiology, 164(2), 368–375. 

Li, X. J., Piao, X. S., Kim, S. W., Liu, P., Wang, L., Shen, Y. B., Jung, S. C. and Lee, 

H. S. (2007). Effects of chito-oligosaccharide supplementation on 

performance, nutrient digestibility, and serum composition in broiler chickens. 

Poultry Science, 86(6), 1107–1114. 

 



© C
OPYRIG

HT U
PM

 

169 

Li, Y. B., Xu, Q. Q., Yang, C. J., Yang, X., Lv, L., Yin, C. H., Liu, X.L. and Yan, H. 

(2014). Effects of probiotics on the growth performance and intestinal micro 

flora of broiler chickens. Pakistan Journal of Pharmaceutical Sciences, 27(3 

Suppl), 713–717. 

Liao, S. F. and Nyachoti, M. (2017). Using probiotics to improve swine gut health and 

nutrient utilization. Animal Nutrition, 3(4), 331–343. 

Lim, B. O., Yamada, K., Nonaka, M., Kuramoto, Y. and Hung, P. (1997). Biochemical 

and Molecular Roles of Nutrients Dietary Fibers Modulate Indices of Intestinal 

Immune Function in Rats 1, (April 1996), 663–667. 

Limam, Z., Selmi, S., Sadok, S. and Abed, A. El. (2011). Extraction and 

characterization of chitin and chitosan from crustacean by-products: 

Biological and physicochemical properties. African Journal of Biotechnology, 

10(4), 640–647. 

Liu, M., Shi, T. and Liu, J. Q. (2011). Effects of chitosan on antioxidative function 

and immune organ index in broilers. Journal of Chinese Feed, 15, 22–25. (in 

Chinese). 

Liu, P., Piao, X. S., Kim, S. W., Wang, L., Shen, Y. B., Lee, H. S. and Li, S. Y. (2008). 

Effects of chito-oligosaccharide supplementation on the growth performance, 

nutrient digestibility, intestinal morphology, and fecal shedding of Escherichia 

coli and Lactobacillus in weaning pigs. Journal of Animal Science, 86(10), 

2609–2618. 

Liu, Q. H., Liang, X. W. and Wang, G. L. (2007). Effects of dietary supplementation 

of chitosan on dry matter intake and blood parameters for dry dairy cows. 

JourJournal of Animal and Feed Sciences, 16(2), 430–435. 

Liu, S., Sun, J., Yu, L., Zhang, C., Bi, J., Zhu, F., Qu, M., Jiang, C. and Yang, Q. 

(2012). Extraction and characterization of chitin from the beetle Holotrichia 

parallela motschulsky. Molecules, 17(4), 4604–4611. 

Livak, K. J. and Schmittgen, T. D. (2001). Analysis of relative gene expression data 

using real-time quantitative PCR and the 2-ΔΔCT method. Methods, 25(4), 

402–408. 

Lotmar, W. and Picken, L. E. R. (1950). A new crystallographic modification of chitin 

and its distribution. Experientia, 6(2), 58–59. 

Lu, Y., Sarson, A. J., Gong, J., Zhou, H., Zhu, W., Kang, Z., Qu, M., Jiang, C. and 

Han, Y. (2009). Expression profiles of genes in toll-like receptor-mediated 

signaling of broilers infected with Clostridium perfringens. Clinical and 

Vaccine Immunology, 16(11), 1639–1647. 

Lumeij, J. T. (2008). Chapter 28 – Avian Clinical Biochemistry. In Clinical 

Biochemistry of Domestic Animals (pp. 839–872). 



© C
OPYRIG

HT U
PM

 

170 

Lusena, C. V and Rose, R. C. (1953). Preparation and Viscosity of Chitosans. Journal 

of the Fisheries Research Board of Canada, 10(8), 521–522. 

Lütjohann, D., Marinova, M., Wolter, K., Willinek, W., Bitterlich, N., Coenen, M., 

Coch, C. and Stellaard, F. (2018). Influence of chitosan treatment on surrogate 

serum markers of cholesterol metabolism in obese subjects. Nutrients, 10(1), 

1–16. 

Lv, S. B., Yan, Y., Sun, C. X. and Xu, J. H. (2002). Protective action of chitosan on 

stomach mucous membrane. Literature and Information on Preventive 

Medicine., 8, 429–430 (in Chinese). 

Ma, K., Hu, Y. and Smith, D. E. (2012). Influence of Fed-Fasted State on Intestinal 

PEPT1 Expression and In Vivo Pharmacokinetics of Glycylsarcosine in Wild-

Type and Pept1 Knockout Mice. Pharmaceutical Research, 29(2), 535–545. 

Ma, X. Z., Yang, Y., Xie, X. D. and Feng, Y. L. (2001). Effect of chitosan on growth 

performance and lipometabolism of broiler chickens (male). Fujian Journal of 

Agricultural Sciences, 16(4), 30–34. 

MacLeod, J. N., Pampori, N. A. and Shapiro, B. H. (1991). Sex differences in the 

ultradian pattern of plasma growth hormone concentrations in mice. Journal of 

Endocrinology, 131(3), 395–399. 

Macleod, R. M., Abad, A. and Eidson, L. L. (1969). In Vivo Effect of Sex Hormones 

on the in Vitro Synthesis of Prolactin and Growth Hormone in Normal and 

Pituitary Tumor-Bearing Rats. Endocrinology, 84(June), 1475–1488. 

Madsen, S. L. and Wong, E. A. (2011). Expression of the chicken peptide transporter 

1 and the peroxisome proliferator-activated receptor following feed restriction 

and subsequent refeeding. Poultry Science, 90(10), 2295–2300. 

Maezaki, Y., Tsuji, K., Nakagawa, Y., Kawai, Y., Akimoto, M., Tsugita, T., 

Takekawa, W., Terada, A., Hara, H. and Mitsuoka, T. (1993). 

Hypocholesterolemic Effect of Chitosan in Adult Males. Bioscience, 

Biotechnology, and Biochemistry, 57(9), 1439–1444. 

Mahata, M., Shinya, S., Masaki, E., Yamamoto, T., Ohnuma, T., Brzezinski, R., 

Mazumder, T.K., Yamashita, K., Narihiro, K. and Fukamizo, T. (2014). 

Production of chitooligosaccharides from Rhizopus oligosporus NRRL2710 

cells by chitosanase digestion. Carbohydrate Research, 383, 27–33. 

Mahdavi, R. and Torki, M. (2009). Study on usage period of dietary protected butyric 

acid on performance, carcass characteristics, serum metabolite levels and 

humoral immune response of broiler chickens. Journal of Animal and 

Veterinary Advances, 8(9), 1702–1709. 

Majekodunmi, S. O. (2016). Current Development of Extraction, Characterization and 

Evaluation of Properties of Chitosan and Its Use in Medicine and 

Pharmaceutical Industry. American Journal of Polymer Science, 6(3), 86–91. 



© C
OPYRIG

HT U
PM

 

171 

Majid, R. Bin and Hassan, S. (2014). Performance of broiler contract farmers : A case 

study in Perak, Malaysia. UMK Procedia, 1(October 2013), 18–25. 

Majtán, J., Bíliková, K., Markovič, O., Gróf, J., Kogan, G. and Šimúth, J. (2007). 

Isolation and characterization of chitin from bumblebee (Bombus terrestris). 

International Journal of Biological Macromolecules, 40(3), 237–241. 

Mandir, N., FitzGerald, A. J. and Goodlad, R. A. (2005). Differences in the effects of 

age on intestinal proliferation, crypt-fission and apoptosis on the small 

intestine and the colon of the rat. International Journal of Experimental 

Pathology, 86(2), 125–130. 

Manuscript, A. and Faces, M. (2013). NIH Public Access, 2(10), 881–898. 

Marei, N. H., El-Samie, E. A., Salah, T., Saad, G. R. and Elwahy, A. H. M. (2016). 

Isolation and characterization of chitosan from different local insects in Egypt. 

International Journal of Biological Macromolecules, 82(January 2016), 871–

877. 

Market and Research. (2016). Research and Markets. Specialty Feed Additives Market 

by Type (Flavors and Sweeteners, Minerals, Binders, Vitamins, Acidifiers, 

Antioxidants), Livestock (Swine, Ruminants, Poultry, Aquatic Animals), 

Function, Form, and Region – Global Forecast to 2022. 

Marković, R., Šefer, D., Krstić, M. and Petrujkić, B. (2009). Effect of different growth 

promoters on broiler performance and gut morphology. Archivos de Medicina 

Veterinaria, 41(2), 163–169. 

Marono, S., Loponte, R., Lombardi, P., Vassalotti, G., Pero, M. E., Russo, F., Gasco, 

L., Parisi, G., Piccolo, G., Nizza, S., Di Meo, C., Attia, Y.A. and Bovera, F. 

(2017). Productive performance and blood profiles of laying hens fed 

Hermetia illucens larvae meal as total replacement of soybean meal from 24 

to 45 weeks of age. Poultry Science, 96(6), 1783–1790. 

Martinović, T. and Pavelić, K. (2015). Stem cells and regenerative medicine: 

scientific, political and social aspects. Periodicum Biologorum, 117(1), 5–10. 

Mateos-Aparicio, I., Mengibar, M. and Heras, A. (2016). Effect of chito-

oligosaccharides over human faecal microbiota during fermentation in batch 

cultures. Carbohydrate Polymers, 137, 617–624. 

Maxwell, M. H. (1987). The avian eosinophil—A review. World’s Poultry Science 

Journal, 43(3), 190–207. 

Maxwell, M. H. (1993). Avian blood leucocyte responses to stress. World’s Poultry 

Science Journal, 49(01), 34–43. 

 

 



© C
OPYRIG

HT U
PM

 

172 

Maxwell, M. H., Robertson, G. W., Spence, S. and McCorquodale, C. C. (1990). 

Comparison of haematological values in restricted- and ad libitum-fed 

domestic fowls: red blood cell characteristics. British Poultry Science, 31(2), 

407–413. 

Maynard, S., Schurman, S. H., Harboe, C., de Souza-Pinto, N. C. and Bohr, V. A. 

(2009). Base excision repair of oxidative DNA damage and association with 

cancer and aging. Carcinogenesis, 30(1), 2–10. 

McCracken, A. N. and Edinger, A. L. (2013). Nutrient transporters: The Achilles’ heel 

of anabolism. Trends in Endocrinology and Metabolism, 24(4), 200–208. 

Medzhitov, R., Preston-Hurlburt, P. and Janeway, C. A. J. (1997). A human 

homologue of the Drosophila activation of adaptive immunity. Nature, 

388(July), 394–397. 

Meibom, K. L., Blokesch, M., Dolganov, N. A., Wu, C. Y. and Schoolnik, G. K. 

(2005). Microbiology: Chitin induces natural competence in Vibrio cholerae. 

Science, 310(5755), 1824–1827. 

Mekbungwan, A., Yamauchi, K. and Thongwittaya, N. (2003). Histological 

alterations of intestinal villi in growing pigs fed soybean and pigeon pea seed 

meals. Canadian Journal of Animal Science, 83(4), 755–760. 

Menconi, A., Pumford, N. R., Morgan, M. J., Bielke, L. R., Kallapura, G., Latorre, J. 

D., Wolfenden, A. D., Hernandez-Velasco, X., Hargis, B. M. and Tellez, G. 

(2014). Effect of Chitosan on Salmonella typhimurium in Broiler Chickens. 

Foodborne Pathogens and Disease, 11(2), 165–169. 

Meshkini, S., Tafy, A. A., Tukmechi, A. and Farhang-Pajuh, F. (2012). Effects of 

chitosan on hematological parameters and stress resistance in rainbow trout 

(Oncorhynchus mykiss). Veterinary Research Forum, 3(1), 49–54. 

Miech, P. (2018). Cricket Farming: An Alternative for Producing Food and Feed in 

Cambodia. Swedish University of Agricultural Sciences Uppsala. 

Minagawa, T., Okamura, Y., Shigemasa, Y., Minami, S. and Okamoto, Y. (2007). 

Effects of molecular weight and deacetylation degree of chitin/chitosan on 

wound healing. Carbohydrate Polymers, 67(4), 640–644. 

Minami, S., Suzuki, H., Okamoto, Y., Fujinaga, T. and Shigemasa, Y. (1998). Chitin 

and chitosan activate complement via the alternative pathway. Carbohydrate 

Polymers, 36(98), 151–155. 

Minke, R. and Blackwell, J. (1978). The structure of alpha-chitin. Journal of Molecular 

Biology, 120(2), 167–181. 

Mirshafiey, A. and Mohsenzadegan, M. (2008). The role of reactive oxygen species 

in immunopathogenesis of rheumatoid arthritis. Iranian Journal of Allergy, 

Asthma and Immunology, 7(4), 195–202. 



© C
OPYRIG

HT U
PM

 

173 

Mitchell, E. B. and Johns, J. (2008). Avian Hematology and Related Disorders. 

Veterinary Clinics of North America - Exotic Animal Practice, 11(3), 501–

522. 

Miyashita, A., Kizaki, H., Sekimizu, K. and Kaito, C. (2016). No Effect of Body Size 

on the Frequency of Calling and Courtship Song in the Two- Spotted Cricket 

, Gryllus bimaculatus. PLoS ONE, 11(1), 1–8. 

Mlcek, J., Borkovcova, M. and Bednarova, M. (2014). Biologically active substances 

of edible insects and their use in agriculture , veterinary and human medicine 

– a review Biologicky aktivní látky jedlého hmyzu a jejich využití v zem ě d ě 

lství , veterinární a humánní medicín ě - review, 15(4), 225–237. 

Mohammed, M. A., Syeda, J. T. M., Wasan, K. M. and Wasan, E. K. (2017). An 

overview of chitosan nanoparticles and its application in non-parenteral drug 

delivery. Pharmaceutics, 9(4). 

Mohy Eldin, M. S., Soliman, E. A., Hashem, A. I. and Tamer, T. M. (2008). 

Antibacterial activity of chitosan chemically modified with new technique. 

Trends in Biomaterials and Artificial Organs, 22(3), 125–137. 

Mojarrad, J. S., Nemati, M., Valizadeh, H., Ansarin, M. and Bourbour, S. (2007). 

Preparation of glucosamine from exoskeleton of shrimp and predicting 

production yield by response surface methodology. Journal of Agricultural and 

Food Chemistry, 55(6), 2246–2250. 

Montagne, L., Pluske, J. R. and Hampson, D. J. (2003). A review of interactions 

between dietary fibre and the intestinal mucosa , and their consequences on 

digestive health in young non-ruminant animals. Animal Feed Science and 

Technology, 108(2003), 95–117. 

Moore, G. K. and Roberts, G. A. F. (1980). Determination of the degree of N-

acetylation of chitosan, 2, 115–116. 

Moorjani, M. N., Khasim, D. I., Rajalakshmi, S., Puttarajappa, P. and Amla, B. (1978). 

Chitosan of high viscosity and protein as a valuable by-product from squilla. 

In R. A. A. and P. E. R. (Eds. . Muzzarelli (Ed.), In Proceedings of the First 

International Conference on Chitin/Chitosan. (pp. 210–216). Cambridge, MA: 

MIT Sea Grant Program. 

Morhsed, M. A., Bashir, A. A., Khan, M. H. and Alam, M. K. (2011). Short 

Communication Antibacterial activity of shrimp chitosan against some local 

food spoilage bacteria and food borne pathogens. Bangladesh Journal of 

Microbiology, 28(1), 45–47. 

Mott, C. R., Siegel, P. B., Webb, K. E. and Wong, E. A. (2008). Gene expression of 

nutrient transporters in the small intestine of chickens from lines divergently 

selected for high or low juvenile body weight. Poultry Science, 87(11), 2215–

2224. 



© C
OPYRIG

HT U
PM

 

174 

Moura, M., Machado CH and Freire RB. (2004). Effects of Ochratoxin a on Broiler 

Leukocytes. Brazilian Journal of Poultry Science, 6(3), 187–190. 

Mustaparta, E. (2006). Prices and market information on chitin products. Oral 

communication. 

Muzzarelli, R. A. (1977). Chitin. Oxford, UK: Pergamon Press. 

Muzzarelli, R. A. A. (2010). Chitins and chitosans as immunoadjuvants and non-

allergenic drug carriers. Marine Drugs, 8(2), 292–312. 

Muzzarelli, R. A. A. (2011). Chitin Nanostructures in Living Organisms. In Neal S. 

Gupta (Ed.), Chitin Formation and Diagenesis (pp. 1–34). Mohali, India. 

Muzzarelli, R. A. A. M. C. (2005). Chitosan Chemistry : Relevance to the Biomedical 

Sciences. Adv Polym Sci, 186(August), 151–209. 

Muzzarelli, R. A. A. and Muzzarelli, C. (2006). Chitosan, a dietary supplement and a 

food technology commodity. In E. (Ed. Biliaderis, CG, Izydorczyk, MS (Ed.), 

Functional Food Carbohydrates (pp. 215–248). Orlando, FL, USA: Francis and 

Taylor. 

Nessa, F., Masum, S. M., Asaduzzaman, M., Roy, S., Hossain, M. and Jahan, M. 

(2011). A Process for the Preparation of Chitin and Chitosan from Prawn Shell 

Waste. Bangladesh Journal of Scientific and Industrial Research, 45(4), 323–

330. 

Ngo, D. H. and Kim, S. K. (2014). Antioxidant effects of chitin, chitosan, and their 

derivatives. Advances in Food and Nutrition Research (1st ed., Vol. 73). 

Elsevier Inc. 

Nishimura, K., Nishimura, S., Nishi, N., Numata, F., Tone, Y., Tokura, S. and Azuma, 

I. (1985). Adjuvant activity of chitin derivatives in mice and guinea-pigs. 

Vaccine, 3(5), 379–384. 

Nishimura, K., Nishimura, S., Nishi, N., Sakai, I., Tokura, S. and Azuma, I. (1986). 

Immunological activity of chitin and its derivatives. Vaccine, 2, 93–98. 

Nishiyama, A., Tsuji, S., Yamashita, M., Henriksen, R. A., Myrvik, Q. N. and Shibata, 

Y. (2006). Phagocytosis of N-acetyl-D-glucosamine particles, a Th1 adjuvant, 

by RAW 264.7 cells results in MAPK activation and TNF-alpha, but not IL-

10, production. Cellular Immunology, 239(2), 103–112. 

Niu, J., Lin, H.-Z., Jiang, S.-G., Chen, X., Wu, K.-C., Liu, Y.-J., Wang, S. and Tian, 

L.-X. (2013). Comparison of effect of chitin, chitosan, chitosan 

oligosaccharide and N-acetyl-d-glucosamine on growth performance, 

antioxidant defenses and oxidative stress status of Penaeus monodon. 

Aquaculture, 372–375, 1–8. 

 



© C
OPYRIG

HT U
PM

 

175 

Nivedhitha Sundaram, M., Deepthi, S. and Jayakumar, R. (2016). Chitosan-Gelatin 

Composite Scaffolds in Bone Tissue Engineering. In Chitin and Chitosan for 

Regenerative Medicine (pp. 99–121). 

No, H. K., Cho, Y. I., Kim, H. R. and Meyers, S. P. (2000). Effective Deacetylation 

of Chitin under Conditions of 15 psi/121 °C. Journal of Agricultural and Food 

Chemistry, 48(6), 2625–2627. 

No, H. K. and Meyers, S. P. (1995). Preparation and Characterization of Chitin and 

Chitosan—A Review. Journal of Aquatic Food Product Technology, 4(2), 27–

52. 

No, H. K. and Meyers, S. P. (1997). Preparation of chitin and chitosan. In M. . 

Muzzarelli, R.A.A.A.P. (Ed.), Chitin Handbook (pp. 475–489). Pergamon 

Press, Oxford,. 

Noishiki, Y., Takami, H., Nishiyama, Y., Wada, M., Okada, S. and Kuga, S. (2003). 

Alkali-Induced Conversion of β-Chitin to α-Chitin. Biomacromolecules (Vol. 

4). 

Nuengjamnong, C. and Angkanaporn, K. (2018). Efficacy of dietary chitosan on 

growth performance, haematological parameters and gut function in broilers. 

Italian Journal of Animal Science, 17(2), 428–435. 

Nwe, N., Chandrkrachang, S., Stevens, W. F., Maw, T., Tan, T. K., Khor, E. and 

Wong, S. M. (2002). Production of fungal chitosan by solid state and 

submerged fermentation. Carbohydrate Polymers, 49(2), 235–237. 

O’Neill, H. C., Griffiths, K. L., Periasamy, P., Hinton, R. A., Hey, Y.-Y., Petvises, S. 

and Tan, J. K. H. (2011). Spleen as a Site for Hematopoiesis of a Distinct 

Antigen Presenting Cell Type. Stem Cells International, 2011, 1–8. 

O’Rahilly, S. (2002). Leptin : De ning Its Role in Humans by the Clinical Study of 

Genetic Disorders. Nutrition Reviews, 60(10), 30–34. 

Obara, K., Ishihara, M., Ishizuka, T., Fujita, M., Ozeki, Y., Maehara, T., aito, Y., Yura, 

H., Matsui, T., Hattori, H., Kikuchi, M. and Kurita, A. (2003). 

Photocrosslinkable chitosan hydrogel containing fibroblast growth factor-2 

stimulates wound healing in healing-impaired db/db mice. Biomaterials, 

24(20), 3437–3444. 

Ohtani, M., Maruyama, K., Sugita, M. and Kobayashi, K. (2001). Amino Acid 

Supplementation Affects Hematological and Biochemical Parameters in Elite 

Rugby Players. Bioscience, Biotechnology, and Biochemistry, 65(9), 1970–

1976. 

Oke, U. K., Herbert, U., Ebuzoeme, C. O. and Nwachukwu, E. N. (2007). Effect of 

genotype on the haematology of Nigerian local chickens in humid tropical 

environment. In Proc of 32nd Annual Conf of the Nig Soc for Anim Prod., (pp. 

18–21). 



© C
OPYRIG

HT U
PM

 

176 

Oleforuh-Okoleh, V. U., Ogunnupebi, J. T. and Iroka, J. C. (2015). Assessment of 

growth performance and certain blood constituents of broiler chicks given 

banana leaf as a phytoadditive. Asian Journal of Poultry Science, 9(4), 242–

249. 

Ong, S. Y., Wu, J., Moochhala, S. M., Tan, M. H. and Lu, J. (2008). Development of 

a chitosan-based wound dressing with improved hemostatic and antimicrobial 

properties. Biomaterials, 29(32), 4323–4332. 

Oonincx, D. G. A. B., van Itterbeeck, J., Heetkamp, M. J. W., van den Brand, H., van 

Loon, J. J. A. and van Huis, A. (2010). An exploration on greenhouse gas and 

ammonia production by insect species suitable for animal or human 

consumption. PLoS ONE, 5(12), 1–7. 

Ørjan, K., Heidi, A., Arne, B. and Erik, O. R. (2015). The effect of dietary chitin on 

growth and nutrient digestibility in farmed Atlantic cod, Atlantic salmon and 

Atlantic halibut. Aquaculture Research, 48(1), 123–133. 

Ormrod, D. J., Holmes, C. C. and Miller, T. E. (1998). Dietary chitosan inhibits 

hypercholesterolaemia and atherogenesis in the apolipoprotein E-deficient 

mouse model of atherosclerosis. Atherosclerosis, 138(2), 329–334. 

Ortuno, J., Cuesta, A., Angeles Esteban, M. and Meseguer, J. (2001). Effect of oral 

administration of high vitamin C and E dosages on the gilthead seabream 

(Sparus aurata L.) innate immune system. Veterinary Immunology and 

Immunopathology, 79(3–4), 167–180. 

Osmanyan, A. K., Ghazi Harsini, S., Mahdavi, R., Fisinin, V. I., Arkhipova, A. L., 

Glazko, T. T., Kovalchuk, S. N. and Kosovsky, G. Y. (2018). Intestinal amino 

acid and peptide transporters in broiler are modulated by dietary amino acids 

and protein. Amino Acids, 50(2), 353–357. 

Ospina, Á., Sandra, P., Ramírez, C., David, A., Escobar, S., Marcela Diana, Ossa, O., 

Patricia, C., Vahos, R., Fernando, D., Zapata Ocampo, P. and Atehortúa, L. 

(2014). Comparison of extraction methods of chitin from ganoderma lucidum 

mushroom obtained in submerged culture. BioMed Research International, 

2014. 

PÁez-Osuna, F. (2001). The environmental impact of shrimp aquaculture: Causes, 

effects, and mitigating alternatives. Environmental Management, 28(1), 131–

140. 

Pal, J., Verma, H. O., Munka, V. K., Maurya, S. K., Roy, D. and Kumar, J. (2014). 

Biological Method of Chitin Extraction from Shrimp Waste an Eco-friendly 

low Cost Technology and its Advanced Application. International Journal of 

Fisheries and Aquatic Studies IJFAS, 1(16), 104–107. 

Palit, S. and Hussain, C. M. (2011). Biopolymers and environmental perspectives. 

Biopolymers: Structure, Performance and Applications. 



© C
OPYRIG

HT U
PM

 

177 

Pampori, N. A. and Bernard, H. S. (1994). Testicular regulation of sexual dimorphisms 

in the ultradian of circulating growth hormone in the chicken. European 

Journal of Endocrinology, 131, 313–318. 

Parajulee, M. N. and Defoliart, G. R. (1992). A simple method of heat supplementation 

for cricket mass rearing in the abscence of controlled temperature equipment 

in developing countries. Journal of the Institute of Agriculture and Animal 

Science, 13, 95–98. 

Park, G. Y., Mun, S., Park, Y., Rhee, S., Decker, E. A., Weiss, J., McClements, D. J. 

and Park, Y. (2007). Influence of encapsulation of emulsified lipids with 

chitosan on their in vivo digestibility. Food Chemistry, 104(2), 761–767. 

Park, J. H., Hong, E. K., Ahn, J. and Kwak, H. S. (2010). Properties of Nanopowdered 

Chitosan and its Cholesterol Lowering Effect in rats. Food Science and 

Biotechnology, 19(6), 1457–1462. 

Patton, R. L. (1978). Growth and Development Parameters for Acheta domesticus. 

Annals of the Entomological Society of America, 71(1), 40–42. 

Paulino, A. T., Simionato, J. I., Garcia, J. C. and Nozaki, J. (2006). Characterization 

of chitosan and chitin produced from Silkworm crysalides. Carbohydrate 

Polymers, 64(1), 98–103. 

Pavinatto, A., Pavinatto, F. J., Delezuk, J. A. d. M., Nobre, T. M., Souza, A. L., 

Campana-Filho, S. P. and Oliveira, O. N. (2013). Low molecular-weight 

chitosans are stronger biomembrane model perturbants. Colloids and Surfaces 

B: Biointerfaces, 104, 48–53. 

Peluso, G., Petillo, O., Ranieri, M., Santin, M., Ambrosic, L., Calabró, D., Avallone, 

B. and Balsamo, G. (1994). Chitosan-mediated stimulation of macrophage 

function. Biomaterials, 15(15), 1215–1220. 

Peniston, Q. P. and Johnson, E. L. (1980). 4,195,175. United States Patent. 

Pillai, S., Oresajo, C. and Hayward, J. (2005). Ultraviolet radiation and skin aging: 

roles of reactive oxygen species, inflammation and protease activation, and 

strategies for prevention of inflammation induced matrix degradation--a 

review. International Journal of Cosmetic Science, 27(1), 17–34. 

Pinotti, L., Krogdahl, A., Givens, I., Knight, C., Baldi, A., Baeten, V., Raamsdonk, L. 

van, Woodgate, S., Perez Marin, D. and Luten, J. (2014). The role of animal 

nutrition in designing optimal foods of animal origin as reviewed by the COST 

Action Feed for Health (FA0802). Biotechnologie, Agronomie, Société et 

Environnement, 18(4), 471–479. 

Pleidrup, A. J., Norup, L. R., Dalgaard, T. S., Kaiser, P., Permin, A., Schou, T. W., 

Vadekær, D. F., Jungersen, G., Sørensen, P. and Juul-Madsen, H. R. (2014). 

Cytokine gene expression profiles in chicken spleen and intestinal tissues 

during Ascaridia galli infection. Veterinary Parasitology, 206(3–4), 317–321. 



© C
OPYRIG

HT U
PM

 

178 

Plouzek, C. A. and Trenkle, A. (1991). Insulin-like growth factor-I concentrations in 

plasma of intact and castrated male and female cattle at four ages. Domestic 

Animal Endocrinology, 8(1), 73–79. 

Ploydee, E. and Chaiyanan, S. (2014). Production of high viscosity chitosan from 

biologically purified chitin isolated by microbial fermentation and 

deproteinization. International Journal of Polymer Science, 2014(5), 1–8. 

Pluske, J. R., Hampson, D. J. and Williams, I. H. (1997). Factors influencing the 

structure and function of the small intestine in the weaned pig: a review. 

Livestock Production Science, 51(1–3), 215–236. 

Pluske, J. R., I. H. Williams and Aherne, F. X. (1996). Villous height and crypt depth 

in piglets in response to increases in the intake of cows’ milk after weaning. 

Animal Science, 62(01), 145 158. 

Pluske, J. R., Williams, I. H. and Aherne, F. X. (1996). Maintenance of villous height 

and crypt depth in piglets by providing continuous nutrition after weaning. 

Animal Science, 62(01), 131–144. 

Poulicek, M., Voss-Foucart, M. F. and Ch. Jeuniaux. (1986). Chitinoproteic 

complexes and mineralization in mollusk skeletal skeletal structures. In R. 

Muzzarelli et al. (eds.) (Ed.), Chitin in Nature and Technology (pp. 7–8). New 

York.: Plenum Press. 

Poultry World. (2016). Feed additives make the difference in poultry. Nutrition. 

Prashanth, K. V. H. and Tharanathan, R. N. (2007). Chitin/chitosan: modifications and 

their unlimited application potential-an overview. Trends in Food Science and 

Technology, 18(3), 117–131. 

Proudman, J. A., McGuinness, M. C., Krishnan, K. A. and Cogburn, L. A. (1994). 

Endocrine and metabolic responses of intact and hypophysectomized turkey 

poults given a daily injection of chicken growth hormone. Comparative 

Biochemistry and Physiology. Part C: Comparative, 109(1), 47–56. 

Pusateri, A. E., McCarthy, S. J., Gregory, K. W., Harris, R. A., Cardenas, L., 

Mcmanus, A. T. and Goodwin, C. W. (2003). Effect of a chitosan-based 

hemostatic dressing on blood loss and survival in a model of severe venous 

hemorrhage and hepatic injury in swine. Journal of Trauma-Injury Infection 

and Critical Care, 54(1), 177–182. 

Qian, R. Q. and Glanville, R. W. (2005). Methods for purifying chitosan, 2(12). 

Qin, C., Du, Y., Xiao, L., Li, Z. and Gao, X. (2002). Enzymic preparation of water-

soluble chitosan and their antitumor activity. International Journal of 

Biological Macromolecules, 31(1–3), 111–117. 

 



© C
OPYRIG

HT U
PM

 

179 

Qiu, K., Qin, C. F., Luo, M., Zhang, X., Sun, W. J., Jiao, N., Li, D. F. and Yin, J. D. 

(2016). Protein restriction with amino acid-balanced diets shrinks circulating 

pool size of amino acid by decreasing expression of specific transporters in the 

small intestine. PLoS ONE, 11(9), 1–18. 

Qujeq, D. and Ataei, G. (2000). Effects of Dietary Chitosan on Serum Lipid and 

Lipoprotein Concentrations in Rats. Iranian Biomedical Journal, 4(July), 69–

73. 

Raafat, D. (2008). Chitosan as an antimicrobial compound: Modes of action and 

resistance mechansisms. Rheinischen FriedrichWilhelmsUniversität Bonn. 

Raafat, D., Bargen, K., Hass, A. and Sahl, H. G. (2008). Insights into the Mode of 

Action of Chitosan as an Antimicrobial Compound. Appllied Environmental 

Microbiology, 74(23), 53121. 

Ragland, W. L., Janječić, Z., Franciosini, M. P. and Kos, I. (2014). Antibiotic Growth 

Promoters in Poultry, and their Potential Alternatives. In Biotek-ebook-

web.pdf (pp. 1–7). 

Rahal, A., Kumar, A., Singh, V., Yadav, B., Tiwari, R., Chakraborty, S. and Dhama, 

K. (2014). Oxidative stress, prooxidants, and antioxidants: The interplay. 

BioMed Research International, 2014. 

Rahman, I., Biswas, S. K. and Kode, A. (2006). Oxidant and antioxidant balance in 

the airways and airway diseases. European Journal of Pharmacology, 533(1–

3), 222–239. 

Rahman, M. A., Kumar, S. G. and Yun, J. W. (2010). Proteome analysis in adipose 

tissue of ob/ob mice in response to chitosan oligosaccharides treatment. 

Biotechnology and Bioprocess Engineering, 15(4), 559–571. 

Ranjan, R., Prasad, K. P., Vani, T. and Kumar, R. (2012). Effect of dietary chitosan 

on haematology, innate immunity and disease resistance of Asian seabass 

Lates calcarifer (Bloch). Aquaculture Research, 1–11. 

Rasheed, A. S. and Olusegun, O. S. (2017). Influence of Age and Strain on 

Haematological and Blood Biochemical Indices in Broiler Chickens Reared in 

Derived Savanna Environment of Nigeria. American Journal of Biology and 

Life Sciences, 5(5), 34–38. 

Ratanchan, N. (2009). Edible Insects and Scorpion in Thailand-Cambodian Border 

Rong Kluea Market Town, Sa Kaeo Province. Kamphaengsean Academic 

Journal, 8(1), 20–28. 

Raubenheimer, D. and Rothman, J. M. (2013). Nutritional Ecology of Entomophagy 

in Humans and Other Primates. Annual Review of Entomology, 58(1), 141–

160. 

 



© C
OPYRIG

HT U
PM

 

180 

Raut, A. S. and Kalonia, D. S. (2016). Viscosity Analysis of Dual Variable Domain 

Immunoglobulin Protein Solutions: Role of Size, Electroviscous Effect and 

Protein-Protein Interactions. Pharmaceutical Research, 33(1), 155–166. 

Ravnskov, U. (2014). The Cholesterol Myths Exposing the Fallacy that Saturated Fat 

and Cholesterol Cause Heart Disease. 

Razak, I. A., Ahmad, Y. H., Azahan, E. and Ahmed, E. (2012). Nutritional evaluation 

of house cricket (Brachytrupes portentosus) meal for poultry. In Proceedings 

of the seminar in veterinary sciences (pp. 14–18). 

Razdan,  a and Pettersson, D. (1994). Effect of chitin and chitosan on nutrient 

digestibility and plasma lipid concentrations in broiler chickens. The British 

Journal of Nutrition, 72(2), 277–288. 

Razdan,  a, Pettersson, D. and Pettersson, J. (1997). Broiler chicken body weights, 

feed intakes, plasma lipid and small-intestinal bile acid concentrations in 

response to feeding of chitosan and pectin. The British Journal of Nutrition, 

78(2), 283–291. 

Revol, J. and Chanzy, H. (1986). High-Resolution Electron Microscopy of p-Chitin 

Micro fibrils. Biopolymers, 25, 1599–1601. 

Rinaudo, M. (2006a). Characterization and Properties of Some Polysaccharides Used 

as Biomaterials. Macromolecular Symposia, 245–246(1), 549–557. 

Rinaudo, M. (2006b). Chitin and chitosan: Properties and applications. Progress in 

Polymer Science (Oxford), 31(7), 603–632. 

Roberts, G. (2013). Langmuir Blodgett Films. Springer Science and Business Media. 

Roberts, G. A. F. (2008). Thirty Years of Progress in Chitin and Chitosan. Progress in 

the Chemistry and Application of Chitin and Its Derivatives, XIII, 7–15. 

Rodríguez-Vázquez, M., Vega-Ruiz, B., Ramos-Zúñiga, R., Saldaña-Koppel, D. A. 

and Quiñones-Olvera, L. F. (2015). Chitosan and Its Potential Use as a 

Scaffold for Tissue Engineering in Regenerative Medicine. BioMed Research 

International, 2015. 

Rodríguez, M. S. and Albertengo, L. E. (2005). Interaction between Chitosan and Oil 

under Stomach and Duodenal Digestive Chemical Conditions. Bioscience, 

Biotechnology, and Biochemistry, 69(11), 2057–2062. 

Röpke, R., Schams, D., Schwarz, F. J. and Kirchgessner, M. (1994). Growth-related 

hormones in plasma of bulls, steers and heifers given food with two different 

energy levels. Animal Production, 59(3), 367–377. 

Rout, S. K. (2001). Physicochemical, functional, and spectroscopic analysis of 

crawfish chitin and chitosan as affected by process modification. Louisiana 

State University and Agricultural and Mechanical College. 



© C
OPYRIG

HT U
PM

 

181 

Roy, J. C., Salaün, F., Giraud, S., Ferri, A., Chen, G. and Guan, J. (2017). Solubility 

of Chitin: Solvents, Solution Behaviors and Their Related Mechanisms. In 

Solubility of Polysaccharides (pp. 109–127). InTechOpen. 

Ruan, Z., Liu, S., Zhou, Y., Mi, S., Liu, G., Wu, X., Yao, K., Assaad, H., Deng, Z., 

Hou, Y., Wu, G. and Yin, Y. (2014). Chlorogenic Acid Decreases Intestinal 

Permeability and Increases Expression of Intestinal Tight Junction Proteins in 

Weaned Rats .... Chlorogenic Acid Decreases Intestinal Permeability and 

Increases Expression of Intestinal Tight Junction Proteins in Wean. PLoS 

ONE, 9(6), e97815. 

Rudall, K. M. (1969). Chitin and its association with other molecules. Journal of 

Polymer Science Part C: Polymer Symposia, 28, 83–102. 

Rudall, K. M. and Kenchington, W. (1973). The chitin system. Biological Reviews, 

48(4), 597–633. 

Ruijter, A. J. M. de, Gennip, A. H. van, Caron, H. N., Kemp, S. and Kuilenburg, A. 

B. P. van. (2003). Histone deacetylases (HDACs): characterization of the 

classical HDAC family. Biochemical Journal, 370(3), 737–749. 

Ruttanavut, J., Yamauchi, K., Goto, H. and T. Erikawa. (2009). Effects of dietary 

bamboo charcoal powder including vinegar liquid on chicken performance and 

histol. International Journal of Poultry Science, 8(3), 229–236. 

Ruzaina, I., Zhong, F., Abd. Rashid, N., Jia, W., Li, Y., Zahrah Mohamed Som, H., 

Chong Seng, C., Md. Sikin, A., Ab. Wahab, N. and Zahid Abidin, M. (2016). 

Effect of Different Degree of Deacetylation, Molecular Weight of Chitosan 

and Palm Stearin and Palm Kernel Olein Concentration on Chitosan as Edible 

Packaging for Cherry Tomato. Journal of Food Processing and Preservation., 

14(4), e13090. 

Sabnis, S. and Block, L. H. (1997). Improved infrared spectroscopic method for the 

analysis of degree of N-deacetylation of chitosan, 71, 67–68. 

Saito, Y., Okano, T., Chanzy, H. and Sugiyama, J. (1995). Structural study of α chitin 

from the grasping spines of the arrow worm (Sagitta spp.). Journal of 

Structural Biology. 

Saito, Y., Okano, T., Gaill, F., Chanzy, H. and Putaux, J. L. (2000). Structural data on 

the intra-crystalline swelling of β-chitin. International Journal of Biological 

Macromolecules, 28(1), 81–88. 

Saito, Y., Putaux, J.-L., Okano, T., Gaill, F. and Chanzy, H. (1997). Structural Aspects 

of the Swelling of β Chitin in HCl and its Conversion into α Chitin. 

Macromolecules, 30(13), 3867–3873. 

Sajomsang, W. and Gonil, P. (2010). Preparation and characterization of α-chitin from 

cicada sloughs. Materials Science and Engineering C, 30(3), 357–363. 



© C
OPYRIG

HT U
PM

 

182 

Sampaio, I. C., Medeiros, P. H. Q. S., Rodrigues, F. A. P., Cavalcante, P. A., Ribeiro, 

S. A., Oliveira, J. S., … Lima, A. A. M. (2016). Impact of acute undernutrition 

on growth, ileal morphology and nutrient transport in a murine model. 

Brazilian Journal of Medical and Biological Research, 49(10), 1–10. 

Sanchis-Gomar, F., Perez-Quilis, C., Leischik, R. and Lucia, A. (2016). Epidemiology 

of coronary heart disease and acute coronary syndrome. Annals of 

Translational Medicine, 4(13), 256–256. 

Sandford, P. A. (2003). Commercial sources of chitin and chitosan and their 

utilization. Advances in Chitin Science, 6, 35–42. 

Sandoval-Sanchez, J. H., Ramos-Zuniga, R., de Anda, S. L., Lopez-Dellamary, F., 

Gonzalez-Castaneda, R., Ramirez-Jaimes, J. D. la C. and Jorge-Espinoza, G. 

(2012). A new bilayer chitosan scaffolding as a dural substitute: experimental 

evaluation. World Neurosurgery, 77(3–4), 577–582. 

Sangild, P. T. (2003). Uptake of colostral immunoglobulins by the compromised 

newborn farm animal. Acta Veterinaria Scandinavica, 44(SUPPL. 1), 105–

122. 

Sashiwa, H., Saimoto, H., Shigemasa, Y., Ogawa, R. and Tokura, S. (1990). Lysozyme 

susceptibility of partially deacetylated chitin. International Journal of 

Biological Macromolecules, 12(5), 295–296. 

Scanes, C. G. (2009). Perspectives on the endocrinology of poultry growth and 

metabolism. General and Comparative Endocrinology, 163(1–2), 24–32. 

Scanes, C. G., Harvey, S., Marsh, J. A. and King, D. B. (1984). Hormones and growth 

in poultry. Poultry Science, 63(10), 2062–2074. 

Scherließ, R., Buske, S., Young, K., Weber, B., Rades, T. and Hook, S. (2013). In vivo 

evaluation of chitosan as an adjuvant in subcutaneous vaccine formulations. 

Vaccine, 31(42), 4812–4819. 

Schieber, M. and Chandel, N. S. (2014). ROS function in redox signaling and 

oxidative stress. Current Biology, 24(10), R453–R462. 

Schiffman, J. D. and Schauer, C. L. (2009). Solid state characterization of [alpha]-

chitin from Vanessa cardui Linnaeus wings. Materials Science and 

Engineering: C, 29, 1370–1374. 

Schoukens, G. (2009). Bioactive dressings to promote wound healing. Advanced 

Textiles for Wound Care. A Volume in Woodhead Publishing Series in 

Textiles, 114–152. 

Se-Kwon Kim. (2011). Chitin, Chitosan, Oligosaccharides and Their Derivatives: 

Biological Activities and Applications. 

 



© C
OPYRIG

HT U
PM

 

183 

Sechman, A. (2013). General and Comparative Endocrinology The role of thyroid 

hormones in regulation of chicken ovarian steroidogenesis. General and 

Comparative Endocrinology, 190, 68–75. 

Setnikar, I., Pacini, M. A. and Revel, L. (1991). Antiarthritic effects of glucosamine 

sulfate studied in animal models. Arzneimittel-Forschung, 41(5), 542–545. 

Shahidi, F. and Abuzaytoun, R. (2005). Chitin, Chitosan, and Co-Products: Chemistry, 

Production, Applications, and Health Effects. Advances in Food and Nutrition 

Research, 49, 4526. 

Shahidi, F., Arachchi, J. K. V. and Jeon, Y. J. (1999). Food applications of chitin and 

chitosans. Trends in Food Science and Technology, 10(2), 37–51. 

Sharma, W. P. and P Chandra. (2015). Advances in Wound Healing Materials : 

Science and Skin Engineering Advances in Wound Healing Materials : 

Science and Skin Engineering. Smithers Rapra Technology Ltd. 

Sheiko, S. S., da Silva, M., Shirvaniants, D., LaRue, I., Prokhorova, S., Moeller, M., 

… Matyjaszewski, K. (2003). Measuring Molecular Weight by Atomic Force 

Microscopy. Journal of the American Chemical Society, 125(22), 6725–6728. 

Shi-bin, Y. and Hong, C. (2012). Effects of dietary supplementation of chitosan on 

growth performance and immune index in ducks. African Journal of 

Biotechnology, 11(14), 3490–3495. 

Shi, B. L., Li, D. F., Piao, X. S. and Yan, S. M. (2005). Effects of chitosan on growth 

performance and energy and protein utilisation in broiler chickens. British 

Poultry Science, 46(4), 516–519. 

Shiau, S. Y. and Yu, Y. P. (1998). Chitin but not chitosan supplementation enhances 

growth of grass shrimp, Penaeus monodon. The Journal of Nutrition, 128(5), 

908–912. 

Shibata, Y., Metzger, W. J. and Myrvik, Q. N. (1997). Chitin particle-induced cell-

mediated immunity is inhibited by soluble mannan: mannose receptor-

mediated phagocytosis initiates IL-12 production. Journal of Immunology 

(Baltimore, Md. : 1950), 159(5), 2462–2467. 

Shingleton, A. W. (2010). The regulation of organ size in Drosophila: Physiology, 

plasticity, patterning and physical force. Organogenesis, 6(2), 76–87. 

Shraddha, D. S., Visha, P. and Nanjappan, K. (2017). Effects of Dietary Chitosan and 

Neem Leaf Meal Supplementation on Digestive Enzyme Activities and Fat 

Deposition in Broiler Chickens. International Journal of Current Microbiology 

and Applied Sciences, 6(5), 469–475. 

Sikorski, P., Hori, R. and Wada, M. (2009). Revisit of α-Chitin Crystal Structure Using 

High Resolution X-ray Diffraction Data. Biomacromolecules, 10(5), 1100–

1105. 



© C
OPYRIG

HT U
PM

 

184 

Silva, M. C. F., Barros Neto, B., Stamford, T. C. M. and Campos-Takaki, G. . (2007). 

Effect of environmental conditions on chitin and chitosan production by 

Cunninghamella elegans UCP 542 using factorial design. Asian Chitin Journal, 

3, 15–22. 

Simaraks, S., Chinrasri, O. and Aengwanich, W. (2004). Hematological, electrolyte 

and serum biochemical values of the Thai indigenous chickens (Gallus 

domesticus) in northeastern, Thailand. Songklanakarin Journal of Science and 

Technology, 26(3), 425–430. 

Šimůnek, J. and Bartoňová, H. (2005). Effect of dietary chitin and chitosan on 

cholesterolemia of rats. Acta Veterinaria Brno, 74(4), 491–499. 

Singha, K., Maity, S. and Singha, M. (2013). The Salt-Free Dyeing on Cotton: An 

Approach to Effluent Free Mechanism; Can Chitosan be a Potential Option? 

International Journal of Textile Science, 1(6), 69–77. 

Sivakumar, R., Rajesh, R., Buddhan, S., Jeyakumar, R., Rajaprabhu, D., Ganesan, B. 

and Anandan, R. (2007). Antilipidemic effect of chitosan against 

experimentally induced myocardial infarction in rats. Journal of Cell and 

Animal Biology, 1(4), 71–77. 

Smith, J. H. C. and Benitez, A. (1955). Chlorophylls: Analysis in Plant Materials. In 

K. Paech et al. (eds.) (Ed.), Modern Methods of Plant Analysis / Moderne 

Methoden der Pflanzenanalyse (pp. 142–196). Springer-Verlag OHG. 

Sobahi, T. R. A., Abdelaal, M. Y. and Makki, M. S. I. (2014). Chemical modification 

of Chitosan for metal ion removal. Arabian Journal of Chemistry, 7(5), 741–

746. 

Sobolewska, A., Elminowska-Wenda, G., Bogucka, J., Dankowiakowska, A., 

Kułakowska, A., Szczerba, A., Stadnicka, K., Szpinda, M. and Bednarczyk, 

M. (2017). The influence of in ovo injection with the prebiotic DiNovo® on 

the development of histomorphological parameters of the duodenum, body 

mass and productivity in large-scale poultry production conditions. Journal of 

Animal Science and Biotechnology, 8(1), 1–8. 

Sonawane, S., Setty, Y. P. and Sapavatu, S. N. (2015). Chemical and Bioprocess 

Engineering Trends and Developments. Oakville: Apple Academic Press, Inc. 

Song, C., Yu, H., Zhang, M., Yang, Y. and Zhang, G. (2013). Physicochemical 

properties and antioxidant activity of chitosan from the blowfly Chrysomya 

megacephala larvae. International Journal of Biological Macromolecules, 60, 

347–354. 

Souza, C. P., Almeida, B. C., Colwell, R. R. and Rivera, I. N. G. (2011). The 

importance of chitin in the marine environment. Marine Biotechnology (New 

York, N.Y.), 13(5), 823–830. 

 



© C
OPYRIG

HT U
PM

 

185 

Spear, P. A. and Moon, T. W. (1986). Thyroid-vitamin A interactions in chicks 

exposed to 3,4,3’,4’- tetrachlorobiphenyl: Influence of low dietary vitamin A 

and iodine. Environmental Research, 40(1), 188–198. 

Speier, J. S., Yadgary, L., Uni, Z. and Wong, E. A. (2012). Gene expression of nutrient 

transporters and digestive enzymes in the yolk sac membrane and small 

intestine of the developing embryonic chick. Poultry Science, 91(8), 1941–

1949. 

Speight, M. R., Hunter, M. D. and Watt, A. D. (2017). Ecology of Insects: Concepts 

and Applications. Environmental Entomology, 38(4), 1345–1346. 

Stevens, W. F. (2001). Production of chitin and chitosan: Refinement and 

sustainability of chemical and biological processing. In E. A. E. Uragami (Ed.), 

Chitin and Chitosan: Chitin and Chitosan in Life Science. (pp. 293–30). 

Tokyo: Kodansha Scientific. 

Stork, N. E. (2018). How Many Species of Insects and Other Terrestrial Arthropods 

Are There on Earth? Annual Review of Entomology, 63(September 2017), 31–

45. 

Strobl, G. (2013). The Physics of Polymers. Journal of Chemical Information and 

Modeling (Third Revi, Vol. 53). 

Su, C., Lu, Y. and Liu, H. (2016). N-acetylglucosamine sensing by a GCN5-related 

N-acetyltransferase induces transcription via chromatin histone acetylation in 

fungi. Nature Communications, 7, 1–12. 

Sugano, M., Fujikawa, T., Hiratsuji, Y. and Fukuda, N. (2015). A novel use of chitosan 

as a hypocholesterolemic agent in rat. Am J Clin Nutr., 33(4), 787–793. 

Sugano, M., Watanabe, S., Kishi, A., Izume, M. and Ohtakara, A. (1988). 

Hypocholesterolemic action of chitosans with different viscosity in rats. 

Lipids, 23(3), 187–191. 

Sugiharto, S. (2016). Role of nutraceuticals in gut health and growth performance of 

poultry. Journal of the Saudi Society of Agricultural Sciences, 15(2), 99–111. 

Suk, Y. O. (2004). Interaction of breed-by-chitosan supplementation on growth and 

feed efficiency at different supplementing ages in broiler chickens. Asian-

Australasian Journal of Animal Sciences, 17(12), 1705–1711. 

Sumners, L. H., Miska, K. B., Jenkins, M. C., Fetterer, R. H., Cox, C. M., Kim, S. and 

Dalloul, R. A. (2011). Expression of Toll-like receptors and antimicrobial 

peptides during Eimeria praecox infection in chickens. Experimental 

Parasitology, 127(3), 714–718. 

 

 



© C
OPYRIG

HT U
PM

 

186 

Suthongsa, S., Thongsong, B., Kalandakanond-Thongsong, S. and Pichyangkura, P. 

(2012). The efficacy of short chain chitosan on growth performance, ileal 

digestibility of protein and small intestinal morphology in weaning pigs. In 

Proceedings of the 50th Kasetsart University Annual Conference, Animals, 

Veterinary Medicine, Fisheries. (pp. 153–161). Bangkok, Thailand: Kasetsart 

University. 

Swiatkiewicz, S., Arczewska-Wlosek, A. and Jozefiak, D. (2014). Feed enzymes, 

probiotic, or chitosan can improve the nutritional efficacy of broiler chicken 

diets containing a high level of distillers dried grains with solubles. Livestock 

Science, 163(1), 110–119. 

Synowiecki, J. and Al-Khateeb, N. A. A. Q. (2000). The recovery of protein 

hydrolysate during enzymatic isolation of chitin from shrimp Crangon 

crangon processing discards. Food Chemistry, 68(2), 147–152. 

Synowiecki, J. and Al Khateeb, N. A. (2003). Production, properties, and some new 

applications of chitin and its derivatives. Crit Rev Food Sci Nutr, 43(2), 145–

171. 

Szabó, A. and Milisits, G. (2007). Clinicochemical follow-up of broiler rearing — A 

five-week study. Acta Veterinaria Hungarica, 55(4), 451–462. 

Szoke, D. and Panteghini, M. (2012). Diagnostic value of transferrin. Clinica Chimica 

Acta, 413(15–16), 1184–1189. 

Szymańska, E. and Winnicka, K. (2015). Stability of chitosan - A challenge for 

pharmaceutical and biomedical applications. Marine Drugs, 13(4), 1819–1846. 

Tabata, E., Kashimura, A., Wakita, S., Ohno, M., Sakaguchi, M., Sugahara, Y., Kino, 

Y., Matoska, V., Bauer, P. O. and Oyama, F. (2017). Gastric and intestinal 

proteases resistance of chicken acidic chitinase nominates chitin-containing 

organisms for alternative whole edible diets for poultry. Scientific Reports, 

7(1), 1–11. 

Tajdini, F., Amini, M. A., Nafissi-Varcheh, N. and Faramarzi, M. A. (2010). 

Production, physiochemical and antimicrobial properties of fungal chitosan 

from Rhizomucor miehei and Mucor racemosus. International Journal of 

Biological Macromolecules, 47(2), 180–183. 

Tajik, H., Moradi, M., Rohani, S. M. R., Erfani, A. M. and Jalali, F. S. S. (2008). 

Preparation of chitosan from brine shrimp (Artemia urmiana) cyst shells and 

effects of different chemical processing sequences on the physicochemical and 

functional properties of the product. Molecules, 13(6), 1263–1274. 

Tamara, F. R., Lin, C., Mi, F. and Ho, Y. (2018). Antibacterial Effects of Chitosan / 

Cationic Peptide Nanoparticles. Nanomaterials, 8(88), 1–15. 

 



© C
OPYRIG

HT U
PM

 

187 

Tan, S. C., Tan, T. K., Wong, S. M. and Khor, E. (1996). Chitin and Chitosan. In In: 

Proceedings of 2nd Asia Pacific Chitin and Chitosan Symposium, Bangkok (p. 

50–57.). 

Tang, Z. R., Yin, Y. L., Nyachoti, C. M., Huang, R. L., Li, T. J., Yang, C., Yang, X. 

J., Gong, J., Peng, J., Qi, D. S., Xing, J. J., Sun, Z. H. and Fan, M. Z. (2005). 

Effect of dietary supplementation of chitosan and galacto-mannan- 

oligosaccharide on serum parameters and the insulin-like growth factor-I 

mRNA expression in early-weaned piglets. Domestic Animal Endocrinology, 

28(4), 430–441. 

Taufek, N. M., Muin, H., Raji, A. A., Md Yusof, H., Alias, Z. and Razak, S. A. (2018). 

Potential of field crickets meal (Gryllus bimaculatus) in the diet of African 

catfish (Clarias gariepinus). Journal of Applied Animal Research, 46(1), 541–

546. 

Temperley, N. D., Berlin, S., Paton, I. R., Griffin, D. K. and Burt, D. W. (2008). 

Evolution of the chicken Toll-like receptor gene family : A story of gene gain 

and gene loss. BMC Genomics, 9(62), 1–12. 

Teng, W. L., Khor, E., Tan, T. K., Lim, L. Y. and Tan, S. C. (2001). Concurrent 

production of chitin from shrimp shells and fungi. Carbohydrate Research, 

332(3), 305–316. 

Thillai Natarajan, S., Kalyanasundaram, N. and Ravi, S. (2017). Extraction and 

Characterization of Chitin and Chitosan from Achatinodes. Natural Products 

Chemistry and Research, 5(5). 

Thompson, D. L. J., DePew, C. L., Ortiz, A., Sticker, L. S. and Rahmanian, M. S. 

(1994). Growth hormone and prolactin concentrations in plasma of horses: sex 

differences and the effects of acute exercise and administration of growth 

hormone-releasing hormone. Journal of Animal Science, 72(11), 2911–2918. 

Thrall, M. A. (2004). Interpretation of leukocyte responses in diseases. In D. C. Baker, 

T. W. Campell, D. DeNicola, M. J. Fettman, E. D. Lassen, A. Rebar and G. 

Weiser (Eds.), Veterinary Hematology and Clinical Chemistry. Blackwell 

Publishing. 

Toan, N. Van. (2009). Production of Chitin and Chitosan from Partially Autolyzed 

Shrimp Shell Materials. The Open Biomaterials Journal, 1, 21–24. 

Togun, V. A., Farinu, G. O., Oyebiyi, O. O., Akinlade, J. A., Ajibok, H. O. and 

Olaniyonu, B. I. (2007). Comparative study of the effect of dietary replacement 

of 15% maize offal with pigeon pea (Cajanus cajan) grain or leaf meal on 

performance of weaners, rabbits. In Proc of 32nd Annual Conf of the Nig Soc 

for Anim Prod., (pp. 217–219). 

Tokura, S., Tamura, H. and Azuma, I. (1999). Immunological aspects of chitin and 

chitin derivatives administered to animals. EXS, 87, 279–292. 



© C
OPYRIG

HT U
PM

 

188 

Trîncă, S. F. F. (2013). Analysis of the Hematological and Biochemical Parameters of 

Chickens in the Context of Physio-Pharmacological Investigations of some 

Medicinal Product Formulas. University of Agricultural Science and 

Veterinary Medicine Cluj-Napoca Ph.D. School Insects Most Commonly 

Consumed in the World. 

Tsai, G. J., Su, W. H., Chen, H. C. and Pan, C. L. (2002). Antimicrobial activity of 

shrimp chitin and chitosan from different treatments and applications of fish 

preservation. Fisheries Science, 68(1), 170–177. 

Tsaih, M. L. and Chen, R. H. (2003). The effect of reaction time and temperature 

during heterogenous alkali deacetylation on degree of deacetylation and 

molecular weight of resulting chitosan. Journal of Applied Polymer Science, 

88(13), 2917–2923. 

Tümer, E., Bröer, A., Balkrishna, S., Jülich, T. and Bröer, S. (2013). Enterocyte-

specific regulation of the apical nutrient transporter SLC6A19 (B0AT1) by 

transcriptional and epigenetic networks. Journal of Biological Chemistry, 

288(47), 33813–33823. 

Tvedten, H. (2010). Laboratory and clinical diagnosis of anemia. In  ed. D. Weiss, and 

K. J. Wardrop (Ed.), Schalm’s Veterinary Hematology (6th ed., pp. 152–161). 

Blackwell Publishing Ltd., Ames, IA. 

Valenzuela-Grijalva, N. V., Pinelli-Saavedra, A., Muhlia-Almazan, A., Domínguez-

Díaz, D. and González-Ríos, H. (2017). Dietary inclusion effects of 

phytochemicals as growth promoters in animal production. Journal of Animal 

Science and Technology, 59(1), 8. 

Van De Velde, K. and Kiekens, P. (2004). Structure analysis and degree of substitution 

of chitin, chitosan and dibutyrylchitin by FT-IR spectroscopy and solid 

state13C NMR. Carbohydrate Polymers, 58(4), 409–416. 

van Huis, A. (2013). Potential of Insects as Food and Feed in Assuring Food Security. 

Annual Review of Entomology, 58(1), 563–583. 

Vargas, M. and Gonzalez-Martinez, C. (2010). Recent Patents on Food Applications 

of Chitosan. Recent Patents on Food, Nutrition and Agriculture, 2(2), 121–

128. 

Vasilatos-Younken, R. and Scanes, C. G. (1991). Growth Hormone and Insulin-Like 

Growth Factors in Poultry Growth: Required, Optimal, or Ineffective? Poultry 

Science, 70(1985), 1764–1780. 

Vilar Junior, J. C., Ribeaux, D. R., Alves Da Silva, C. A. and De Campos-Takaki, G. 

M. (2016). Physicochemical and Antibacterial Properties of Chitosan 

Extracted from Waste Shrimp Shells. International Journal of Microbiology, 

2016, 5127515, 7 pages. 

 



© C
OPYRIG

HT U
PM

 

189 

Villamil, L., Figueras, A. and Novoa, B. (2003). Immunomodulatory effects of nisin 

in turbot (Scophthalmus maximus L.). Fish and Shellfish Immunology, 14(2), 

157–169. 

Vogel, G. (2010). For More Protein, Filet of Cricket. Science, 327(5967), 811. 

von Holst, C., Robouch, P., Bellorini, S., de La Huebra, M. J. G. and Ezerskis, Z. 

(2015). The work of the european union reference laboratory for food additives 

(EURL) and its support for the authorisation process of feed additives in the 

European Union: A review. Food Additives and Contaminants - Part A 

Chemistry, Analysis, Control, Exposure and Risk Assessment, 33(1), 66–77. 

Vyas, P., Gonsai, R., Meenakshi, C. and Nanavati, M. (2015). Coronary 

atherosclerosis in noncardiac deaths: An autopsy study. Journal of Mid-Life 

Health, 6(1), 5. 

Wakenell, P. S. (2012). Hematology of Chickens and Turkeys. In Schalm Veterinary 

Haemotology (pp. 958–967). 

Walsh, A. M., Sweeney, T., Bahar, B. and O’Doherty, J. V. (2013). Multi-Functional 

Roles of Chitosan as a Potential Protective Agent against Obesity. PLoS ONE, 

8(1), e53828. 

Wan, J., Jiang, F., Xu, Q., Chen, D., Yu, B., Huang, Z., Mao, X., Yu, J. and He, J. 

(2017). New insights into the role of chitosan oligosaccharide in enhancing 

growth performance, antioxidant capacity, immunity and intestinal 

development of weaned pigs. RSC Advances, 7(16), 9669–9679. 

Wan, J., Xu, Q. and He, J. (2018). Maternal chitosan oligosaccharide supplementation 

during late gestation and lactation affects offspring growth. Italian Journal of 

Animal Science, 0(0), 1–7. 

Wandira, I. ., Ichsan, M. and K.G Wiryawan. (2016). Weight Gain and Plasma 

Cholesterol Concentration in Mojosari Ducks Fed Different Levels of Chitin 

Extracted from Crab Wastes. In Proceedings of International Seminar on 

Livestock Production and Veterinary Technology (Vol. 1811, pp. 390–394). 

Wang, C., Yuan, F., Pan, J., Jiao, S., Jin, L. and Cai, H. (2014). International Journal 

of Biological Macromolecules A novel method for the determination of the 

degree of deacetylation of chitosan by coulometric titration. International 

Journal of Biological Macromolecules, 70, 306–311. 

Wang, G.-H. (1992). Inhibition and inactivation of five species of foodborne 

pathogens by chitosan. Journal of Food Protection, 55(11), 916–919. 

Wang, Q., Bailey, C. G., Ng, C., Tiffen, J., Thoeng, A., Minhas, V., Lehman, M. L., 

Hendy, S. C., Buchanan, G., Nelson, C. C., Rasko, J. E. J. and Holst, J. (2011). 

Androgen receptor and nutrient signaling pathways coordinate the demand for 

increased amino acid transport during prostate cancer progression. Cancer 

Research, 71(24), 7525–7536. 



© C
OPYRIG

HT U
PM

 

190 

Wang, X. W., Du, Y. G., Bai, X. F. and Li, S. G. (2003). The effect of oligochitosan 

on broiler gut flora, microvilli density, immune function and growth 

performance. Acta Zoonutrim Sin (Vol. 15). 

Wang, Y., Chang, Y., Yu, L., Zhang, C., Xu, X., Xue, Y., Li, Z. and Xue, C. (2013). 

Crystalline structure and thermal property characterization of chitin from 

Antarctic krill (Euphausia superba). Carbohydrate Polymers, 92(1), 90–97. 

Wanule, D., Balkhande, J. V., Ratnakar, P. U., Kulkarni,  a. N. and Bhowate, C. S. 

(2014). Extraction and FTIR Analysis of Chitosan from American cockroach, 

Periplaneta americana. International Journal of Engineering Science and 

Innovative Technology, 3(3), 299–304. 

Wasserthal, L. T. and Fröhlich, A. S. (2017). Structure of the thoracic spiracular valves 

and their contribution to unidirectional gas exchange in flying blowflies 

Calliphora vicina. The Journal of Experimental Biology, 220(2), 208–219. 

Watthanaphanit, A. and Rujiravanit, R. (2010). Structural organization and biological 

activity of chitin nanofibrils. In Handbook of Carbohydrate Polymers-

Development, Properties and Applications. New York.: Nova Publishers. 

Wegener, H. C. (2003). Antibiotics in animal feed and their role in resistance 

development. Current Opinion in Microbiology, 6(5), 439–445. 

Weissman, D. B. and Gray, D. (2012). Billions and billions sold: Pet-feeder crickets 

(Orthoptera: Gryllidae), commercial cricket farms, an epizootic densovirus, 

and government regulations make for a potential disaster. Zootaxa, 3504, 67–

88. 

Wenk, C. (2000). Recent Advances in Animal Feed Additives such as Metabolic 

Modifiers, Antimicrobial Agents, Probiotics, Enzymes and Highly Available 

Minerals - Review -. Asian-Australasian Journal of Animal Sciences. 

Whang, H. S., Kirsch, W., Zhu, Y. H., Yang, C. Z. and Hudson, S. M. (2005). 

Hemostatic agents derived from chitin and chitosan. Journal of 

Macromolecular Science - Polymer Reviews, 45(4), 309–323. 

White, L. A., Newman, M. C., Cromwell, G. L. and Lindemann, M. D. (2002). 

Brewers dried yeast as a source of mannan oligosaccharides for weanling pigs. 

Journal of Animal Science, 80(10), 2619–2628. 

Winterowd, J. G. and Sandford, P. A. (1995). Chitin and chitosan. In M. S. Alistair. 

(Ed.), Food Polysaccharides and Their Applications. (pp. 441–46). Marcel 

Dekker, New York. 

Wolber, F. M., Leonard, E., Michael, S., Orschell-Traycoff, C. M., Yoder, M. C. and 

Srour, E. F. (2002). Roles of spleen and liver in development of the murine 

hematopoietic system. Experimental Hematology, 30(9), 1010–1019. 

 



© C
OPYRIG

HT U
PM

 

191 

Won-Seok, C., Kil-Jin, A., Dong-Wook, L., Myung-Woo, B. and Hyun-Jin, P. (2002). 

Preparation of chitosan oligomers by immobilized papain. Polymer 

Degradation and Stability, 78, 533–538. 

WongKupasert, S. (2008). The effect of salt form and molecular weight of chitosan 

for. Silpakorn University. 

Woodring, J. P., Roe, R. M. and Clifford, C. W. (1977). Relation of feeding, growth, 

and metabolism to age in the larval, female house cricket. Journal of Insect 

Physiology, 23, 207–212. 

Wu, Y. B., Ravindran, V., Thomas, D. G., Birtles, M. J. and Hendriks, W. H. (2010). 

Influence of method of whole wheat inclusion and xylanase supplementation 

on the performance , apparent metabolisable energy , digestive tract 

measurements and gut morphology of broilers. British Poultry Science, 45(3), 

385–394. 

Wysokowski, M., Motylenko, M., Bazhenov, V. V., Stawski, D., Petrenko, I., Ehrlich, 

A., Behm, T., Kljajic, Z., Stelling, A. L., Jesionowski, T. and Ehrlich, H. 

(2013). Poriferan chitin as a template for hydrothermal zirconia deposition. 

Frontiers of Materials Science, 7(3), 248–260. 

Xia, W. S. and Wu, Y. N. (1996). Functional properties of chitooligosaccharides. 

Journal of Wuxi University of Light Industry, 15, 297–302. 

Xiang, J., Du, J., Li, D. and Zhen, C. (2016). Functional morphology and structural 

characteristics of wings of the ladybird beetle, Coccinella septempunctata (L.). 

Microscopy Research and Technique, 79(6), 550–556. 

Xiao, Y., Wu, C., Li, K., Gui, G., Zhang, G. and Yang, H. (2017). Association of 

growth rate with hormone levels and myogenic gene expression profile in 

broilers. Journal of Animal Science and Biotechnology, 8(1), 1–7. 

Xie, W., Xu, P. and Liu, Q. (2001). Antioxidant activity of water-soluble chitosan 

derivatives. Bioorganic and Medicinal Chemistry Letters, 11(13), 1699–1701. 

Xing, Z. and Schat, K. A. (2000). Expression of cytokine genes in Marek ’ s disease 

virus-infected chickens and chicken embryo fibroblast cultures. Immunology, 

100(Il), 70–76. 

Xu, W. (2017). Bile Acid-Binding Capacity of Lobster Shell-Derived Chitin, Chitosan 

and Chitooligosaccharides. Dalhousie University Halifax, Nova Scotia. 

Xu, Y., Gallert, C. and Winter, J. (2008). Chitin purification from shrimp wastes by 

microbial deproteination and decalcification. Applied Microbiology and 

Biotechnology, 79(4), 687–697. 

Xu, Y. Q., Shi, B. L., Li, J. L., Li, T. Y., Guo, Y. W., Tian, L. X., Fu, X. Z. and L. 

Hong. (2012). Effects of chitosan on intestinal flora in weaned pigs. Feed 

Resources, 10, 54–56. 



© C
OPYRIG

HT U
PM

 

192 

Xu, Y. Q., Wang, Z. Q., Qin, Z., Yan, S. M. and Shi, B. L. (2018). Effects of chitosan 

addition on growth performance, diarrhoea, anti-oxidative function and serum 

immune parameters of weaned piglets. South African Journal of Animal 

Science, 48(1), 142. 

Xu, Y., Shi, B., Yan, S., Li, J., Li, T., Guo, Y. and Guo, X. (2014). Effects of chitosan 

supplementation on the growth performance, nutrient digestibility, and 

digestive enzyme activity in weaned pigs. Czech Journal of Animal Science, 

59(4), 156–163. 

Xu, Y., Shi, B., Yan, S., Li, T., Guo, Y. and Li, J. (2013). Effects of Chitosan on Body 

Weight Gain , Growth Hormone and Intestinal Morphology in Weaned Pigs. 

Asian-Australasian Journal of Animal Science, 26(10), 1484–1489. 

Yamamoto, K., Kasai, K. and Ieiri, T. (1975). Control of pituitary functions of 

synthesis and release of prolactin and growth hormone by gonadal steroids in 

female and male rats. Japanese Journal of Physiology, 25, 645–658. 

Yamauchi, K., Samanya, M., Seki, K., Ijiri, N. and Thongwittaya, N. (2006). Influence 

of dietary sesame meal level on histological alterations of the intestinal mucosa 

and growth performance of chickens. Journal of Applied Poultry Research, 

15(2), 266–273. 

Yanagida, K., Maejima, Y., Santoso, P., Otgon‐ Uul, Z., Yang, Y., Sakuma, K., 

Shimomura, K. and Yada, T. (2014). Hexosamine pathway but not interstitial 

changes mediates glucotoxicity in pancreatic β-cells as assessed by cytosolic 

Ca2+ response to glucose. AGING, 6(3), 207–214. 

Yao, H. T. and Chiang, M. T. (2006). Effect of chitosan on plasma lipids, hepatic 

lipids, and fecal bile acid in hamsters. Journal of Food and Drug Analysis, 

14(2), 183–189. 

Yeh, M. Y., Shih, Y. L., Chung, H. Y., Chou, J., Lu, H. F., Liu, C. H., Liu, J. Y., 

Huang, W. W., Peng, S. F., Wu, L. Y. and Chung, J. G. (2017). Chitosan 

promotes immune responses, ameliorating total mature white blood cell 

numbers, but increases glutamic oxaloacetic transaminase and glutamic 

pyruvic transaminase, and ameliorates lactate dehydrogenase levels in 

leukemia mice in vivo. Molecular Medicine Reports, 16(3), 2483–2490. 

Yen, M. T. and Mau, J. L. (2007). Selected physical properties of chitin prepared from 

Shiitake stipes. LWT - Food Science and Technology, 40(3), 558–563. 

Yen, M. T., Yang, J. H. and Mau, J. L. (2008). Antioxidant properties of chitosan from 

crab shells. Carbohydrate Polymers, 74(4), 840–844. 

Yen, M. T., Yang, J. H. and Mau, J. L. (2009). Physicochemical characterization of 

chitin and chitosan from crab shells. Carbohydrate Polymers, 75(1), 15–21. 

 



© C
OPYRIG

HT U
PM

 

193 

Yeramian, A., Martin, L., Arpa, L., Bertran, J., Soler, C., Mcleod, C., Palacín, M., 

Lloberas, J. and Celada, A. (2006). Innate immunity Macrophages require 

distinct arginine catabolism and transport systems for proliferation and for 

activation. European Journal of Immunology, 36(6), 1516–1526. 

Yin, Y. L., Tang, Z. R., Sun, Z. H., Liu, Z. Q., Li, T. J., Huang, R. L., Ruan, Z., Deng, 

Z. Y., Gao, B., Chen, L. X., Wu, G. Y. and Kim, S. W. (2008). Effect of 

galacto-mannan-oligosaccharides or chitosan supplementation on 

cytoimmunity and humoral immunity in early-weaned piglets. Asian-

Australasian Journal of Animal Sciences, 21(5), 723–731. 

Ylitalo, R., Lehtinen, S., Wuolijoki, E., Ylitalo, P. and Lehtimaki, T. (2002). 

Cholesterol-lowering properties and safety of chitosan. Arzneimittel-

Forschung, 52(1), 1–7. 

Yoo, J., Yi, Y. J., Koo, B., Jung, S., Yoon, J. U. and Kang, H. B. (2016). rowth 

performance, intestinal morphology , and meat quality in relation to alpha-

lipoic acid associated with vitamin C and E in broiler chickens under tropical 

conditions. Revista Brasileira de Zootecnia, 45(3), 113–120. 

Yoon, H. J., Moon, M. E., Park, H. S., Im, S. Y. and Kim, Y. H. (2007). Chitosan 

oligosaccharide (COS) inhibits LPS-induced inflammatory effects in RAW 

264.7 macrophage cells. Biochemical and Biophysical Research 

Communications, 358(3), 954–959. 

Yoshikawa, H., Tajiri, Y., Sako, Y., Hashimato, T., Umeda, F. and Nawata, H. (2002). 

Glucosamine-induced β-cell Dysfunction: A Possible Involvement of 

Glucokinase or Glucose-transporter Type 2. Pancreas, 24(3), 228–234. 

Younes, I. and Rinaudo, M. (2015). Chitin and chitosan preparation from marine 

sources. Structure, properties and applications. Marine Drugs, 13(3), 1133–

1174. 

Yuan, Y., Chesnutt, B. M., Haggard, W. O. and Bumgardner, J. D. (2011). 

Deacetylation of chitosan: Material characterization and in vitro evaluation via 

albumin adsorption and pre-osteoblastic cell cultures. Materials, 4(8), 1399–

1416. 

Yusof, H. A. and Goh, Y. M. (2014). Chemical Composition and Protein Quality of 

House Cricket (Brachytrupes portentosus) as Protein Source for Poultry. In J. 

M. P. A. R. A. H. Y. H. Wahid and M. A. O. W. E. W. Khadijah (Eds.), 

Bridging Technology Gap for Asean. Proceedings of the 1st ASEAN Regional 

Conference on Animal Production (1st ARCAP) and the 35th Annual 

Conference of Malaysian Society of Animal Production (pp. 145–146). 

Zaharoff, D. A., Rogers, C. J., Hance, K. W., Schlom, J. and Greiner, J. W. (2007). 

Chitosan solution enhances both humoral and cell-mediated immune responses 

to subcutaneous vaccination. Vaccine, 25(11), 2085–2094. 

 



© C
OPYRIG

HT U
PM

 

194 

Zaid, A. and Ali, S. (2016). Apoptosis in Lymphoid Organs in Chicken and Duck: A 

Comparative Study. Alexandria Journal of Veterinary Sciences, 49(1), 95–

102. 

Zakariah, M., Gambo, B. G., Peter, I. D., Gazali, Y. A. and Stephen, J. (2016). 

Anatomical studies of the testes of wild African catfish (Clarias gariepinus) in 

spawning and non-spawning seasons in Maiduguri , Nigeria. International 

Journal of Fisheries and Aquatic Studies, 4(3), 272–277. 

Zaku, S. G., Aguzue, S. a E. O. C. and Thomas, S. a. (2011). Extraction and 

characterization of chitin ; a functional biopolymer obtained from scales of 

common carp fish (Cyprinus carpio L.): A lesser known source. African 

Journal of Food Science, 5(8), 478–483. 

Zammit, V. A. (2013). Hepatic triacylglycerol synthesis and secretion: DGAT2 as the 

link between glycaemia and triglyceridaemia. The Biochemical Journal, 

451(1), 1–12. 

Zefa, E., Oliveira, G. L., Redü, D. R. and Martins, L. P. (2013). Ethology Ecology and 

Evolution Calling song of two sympatric species of cricket Phylloscyrtini 

(Orthoptera Gryllidae trigonidiinae). Ethology Ecology and Evolution, 25(1), 

21–27. 

Zelencova, L., Erdoǧan, S., Baran, T. and Kaya, M. (2015). Chitin extraction and 

chitosan production from Chilopoda (Scolopendra cingulata) with 

identification of physicochemical properties. Polymer Science Series A, 57(4), 

437–444. 

Zhang, A. J., Qin, Q. L., Zhang, H., Wang, H. T., Li, X., Miao, L. and Wu, Y. J. 

(2011). Preparation and characterisation of food-grade chitosan from housefly 

larvae. Czech Journal of Food Sciences, 29(6), 616–623. 

Zhang, J., Liu, J., Li, L. and Xia, W. (2008). Dietary chitosan improves 

hypercholesterolemia in rats fed high-fat diets. Nutrition Research, 28(6), 383–

390. 

Zhang, J., Xia, W., Liu, P., Cheng, Q., Tahirou, T., Gu, W. and Li, B. (2010). Chitosan 

modification and pharmaceutical/biomedical applications. Marine Drugs, 8(7), 

1962–1987. 

Zhang, L., Liu, R., Ma, L., Wang, Y., Pan, B., Cai, J. and Wang, M. (2012). Eimeria 

tenella: Expression profiling of toll-like receptors and associated cytokines in 

the cecum of infected day-old and three-week old SPF chickens. Experimental 

Parasitology, 130(4), 442–448. 

Zhang, M., Haga, A., Sekiguchi, H. and Hirano, S. (2000). Structure of insect chitin 

isolated from beetle larva cuticle and silkworm (Bombyx mori) pupa exuvia. 

International Journal of Biological Macromolecules, 27(1), 99–105. 

 



© C
OPYRIG

HT U
PM

 

195 

Zhang, Y., Xue, C., Xue, Y., Gao, R. and Zhang, X. (2005). Determination of the 

degree of deacetylation of chitin and chitosan by X-ray powder diffraction. 

Carbohydrate Research, 340(11), 1914–1917. 

Zhao, Y., Park, R. D. and Muzzarelli, R. A. A. (2010). Chitin deacetylases: Properties 

and applications. Marine Drugs, 8(1), 24–46. 

Zheng, L., Ma, Y. E., Gu, L. Y., Yuan, D., Shi, M. L., Guo, X. Y. and Zhan, X. A. 

(2013). Growth performance, antioxidant status, and nonspecific immunity in 

broilers under different lighting regimens. Journal of Applied Poultry 

Research, 22(4), 798–807. 

Zheng, L. Y. and Zhu, J. F. (2003). Study on antimicrobial activity of chitosan with 

different molecular weights. Carbohydrate Polymers, 54(4), 527–530. 

Zhou, K., Xia, W., Zhang, C. and (Lucy) Yu, L. (2006). In vitro binding of bile acids 

and triglycerides by selected chitosan preparations and their physico-chemical 

properties. LWT - Food Science and Technology, 39(10), 1087–1092. 

Zhou, W. T., Fujita, M. and Yamamoto, S. (1999). Thermoregulatory responses and 

blood viscosity in dehydrated heat-exposed broilers (Gallus domesticus). 

Journal of Thermal Biology, 24(3), 185–192. 

Zhou, Z., Wang, Z., Cao, L., Hu, S., Zhang, Z., Qin, B., Guo, Z. and Nie, K. (2013). 

Upregulation of chicken TLR4, TLR15 and MyD88 in heterophils and 

monocyte-derived macrophages stimulated with Eimeria tenella in vitro. 

Experimental Parasitology, 133(4), 427–433. 

Zhu, L. X., Song, Z. G., Lin, H. and Yuan, L. (2003). Effects of chitosan on growth 

performance and immune function in broiler chickens. China Feed, 4, 15–17. 

Zvezdova, D. (2010). Synthesis and characterization of chitosan from marine sources 

in Black Sea. НАУЧНИ ТРУДОВЕ НА РУСЕНСКИЯ УНИВЕРСИТЕТ, 

49(9.1), 65–69. 

  


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



