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ABSTRACT 

The main product for crocodile industry is luxury leather product. The skin 

of crocodile presents about 20% of the living weight, while 60.8%, 12.2% and 

26.6% of carcass weight were obtained for total lean meat, fat and bone, 

respectively. Crocodile fats by product mostly use as biodiesel or discard as waste. 

Crocodile fat used to relieve skin inflammation, scar and wrinkle. New product 

development from crocodile oil is interesting for value added products. Hence, the 

objectives of this study were to (1) to investigate the appropriate condition of 

crocodile oil extraction and (2) to investigate the properties and stability of 

selected extracted crocodile oil including (3) to develop and evaluate the 

acceptance of crocodile liquid balm product from the consumer.  

The fat tissue of crocodile (Crocodylus siamensis) by-product was evaluated 

for their appropriate extraction methods. Environmental friendly extraction techniques 

with increased productivity, a wet extraction (WE), solvent free microwave extraction 

(SFME) and autoclave sterilized extraction (ASE) were selected to study for crocodile oil 

commercial utilization. The physical, chemical and microbiological properties of extracted 

oil were evaluated. The fat content of the crocodile leaf fat samples is 78.4% (dry basis). 

The extraction ratios of all extraction techniques were varied considerably between 

samples from 0.513 to 0.987. Extraction techniques affected only peroxide value (PV), 

thiobarbituric acid and reactive substances (TBARs), acid value (AV), saponification 

number (SV), iodine value (IV) and some fatty acid of crocodile oil. The peroxide value 



* The research was financially supported by University of the Thai Chamber of Commerce.	
	 		
 

of all extracted crocodile oil samples were less than 5 meq/kg. The hue angle value of 

crocodile oil extracted by SFME technique showed the lightest yellowish color comparing 

to WE and ASE methods. SFME techniques showed the least value of AV, containing low 

free fatty acid (FFA). The SV of studied crocodile oil samples ranged from 189.89–191.45 

mg KOH/g oil. Extraction techniques do not affect to the ratio of total unsaturated and 

saturated fatty acid. However, the differences in the percent of MUFA, PUFA, n6/n3, 

C18”1/C18:2, PUFA/SFA obtained from the different extraction techniques of crocodile 

leaf fat were significant (P<0.05). Palmitic acid (C16:0), Oleic acid (C18:1) and Linoleic 

acid (C18:2) are the main fatty acid in all the crocodile oil. The highest MUFA is found in 

the oil from SFME. The MID-FTIR spectrum exhibits several absorption bands that can 

be attributed to many functional groups. As expected similar bands among crocodile oil 

and fish oil were found, since they correspond to the vibrations of functional groups 

belonging to proteins, lipids and water which are the main components of the extracted 

fats and oils.  

As evidenced by the limited amount of information on shelf life of crocodile oil, 

this research also focused on kinetic of oxidative stability change for crocodile oil that 

entail loss of quality in crocodile oil, providing information about the degradation over 

time. The PV and TBARs of crocodile oil during storage at 30oC, 40oC and 50oC. It 

illustrates that the higher the temperature of the oxidation reaction, the maximum peroxide 

value achieved and the faster peroxide value reached. For the PV of oil at 50oC storage, 

they were decreased after storage for 49 days. Oxidative products were found to follow 

apparent zero-order kinetics more than first order kinetics for crocodile oil. The activation 

energy of PV and TBARs were determined to be 1.19 kJ/mol (R2 = 0:91) and 0.41 kJ/mol 

(R2 = 0:93), respectively. 

Liquid balm has a market value of 1,000 million baht. Utilization of crocodile oil 

by product as liquid balm ingredient is interesting. The liquid balm sample was composed 

of 71.03% crocodile oil, 13.34% menthol, 5% wintergreen oil, 6.6% borneol, 4% 

camphor. The individual preferences of 100 consumers of ten common commercial brands 

of liquid balm products perceive first blind and then with knowledge of package and price, 

were investigated by preference mapping techniques. It was observed that the product 

acceptability attributes revealed differences in the consumer buying attributes. 

Acceptability was not influenced by gender or education. The majority of consumer 

preferences considered odor and color. The major attributes influencing purchase were 
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packaging, odor, cost and skin permeability, respectively. Principle component analysis 

illustrated the relationships between product brands and sensory or packaging attributes 

including cost. The information obtained in this study could help researchers and 

marketing professionals develop strategies to launch new liquid balm products.  
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Chapter 1 

INTRODUCTION 

 

  At present, our main crocodile products are leather in the crocodile industry. 

The main product for crocodile industry is luxury leather product. The rest is 

processed into meat, blood, organs and bones. Global raising is up to about 

2,000,000 crocodiles per year. The major country manufacturers are Thailand, 

Vietnam, Cambodia, South Africa, China, Australia and the United States 

(Department of Fisheries, 2555).  

  In the year 2014, the crocodile industry rating in Thailand is worth up to 

3,000 million baht per year. They come from the production of crocodile leather 

from freshwater species in Thailand. The other parts of the crocodile have been 

processed into the economic value products such as frozen crocodile meat, drying 

crocodile meat and biodiesel. The skin of crocodile presents about 20% of the 

living weight, while 60.8%, 12.2% and 26.6% of carcass weight were obtained for 

total lean meat, fat and bone, respectively (Hoffman et al., 2000). From the 

quantity of leather value about 2,700 million baht, the proportion of the crocodile 

meat and other parts are about 300 million baht (Department of Fisheries, 2555). 

Crocodile meat as a secondary product has also served as an important source of 

protein for human consumption in the world. 

Generally captive crocodiles are: (1) Thai freshwater crocodile 

(Crocodylus siamensis) is found in Thailand, Cambodia, Vietnam and China (2) 

American freshwater crocodile (Alligator mississippiensis) is found in America (3) 

Nile crocodile (Crocodylus niloticus) is found in Zimbabwe, Botswana, Tanzania 

and Madagasikara (4) sea crocodile (Crocodylus porosus) is found in Indonesia, 

Australia, Malaysia, the Philippines, Papua New Guinea and Thailand and (5) 

Australian fresh water crocodile (Crocodylus johnstoni) is found in Australia. C. 

siamensis is the freshwater species and most famously farm-raised in Thailand. At 
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present, the number of crocodile farms is increasing. The main purpose of farming 

is to produce and export crocodile leather products. Crocodile fat is discarded as 

waste or used as biodiesel (Hoffman, 2008). Normally, the price of crocodile fat 

tissue is very cheap approximately 3 baht per kilogram in Thailand. 

Crocodile fat has the ability to moisturize the skin and can be rapidly 

absorbed through the skin. It used to relieve skin inflammation, scar and wrinkle. 

It also has great nutritional value containing phospholipids 73.93%, triglycerides, 

0.13%. Furthermore crocodile oil has a high potential to be used for supplement 

food (Osthoff et al. 2010) because it contains a proportion of useful fatty acids 

such as omega-6 and omega-9. Unfortunately, there is no report of the properties 

of Siamese crocodile oil. Therefore, the oil properties of Siamese crocodile are of 

interest for three reasons. First, the commercial production of crocodilians on 

farms has led to considerable research due to high quantity to produce commercial 

crocodile fat. The knowledge of its properties can be used for new product 

development or new value added products of crocodile fat. Secondly there are 

major differences in the properties of different varieties of crocodile so the 

properties of Siamese crocodile oil should be investigated.  

Moreover, the properties of oil from different species of crocodile are not 

similar. The total fatty acids presenting in the crocodiles (Crocodylus niloticus) are 

37.7% which were saturated, 51.1% monounsaturated and 10.7% polyunsaturated. 

Oleic acid was predominant (43.1%), whilst palmitic acid (25.4%), stearic acid 

(9.9%) and linoleic acid (9.1%) were also present in high concentrations (Hoffman 

et al., 2000). The authors also noted high concentrations of the longer-chain 

polyunsaturated fatty acids, particularly arachidonic acid (3.6%). The fatty acid 

profile from crocodiles strongly affected from diet. The crocodiles fed fish-based 

diets had greater amounts of fatty acids with chains of C20:1.  Moreover, the lipids 

contained 11.1% docosahexaenoic acid (C22:6n−6) and 4.0% eicosapentaenoic 

acid (C20:5n−3), while crocodiles fed beef diets contained negligible amounts of 

these fatty acids (Hoffman et al., 2000). C. porosus showed highly unsaturated fat 

with iodine value equaled 220-300. The maximum melting points of crocodile fats 

are around 33-36oC (Osthoff et al., 2010). Crocodile oil is reddish in color (Andés, 
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1989).  Finally, crocodile oil showed biological activities such as enhances 

cutaneous burn wound healing and reduces scar formation (Li et al., 2012). It is 

beneficial in treating a variety of infections. It is found that the oil has significant 

in vitro antibacterial activity against Staphylococcus aureus and Klebsiella 

pneumoniae (Li et al., 2012). The anti-inflammatory activity of the oil was 

assessed by oral administration utilizing a mouse model in term of acute croton 

oil-induced contact dermatitis. It showed that optimal activity at 3 h for the oral 

administration of oil equaled 60.8±5.5% (Buthelezi et al., 2012). In Africa, 

crocodile oil is used for healing such as asthma, emphysema and for a cough 

(Lindsey et al., 1999). There is also evidence of crocodile oil being used 

traditionally in South Africa. Many people in South Africa consult traditional 

healers in rural areas to use crocodile oil with some herbs to treat chest ailments 

(Lindsey et al., 1999). The alligator oil is mostly produced from United States, 

China, and Australia. Hence, the investigation of the crocodile fat properties will 

increase the value added of oil products. As a result, the Thai crocodile 

manufacturing can compete in the global market and make a high revenue for Thai 

people. 

Normally, 3 year fresh Siamese crocodile can be used to produce leather. 

Few reports focused on the composition of oil extracted by different methods. 

Hence, the objectives of this study were to 

  1. To investigate the appropriate condition of crocodile oil extraction. 

  2. To investigate the properties and stability of selected extracted crocodile 

oil. 

  3. To develop and evaluate the acceptance of crocodile liquid balm product 

from the consumer. 
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Chapter 2 

LITERATURE REVIEWS 

 

  Crocodilians are a taxonomic group of aesthetic and commercial interest in many 

countries. The main product for crocodile industry is luxury leather product. Crocodile 

meat as a secondary product has also served as an important source of protein for human 

consumption in the world. Thai freshwater crocodile (Crocodylus siamensis) is famous 

raise in Thailand. 

 

1. Crocodile Species 

  Crocodilians represent one of the oldest constant animal lineages on the planet, in 

no small part due to their formidable array of predatory adaptations. The order 

Crocodylia comprises 23 species of extant crocodilians within 3 families (Figure 2.1): 

Alligatoridae (8 species; alligators and caimans), Crocodylidae (14 species; “true” 

crocodiles), and Gavialidae (1 species; Indian gharial) (King and Burke, 1989). 

Crocodylomorpha, the broad taxonomic grouping that encompasses crocodilians and 

their known predecessors, can be traced back approximately 240 million years and has 

diversified into terrestrial, freshwater, and marine environments. The modern Crocodylia 

originated more than 100 million years ago, and its members have remained relatively 

unchanged since then. Crocodilians share their early archosaurian origins with dinosaurs 

and hence are more closely related to birds than other reptiles (Bellairs, 1987). The word 

crocodile is derived from the Greek word krokodeilos, which translates literally into 

pebble worm (kroko means pebble and deilos means worm or man), presumably referring 

to the appearance of a crocodile's skin. The word alligator comes from the Spanish for 

lizard, el lagarto (Dodson, 2003).  
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Figure 2.1 Dorsal and lateral views of a true crocodile (Crocodylus porosus), alligatorid 

(Alligator mississippiensis), and gavialid (Gavialis gangeticus).  

Source: King and Burke (1989). 
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  Crocodilians feature in the traditions and myths of many cultures around the world. 

For example, crocodiles (Crocodylus porosus, Crocodylus johnstoni) figure prominently 

in the dreamtime stories of a number of aboriginal clans in northern Australia (Reed, 

1999; Webb and Manolis, 1998; Lanhupuy, 1987) and are of totemic significance to this 

day. To the Iban people of northern Borneo, it is taboo to kill crocodiles, except where 

one has killed a human (Steubing, 1983). The Por people of the Cardomom Mountains in 

Cambodia revere Siamese crocodiles (Crocodylus siamensis). Nile crocodiles 

(Crocodylus niloticus) in Egypt were worshipped and associated with the crocodile-deity 

Sobek, at the shrines of Kom-Ombo in Upper-Egypt, and in Crocodilopolis (Fayum) 

(Trompf, 1989).  

     

2. Crocodile Farm 

  Cocodiles were killed for their meat, skin and the others. Apart from food, luxury 

products were also used for medical, religious or decorative purposes. Chinese cuisine 

based on traditional Chinese medicine considers the meat to be a curative food for colds 

and cancer prevention, although there is no scientific evidence to support this. Crocodile 

farm is an establishment for breeding and raising of crocodilians in order to produce 

crocodile meat, leather, and other goods. Crocodiles have been bred in farms since at 

least the early 20th century.  

  The term “crocodile farm” is used to describe any facility that breeds and/or grows 

crocodilians for commercial purposes. Rearing of crocodiles is performed in two ways, 

namely by ranching or farming. Ranching depends on the presence of a sustainable wild 

population, as eggs or hatchlings which are collected from natural habitats and reared to 

harvest size in captivity. Collections are carefully regulated by quotas and collectors' 

permits by wildlife authorities, and replenishment of the wild population ensures 

restocking of a certain percentage of the animals reared in captivity. Thus, permit holders 

in Zimbabwe must return 5% of the crocodiles reared in captivity to natural habitats 

(Child, 1984). Farming is based on captive breeding and although it provides better 

opportunities for controlled management, is more demanding on the provision of proper 

physical facilities for breeding animals, and management of adults of considerable body 
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sizes. Farming is less favoured by wildlife conservationists, as it may exist as a closed 

production system independent of (and with no particular interest in) sustainable natural 

crocodile populations. In practice, the crocodile industry is based on a mixture of 

ranching and farming. The main source of rearing stock is derived from collection of 

eggs or hatchlings from natural habitats, but many operators also supplement their stock 

with offspring from captive breeding animals. Common for the two systems is the 

incubation of fertilized eggs under controlled temperature and humidity conditions, the 

rearing of young hatchlings in separate heated ponds, and the grow-out of rearing stock 

in earthen or concrete ponds to harvest size which is usually 2–3 years. The survival rate 

under captive rearing may approach 75% of viable eggs, while estimated survival rates in 

the wild are ~ 5% due to predation of eggs and hatchlings (Hutton and van Jaarsveldt, 

1987). 

  The Nile crocodile (Crocodylus niloticus) is native to Africa, may reach up to 7 m 

in length and is reared in many countries including Kenya, Zimbabwe, Tanzania, South 

Africa, Israel, Indonesia, France, Japan and Spain, with a licence for its farming for meat 

awarded for the first time in the UK in 2006. Other crocodilians are also commercially 

reared, in particular the saltwater crocodile (Crocodylus porosus) which may reach 9 m 

in length and is farmed in Australia, Papua New Guinea, Thailand and other countries, 

the freshwater crocodile (Crocodylus johnstoni), also farmed in Australia, and a hybrid 

between the saltwater crocodile and the Siamese crocodile (Crocodylus siamensis), 

which is farmed extensively in Thailand and Cambodia. The American alligator 

(Alligator mississippiensis) is typically about 4.5 m long and is farmed in Southern US 

(Georgia, Florida, Texas, Louisiana) mostly for the production of hides for leather 

products, but with an established market also for meat. The equivalent for crocodiles and 

alligators in Central and South America are caimans. Among them, the species with the 

widest distribution is Caiman crocodilus, which is extremely adaptable to all lowland 

wetland and riverine habitats, and thus has become established from Mexico to Peru and 

Brazil. In comparison to other crocodilians, caimans are smaller, with males and females 

generally reaching 2.5 m and 1.5 m, respectively. Caimans supply the vast majority of 

the hide market in South America, and are also exploited for their meat. Sustainable 

programs for these reptiles have been developed in Latin America, namely in Venezuela 
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for C. crocodilus, and in Brazil and Argentina for the related species C. yacare 

(Thorbjarnarson and Velasco, 1999). 

  Crocodile farming has minimal adverse effects on the environment, but has at least 

two positive direct effects on crocodile conservation. Because the luxury goods industry 

has a reliable stream of product, illegal poaching is reduced. Juvenile crocodilians can 

also be released into the wild to support a steady population. Wild crocodile conservation 

has also benefited indirectly from farming. Ranching businesses protect crocodilian 

habitats to take care of nesting sites. The fiscal incentive to keep a healthy environment 

for breeding crocodile means that the environment and its wildlife is seen as an economic 

resource. This can augment the government’s willingness to take care of crocodilian 

populations. Crocodilians may benefit from a similar application of sustainable and 

ethical farming. 

  Crocodile farming is a form of intensive animal husbandry. Raising requirements 

are similar for all crocodilian species, although some aspects vary and are species-

specific. For example, the Siamese Crocodile (C. siamensis) is considered a good “farm” 

species relative to the Saltwater Crocodile (C. porosus). The latter is much more 

territorial and aggressive. Concerns about crocodile farming include animal welfare and 

impacts on the environment. Welfare issues include the threat of crocodilian diseases. 

Crocodiles suffer from stress in confined spaces such as farms, leading to disease 

outbreaks. Most crocodilians keep a body temperature within 28 and 33 degrees Celsius. 

On farms, body temperatures can reach 36 degrees Celsius, which affects the animals' 

immune system, and put them at risk of various illnesses. Another concern is for the 

cleanliness of the water in enclosures. 

 

 2.1 Crocodile Diets 

   The natural diet of newly hatched crocodiles is insects, larvae etc. which animals 

must be taught to eat, e.g. by farm attendants feeding insects, or hand-feeding with small 

pieces of e.g. minced meat. After some months, crocodiles are fed small fish which form 

the main part of the natural diet that is only occasionally supplemented with larger birds 

and mammals. The diet of captive crocodiles at slaughter age usually reflects the 
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available animal protein sources that are locally available. In Zimbabwe, the main diet is 

composed of kapenta fish supplemented with game meat (particularly elephant) from 

hunting and culling (Hutton and van Jaarsveldt, 1987), while the diet consists almost 

exclusively of fish in Thailand and Australia (Suvanakorn and Youngprapakorn, 1987). 

In Israel (Ben-Moshe, 1987) and also in England, culled poultry may constitute 50% or 

more of the diet, and this practice carries a further risk of introducing pathogens such as 

Salmonella (especially S. Enteritidis) to the reptilian microflora. 

 

 2.2 Crocodile Diseases 

   For public health purposes, it is important to note that crocodiles are primarily 

reared for their highly valued skins (leather), while meat is usually a by-product. The 

main concern in carcass preparation is indeed to ensure and preserve the quality of the 

skin. Contamination of the meat is likely because the skin is valuable and must be 

removed carefully. Because the skin does not ‘peel’ off easily, crocodiles must be 

skinned on a flat surface, which provides greater opportunity for contamination of the 

meat (Madsen et al., 1992). Meat harvested for human consumption almost exclusively 

comprises the tail and the dorsal fillets, while the rest of the carcass may be fed back to 

the crocodiles. 

   Following a request from the European Commission, the Panel on Biological 

Hazards was asked to deliver a scientific opinion on the public health risks involved in 

the human consumption of crocodile meat. The risk assessment deals with disease agents 

(viruses, prions, bacteria, fungi, parasites) as well as chemical substances (e.g., residues 

of veterinary drugs, hormones, and heavy metals) that might be of public health concern.  

   The biological risks associated with the consumption of crocodile products from 

both farmed and wild reptile meat and eggs are related to hazards caused by certain 

bacteria (Salmonella spp.) and parasites (Spirometra, Trichinella, Gnathostoma, 

pentastomids), as well as intoxications by biotoxins.. Risks related to Trichinella were 

considered as well.  
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   Salmonella contamination of crocodile meat occurs on the surface although no 

quantitative data are available. This contamination is due to the common intestinal 

carriage of Salmonella spp. (Chiodini and Sundberg, 1981; Foggin, 1987; Madsen et al., 

1998; Manolis et al., 1991; Obwolo and Zwart, 1993), and the resulting high crocodile 

pond water concentrations of Salmonella spp. (Madsen, 1994), both of which act as 

important sources of meat contamination during slaughter and dressing. There is a high 

degree of handling during skinning, where great care is taken to avoid damage to the 

valuable skin and consequently less attention is paid to possible contamination of the 

meat (Madsen et al., 1993). Since high rates of intestinal carriage of Salmonella spp. 

often occur among reptiles, in the absence of qualitative and quantitative data, it is likely 

that meat from species other than crocodiles presents a similar hazard. 

   In crocodile meat, Spirometra erinacei was detected in Australia in 1987 in the 

meat of two freshwater crocodiles (C. johnstoni) (Bodger and Goulding, 2003), and 

spargana were also found in the meat of dwarf crocodiles (Osteolaemus tetraspis) at 

markets in the Democratic Republic of the Congo (Huchzermeyer, 1997). However, 

Spirometra larvae have not been found in more recently farmed crocodiles, which may be 

due to changes in the management systems since the parasite was first identified. 

Although gourmet restaurants usually prefer fresh (chilled) rather than frozen meat, 

crocodile meat must be frozen to eliminate the risk of tapeworm (S. erinacei) infection 

(Bodger and Goulding, 2003). As an example, according to the Australian regulation for 

the export control of fish and fish products (Federal Register of Legislative Instruments 

F2006C00346), the meat of a crocodile exposed to or suspected of being infested by 

S.erinacei must (a) immediately after processing be placed in a refrigeration chamber and 

(b) be held at a temperature of minus 12 °C or cooler at the thermal centre for a minimum 

of 5 days; or subjected to such other temperature controls that achieve the destruction of 

all viable S. erinacei in the crocodile meat. In the latter case, the applicable approved 

arrangement must validate that: (a) the alternative temperature controls will be achieved; 

and (b) the way in which the controls are to be applied will be efficient to destroy all 

viable stages of S. erinacei in the crocodile meat. In this way, the risk of sparganosis after 

consumption of crocodile meat is negligible. 
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   In 1995, Trichinella was detected for the first time in farmed Nile crocodiles (C. 

niloticus) in Zimbabwe. At this time, out of 29 farms examined, 18 (62.1%) were 

positive for Trichinella muscle larvae with 256 (39.1%) out of 648 animals being 

infected. The feeding of meat from other crocodiles slaughtered at the farms was 

identified as a potential infection source. Although a program for the control of 

Trichinella was established, 11 (40.7%) of 27 farms in Zimbabwe had infected crocodiles 

7 years later (Pozio et al., 2007). In 8 (20%) of 40 crocodiles from Zimbabwe and in one 

farmed crocodile from Ethiopia, non-encapsulated larvae were identified. Larval density 

in muscle samples of four examined wild crocodiles from Zimbabwe ranged between 2 

and 42 larvae per g (Pozio et al., 2007). Since both T. zimbabwensis and T. papuae can 

be easily transmitted to mammals, the discarded parts of crocodile carcasses should be 

properly destroyed to avoid infection of synanthropic animals, and the waste products 

should not be fed to domestic animals unless the meat is frozen or cooked before use 

(Pozio et al., 2004). 

   In crocodiles, two pentastomid families occur: Sebekidae, with the genera 

Sebekia, Leiperia, Alofia, Selfia and Agema, and Subtriquetridae with only one genus, 

Subtriquetra. The life cycle of these pentastomids is not well known. Fish may play the 

role of intermediate hosts as suggested by the finding of Subtriquetra larvae in two 

Cichlidae species (Junker et al., 1998) from South Africa, which are often predated by 

the Nile crocodile (C. niloticus). In Northern areas of Australia, pentastomid larvae were 

identified in the rainbow fish (Melanotaenia maccullochi) and in perchlets (Ambassis 

sp.). In the New World, the fish Gambusia affinis, a well known predator of mosquito 

larvae, is the intermediate host of at least two pentastomid species of alligators. In 

crocodiles, pentastomids can cause either sub-clinical infection or severe disease 

(Buenviaje et al., 1994). Tissue migration of nymphs and encysting of larvae in different 

organs and muscles can induce mild or severe lesions according to the number of 

parasites, host susceptibility and occurrence of other underlying diseases. The adult 

pentastomids are able to cause severe lesions, and even to go across lung tissue and to 

reach the skin surface through the thoracic wall. These parasites can cause meningitis, 

pneumonia and significant mortality, especially in young crocodiles in captivity. If no 

intermediate fish hosts are introduced into crocodile breeding farms, the circulation of 
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pentastomids in the breeding facilities should be self limiting. Conversely, the 

introduction of infected fish to feed crocodiles in Australian breeding farms was 

associated with the emergence of pentastomiasis (Buenviaje et al., 1994). Crocodiles 

might however be infected also with pentastomid eggs from the environment. Humans 

may get infected with pentastomids by ingesting raw or insufficiently cooked crocodilian 

meat contaminated with the larval stage of the parasite, or by ingesting infectious eggs 

that contaminate the carcasses of infected reptiles, water or food. 

   Consumption of crocodile meat occurs mostly in Australia, Thailand, South 

Africa and the US, often where the meat is a by-product of leather farming of crocodile. 

The feeding of crocodile with non-processed and recycled animal products is likely to 

increase the occurrence of biological hazards in crocodile meat. The application of GHP, 

GMP and HACCP procedures, respectively at farm and at slaughterhouse level is crucial 

for controlling the hazards. Freezing treatment inactivates Spirometra spp. and 

Trichinella spp. in crocodile meat.  

 

 2.3 Basic Crocodile Welfare Requirements 

   A crocodilian farmer should provide some necessary conditions to achieve good 

health and growth for the animals in their farm; a) there should be appropriate food and 

water sufficient for healthy culture conditions.  b) Area of the farm should be suitable for 

the culture conditions and crocodiles/alligators to exhibit normal behavior. c) Adequate 

protection from predation should  be provided for the animals d) Animals should be 

protected from diseases and if exposed they should be cared as fit Crocodile farming has 

the potential to provide an answer for the future management of this spe-cies. Controlled 

breeding and support of the natural habitats will result in a sustainable crocodile 

production for future generations. Espacially in developing countries, farming will result 

in re-newable resourse management rather than ex- ploitation and destruction of the 

species. (Revol, 1995; Stickney, 2000). 
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3. Crocodile Industry 

  Commercial trade is a major driver of over-exploitation of wild species, but the 

pattern of demand and how it responds to changes in supply is poorly understood. The 

globally expanding domestic and international trade of wild species is now a multi-

billion dollar business (Roe et al., 2002) and a major driver of over-exploitation (Broad et 

al., 2003). Trade statistics have been widely used to explore sustainability of exploitation, 

either by overlaying levels of capture with elements of species’ biology (Robinson and 

Redford, 1991, Reynolds et al., 2001, Jerozolimski and Peres, 2003 and Clarke et al., 

2006), or assessing trends in quantity and price (Pinnegar et al., 2002 and Cowlishaw et 

al., 2005). However, the factors that determine patterns of demand, elasticity to price and 

the co-evolution of supply and demand are key for predicting how trade may continue in 

the future (Wilkie and Godoy, 2000), and therefore for the design of regulatory responses 

to meet conservation aims. 

  The first records of commercial use of crocodilian skins are to be found in North 

America in the 1800s. Right after the Civil War (1861-1865) the demand for footwear in 

particular, but also for belts, saddlebags, cases and similar items, was high. Thus, tens of 

thousands of American Alligators (Alligator mississippiensis) were hunted and processed 

in local tanneries. Since demand exceeded the wild alligator resource, the harvest was 

also directed to other species of crocodile further south (Mexico and Central America). 

Due to the presence of osteoderms (bone) in the belly skins of caimans, these species 

were not used. The effects of extensive, unregulated hunting were devastating for wild 

populations, with most populations being greatly depleted. 

  The current international trade involves over 1 million crocodilian skins per year, 

exported legally from about 30 countries. Between 2001 and 2005, international trade 

averaged 1.2 million skins per year, comprised of 44% classic skins and 56% caiman 

skins. Between 2006 and 2008, international trade averaged 1.44 million skins (42% 

classic, 58% caiman). However, trade decreased from a high in 2006 (1.81 million skins), 

largely due to increased numbers of caiman skins, to pre-2006 levels in 2007 and 2008. 

More recently, the Global Financial Crisis (2009-2010) resulted in reduced demand for 

crocodile products generally, although the market for the very highest quality products 
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remained strong. In terms of volume, the main species in international trade (and main 

producer countries) are C. niloticus (Africa), C. siamensis (Thailand, Vietnam, 

Cambodia), C. porosus (Australia, Papua New Guinea, Indonesia, Malaysia, Singapore, 

Thailand), C. novaeguineae (Papua New Guinea, Indonesia), C. acutus (Colombia, 

Honduras), C. moreletii (Mexico), C. crocodilus (Colombia, Bolivia), C. yacare (Brazil, 

Argentina, Bolivia, Paraguay), C. latirostris (Argentina) and A. mississippiensis (USA). 

  The main by-product of crocodile farming is meat. Between 1990 and 2005 meat 

exports were relatively stable, at around 400 tonnes per year, derived mainly from 

American Alligators, Nile Crocodiles and Siamese Crocodiles. China and Hong Kong are 

the main importers of crocodile meat. Other crocodile parts are also utilised, including 

blood (pharmaceuticals), bones, fat (traditional medicines), teeth, heads, skulls (tourist 

curios), etc. 

  Minor trade in live crocodilians occurs between zoos and for the pet trade. On a 

larger commercial scale, live crocodiles are exported for farming (eg 268,000 hatchling 

Nile Crocodiles from Mozambique to Zimbabwe and South Africa in a 7-year period; 

Siamese Crocodile hatchlings from Cambodia to Vietnam and Thailand) or for the food 

trade (eg 466,000 juvenile Siamese Crocodiles from Cambodia, Vietnam and Thailand to 

China between 1998 and 2008).  

  Thailand has the largest crocodile farming industry in the world and famous 

international fashion brands source their exotic skins from the kingdom.  Around 700,000 

crocodiles are raised in 22 farms registered with the Fisheries Department and another 

929 small farms nationwide. Thailand exports crocodile hides and boned and boneless 

alligator meat as well as processed foods including crocodile sausage and ground meat, 

according to Nuntawan Sakuntanaga, the director-general of the Export Promotion 

Department. Crocodile blood is also in demand in many Asian markets for its perceived 

medicinal properties. Crocodile bags can cost as much as US$20,000 to $40,000 each. 

One reason for the high price is that it takes around four crocodiles to make one bag as 

only specific cuts of skin can be used.  

  Global statistics about crocodile trade mostly depends on the reports submitted to 

CITES by the countries. Limitations of data are directly re-lated to the lack of these 
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reports which are not submitted by those countries. It is important to ifferentiate available 

data in terms of whole skin, live animal or skin parts to be able to pro-vide accurate 

statistics. It is known that live ani-mals might be reported as skins and skin parts might 

be reported as whole skins in some occa-sions. This kind of misreporting results in false 

statistics and it is essential to cross check these reports to obtain accurate statistics. Table 

2.1 shows global crocodile trade statistics taken from the 2011 IACTS report. 

Table 2.1 World trade (1000s of skins) in classic crocodilian and caiman skins, 2001-

2008  

 

Species 2001 2002 2003 2004 2005 2006 2007 2008 

             

Alligator 
mississippiensis 

343.1 237.8 341.7 368.4 356.4 421.2 262.1 230.5

Crocodylus acutus 0.1 0.6 0.8 0.2 0.2 0.1 0.4 1.4

Crocodylus johnstoni - - - - 0.1 - - -

Crocodylus moreletii 2.4 1.6 1.0 0.5 0.9 0.2 - 0.7

Crocodylus niloticus 150.8 160.0 148.6 140.5 151.5 166.3 154.3 169.3

Crocodylus 
novaeguineae 

30.6 30.7 27.3 39.8 32.0 38.6 28.7 28.2

Crocodylus porosus 28.2 24.3 26.6 30.7 37.4 34.2 45.2 53.9

Crocodylus rhombifer - - - - - - - -

Crocodylus siamensis 4.4 3.6 11.0 20.9 31.5 48.0 54.3 63.5

Subtotal - classic 560.0 458.6 557.0 601.1 578.5 708.6 545.0 547.4

             

Caiman c. crocodilus 25.5 22.7 34.6 70.7 65.1 69.9 44.9 37.0

Caiman c. fuscus 710.1 552.1 572.0 621.7 603.2 972.9 670.8 533.5

Caiman latirostris 0.1 0.1 0.2 0.2 2.8 1.7 1.1 0.8

Caiman yacare 32.1 78.8 60.3 41.9 53.2 53.0 65.5 56.2

Subtotal - caiman 767.8 653.7 667.1 734.5 724.9 1097.2 782.3 627.5

             

Total 1327.5 1112.3 1224.1 1335.6 1303.4 1805.8 1327.3 1175.0

Sources: Caldwell (2010). 
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4. Crocodile Oil  

  Crocodile oil is extracted from the crocodile’s fat cells. Crocodile fat is regarded as 

animal by-product and before its recent re-discovery it had none or limited use. The fat 

from crocodiles is collected during the process of meat preparation. A single crocodile 

offers only 600-800g of fat. Scientific tests on the crocodile oil verify that it contains 

saturated and unsaturated fatty acids, including Omega 3, 6 and 9, combined with other 

highly concentrated essential fatty acids widely known for their preventive and healing 

properties. Further lab analysis has shown that due to the fact that crocodile oil is so 

similar to human skin oil it is very unlikely to cause any type of allergic skin reaction. 

 

 4.1 Crocodile Oil Extraction 

   Crocodile oil has been used for centuries by traditional practitioners and has 

been documented to be very effective in the treatment of ailments ranging from skin 

conditions to cancer (Shim-Prydon & Camacho-Barreto, 2007). Oil extraction affects the 

quantity and quality of the obtained oil. The processes to extract oil from leaf fat are 

several types as follows;  

 

  4.1.1 Solvent Extraction Processes 

   Conventional solvent extraction is a well-established technology for the 

separation of solutes from relatively concentrated feeds such as those found in the 

industrial production of chemicals and of metals by hydrometallurgy. Dilute streams, on 

the other hand, pose a challenge. Treatment of these streams using conventional liquid–

liquid extraction requires a very large value of distribution ratio, otherwise the organic 

phase volume would become unacceptably high from environmental and safety 

considerations. 

   The novel solvent extraction technologies developed in the last decades try to 

address these limitations. Their potential to improve the performance of conventional 

solvent extraction is analyzed in this chapter according to modern trends in the principles 

and in solvent development. Solvent extraction processes usually run at ambient 
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pressures and temperatures. If higher pressures are applied, it is mostly because a higher 

extraction temperature is required when equilibrium or mass transfer conditions are more 

favorable at an elevated temperature. Distillation is based on the differences in vapor 

pressures of the components to be separated, whereas solvent extraction utilizes the 

differences in intermolecular interactions in the liquid phase. Supercritical fluid 

extraction (SFE) is a separation technique that, to a certain extent, unites the principles of 

distillation and solvent extraction.  Subcritical water extraction (SWE), i.e., extraction 

(critical point of water, 22.4 MPa and 374 oC) using hot water under pressure, has 

recently emerged as a useful tool to replace the traditional extraction methods. SWE is an 

environment-friendly technique that can provide higher extraction yields. 

   Few researchers reported the properties of crocodile oil obtaing from solvent 

extraction process. The main objective of extraction is mostly involed quantitative 

analysis. Osthoff et al. (2010) extracted crocodile oil using chloroform and methanol in a 

ratio of 2:1. Schmeda-Hirschmann et al. (2014) showed the anti-inflamatory activity of 

crocodile oil extracted using hexane extraction. 

  

  4.1.2 Physical Extraction Processes 

   Mechanical extraction by hydraulic is one of the most common methods in oil 

processing industry. However, the extraction efficiency seldom reaches 70% when a 

hydraulic press is used (Owolarafe et al., 2007). Wet process Organic solvent extraction 

is widely used for analytical purposes. However, it has several drawbacks in food 

application (Adeniyi and Bawa, 2006). In recent decades there has been a growing 

interest in alternative physical extracted technologies. Several emerging technologies are 

prominent and of great interest to the food industry, in particular pulsed electric fields 

(PEF), power ultrasound (PU), microwave (MW), pulsed light (PL), ohmic heating (OH), 

irradiation (IR), radio-frequency (RF) heating, high pressure processing (HP), high 

voltage electric discharges (HVED), amongst others (Barbosa-Cánovas et al., 1998; 

Zeuthen and Bogh-Sorensen, 2000; Povey and Mason, 1998). 

   No data reported for physical extraction techniques of crocodile oil. 



Chapter	2	 18 

 
  4.1.3 Rendering 

   Most of animal fats are prepared by simple process of melting (rendering) in a 

suitable pan and when separated from the residual tissue by straining are ready for further 

use. The rendering process simultaneously dries the material and separates the fat from 

the bone and protein. A rendering process yields a fat commodity (yellow grease, choice 

white grease, bleachable fancy tallow, etc.) and a protein meal (meat and bone meal, 

poultry byproduct meal, etc.). In consequently, the preparation of fats are 1) comminuting 

the fat 2) melting down the crude fat 3) pressing blubber for separating the liquid from 

the solids fats and after that 5) filtering. 

   Many manufacturers use this technique to extract crocodile oil. However, there 

is no report on the properties of rendering crocodile fat. 

    

 4.2 Crocodile Oil Properties 

 

  4.2.1 Classification of Lipids 

   A number of comprehensive volumes have been published, dealing with the 

structure, occurrence, chemistry, and biochemistry of lipids.  

 

a. Fatty Acids 

    The fatty acids (FAs) are a diverse group of molecules synthesized by chain 

elongation of an acetyl-CoA primer with malonyl-CoA (or methylmalonyl-CoA) groups 

that may contain a cyclic functionality or heteroatoms. The fatty acyl structure represents 

the major lipid building block of complex lipids and is characterized by a repeating series 

of methylene groups that infers hydrophobic character to this category of lipids. The fatty 

acids of plant, animal, and microbial origin usually contain even numbers of carbon 

atoms in straight chains, with a carboxyl group at one end and double bonds of 

the cis or Z configuration in a specific position. The straight-chain saturated fatty 

acids are the most abundant subclass in animal and plant tissues, commonly varying in 
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chain length from 14 to 22 but occasionally from 2 to 36 carbon atoms. The systematic 

and trivial names of the most common fatty acids are listed in Table 2.2, together with 

their shorthand designations. 

    Monoenoic fatty acids contain one double bond in different positions, usually 

in the cis configuration. These compounds have even-numbered straight chains of 10 to 

30 (and more) carbon atoms; the position of the double bond is often noted in the form 

(n-x), where n is the fatty acid chain-length, and x the number of carbon atoms between 

the double bond and the carboxyl group. 

    Other major lipid classes in the fatty acyl category include fatty acid esters, 

such as wax monoesters and diesters and the lactones. The fatty ester class also has 

subclasses that include important biochemical intermediates, such as fatty acyl thioester-

CoA derivatives, fatty acyl thioester-acyl carrier protein (ACP) derivatives, fatty acyl 

carnitines (esters of carnitine), and fatty adenylates, which are mixed anhydrides. Fatty 

alcohols, fatty aldehydes, and fatty amides represent further subclasses, the last 

sometimes showing interesting biological activities in various organisms. 
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Table 2.2 Systematic Names, Trivial Names, and Shorthand Designations of the Most Common Fatty Acids 

Systematic name Trivial name 
Shorthand 
nomenclature 

   
Butanoic acid Butyric acid 4:00 
Hexanoic acid Caproic acid 6:00 
Octanoic acid Caprylic acid 8:00 
Decanoic acid Capric acid 10:00 
Dodecanoic acid Lauric acid 12:00 
Tetradecanoic acid Myristic acid 14:00 
Hexadecanoic acid Palmitic acid 16:00 
Octadecanoic acid Stearic acid 18:00 
Eicosanoic acid Arachidic acid 20:00 
9-hexadecenoic acid Palmitoleic acid 16:1(n-7) 
9-octadedecenoic acid Oleic acid 18:1(n-9) 
trans-9-octadedecenoic acid Elaidic acid 
11-octadecenoic acid Vaccenic acid 18:1(n-7) 
9<comma>12-octadecadienoic acid Linoleic acid 18:2(n-6) 
9<comma>12<comma>15-octadecatrienoic acid α-linoleic acid 18:3(n-3) 
6<comma>9<comma>12-octadecatrienoic acid γ-linoleic acid 18:3(n-6) 
5<comma>8<comma>11<comma>14-eicosatetraenoic acid Arachidonic acid 20:4(n-6) 
5<comma>8<comma>11<comma>14<comma>17-eicosapentaenoic acid EPA 20:5(n-3) 
4<comma>7<comma>10<comma>13<comma>16<comma>19-docosahexaenoic acid DHA 22:6(n-3) 
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   b.Glycerolipids 

 Glycerolipids (GLs) are composed mainly of mono-, di-, and tri-substituted 

glycerols, the best known being the triacylglycerols, fatty acid esters of glycerol, 

formerly termed triglycerides (see Figure 2.2). This simple lipid class constitutes the bulk 

of storage fat in mammalian tissues and is the most abundant one in oils and fats of 

animal and plant origin. Enzymatic biosynthesis of these compounds creates a center of 

asymmetry at carbon-2 of the glycerol backbone, so that different enantiomeric forms 

may exist. According to the recommended numbering system, the prefix sn is placed 

before the name of the compound, provided that its stereochemistry is known or that the 

compound is not racemic. The same nomenclature system is used 

for diacylglycerols (diglycerides) and monoacylglycerols (monoglycerides), yielding 

upon hydrolysis 2 moles and 1 mole of fatty acids per mole of glycerol, respectively. 

They represent intermediates in the biosynthesis and digestion of 

triacylglycerols. Glyceroglycolipids represent additional subclasses that are characterized 

by the presence of one or more sugar residues attached to glycerol via a glycosidic 

linkage. 

 

c. Glycerophospholipids 

 Glycerophospholipids (GPs), also referred to as phospholipids, may be 

subdivided into distinct subclasses, based on the nature of the polar headgroup at the sn-3 

position of the glycerol backbone in eukaryotes and eubacteria or the sn-1 position in the 

case of archaebacteria. Phosphatidic acid or 1,2-diacyl-sn-glycerol-3-phosphate (which 

serves as a precursor of most GPs), lysophosphatidic acid or 1-acyl-sn-glycerol-3-

phosphate (a marker of cancer), and diphosphatidylglycerol (also known as cardiolipin as 

a constituent of the heart muscle) are all members of this class. Glycerolipids are quite 

ubiquitous in nature; they are key components of cells’ lipid bilayer, as primary 

components of cellular membranes and binding sites for intra- and intercellular proteins. 

They are involved in metabolism and signaling and in eukaryotic cells; they are either 

precursors of, or are themselves, membrane-derived second messengers. 
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d. Sphingolipids 

Sphingolipids (SPs) can be divided into several major classes, all sharing a 

common structural feature: a sphingoid base backbone synthesized de novo from serine 

and a long-chain fatty acyl-CoA, then converted into species of different complexity. 

These include sphingoid bases and their derivatives, ceramides, phosphosphingolipids, 

glycosphingolipids, and protein adducts. 

The major phosphosphingolipids of mammals are sphingomyelins (ceramide 

phosphocholines), which consist of a ceramide unit linked at position 1 to 

phosphorylcholine; they are not present in plants and microrganisms. 

 

e. Sterol Lipids 

 Sterol lipids (ST), such as cholesterol and its derivatives, are an important 

component of membrane lipids. Cholesterol has a tetracyclic ring system, with a double 

bond and a free hydroxyl group (see Figure 9.5); it is the most abundant sterol in animal 

tissues, where it plays a vital role in maintaining membrane fluidity. Different sterol 

lipids are found in plants, such as sitosterol and ergosterol. 

 

  4.2.2 Crocodile lipids 

   Crocodile oil has been used for many years by different cultures as a treatment 

for different ailments, and as a miracle cure for skin problems such as acne and pimples, 

burns, wounds, sunburns, bleeding and even eczema. Li et al. (2012) reported that 

crocodile oil accelerated the wound-healing process as indicated by a significant decrease 

inwound closure time in comparison to the burn control and silver sulfadiazine treatment 

groups. Histo-logic results showed well-organized and distributed skin structure and 

collagen deposition in the ani-mals treated with crocodile oil. Transforming growth 

factor-b1 (TGF-b1), a key cytokine promotingscarring, was also observed to play a role 

in the burn wound healing. Immunohistochemical stainingresults showed the negative 

expression of TGF-b1 and Smad3 in the 28-days-postburn skin of crocodileoil group 

versus positive in the epidermis of burn controls. Compared to the burn control group, 
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expres-sions of TGF-b1 and Smad3 mRNA decreased significantly (p < 0.01) in the 28-

days-postburn skin of thecrocodile oil group. 

   Osthoff et al. (2010) showed the fat in the pansteatitis-affected wild crocodiles 

comparing with captive healthy crocodiles. Pansteatitis may be ascribed to oxidation of 

fatty acids in cell membranes which leads to interstitial inflammation (Niza et al., 2003). 

The properties and fatty acid composition of the crocodile tissue fat samples are 

presented in Table 2.3. 

 

Table 2.3 Properties and fatty acid composition of intramuscular and adipose fat of 

captive, healthy wild, and pansteatitis-affected wild crocodiles (Crocodylus 

niloticus) 
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  It was found that the oil had significant in vitro antibacterial activity against 

Staphylococcus aureus and Klebsiella pneumoniae which are responsible for skin and 

lung infections respectively. However, the highest antimicrobial activity was found 

against the fungus, Candida albicans, which is prevalent in the gut of humans and 

overgrows in immune deficient patients as well as in patients on antibiotic therapy. A 

multiple dose-response relationship was observed with 6 percent v/v of crocodile oil 

exhibiting a maximum antifungal activity of 81.7 percent. The oral and topical anti-

inflammatory activities of crocodile oil were tested in mice with induced acute contact 

dermatitis of the ear. An oral dose of 200µl of crocodile oil administered to mice was 

found to have a short acting anti-inflammatory effect with a maximum reduction of 

swelling by 60.8 percent of an inflamed ear 3 hours after treatment. Contrary to the oral 

dose, a topical dose had a relatively longer acting effect with a 50µl dose reducing 

swelling by 57.5 percent after 12 hours (Osthoff et al., 2010).  

   The data of storage stability of all oils are important for commercial product 

launching. The degradation processes are mainly oxidation and hydrolysis. Auto-

oxidation is the most common process for oxidative deterioration and is defined as the 

reaction of atmospheric oxygen with lipids, which is faster at higher temperatures. It 

occurs via a free radical chain reaction. Lipid hydroperoxides have been identified as 

primary products of auto-oxidation (Shahidi and Zhong, 2005). Even few researches 

reported the properties of crocodile oil (Osthoff et al., 2010, Buthelezi et al., 2012, Li et 

al., 2012) but the storage stability of its oil is very scarce. 

 

 4.3 Utilization of Crocodile Oil 

  The utilization of crocodile parts for cultural purposes is limited as compared to the 

leather exports for the high-fashion world. The trade of crocodile skins has become a 

lucrative business due to the high prices paid for reptile-leather products. Between the 

years 1950-1980, it was estimated that approximately three million crocodiles were killed 

for their skins.  Due to increasingly adverse environmental pressures and populations that 

have encroached on crocodile habitats and the overutilizing of crocodiles for commercial 
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exotic leather trade, crocodiles have been close to extinction. The other products of 

crocodile are meat, blood and oil. 

  The meat fat composition of crocodiles is known to contain high levels of palmitic 

(16:0), palmitoleic (16:1c9), stearic (18:0), oleic (18:1c9) and linoleic (18:2n6) acids. 

Crocodiles are monogastric animals and therefore their diet strongly influences the fatty 

acid composition of the fat. Fish based diets result in greater amounts of longer fatty 

acids compared to chicken and beef diets (Osthoff et al., 2009).  

  Crocodile oil has the same composition as human skin oil. It only differs with 

regard to the percentages of the ingredients present. Crocodile oil contains saturated and 

unsaturated fatty acids. Because of the similar composition as human skin oil, crocodile 

oil will rarely be allergenic when applied to human skin and therefore will be a very well-

accepted and safe product to use (Croc city, 2012). 

  There are many claims of positive results when crocodile oil-containing products 

are used. It includes fading of freckles, acne, pimple marks, dark lines, wrinkles and 

laugh lines. It also includes vanishing of uneven dark tones, dark shadows, sun spots and 

other discolorations. It helps prevent the forming of discoloration and makes the skin 

softer, brighter and more attractive. It also controls rashness and dryness. Because of the 

similar composition as human skin oil, crocodile is therefore a very popular and safe 

product to use (Croc city, 2012). In Table 2.4 crocodile oil ingredients are compared to 

human skin oil (Croc city, 2012). Therefore, there are several products for skin such as 

crocodile oil balm, crocodile lotion, etc (Figure 2.2).  
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Table 2.4 Crocodile oil compared to human skin oil 

 

  

 

   

 

Figure 2.2 Crocodile oil products 
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Chapter 3 

MATERIALS AND METHODS 

 

Materials 

 

Triplicate batch of crocodile (Crocodylus siamensis) fatty tissue were obtained 

from the local Sriracha Moda Farm, Chon Buri, Thailand. The crocodile’s age 

ranged from 2.5 - 3 years. They fed with chicken and pork ribs cut from the 

manufacturer certify that is not a disease contamination. The moisture content of 

crocodile fatty tissues on a dry weight basis according to AOAC (1990) was range 

from 81.52-83.17%.  The crocodile fatty tissue was obtained after peeling leather 

out and frozen at temperature of -18 °C from manufacturer. The crude fat samples 

were transported to the laboratory under refrigeration and were immediately stored 

at -40 °C until analyzed. 

  Folin Ciocalteu’s phenol reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

ferrous sulfate, ferrozine, linoleic acid were purchased from Sigma Chemical Co., 

Ltd (St. Louise, USA). Sodium bicarbonate and the other chemicals and solvents 

used in this experiment were analytical grade purchased from Sigma-Aldrich Co., 

Ltd (Steinheim, Germany). 
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Methods 

 

1. Investigation of the appropriate condition of crocodile oil extraction. 

 

Oil extraction affects the quantity and quality of the obtained oil. The 

appropriate extraction method should be simple, safe, reproducible, inexpensive 

and suitable for industrial application (Vongsak et al., 2013). Few reports focused 

on the composition of oil extracted by different methods. Hence, the objectives of 

this study were to assess the effect of a wet extraction, solvent free microwave 

extraction and Autoclave sterilized extraction methods on the chemical and 

physical properties of Siamese crocodile oil. 

 

1.1 Extraction of crocodile oil 

  The leaf fat samples (Figure 3.1) were washed and then kept in freezer at     

-20C no longer than two months. 

 

 

 

 

 

 

 

 

Figure 3.1 The leaf fat of the crocodile obtaining from the skin process in the 

crocodile leather manufacturer. 
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a)  A wet extraction method  

  Crocodile leaf fat (1 kg) was prepared by cutting into 1x1x1 cm3. After 

that, the fat was spread (with a thickness of 2 cm) onto the plate and subjected to 

steam at 50 oC and 70oC for 60 min. Fine particles in the expressed oil were 

separated by cheesecloth. The obtained fat was centrifuge at 1800×g for 30 min 

obtaining the upper layer oil. Sodium sulfate anhydrous (Na2SO4) was added for 2 

h to remove moisture from the fat. The final extraction oil was collected and stored 

at 4oC until subsequent analysis. 

 

b)  A laboratory solvent free microwave extraction method 

 A laboratory solvent free microwave extraction (LSFME) was performed 

according to Filly et al. (2014) in a laboratory microwave oven (Electrolux model 

EMS3067X, Georgia, USA) with a maximum power of 900 W. The experimental 

SFME variables were optimized in order to maximize the essential oil yield. In a 

typical SFME procedure performed at atmospheric pressure, 250 g of frozen leaf 

crocodile fat was heated using a fixed power of 150 W for 5 and 8 min without 

adding any solvent or water. The oil and water was simply separated by 

decantation. The obtained oil was centrifuge at 1800×g for 30 min obtaining the 

upper layer oil. The oil was dried under anhydrous sodium sulphate and stored at 

4oC until used. 

 

c)  Autoclave sterilized extraction method 

  Crocodile leaf fat (100 g) was autoclaved for 15 and 30 min at 121 °C in 

order to destroy endogenous enzymatic activities and microorganism. After that, 

the crocodile oil separation was obtained same as a wet extraction method. 

 

1.2 Determination of extraction ratio 
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The extraction ratio (ER) was measured according to method reported by 

Zaidul et al. (2007). ER is based on the amount of extracted oil relative to the total 

amount of oil in the sample.  

 

1.3 Determination of color 

  The color of crocodile oil was measured with a Spectrophotometer 

(Minolta CM-3500d, Tokyo, Japan) according to Maisuthisakul and Changchub 

(2014). In addition, the chroma (C) value indicates color intensity or saturation, 

calculated as C = (a*2+b*2)1/2, and Hue angle was calculated as H = tan−1 (b*/a*) 

(Bao et al., 2005). 

 

 1.4 Determination of physicochemical properties 

 Refractive index (RI) at 25 oC was determined according to AOCS 

Official Methods (1997) Ca 5a-40. Peroxide value (PV) was evaluated according to 

AOCS official method Cd 8-53 (1990) with an automatic titrator (Mettler-Toledo 

model DL 5X, Switzerland) equipped with stirrer and redox electrode. TBARS was 

measured according to the method described by Buege and Aust (1978). A standard 

curve was prepared using 1,1,3,3-tetramethoxypropane (MDA) at the concentration 

and TBARS was expressed as mg of MDA equivalents/kg sample. Acid value, 

saponification value, iodine value also were investigated according to AOAC 

(1990). Melting point and viscosity were determined according to AOCS Official 

Methods (1997) Cc 3 – 25 and ASTM D445, respectively. Carotenoid pigments 

were determined using the method of Mínguez-Mosquera et al. (1991). It was 

performed by applying calibration curve constructed by preparing solutions of 

increasing concentration, from 0.5 to 2.5 µg β-carotene/ml hexane. The absorbance 

was recorded at 470 nm using hexane as blank. Result was given as milligrams per 

kg of oil. Carotenoid content were calculated using Eq. (1); where A() is the 

absorbance and L is the spectrophotometer cell thickness (10 mm), respectively. 
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 Carotenoid (mg/kg) =                                                      …….(3.1) 

 

All analyses were carried out using three replications and the results were averaged. 

 1.5 Determination of fatty acid methyl esters 

Fatty acid profiles were determined by preparation of methyl esters as 

described by IUPAC (1974) and analysed by gas chromatography using an external 

standard method as described by Sahena et al. (2010). The analysis was carried out 

in triplicate. The fatty acid components were identified based on the elution order 

of the reference fatty acids standard mixture. 

 

1.6 Determination of Salmonella spp., Clostridium perfringens, Staphylococcus 

aureus and Candida albicans 

  Salmonella spp. was determined according to ISO 6579 (2002). 

Moreover, Clostridium perfringens (In house method based on FDA BAM, 2001), 

Staphylococcus aureus (AOAC Official Method 2003.07, 2012), and Candida 

albicans (AOAC official method 998.10, 2011) were also determined. 

 

 1.7 Determination of FTIR 

  Spectra were collected using a Fourier transform mid-infrared (MID-FTIR) 

spectrometer to determine the distribution of functional groups present in crocodile 

oil products. The FTIR spectra of oils were recorded in the transmittance mode, 

between 4000 and 400 cm–1, averaging 16 scans at a resolution of 4 cm–1, using a 

Perkin Elmer Spectrum BX spectrophotometer. A background air spectrum was 

scanned before each measurement session using the same instrumental conditions. 

Spectra were processed with the Spectrum software version 3.01.00 (PerkinElmer, 

Inc.). The quadruplicates of each sample were averaged to obtain an average 

spectrum. The identification of these absorptions peaks was made according the 

previously published data. 

 

A(470) × 106 
2000 × 100 × L 
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2.  Investigation of the storage stability of selected extracted crocodile oil. 

 

The appropriated extraction method from step 1 was used to extract 

crocodile oil for further analysis of their storage stability.  

 

2.1 Extraction of crocodile oil 

The sample extraction using a laboratory solvent free microwave 

extraction method which showed the high extraction ratio and good quality was 

used to extract the crocodile oil. 

 

2.2 Determination of storage stability 

Ten grams of crocodile oil samples were transferred into a test tube 

(internal diameter 13 mm, height 150 mm), tightly sealed with a plastic cap. All 

samples were stored at 30°C, 40°C and 50°C for 8 weeks. All samples were 

sampling out every 7 days by determining the oxidative stability through using the 

PV, TBARs, acidity, saponification value, iodine value and color. 

 

3. Development and evaluation of the acceptance of crocodile liquid balm 

product from the consumer. 

 
 Liquid balm always uses in Thailand for relief pain and ache for their household 

medicine. Typically, liquid balm is composed of methyl salicylate, menthol, 

camphor and eucalyptus oil. There are many brands of liquid balm in Thailand. In 

the past, most consumer behavior of this product is continually used in daily life. 

Consumers always select the product from familiar brand or loyalty to the brand. 

The previous strategy and advertising normally uses word of mouth because of the 

confidence in the quality of the product. Distribution channel is limited to the 

pharmacy alone. However, in the recent days, the distribution channels are 

expanded to modern trade, hyper mart and supermarket to reach consumers. 

Unfortunately, there is rarely data to show the liking factors of liquid balm. In the 
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present study, the utilization of crocodile oil by product from industry was applied 

to produce liquid balm and the liking factors of the product were investigated. 

 

 3.1  Samples  

Nine common commercial brands of liquid balm products were collected 

from pharmacy, modern trade, hyper mart and supermarket. They are A, B, C, D, 

E, F, G, H, and I comparing to liquid balm from crocodile oil (J) as Figure 3.2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2 Commercial and studied liquid balm oil samples 
 

3.2  Development of liquid balm 

  The liquid balm sample was composed of 71.03% crocodile oil, 13.34% 

menthol, 5% wintergreen oil, 6.6% borneol, 4% camphor. The crocodile oil and 

wintergreen oil was mixed together. The others were mixed together. After that, 

component 1 and 2 were mixed again. Then, the mixed liquid was transfer to 

screw capped bottles as Figure 3.3. 

 
 
 
 
 
 
 

A B C D 

 J 

E 

F G H  I 
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Figure 3.3 The glass bottle container of studied liquid balm. 

 

3.3 Consumer preference testing 

One hundred of consumers, users and likers of liquid balm product, 

between 15 and 55 years of age, participated in the consumer tests. They 

represented four categories based on gender (men and women) and age (20s and 

40s). Power analysis measuring attitudes and liking established that about 30 

consumers per gender and age category was required to achieve adequate statistical 

power (Guinard et al., 2001). That target number was reached for two of four 

categories in the study. Men and women in their 40s were more difficult to recruit, 

and the number of subjects in these two categories was lower (20 and 40, 

respectively). 

Consumer tests were carried out in the sensory laboratory of the 

Department of Agro-Industrial Product Development Technology at University of 

the Thai Chamber of Commerce, Thailand. This set up was selected to afford better 

control of the experimental conditions. 5-point hedonic (attribute diagnostic 

questionnaire) and buying order including age, gender, education, occupation and 

salary information were obtained from the consumers during blind testing and 

informed testing sessions held over two consecutive weeks, with three different 

days. The samples were presented sequentially according to a design balanced for 

presentation order and first-order carry over effects (Murray and Delahunty, 2000). 

In the blind condition, samples were served monadically in glass containers with 

screw capped to maintain their odor for as long as possible. In the informed 

condition, samples were served as in the blind condition, except that an empty 
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commercial sample container showing the brand name and label, with the price, 

was place alongside the sample container for examining. 

4.  Statistical analysis 

Each experiment, from sample preparation to analysis, was repeated in 

triplicate, and the data were analyzed by SPSS software program (SPSS Inc., 

Chicago, IL, USA). The general linear model procedure was applied and Duncan’s 

new multiple range tests was used to compare the mean values at p<0.05.  Mean 

values and pooled standard error of the mean (SEM) were then estimated.  
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Chapter 4 

RESULTS AND DISCUSSION 

 

1. Investigation of the appropriate condition of crocodile oil extraction. 

 

Crocodile oil discards as waste or sells very cheap as biodiesel. Hence, new 

product development from crocodile oil is interesting for value added products. 

During crocodile skin preparation, meat and fat are removed quickly from skin to 

avoid bacterial contamination. The leaf fats are obtained from the crocodile skin 

process (Figure 1). Environmental friendly extraction techniques with increased 

productivity should be considered for crocodile oil commercial utilization. Hence, a 

wet extraction (WE), solvent free microwave extraction (SFME) and autoclave 

sterilized extraction (ASE) were selected to study in this research. The most 

suitable sample extraction was based on the high extraction ratio, low peroxide 

value (PV) and thiobarbituric acid and reactive substances (TBARs) value 

including good quality on physicochemical properties. The appropriated extraction 

method was used to extract crocodile oil for further analysis of their storage 

stability.  

 

 

 

 

 

 

 

 

 

Figure 4.1 The leaf fat of the crocodile obtaining from the skin process in the 

crocodile leather manufacturer. 
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 1.1 Crocodile oil properties by the different extraction methods 

Effect of different extraction methods on extraction ratio, color, PV and 

TBARs were observed in Table 4.1. After microwave heating, the temperature of 

the internal core crocodile sample increased to 81.3oC and 103.5oC at 5 and 8 min, 

respectively. The fat content of the crocodile leaf fat samples is 78.4% (db). The 

extraction ratio was varied considerably between samples, from 0.513 to 0.987. The 

obtained yield from SFME (150W for 8 min) comparable to WE (70oC for 60 min) 

procedure, it was agreement with Filly et al. (2014) reported that the extraction 

yield of essential herb oil was similar between solvent free microwave extraction 

procedure and hydro distillation procedure. The microwave extraction is performed 

in 8 min without adding any solvent or water. It is a rapid technique and less 

energy utilization. The heating is directly to the samples and the container does not 

absorb microwave radiation. In contrast, the wet extraction is transmitted heat by 

conduction and convection principle. The shorter extraction time, the high 

efficiency and oil quality is obtained (Ballard et al., 2010; Wang & Weller, 2006). 

This is consistent to the results of PV, TBARs (Table 1) and AV of the oil (Table 

4.2).  
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Table 4.1 Characteristics of crocodile oil extracted by different extraction methods¥ 

¥ Dry weight basis of crocodile oil; Means of three replications±SD (standard deviation); Different superscript letters mean significant 

differences (P<0.05) between conditions in each column. 

   WE means a wet extraction. 

   SFME means solvent free microwave extraction. 

   ASE means autoclave sterilized extraction. 

 

Extraction 
methods 

Condition Extraction ratio Color PV  
(meq peroxide/Kg oil) 

TBARs  
(meq MDA/kg oil) Hue angle 

(Ho)  
Chroma 

(C) 
WE 50oC, 60 min 

 
70oC, 60 min 
 

0.681c+0.003 
 
0.987e+0.010 

57.1o e+0.2 
 

54.3o b+0.1 

0.572 a +0.003 
 

0.661 b +0.005 
 

 

2.51ab +0.18 
 

2.63b +0.12 
 

1.17a +0.02 
 

1.38b +0.04 
 
 

SFME 150W, 5 min 
 
150W, 8 min 

0.781d+0.004 
 
0.971e+0.007 

56.8o d+0.1 
 

53.6o a+0.3 

0.570 a +0.004 
 

0.659 b +0.003 
 
 

2.38a +0.11 
 

2.42a +0.15 
 

1.15a +0.01 
 

1.14a +0.03 
 

ASE 121oC, 15 min 
 
121oC, 30 min 

0.513a+0.002 
 
0.661b+0.004 

56.3o c+0.2 
 

56.1o c+0.1 

0.569 a +0.006 
 

0.660 b +0.001 
 

2.98c +0.17 
 

3.75d +0.21 
 

2.38c +0.11 
 

2.97d +0.26 
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Table 4.2 Effect of different extraction methods on physicochemical and 

microbiological properties of crocodile oil samples¥.  

Characteristics WE70,60 SFME150,8 ASE121,30 

Refractive index (25oC) ns 

Acid value (mg KOH/g oil) 

Saponification value (mg KOH/g oil) 

Iodine value (mg I2/100 g oil) 

Melting point (oC) ns 

Kinematic viscosity (40oC, cp) ns 

Salmonella spp.(Log10CFU/g oil) ns 

Clostridium perfringens .(Log10CFU/g oil) ns 

Staphylococcus aureus .(Log10CFU/g oil) ns 

Candida albicans .(Log10CFU/g oil) ns 

1.473  +0.004 

2.56 b +0.12 

191.18 a +0.11 

106.13 ab +1.15 

27.2 +0.1 

30.5+1.1 

0.0+0.0 

0.0+0.0 

0.0+0.0 

0.0+0.0 

1.473  +0.003 

2.01 a +0.09 

191.45 b +0.12 

111.37 c +1.32 

27.2 +0.1 

30.1+1.3 

0.0+0.0 

0.0+0.0 

0.0+0.0 

0.0+0.0 

1.472  +0.005 

2.61 b +0.12 

189.89 c +0.19 

108.94 bc +1.38 

27.1 +0.1 

31.5+1.2 

0.0+0.0 

0.0+0.0 

0.0+0.0 

0.0+0.0 

¥ Dry weight basis of crocodile oil; Means of three replications±SD (standard 

deviation); Different superscript letters mean significant differences 

(P<0.05) between conditions in each row. 

   WE70,60 means a wet extraction at 70oC for 60 min 

   SFME150,8 means solvent free microwave extraction at 150W for 8 min. 

   ASE121,30 means autoclave sterilized extraction at 121oC for 30 min. 

 

The peroxide value is used to measure the lipid oxidation reaction rate, 

which causes rancidity, is a value that indicates the primary oxidation products 

presented in the oil. Typically, an acceptable PV is less than 5 meq/kg for refined 

fish oil (Ackman, 2005). The PV of all extracted crocodile oil samples were less 

than level of acceptable PV value. These meant that all extracted oil were not 

rancid. PV and TBARs of SFME (150W for 5 min and 150W for 8 min) showed 

similar to those of WE (50oC for 60 min) which were the lowest value. These 
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conditions give the good quality of oil samples. TBARs values of crocodile oil 

samples were similar to those of sardine and blue fish muscle (Tokur & Korkmaz, 

2007). The hue-angle is the feature that has been designated by the color of reddish, 

greenish and others. Hue values of crocodile oil samples are ranged of 54.3-57.1, 

which denotes yellowish color. However, the oils show lighter yellowish than 

sardine oil (80.39 ̶ 90.76) (Garcίa-Moreno et al., 2013). The hue angle value of 

crocodile oil extracted by SFME technique showed the lightest yellowish color 

comparing to WE and ASE (Table 4.2).  

The extracted crocodile oil samples from appropriate condition of each 

method were used to evaluate RI, AV, SV, IV, melting point, kinetic viscosity, 

Salmonella spp., Clostridium perfringens, Staphylococcus aureus, Candida 

albicans (Table 4.2), and fatty acid composition (Table 4.3) including FTIR (Figure 

4.2). The appropriate conditions were concerned the higher extraction ratio, lighter 

color, lower PV and TBARs values. Extraction techniques affected only AV, SV, 

IV and some fatty acid of crocodile oil including some band in FTIR. In agreement 

with our results, another studies showed that there were not possible to detect the 

differences in RI and viscosity of oil samples between different extraction methods 

(Bampouli et al., 2014). 
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Table 4.3 Changes in fatty acid composition of oil extracted from crocodile leaf by different extraction methods¥ 
 

Fatty acids (FA) (% w/w methyl ester) Common name WE70,60 SFME150,8 ASE121,30

Saturated FA  
C10:0 
C12:0 
C14:0 
C15:0 
C16:0 
C17:0 
C18:0 
C20:0 
C22:0 
C23:0 
C24:0 
Mono-unsaturated FA 
C14:1 
C16:1n−7 
C18:1n−9c 
C20:1n−11 
C24:1n−9 
Poly-unsaturated FA 
C18:2n−6 
C18:3n−6 
C18:3n−3 
C20:2 
C20:3n−6 
C18:3n−3 
C20:4n−6 
C20:2 
C20:5n−3 
C22:6n−3 

 
Capric acid ns 
Lauric acid 
Myristic acid 
Pentadecanoic acid ns 
Palmitic acid 
Heptadecanoic acid 
Stearic acid 
Eicosanoic acid 
Docosanoic acid 
Tricosanoic acid ns 
Tetracosanoic acid 
 
Myristoleic acid 
Palmitoleic acid 
cis-9-Oleic acid 
cis-11-Eicosenoic acid 
Nervonic acid 
 
cis-9,12-Linoleic acid 
gamma-Linolenic acid 
alpha-Linolenic acid ns 
cis-11,14-Eicosadienoic acid 
cis-8,11,14-Eicosatrienoic acid 
cis-11,14,17-Eicosatrienoic acid 
Arachidonic acid 
cis-13,16-Docosadienoic acid 
cis-5,8,11,14,17-Eicosapentaenoic acid 
4,7,10,13,16,19-Docosahexaenoic acid ns 

 
0.02 +0.00 
0.66 c +0.01 
0.66 a +0.01 
0.08 +0.01 

22.10 a +0.04 
0.13 b +0.01 
6.06 a +0.02 
0.11 b +0.01 
0.12 +0.01 
0.88 +0.02 
0.02 b +0.00 

 
0.11 c +0.00 
2.83 a +0.03 

35.37 a +0.02 
0.44 a +0.03 
0.03 b +0.00 

 
21.15 c +0.04 
2.25 c +0.01 
0.69 +0.03 

2.20 c +0.01 
2.31 b +0.01 
0.04 b +0.00 
0.02 b +0.00 
2.02 b +0.00 
0.04 b +0.00 
0.16  +0.00 

 
0.02 +0.00 
0.48 b +0.03 
0.87 b +0.05 
0.08 +0.00 

23.88 b +0.12 
0.10 a +0.00 
6.26 b +0.11 
0.08 a +0.00 
0.10 +0.00 
0.67 +0.00 
0.01 a +0.00 

 
0.08 a +0.00 
6.46 b +0.04 

34.17 b +0.13   
0.82 b +0.00 
0.01 a +0.00 

 
16.59 a +0.14 
1.17 b +0.00 
0.67 +0.02 

2.57 b +0.03 
2.79 a +0.06 
0.03 a +0.00 
0.01 a +0.00 
1.84 ab +0.11 
0.02 a +0.00 
0.16  +0.01 

 
0.02 +0.00 
0.50 a +0.04 
0.61 b +0.03 
0.10 +0.00 

21.26 c +0.06 
0.16 b +0.00 
5.78 c +0.09 
0.10 a +0.00 
0.13 +0.00 
0.72 +0.00 
0.01 a +0.00 

 
0.12 b +0.00 
2.44 c +0.03 

35.54 c +0.11   
0.39 c +0.01 
0.01 a +0.00 

 
22.36 b +0.21 
2.31 a +0.00 
0.87 +0.02 

1.89 a +0.03 
2.05 c +0.01 
0.04 a +0.00 
0.01 a +0.00 
2.17 a +0.10 
0.02 a +0.00 
0.18  +0.00 

¥ Dry weight basis of crocodile oil; Means of three replications±SD (standard deviation); Different superscript letters mean significant differences (P<0.05) between 
conditions in each row. 

   WE70,60 means a wet extraction at 70oC for 60 min 
   SFME150,8 means solvent free microwave extraction at 150W for 8 min. 
   ASE121,30 means autoclave sterilized extraction at 121oC for 30 min. 
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Table 4.4 Fatty acid composition of oil extracted from crocodile leaf by different extraction methods¥ 
 

Fatty acids (FA) (% w/w methyl ester) Common name WE70,60 SFME150,8 ASE121,30 

Total saturated FA (SFA) 

Total unsaturated FA (TUFA) 

Total mono-unsaturated FA (MUFA) 

Poly-unsaturated FA (PUFA) 

Ratio of n-6/n-3 

PUFA/SFA 

MUFA/PUFA 

C18:1/C18:2 

(MUFA+PUFA)/SFA 

 30.34  

69.66 

38.78 

30.88 

27.67 

1.26 

1.02 

1.67 

2.30 

30.58 

69.41 

43.55 

25.15 

23.35 

1.68 

0.82 

2.18 

2.27 

30.39 

69.60 

38.50 

31.10 

23.17 

1.24 

1.02 

1.59 

2.29 
¥ Dry weight basis of crocodile oil; Means of three replications±SD (standard deviation); Different superscript letters mean significant differences (P<0.05) between 

conditions in each row. 

   WE70,60 means a wet extraction at 70oC for 60 min 

   SFME150,8 means solvent free microwave extraction at 150W for 8 min. 

   ASE121,30 means autoclave sterilized extraction at 121oC for 30 min. 
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Acid value is a common parameter which measures the free fatty acid 

presenting in the oil. The high acid value (AV) obtained, AV > 20 (Ackman, 2005), 

denotes an advanced state of rancidity. The results confirm that the oil samples 

were not rancid after extraction (Table 2) and indicate that the oil would not require 

purification before usage because of low free fatty acid contents of the oil. The 

SFME techniques showed the least value of AV, therefore this technique extracts 

the crocodile oil containing low free fatty acid (FFA). Typically, FFA indicates 

hydrolysis of triglycerides in fats and oils. It is an indicator of inadequate 

processing by the action of lipase enzyme in the animal tissues. Nilson & Willart 

(1960) reported that heating at 80oC for 20 s is sufficient to inhibit all lipases. 

Heating time consuming for reaching 80oC of convection heating is longer than that 

of radiation heating. During wet and autoclave sterilized extracting methods, 

lipases can hydrolyze oil into free fatty acid more than microwave extraction. 

These results suggested that microwave heating can inhibit lipase activity more 

rapidly than convection heating.  

The SV is an estimation of the molecular weight (MW) of the 

triacylglycerol. The higher the SV, the lower the chain length of the triglycerides is 

obtained. The SV of studied crocodile oil samples ranged from 189.89–191.45 mg 

KOH/g oil. The oil from SFME150,8 exhibited the highest value of SV. This 

suggested that crocodile oil extracting with microwave method gave the number of 

short chain fatty acids more than that of the other methods. This is consistent to 

FFA composition (Table 4.3). The oil from SFME150,8 showed high values of 

palmitic acid (C16:0) and oleic acid (C18:1). As suggested by Gopinath et al. 

(2009), there was a relation between SV and fatty acid composition. The 

correlation analysis between SV and fatty acid methyl esters (FAMEs) showed that 

oleic acid is highly positively correlated and linoleic acid is highly negatively 

correlated with SV. The SV of extracted crocodile oil in this study was similar to 

the standard SV of crude fish oil (190-200 mg KOH/g oil) given by Bimbo (1998).  

Iodine value indicates the degree of unsaturation. The higher the IV, the 

higher the unsaturated fatty acid esters are obtained. In other words, the IV 
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increases with increasing the number of double bonds. The oil from WE70,60 

exhibits the lowest value of iodine value (Table 4.2). When comparing these results 

with those obtained previously (Leszkiewicz & Kasperek, 1988), some similarities 

are observed. IV decreased (P < 0.05) as heating time increased. Treatment with 

steaming was taken long time (60 min). This may be a reason one should expect to 

find much degradation of unsaturated fatty acid in the crocodile oil and make it 

show the lowest value of IV. The obtained oil samples in this results range from 

106.13-111.37 mg I2/100 g oil. The iodine value less than 120 mg I2/100 g oil 

placed the oil as non-drying oil such as food, plasticizer and lubricant (Atabani et 

al., 2013).  

The changes observed in the fatty acid composition including SFA, 

MUFA and PUFA in studied oils from different extraction techniques are shown in 

Table 4.4. Extraction techniques do not affect to the ratio of total unsaturated and 

saturated fatty acid. Crocodile oil composes of 30.44+0.12% of total saturated and 

69.55+0.12% of total unsaturated fatty acid. High quantity of unsaturated fatty 

acids present in crocodile oil, which makes it a compelling choice for the functional 

foods market. In the samples studied, no significant differences were observed in 

the TSA and TUFA content, which indicates that the content is virtually the same 

regardless of the extraction method used. However, the differences in the percent of 

MUFA, PUFA, n6/n3, C18”1/C18:2, PUFA/SFA obtained from the different 

extraction techniques of crocodile leaf fat were significant (P<0.05). Palmitic acid 

(C16:0), Oleic acid (C18:1) and Linoleic acid (C18:2) are the main fatty acid in all 

the crocodile oil extracting from different techniques, as can be observed by other 

researchers (Garnett, 1985). Oleic acid is the main fatty acid ranging from 35.17% 

to 35.54%, meanwhile palmitic (ranging from 22.10% to 23.88%) and linoleic 

acids (ranging from 16.59% to 22.36%) are high amount of fatty acid in crocodile 

oil. Linoleic acid and linolenic acid are essential PUFA. It seems evident from 

these results that heating method strongly affects to linoleic acid (Table 3). The 

lowest value of linoleic acid content (16.59+0.14%) was observed after the oil 

extracted by microwave. The explanation could be that the moisture level provides 

the protection from losses of unsaturated fatty acids, linoleic and linolenic, during 
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heating, and that is in accordance with the findings of Yoshida & Kajimoto (1988). 

Moreover, high temperatures caused changes in unsaturated fatty acids with 18 

carbon atoms resulting in relative increase of the oleic acid, linoleic acid and 

linolenic acid content (Žilić et al., 2010). Convection heating with autoclave, which 

possesses higher temperature heating than steaming, shows the highest value of 

C18 unsaturated fatty acids of extracted crocodile oil. As a great source of essential 

fatty acids, especially linoleic (18:2n), that belongs to ω-6 series of fatty acids, and 

linolenic (18:3n), that belongs to ω-3 series of fatty acids, crocodile oil from ASE 

has a beneficial effects on nutrition and health (Friedman & Brandon, 2001; 

Wathes et al., 2007). However, a high content of essential polyunsaturated fatty 

acids makes the oil less stable. PV and AV of oil obtained from ASE exhibited 

strongly high (Table 1 and 2). Stearic acid (C18:0), as a saturated fatty acid, is very 

stable to heat (Table 3). This is in agreement with the results of Žilić et al. (2010). 

Interestingly, oil from microwave heating exhibited the highest value of C16 fatty 

acids which are palmitic acid and palmitoleic acid. This is in agreement with the 

results of Yoshida et al. (2005).  The percentage of C18 unsaturated fatty acids 

showed significant decreases (P<0.05) in the sunflower seed oil after microwave 

heating, and the percentages were compensated by increases (P<0.05) of palmitic 

and stearic acids.  

 The extraction treatments had a great impact on the MUFA, PUFA, ratio 

of n6:n3 and C18:1/C18:2 in crocodile oil. The highest MUFA is found in the oil 

from SFME150,8 . The monounsaturated fatty acids (MUFA) were mainly composed 

of oleic (18:1n9) and palmitoleic (16:1n7) acids. MUFA is important due to its 

effect on nutritional value and oxidative stability of the oils. In addition, MUFA 

contents are related to a bitter taste (Youssef et al., 2010). Linoleic acid (LA) is the 

main essential PUFAs. LA is categorized as an essential fatty acid because the 

human body cannot synthesize it. Linolenic acid, Eicosatrienoic acid, n6 fatty acids 

are found in high content of PUFAs from crocodile oil.  Family n6 fatty acids are 

pro-inflammatory and anti-inflammatory polyunsaturated fatty acids which have in 

common a final carbon-carbon double bond in the n-6 position. Some medical 

research (Mazza et al., 2007) suggests that eating a lot of certain omega-6 fatty 
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acids may lead to some diseases. PUFAs above C18 are not appreciably 

synthesized by higher plants, since they lack the requisite enzymes. The ratios of 

n6/n3 and PUFA/SFA, which are indices widely used to evaluate the nutritional 

value of fat for human consumption. According to some nutritional 

recommendations (British Department of Health, 1994), the PUFA/SFA ratio in 

human diets should be above 0.45 and, within the PUFA, the n6/n3 ratio should not 

exceed 4.0. In the present experiment, PUFA/SFA ranged from 0.82 to 1.02, 

whereas ratio of n6/n3 ranged from 23.17 to 27.67. A valuable contribution to the 

coverage of daily requirements in n3 FA is 200 mg, for both sexes, according to the 

British Department of Health (1994). These results suggest that crocodile oil is not 

appropriate for human diets. 

MUFA/PUFA and C18:1/C18:2 ratios are two important parameters 

capable of indicating the quality and stability of oils. The high MUFA/PUFA ratio 

possesses the resistance to oxidative deterioration. Similar (MUFA+PUFA)/SFA 

ratios are obtained from the results (2.27-2.30). Crocodile oils seem to be less 

stable. The obtained oil from SFME150,8 showed the greatest stability comparing to 

WE70,60 and ASE121,30.  

The MID-FTIR spectra can be used as a potential tool for differentiation 

among fats and oils due to its band absorptions that are a function of the molecular 

bonds presenting in the sample, so all fats and oils have a ‘‘fingerprint’’ spectrum 

related to their chemical composition. The characteristic infrared spectra of 

different extracting techniques of crocodile oil appear very similar characteristic 

peaks (Figure 4.2). The presented spectrum exhibits several absorption bands that 

can be attributed to many functional groups. Table 4 shows the MID-FTIR bands 

interpretation in spectra of extracted crocodile oil. As expected similar bands 

among crocodile oil and fish oil were found (Table 4.5), since they correspond to 

the vibrations of functional groups belonging to proteins, lipids and water which 

are the main components of the extracted fats and oils. The oils from Atlantic 

bluefin tuna (ABT), crevalle jack (CJ) and Atlantic Spanish mackerel (ASM) were 

selected to compare the FTIR spectrum because they are aquatic animal fat which 

are available data and showed the similar MID- FTIR spectrum. However, the fats 
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and oils from crocodile oil, ABT, CJ and ASM (Hernández-Martinéz et al. 2013) 

have different shapes. Therefore, the shape of the curve is a signature of the origin 

of the fats and oils. Typically, FTIR is used for the determination of the 

geometrical configuration of double bonds in fatty acids. At 3007 cm-1 the 

contribution is connected to the C-H vibration band of the ethylenic group 

(Bellamy, 1975), which is characteristic of the unsaturated fatty acid. The increase 

in absorbance at 3007 cm-1 suggested the higher contents of unsaturated fatty acids 

(Figure 4.2 and Table 4.4) (Dupuy,et al., 1996).   

 

Figure 4.2 FTIR spectra of crocodile oil at mid infrared region (4000-400 cm-1). 
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Table 4.5 MID-FTIR bands for functional groups found in crocodile oil spectra 

Assignment Band frequency (cm-1)/Absorption intensitya 

Crocodile oil ABT, CJ, ASMb 

O–H stretching of water.c 

C–H stretching of lipids.d 

C–H stretching of aldehydes.e 

S–H stretching of cysteine.f, g 

C=O stretching of carboxylic group.h 

C=O stretching of proteins (Amide I).i 

O–H stretching overtone of water.i 

N–H bending and C–N stretching 
(Amide II) of proteins.i 

C–H2 (methylene) and C–H3 (methyl) 
scissoring vibration of lipids.d 

PO  (Phospholipids) asymmetric 
stretching, protein amide III band 
(C–H and N–H).i 

C–O–C asymmetric stretching of lipid 
esteri 

C–O and C–C stretching vibrations of 
ester.d 

PO  symmetric stretching, C–C and 
C–O vibrations of lipids and 
proteins.i,j 

3473/w 
3007/s, 2955/vs, 2925/vs 

2731/w, 1746/vs 
2680/w 

 
1655/m 

 
 
 

1465/vs, 1377/s 
 

1237/m 
 
 

1163/vs 
 
 
 

1099/w, 1418/w, 722/s 
 
 

3360/vs 
2958/w, 2925/m,2854/m 

- 
 

1396/m 
1652/vs 
1640/vs 
1550/s 

 
1460/m 

 
1239/w 

 
 

1170/m 
 

1124/w 
 

1080/w 
 

a Absorption intensity; vs=very strong, s=strong, m=medium, w=weak 
b According to Hernández-Martinéz et al. (2013). ABT means Atlantic Bluefin tuna. 

CJ means crevalle jack. ASM means Atlantic Spanish mackerel. 
c According to Han, Ma & Pei (2013). 
d According to Guillén & Cabo (1997). 
e According to Antony et al. (2011). 
f Acoording to Cakir et al. (2009). 
g According to Paczkowska et al. (2015). 
h According to Dávila et al. (2014). 
i According to Socrates (2001). 
j According to Kumar et al. (2015). 
 

– 
2 

– 
2 
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As a conclusion, the crocodile oil extracted by SFME150,8 gave a good 

quality more than WE70,60 and ASE121,30.  Hence, the crocodile oil obtained from 

SFME150,8 was used to study the oxidative stability in the next step. 

 

2. Investigation of the properties and stability of selected extracted crocodile 

oil. 

  

To follow the oxidative stability in crocodile oil sample extracting by 

SFME150,8, the oils were analyzed periodically for PV and TBARs, since a single 

reaction criterion is not enough to account for the oxidative changes at various 

stages under different conditions. Figure 3 shows the PV and TBARs of crocodile 

oil during storage at 30oC, 40oC and 50oC. It illustrates that the higher the 

temperature of the oxidation reaction, the maximum peroxide value achieved and 

the faster peroxide value reached. For the PV of oil at 50oC storage, they were 

decreased after storage for 49 days. This shows that the rate of the peroxide 

decomposition increases with increasing temperature. Peroxides are primary 

oxidation products, which are unstable and decompose rapidly, giving rise to a 

range of new free radicals and other non-radical compounds, including alkoxyl and 

alkyl radicals, aldehydes, ketones, as well as a variety of carboxyl compounds that 

form a complex mixture of secondary lipid oxidation products. Typically, the 

rancid odor will occur if the PV value more than 20 meq O2/kg. Hence, the 

crocodile oil extracting by SFME150,8 which contains MUFA 43.55 g/100g oil and 

PUFA 25.15 g/100g oil can keep at 30oC (around room temperature in Thailand) 

for 42 days (Figure 4.3).  
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Figure 4.3 Behavior of (a) peroxide and (b) TBARs values of crocodile oil during 

storage at 30, 40 and 50oC.  

The order of reaction was determined as zero and first order as shown in 

Table 4.6.  During storage, the PV content of crocodile oil gradually increased at a 

rate depending on temperature storage. When glass bottles were used, oxidative 

products (at constant storage temperature) were found to follow apparent zero-

order kinetics more than first order kinetics for crocodile oil. Equation for zero 

order kinetics is C = C0 – kt, and for first order kinetics is C = C0 exp (-kt). Where C 

is the PV or TBARs concentration at time t, C0 is the total PV or TBARs 

concentration at time 0, k is the PV or TBARs increasing rate (sec-1), t is the 

storage time (sec). For the determination of PV and TBARs incresing rates all 

triplicate experimental data were used. The effect of storage temperature on PV and 

TBARs incresing rates were described adequately by Arrhenius kinetics:   where kT 

is the PV and TBARs incresing rates at a storage temperature T , kref is the PV and 

TBARs incresing rates at a reference temperature (Tref) , EA is the activation energy 

(kJ/mol), R is the gas constant (8.314 J/(mol K)) and temperatures in absolute scale 

(K). The activation energy of PV and TBARs were determined to be 1.19 kJ/mol 

(R2 = 0:91) and 0.41 kJ/mol (R2 = 0:93), respectively.  
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Table 4.6 The oxidation rate constants (k) and the regression coefficient (R2) for 

PV and TBARs from the storage temperatures¥. 

 

Storage Temperature 

(oC) 

PV (meq peroxide/Kg oil) TBARs (meq MDA/kg oil) 

k (meq/kg.d) R2 k (meq/kg.d) R2 

Zero order kinetics 

30 

40 

50 

First order kinetics 

30 

40 

50 

 

0.35 a +0.01 

1.65 b +0.04 

2.71 c +0.05 

 

0.05 a +0.01 

0.08 b +0.00 

0.09 c +0.00 

 

0.970 

0.880 

0.933 

 

0.969 

0.861 

0.434 

 

0.23 a +0.01 

0.45 b +0.03 

0.56 c +0.04 

 

0.05 a +0.00 

0.06 b +0.00 

0.07 c +0.00 

 

0.968 

0.975 

0.998 

 

0.882 

0.664 

0.653 
¥ Means of three replications±SD (standard deviation); Different superscript letters 

mean significant differences (P<0.05) between conditions in each column. 

 

3.  Development and evaluation of the acceptance of crocodile liquid balm 

product from the consumer. 

 

Recently, liquid balm has a market value of 1,000 million baht. Brand G has 

a market share about 60%, subsequently with brand B, which has a market share 

about 20%. Various researches were studied the factors affected to buying behavior 

and liking of products. These factors may influence by subjective norms and/or 

behavioral control factors. The survey analyzed was carried out in July, 2012 on 

attributes, liking and buying intention of liquid balm. A random sample of 100 

consumers in Bangkok area was chosen from pre-questionnaire about familiar with 

products. The attitudes of products were color, labeling, odor, skin permeability, 

packaging, overall liking and buying intention. The questionnaire was used 5-rating 

scale. The first step in the analysis of the data was to assess the sources of variation 

in the hedonic ratings for each condition (blind and informed) with analysis of 
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variance procedures. In both conditions, degree of liking differed significantly 

across the samples (Table 4.7). Considering the results obtained, it can be deduced 

that brand affected to buying order of liquid balm (P<0.05). The results indicated 

that hedonic ratings and buying orders showed an effect of testing conditions.bility 

including creaming stability are consistent with a picture of polyphenols reacting 

with protein side chains at inner phase. Hence, gelatin is the appropriate condition 

for the study of enhancing double emulsion stability. 
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Table 4.7 Score values for the attributes of 6 products in the blind and informed condition* 
 

Attribute Condition Brand  
A B C D F F G H I J 

Color 
 
 
Odor 
 
 
Skin 
permeability 
 
 
Package 
 
Cost 
 
Preference 
 
Buying order 

B 
I 
 

B 
I 
 

B 
I 
 
I 
 
I 
 

B 
 

B 
I 

3.9+0.6 
3.3+0.3 

 
3.6+0.4 
3.9+0.6 

 
3.5+0.9 
3.5+0.7 

 
3.6+0.4 

 
3.2+0.3 

 
3.7+0.8 

 
9.3+0.3 
9.1+0.1 

3.7+0.4 
3.9+0.6 

 
3.3+0.1 
3.6+0.4 

 
3.5+0.4 
3.7+0.2 

 
3.1+0.1 

 
3.7+0.4 

 
3.4+0.4 

 
9.5+0.4 
8.2+0.4 

3.8+0.1 
4.1+0.4 

 
3.2+0.2 
3.4+0.4 

 
3.1+0.3 
3.3+0.6 

 
3.3+0.1 

 
3.3+0.3 

 
3.4+0.4 

 
8.8+0.4 
6.3+0.2 

3.9+0.4 
4.2+0.1 

 
3.5+0.4 
4.0+0.2 

 
3.1+0.7 
3.2+0.4 

 
2.8+0.3 

 
3.1+0.2 

 
3.0+0.4 

 
7.0+0.5 
2.3+0.4 

3.1+0.2 
2.8+0.4 

 
2.7+0.4 
2.5+0.3 

 
3.0+0.2 
2.7+0.4 

 
3.0+0.2 

 
3.0+0.4 

 
3.0+0.2 

 
3.2+0.1 
9.3+0.4 

3.1+0.4 
2.2+0.2 

 
2.7+0.4 
2.3+0.1 

 
3.0+0.2 
2.7+0.4 

 
3.0+0.7 

 
3.0+0.3 

 
3.0+0.4 

 
2.7+0.7 
9.3+0.4 

3.8+0.4 
4.2+0.1 

 
3.4+0.3 
4.5+0.2 

 
3.4+0.2 
5.0+0.4 

 
3.6+0.2 

 
3.5+0.7 

 
3.5+0.4 

 
3.8+0.4 
9.3+0.4 

3.0+0.4 
3.1+0.3 

 
3.0+0.1 
3.1+0.2 

 
3.2+0.1 
3.3+0.5 

 
2.9+0.4 

 
3.1+0.4 

 
3.0+0.4 

 
4.8+0.7 
5.3+0.2 

3.3+0.2 
3.4+0.3 

 
3.0+0.1 
3.1+0.4 

 
3.3+0.2 
3.4+0.3 

 
3.3+0.4 

 
3.4+0.2 

 
3.3+0.7 

 
6.0+0.4 
7.3+0.2 

3.8+0.4 
3.6+0.5 

 
3.5+0.2 
3.4+0.7 

 
3.9+0.4 
3.7+0.2 

 
3.6+0.1 

 
3.5+0.4 

 
3.6+0.5 

 
1.2+0.4 
4.3+0.4 

Note * Data were represented as means (standard deviation) from three replication measurement. B and I mean blind and informed 

condition, respectively. 
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To understand much more about the relation between the attributes and 

product position, PCA and FA were determined. All data were mean-centered 

before PCA calculations. PCA on these attributes explained 87 % of the variability 

in the data in the first two dimensions. The first two principle components (PC) 

were account for 56.17% and 31.06% of the data variance. Further components 

explained 7.6, 5.1 and 0.1% variance, respectively. Varimax rotation did not bring 

the data into better alignment with the original measurements. PC1 was strongly 

influenced by attributes of products including flavor and taste. PC2 was influence 

by color, packaging and cost. 

FA of these data then identified that both odor and color attributes strongly 

influence on hedonic rating scores, however cost and packaging were affected to 

purchase decision including odor and skin permeability.  Differences in mean 

buying ratings were also observed among gender and education, but not in mean 

hedonic ratings. 

The extended preference map (EPM) of purchase decision scores and all 

attributes was shown in Figure 3. To avoid cluttering the graphs, descriptors with 

communality of the first three PCs less than 0.5 were not included in the graph. 

From Figure 4.4, consumer decided to buy brand E sample due to packaging more 

than liking and labeling. The considered attributes for consumers to buy brand D 

were color. The brand which consumer decidedly selected to buy (with no 

information) was J, next with E, F, H and G which different from the results of 

buying order with information (G, D, E, J and H, respectively). These results 

suggested that the most important attributes for liquid balm product are packaging. 

Brand showed the potent influence attributes for purchasing decision of consumer.  
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Figure 4.4 Preference mapping of the individual consumer’s sensory descriptors 

indicating the position of the product brands. 
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Chapter 5 

CONCLUSIONS 

 

 A wet extraction (WE), solvent free microwave extraction (SFME) and 

autoclave sterilized extraction (ASE) were selected to study for selecting the 

appropriate condition. The extracted crocodile oil samples from appropriate 

condition of each method were used to evaluate extraction ratio, PV, TBARs, color, 

RI, AV, SV, IV, melting point, kinetic viscosity, Salmonella spp., Clostridium 

perfringens, Staphylococcus aureus, Candida albicans, and fatty acid composition 

including FTIR. Extraction methods affected on extraction ratio, color, PV and 

TBARs, AV, SV, IV and some fatty acid of crocodile oil including some band in 

FTIR (p<0.05). , the crocodile oil extracted by SFME gave a good quality more 

than WE and ASE.  Hence, the crocodile oil obtained from SFME was used to 

study the oxidative stability in the next step.  

 Crocodile oil showed high unsaturated fatty acids. Typically, the rancid 

odor will occur if the PV value more than 20 meq O2/kg. Hence, the crocodile oil 

extracting by SFME which contains MUFA 43.55 g/100g oil and PUFA 25.15 

g/100g oil can keep at 30oC (around room temperature in Thailand) for 42 days. 

Moreover, oxidative products (at constant storage temperature) were found to 

follow apparent zero-order kinetics more than first order kinetics for crocodile oil. 

Crocodile oil can utilize as liquid balm ingredient with the high rating liking 

score of skin permeability. The use of preference mapping methodology enabled to 

relate product attribute and consumer liking for product development strategies. 

Packaging was the important attribute for liquid balm products. 



Literature	cited	 57 

 
 

LITERATURE CITED 

Adeneyi, O.D. and Bawa, A.A. 2006. Mackerel (Scromber scrombus) oil extraction 

and evaluation as raw material for industrial utilization. Leonardo Journal of 

Science, 8, 33-42. 

Aktumsek, A., G. Zengin, G.O. Guler, Y.S. Cakmak and A. Duran. 2011. 

Screening for in vitro antioxidant properties and fatty acid profiles of five 

Centaurea L. species from Turkey Flora. Food Chemistry and Toxicology, 49, 

2914–2920. 

Andés, L. E. 1989. Animal fats and oils: Their practical products, purification and 

uses for a great variety of purposes, their properties, falsification and 

examination. Scotland: Greenwood & Co. 36 p. 

AOAC. 1990. Official Methods of Analysis. 15th Edition. Association of Official 

Analytical Chemists, Arlington, VA. 

AOCS. 1990. Official and Tentative Methods of the American Oil Chemist’s 

Society. Method Cd 8-53, AOCS, Champaign, Illinois.  

AOCS. 1992. Official methods and recommended practices of the American Oil 

Chemists Society (4th ed.), Champaign, American Oil Chemists’ Society, USA.  

AOCS. 1993. Official methods and recommended practices of the American Oil 

Chemists’ Society. Cc 13e-92. Champaign, IL: AOCS.  

Atabani, A.E., Silitonga, A.S.,  Ong, H.C., Mahlia, T.M.I., Masjuki, H.H., 

Badruddin, I.A. & Fayaz, H. 2013. Non-edible vegetable oils: A critical 

evaluation of oil extraction, fatty acid compositions, biodiesel production, 

characteristics, engine performance and emissions production. Renewable and 

Sustainable Energy, 18, 211-245. 

Bampouli, A., Kyriakopoulou, K., Papaefstathiou, G., Louli, V., Krokida, M., 

Magoulas, K. 2014. Comparison of different extraction methods of Pistacia 

lentiscus var. chia leaves: Yield, antioxidant activity and essential oil chemical 



Literature	cited	 58 

 
composition. Journal of Applied Research on Medicinal and Aromatic Plants, 

1, 3, 81-91. 

Bao, J.S., Cai, Y.Z., Sun, M., Wang, G.Y. & Corke, H. 2005. Anthocyanins, 

flavonols and free radical scavenging activity of Chinese bayberry (Myrica 

rubra) extracts and their color properties and stability.  Journal of Agricultural 

and Food Chemistry, 53, 2327- 2332. 

Bellairs, A. 1987. The Crocodilia. In G.J.W. Webb, S.C. Manolis, P.J. Whitehead 

(Eds.), Wildlife Management: Crocodiles and Alligators, Surrey Beatty & 

Sons, Chipping Norton, Australia. pp. 5–7 

Ben-Moshe, G. 1987. An alligator farm in Israel. In G.J.W. Webb, S.C. Manolis, 

P.J. Whitehead (Eds.), Wildlife Management: Crocodiles and Alligators, 

Surrey Beatty and Sons Ltd, New South Wales, Australia, pp. 349–350. 

Bimbo, A. P. 1998. Guidelines for characterizing food grade fish oil. Inform, 9 (4), 

473-483. 

Bodger, J., Goulding, B., 2003. Distribution of meat products from prospective 

Australian animal industries: crocodiles, emus, game birds, rabbits, hares and 

snails. A report for the Rural Industries Research and Development 

Corporation, Queensland Government, Department of Primary Industries. 

RIRDC Publication No. 03/023, RIRDC Project No. DAQ 278A, pp. 1–128. 

Buenviaje, G.N., Ladds, P.W.,Melville, L.,Manolis, S.C.,1994. Disease-husbandry 

associations in farmed crocodiles in Queensland and the Northern Territory. 

Australian Veterinary Journal 71, 165–173. 

Buthelezi S, Southway C, Govinden U, et al. 2012. An investigation of the 

antimicrobial and anti-inflammatory activities of crocodile oil. Journal of 

Ethnopharmacology , 143, 325–330. 

Buthelezi, S., Southway, C., Govinden, U. & Bodenstein, J. 2012. An investigation 

of the antimicrobial and anti-inflammatory activities of crocodile oil. Journal 

of Ethnopharmacology, 143, 325–330. 

Caldwell, J., 2010. World trade in crocodilian skins 2006-2008, UNEP-WCMC, 

Cambridge. 



Literature	cited	 59 

 
Charles Santiapillai, Mangala de Silva. 2001. Status, distribution and conservation 

of crocodiles in Sri Lanka. Biological Conservation, 97, 3, 305-318. 

Chen, Q., Z. Gan, J. Zhao, Y, Wang, S. Zhang, J. Li and Y. Ni. 2014. In vitro 

comparison of antioxidant capacity of cumin (Cuminum cyminum L.) oils and 

their main components. LWT - Food Science and Technmology, 55, 632-637. 

Child, G. 1984. The management of crocodiles in Zimbabwe. In G.J.W. Webb, S.C. 

Manolis, P.J. Whitehead (Eds.), Wildlife Management: Crocodiles and 

Alligators, Surrey Beatty and Sons Ltd, New South Wales, Australia, pp. 49–

62. 

Chiodini, R.J., Sundberg, J.P., 1981. Salmonellosis in reptiles: a review. American 

Journal of Epidemiology 113, 494–499. 

F.W. King, R.L. Burke. 1989. Crocodilian, Tuatara and Turtles Species of the 

World: A Taxonomic and Geographic Reference. Association Systematics 

Collections, Washington, DC. 

Filly, A., Fernandez, X., Minuti, M., Visinoni, F., Cravotto, G. & Chemat, F. 2014. 

Solvent-free microwave extraction of essential oil from aromatic herbs: From 

laboratory to pilot and industrial scale. Food Chemistry, 150, 193–198 

Foggin, C.M.,1987. Diseases and disease control on crocodile farms in Zimbabwe. 

In: Webb, G.J.W., Manolis, S.C., Whitehead, P.J. (Eds.), Wildlife 

Management: Crocodiles and Alligators. Surrey Beatty and Sons Ltd, New 

South Wales, Australia, pp. 107–110. 

Fruhwirth, G. O., T. Wenzl, R. El-Toukhy, F.S. Wagner and A. Hermetter. 2003. 

Fluorescence screening of antioxidant capacity in pumpkin seed oils and other 

natural oils. European Journal of  Lipid Science and Technology, 105, 266–274. 

Garnett, S. 1985. Fatty acid nutrition of the estuarine crocodile Crocodylus 

porosus. Comparative Biochemistry and Physiology Part B: Comparative 

Biochemistry, 81, 4, 1033-1035 

Garnett, S. 1985. Fatty acid nutrition of the estuarine crocodile Crocodylus 

porosus. Computational Biochemistry and Physiology Part B 81,1033-1035. 

Ghasemi, E., Raofie, F. & Najafi, N. M. 2011. Application of response surface 

methodology and central composite design for the optimisation of supercritical 



Literature	cited	 60 

 
fluid extraction of essential oils from Myrtus communis L. leaves. Food 

Chemistry, 126 (1), 1449-1453. 

Guinard, J., Uotani, B., Schlich, P. 2001. Internal and external mapping of 

preferences for commercial lager beers: comparison of hedonic rating by 

consumers blind versus with knowledge of brand and price. Food Quality and 

Preference, 12, 243-255. 

Hoffman, L. C., Fisher, P.P. and Sales, J. 2000. Carcass and meat characteristics of 

the Nile crocodile (Crocodylus niloticus). Journal of the Science of Food and 

Agriculture, 80, 390-396. 

Hoffman, L.C. 2008. The yield and nutritional value of meat from African 

ungulates, camelidae, rodents, ratites and reptiles. Meat Science, 80, 94–100. 

Hu, Q., Xu, J., Chen S. and Yang, F. 2004. Antioxidant Activity of Extracts of 

Black Sesame Seed (Sesamum indicum L.) by Supercritical Carbon Dioxide 

Extraction. Journal of Agriculture and Food Chemistry, 52, 943 -947. 

Huchzermeyer, F.W., 1997. Public health risks of ostrich and crocodile meat. 

Revue Scientifique et Technique, 16, 599–604. 

Hutton, J. M., van Jaarsveldt, K. R. 1987. Crocodile farming in Zimbabwe. In 

G.J.W. Webb, S.C. Manolis, P.J. Whitehead (Eds.), Wildlife Management: 

Crocodiles and Alligators, Surrey Beatty and Sons Ltd, New South Wales, 

Australia, pp. 323–327. 

International Organization for Standardization (ISO). 2002. ISO 6579:2002 

Microbiology of Food and Animal Feeding Stuffs -Horizontal Method for the 

Detection of Salmonella spp. Geneva, Switzerland . 

Junker, K., Boomker, J., Booyse, D.G., 1998. Experimental studies on the life-

cycle of Sebekia wedli (Pentastomida: Sebekidae). Onderstepoort Journal of 

Veterinary Research, 65, 233–237. 

Kähkonen, M. P., A. I. Hopia,H. J. Vuorela, J. P. Rauha, K. Pihlaja, T. S. Kujala 

and M. Heinonen. 1999. Antioxidant activity of plant extracts containing 

phenolic compounds. Journal of Agriculture and Food Chemistry, 47, 3954-3962. 



Literature	cited	 61 

 
Kähkonen, M.P., Hopia, A.I., Vuorela, H.J., Rauha, J., Pihlaja, P.K., Kujala T.S. 

and Heinonen, M. 1999. Antioxidant Activity of Plant Extracts Containing 

Phenolic Compounds. Journal of Agriculture and Food Chemistry, 47, 3954-

3962. 

Lanhupuy, W. 1987. Aboriginal attitudes to crocodile management. In G.J.W. 

Webb, S.C. Manolis, P.J. Whitehead (Eds.), Wildlife Management: Crocodiles 

and Alligators, Surrey Beatty & Sons, Chipping Norton, Australia, pp. 145–

147. 

Li, H., Chen, L., Hu, Y., Qin, Y., Liang, G., Xiong, Y. & Chen, Q. 2012. Crocodile 

oil enhances cutaneous burn wound healing and reduces scar formation in rats. 

Academic Emergency Medicine, 19(3), 265-273. 

Lindsey, K.L., Jäge, A.K., Raidoo, D.M & Van Staden J. 1999. Screening of plants 

used by Southern African traditional healers in the treatment of dysmenorrhoea 

for prostaglandin-synthesis inhibitors and uterine relaxing activity. Journal of 

Ethnopharmacology, 64,  9–14. 

Liu, W., Fu, Y. J., Zu, Y. G., Tong, M. H., Wu, N., Liu, X. L., et al. 2009. 

Supercritical carbon dioxide extraction of seed oil from Opuntia dillenii Haw. 

and its antioxidant activity. Food Chemistry, 114, 334–339. 

 

Madsen, M., 1993. Microbial flora of frozen tail meat from captive Nile crocodiles 

(Crocodylus niloticus). International Journal of Food Microbiology 18, 71–76. 

Madsen, M., 1994. Enumeration of salmonellae in crocodile pond water by direct 

plate counts and by the MPN technique. Water Research, 28, 2035–2037. 

Madsen, M., Hangartner, P., West, K., Kelly, P., 1998. Recovery rates, serotypes, 

and antimicrobial susceptibility patterns of salmonellae isolated from cloacal 

swabs of wild Nile crocodiles (Crocodylus niloticus) in Zimbabwe. Journal of 

Zoo and Wildlife Medicine, 29, 31–34 

Madsen, M., Milne, P. 1992. Critical control points in the slaughter and dressing of 

farmed crocodiles. Journal of Food Science and Technology, 29, 265–267. 



Literature	cited	 62 

 
Maisuthisakul, P.  2010. Antioxidant capacity of extracts and fractions from mango 

(Mangifera indica Linn.) seed kernels. International  Food Research Journal 

18 (2), 605-612. 

Maisuthisakul, P. & Changchub, L. 2014. Characterization and storage stability of 

the extract of Thai mango (Mangifera indica Linn. Cultivar Chok-Anan) seed 

kernels. Journal of Food Science and Technology, 51(8), 1453-1462. 

Maisuthisakul, P. 2008. Antiradical scavenging activity and polyphenolic 

compounds extracted from Thai mango seed kernels. Asian Journal of Food 

and Ago-Industry, 1, 87-96. 

Maisuthisakul, P. and Gordon, M.H. 2009. Antioxidant and tyrosinase inhibitory 

activity of mango seed kernel by product. Food Chemistry, 117, 332-341.   

Maisuthisakul, P., Pasuk, S., and Ritthiruangdej, P. 2008. Relationship of 

antioxidant properties and chemical composition of some Thai plants.  Journal 

of Food Composition and Analysis, 21, 229-240. 

Maisuthisakul, P., Pongsawatmanit, R. and Gordon, M. H. 2007. Characterization 

of the phytochemicals and the antioxidant properties of extracts from Teaw 

(Cratoxylum formosum Dyer.). Food Chemistry, 100, 1620-1629.  

Maisuthisakul, P., Pongsawatmanit, R. and Gordon, M.H. 2007. Assessment of 

Phenolic Content and Free-radical Scavenging Capacity of Some Thai 

Indigenous Plants. Food Chemistry, 100, 1409-1418. 

Manolis, S.C., Webb, G.J., Pinch, D., Melville, L., Hollis, G., 1991. Salmonella in 

captive crocodiles (Crocodylus johnstoni and C. porosus). Australian 

Veterinary Journal, 68, 102–105. 

Masuda, T., S. Yonemori, Y. Oyama,Y. Takeda,T. Tanaka and T. Andoh. 1999. 

Evaluation of the antioxidant activity of environmental plants: activity of the leaf 

extracts from seashore plants. Journal of Agriculture and Food Chemistry, 47, 1749–

1754. 

Mazza, M., Pomponi, M., Janiri, L., Bria, P. & Mazza, S. 2007. Omega-3 fatty 

acids and antioxidants in neurological and psychiatric diseases: An overview. 



Literature	cited	 63 

 
Progress in Neuro-Psychopharmacology and Biological Psychiatry, 31, 1, 12-

26. 

Mcdonald RE, and Hultin HO. 1987. Some characteristics of the enzymic lipid 

peroxidation system in the microsomal fraction of flounder skeletal muscle. 

Journal of Food Science, 52, 15-21, 27. 

Murray JM, Delahunty CM. Mapping consumer preference for the sensory and 

packaging attributes of Cheddar cheese. Food Quality and Preference 2000; 11: 

419-435. 

Nde, D. B., Boldor, D. & Astete, C. 2015. Optimization of microwave assisted 

extraction parameters of neem (Azadirachta indica A. Juss) oil using the 

Doehlert’s experimental design. Industrial Crops and Products, 65, 233-240. 

O'Brien, R. Fats and Oils: Formulating and Processing for Applications. Third 

Edition (Google eBook). CRC Press. 2008. 680 p. 

Obwolo, M.J., Zwart, P., 1993. Prevalence of Salmonella in the intestinal tracts of 

farmreared crocodiles (Crocodylus niloticus) in Zimbabwe. Journal of Zoo and 

Wildlife Medicine, 24, 175–176. 

Osthoff, G., Hugo, A., Bouwman, H., Buss, P., Govender, D., Joubert, C. C., 

Swarts, J. C. 2010. Comparison of the lipid properties of captive, healthy wild, 

and pansteatitis-affected wild Nile crocodiles (Crocodylus niloticus). 

Comparative Biochemistry and Physiology. Part A, 155, 64–69. 

Owolarafe, O.K., Osunleke, A.S., and Oyebamiji, B.E. 2007. Effect of hydraulic 

press parameters on crude palm oil yield. International Agrophysics, 21 (3), 

285–291. 

Pozio, E., Foggin, C.M., Gelanew, T., Marucci, G., Hailu, A., Rossi, P., Morales, 

M.A., 2007. Trichinella zimbabwensis in wild reptiles of Zimbabwe and 

Mozambique and farmed reptiles of Ethiopia. Veterinary Parasitology, 143, 

305–310. 

Pozio, E., Marucci, G, Casulli, A., Sacchi, L., Mukaratirwa, S., Foggin, C.M., La 

Rosa, G., 2004. Trichinella papuae and Trichinella zimbabwensis induce 

infection in experimentally infected varans, caimans, pythons and turtles. 

Parasitology, 128, 333–342. 



Literature	cited	 64 

 
Puértolas, E. & Martínez de Marañón, I. 2015. Olive oil pilot-production assisted 

by pulsed electric field: Impact on extraction yield, chemical parameters and 

sensory properties. Food Chemistry, 167, 497-502. 

R. Steubing. 1983. Sarawak's killer crocodiles. Malayan Naturalist, 37, pp. 17–23. 

Rai, A., Mohanty, B. & Bhargava, R. 2015. Modeling and response surface 

analysis of supercritical extraction of watermelon seed oil using carbon 

dioxide. Separation and Purification Technology, 141, 354-365 

Reed. A.W. 1999. Crocodile people Aboriginal Myths and Legends. Reed: New 

Holland, Sydney, Australia. pp. 211–228. 

Revol, B., (1995). Crocodile farming and conservation, the example of Zimbabwe, 

Sarkis, J. R., Boussetta, N., Tessaro, I. C., Marczak, L. D. F. & Vorobiev, E. 2015. 

Application of pulsed electric fields and high voltage electrical discharges for 

oil extraction from sesame seeds. Journal of Food Engineering, 153, 20-27. 

Shahidi, F. and Zhong, Y., 2005. Lipid oxidation: measurement methods. In: 

Fereido and Shahidi (Ed.), Bailey’s Industrial Oil and Fat Products, vol. 6, 

Sixth ed. John Wiley & Sons Inc. 

Sharma H, Giriprasad R, Goswami M. 2013. Animal fat-Processing and Its Quality 

Control. Journal of Food Process Technology, 4(8), 1-5. 

Shrestha K, Gemechu FG, De Meulenaer B. 2013. A novel insight on the high 

oxidative stability of roasted mustard seed oil in relation to phospholipid, 

Maillard type reaction products, tocopherol and canolol contents. Food 

Research International, 54, 587-594. 

Stickney, R.R. 2000. Encyclopedia of  Aquaculture. . ISBN. 0-471-29101-3, 

Wiley-İnterscience Publication. 

Suvanakorn, S., Youngprapakorn, C. 1987. Crocodile farming in Thailand. In 

G.J.W. Webb, S.C. Manolis, P.J. Whitehead (Eds.), Wildlife Management: 

Crocodiles and Alligators, Surrey Beatty and Sons Ltd, New South Wales, 

Australia, pp. 341–343. 

Thorbjarnarson, J., Velasco, A. 1999. Economic incentives for management of 

Venezuelan caiman. Conservation Biology, 13, 397–406. 



Literature	cited	 65 

 
Trompf, G. W. 1989. Mythology, religion, art, and literature. Crocodiles and 

AlligatorsWeldon Owen, New York, NY, pp. 156–171. 

Tsukui, A., Santos Júnior, H.M., Oigman, S.S., de Souza, R.O.M.A., Bizzo, H. R. 

& Rezende, C.M. 2014. Microwave-assisted extraction of green coffee oil and 

quantification of diterpenes by HPLC. Food Chemistry, 164, 266-271. 

US Food and Drug Administration (FDA), editor. Bacteriological analytical 

manual (BAM). AOAC International Press; 2001.. Chapter 16. US FDA-

CFSAN BAM – Clostridium perfringens.  

Vongsak, B., Sithisarn, P., Mangmool, S., Thongpraditchote, S., Wongkrajang, Y. 

& Gritsanapan, W. 2013. Maximizing total phenolics, total flavonoids contents 

and antioxidant activity of Moringa oleifera leaf extract by the appropriate 

extraction method. Industrial Crops and Products, 44, 566–571. 

Webb, G., Manolis, C. 1989. Australian Crocodiles. Reed New Holland, Sydney, 

Australia. 

Zaidul, I. S. M., NikNorulaini, N. A., Mohd Omar, A. K., & SmithJr, R. L. 2007. 

Supercritical carbon dioxide (SC-CO2) extraction of palm kernel oil from palm 

kernel. Journal of Food Engineering, 79, 1007–1014. 

Zhang, S., Y.G. Zu, Y.J. Fu, M. Luo, W. Liu, J. Li, et al. 2010. Supercritical carbon 

dioxide extraction of seed oil from yellow horn (Xanthoceras sorbifolia Bunge.) 

and its anti-oxidant activity. Bioresource Technology, 101, 2537–2544. 

 



Appendix	 66 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix	 67 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

PUBLISHED PAPER NO.1 
(PART 1) 

Title “Characterization of crocodile oil by product from different extraction 
techniques and their oxidative changes during storage” 
Submitted in Food Chemistry (impact factor = 3.259). 

 
 
 
 
 
 
 
 
 



Appendix	 97 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

PUBLISHED PAPER NO.2 
(PART 3) 

Title “Development of liquid balm from industrial crocodile fat by product” 
Published in IJPS (ISSN: 1905-0852 Impact Factor = 0.159 (in 2013 by TCI). 

 



Appendix	 107 

 
CURRICULUM VITAE 

 
 
Name : Pitchaon  Maisuthisakul 
 

Position	:		 Assistant	Professor	
 
Contact address  : 4/36 Lumlookka 47 Lumlookka Road, 
      Lumlookka, Prathumthani 12150 
        Tel. : +662-744-8153 
        Fax : +662-744-8153 
      Mobile: +661-807-2556 
 Email: pitchaon@yahoo.com, facebook: pitchaon, 

Twitter: pitchaonmai, Skype: Pitchaon 
 
Birthday: 19/11/1967 
 
Eduction : 
Institution Name, City State  Degree Years  GPA 
King Mongkut Institute of Technology B.Sc.  1985-1989 3.4 
   of Lardkrabang,Thailand.  (Agro-Industry) 
 
Chulalongkorn University   M.Sc.  1991-1994 3.8 
   Bangkok, Thailand.   (Food  Technology) 
 
Kasetsart University    Ph.D  2002 -2005 4.0 
   Bangkok, Thailand.   (Product development) 
   (RGJ funding; joint with Reading University, UK) 
 
Certification of New Entrepreneurs Creation (Food and Agro-Industrial Business) 

from NFI, Thailand  
 
Short description of my biography 
Assistant professor Dr. Pitchaon Maisuthisakul is dean of School of Science and 
Technology, University of the Thai Chamber of Commerce, graduated Ph.D in 
Product Development from Kasetsart University in Thailand. I am interested in plant 
phenolic compounds and antioxidant, sensory analysis, product development 
especially in oral care product including antimicrobial and anti-inflammation capacity 
pf plant extract. 
 
Professional experience: 
November 2010: Selected people for Who's Who in the World 2011 -28th Edition. 
 
2012 till present: Dean of school of Science and Technology, University of The Thai 

Chamber of Commerce, Bangkok, Thailand 
 
2009 to 2011:  Head of Department, Department of Food Industrial System, 

Department of Food Business Management and Department of 



Appendix	 108 

 
Food Science and Technology, , School of Science, University of 
The Thai Chamber of Commerce, Bangkok, Thailand 

                            : Internal Auditor (MUA registered) for educational quality 
assurance in Thailand. 

 
2003 to 2005:        Assistant of head of Department, Department of Food Science and 

Technology, Department of Food Industral System, Department of 
Food Business Management. 

 
2001 to 2002:    Lecturer at Faculty of Science, Department of Food Industrial 

Technology 
 
1996 to 2000:         Head of Department of Food Industrial Technology 
 
1995 to 1996:         Assistant of head of Department of Food Industrial Technology 
1993 to 1995:         Set up Food Industrial technology culliculum. 
 Set up laboratory equipments and instruments. 
 
Responsible curriculum 

- CEO MBA of Food Industrial Management 
- B.Sc. of Food Business management 
- B.Sc. of Food Science and Technology 
- B.Sc. of Food Industrial System 

 
Lecture and special lecture experience 

- Food Product Development 
- Food Supply Chain Management 
- Food Marketing 
- Consumer Need in Food Product  
- Sensory Analysis 
- Food Hygiene 
- GMP, HACCP, ISO22000 
- Shelf life evaluation 
- Meat Science 
- Dairy product 
- Instrument calibration 
- New Method Heating Processing (Ohmic Heating, RF Heating, Extrusion, 

Microwave Heating) 
- Hurdle Technology and Clean Technology 
- Multivariate Analysis for Product Development 
- Advanced Packaging Technology  

 
Awards 

- Highest Citation Award on June, 2014 from University of the Thai 
Chamber of Commerce. 

- Prestigious 50 years of University of the Thai Chamber of Commerce 
Research award on June, 2013 

- Research Excellent Award (the highest Impact Factor) on June, 2013 from 
University of the Thai Chamber of Commerce. 



Appendix	 109 

 
- Highest Citation Award on June, 2013 from University of the Thai 

Chamber of Commerce. 
- Highest Citation Award on June, 2012 from University of the Thai 

Chamber of Commerce. 
- Prestigious 50 years of King Monkut’s Institute of Technology alumni 

award (Academic aspect) on October, 2011. 
- Highest Citation Award on June 20, 2011 from University of the Thai 

Chamber of Commerce. 
- Honorable Mention Award for research paper in Agro-Industrial discipline 

on February 4, 2011 from Kasetsart Academic Conference,  
- Highest Citation Award on June 18, 2010 from University of the Thai 

Chamber of Commerce. 
- Poster Presentation Award at the 2nd Tropical and Semi-tropical plant 

Conference on September 4, 2009. Thailand. 
- Research Excellent Award (the highest Impact Factor) on June 19, 2009 

from University of the Thai Chamber of Commerce.  
- Excellent alumni award of Agro-Industry Faculty, King Monkut’s Institute 

of Technology on November 18, 2006. 
- Outstanding Research for public relation of The Royal Golden Jubilee 

Ph.d Program on 2006. 
- Excellent Thesis Award from Graduated School of Kasetsart University on 

2005. 
- Outstanding Research on product development field from Kasetsart 

University on 2005. 
 
Publications : 
International Publications: 
1. Pitchaon Maisuthisakul. 2014. Characterization and storage stability of the extract 

of Thai mango seed kernel. Journal of food science and technology, 51(8): 1453-
1462, 2014 (H Index: 21) 

2. Pitchaon Maisuthisakul. 2014. Effect of extraction on phenolic antioxidant of 
different Thai rice genotypes. International Journal of Food Properties,17: 855-
865, 2014 (H Index: 26) 

3. Pitchaon Maisuthisakul. 2014. Tamarind kernel powder, gum arabic and 
maltodextrin as a novel combination for encapsulating agents. International Food 
Research Journal,20 (2): 645-652, 2013 (H Index: 13) 

4. Pitchaon Maisuthisakul. 2013. Interaction of tamarind kernel powder, gum arabic 
and maltodextrin in aqueous solution and microencapsulated system. Current 
Nutrition and Food Science, 9 (4): 335-342, 2013 (H Index: 13) 

5. Maisuthisakul, P. and Gordon, M.H. 2012. Influence of polysaccharides and 
storage time during processing on the microencapsulation of mango seed kernel 
extract. Food Chemistry 134: 1453-1460 (impact factor=3.458, H Index: 134). 

6. Maisuthisakul, P. 2011. Antioxidant capacity of extracts and fractions from mango 
(Mangifera indica Linn.) seed kernels. International Food Research Journal 18: 
520-525. 

7. Maisuthisakul, P. and Gordon, M.H. 2011. Optimization of the content of Arabic 
gum, maltodextrin and alginate for the preparation of W/O/W emulsion containing 
phenolic extract from mango seed kernel and its stability. Journal of Science, 
Food and Agriculture (Submission, impact factor=1.386). 



Appendix	 110 

 
8. Maisuthisakul, P. and Gordon, M.H. 2011. Characterization and storage stability of 

the extract of Thai mango (Mangifera indica Linn. Cultivar Chok-Anan) seed 
kernels. Journal of Food Science and Technology (Submission, impact factor= 
1.172).  

9. Maisuthisakul, P. and harnsilawat, T. 2011. Characterization and Stabilization of 
the Extract from Mango Seed Kernel in a Cosmetic Emulsion. Kasetsart Journal 
(natural Science) (Accepted, Impact factor 0.071). 

10. Maisuthisakul, P. 2011. Photostability of Mango Seed Kernel Extract and Its 
Encapsulated Product. Thai Journal of Agricultural Science (Accepted). 

11. Maisuthisakul, P. and Gordon, M.H. 2011. Effect of oil, surfactant and 
phenolic extract from mango seed kernel on the physicochemical properties of 
W/O/W emulsions. African Journal of Biotechnology (Submission, impact 
factor=0.456). 

12. Maisuthisakul, P. 2011. Understanding customer needs for essence of chicken 
product using Kano model. The 3rd International Conference on Natural 
Products for Health and Beauty (NATPRO3). 

13. Maisuthisakul, P. 2010. Antioxidant potential and phenolic constituents of 
mango seed kernel from various extraction methods. Kasetsart Journal (natural 
Science) 43: 290-297. (Impact factor 0.071).  

14. Maisuthisakul, P. and Gordon, M. H. 2009. Antioxidant and tyrosinase 
inhibitory activity of mango seed kernel by product. Food Chemistry, 117, 332-
341. (Impact factor : 3.023). 

15. Maisuthisakul, P. 2009. Antiradical scavenging activity and polyphenolic 
compounds extracted from Thai mango seed kernels. Asian Journal of Food and 
Agro-Industry, 1(02): 87-96.  

16. Maisuthisakul, P., Pasuk, S., and Ritthiruangdej, P. 2008. Relationship of 
antioxidant properties and chemical composition of some Thai plants.  Journal of 
Food Composition and Analysis 21: 229-240. (Impact factor 1.655). 

17. Maisuthisakul, P., Gordon, M. H., Pongsawatmanit, R. and Suttajit, M.  2008. 
Enhancing the oxidative stability of rice crackers by addition of the ethanolic 
extract from Cratoxylum formosum Dyer. Asia-Pacific Journal of Clinical 
Nutririon, 16: 37-42. (Impact factor 1.050). 

18. Maisuthisakul, P. and Charuchongkolwongse, S. 2008. Effect of Cratoxylum 
formosum extract and stripping on soybean oil stability. Kasetsart Journal (natural 
Science) 41: 350-356. (Impact factor 0.071). 

19. Maisuthisakul, P. 2008. Mango seed kernel waste material as potential use for 
natural antioxidant. Proceeding of the 2nd International Conference on Natural 
Products for Health and Beauty. 

20. Maisuthisakul, P., Pongsawatmanit, R., Gordon, M.H. 2007. Assessment of 
phenolic content and free radical-scavenging capacity of some Thai indigenous 
plants. Food  Chemistry 100, 1409-1418. (Impact factor 3.023). 

21. Maisuthisakul, P., Pongsawatmanit, R., Gordon, M.H. 2007. Characterization of 
the phytochemicals and antioxidant properties of extracts from Teaw (Cratoxylum 
formosum Dyer). Food Chemistry 100, 1620-1629. (Impact factor 3.023). 

22. Maisuthisakul, P. 2007. Consumer driven product development of hot and spicy 
roasted fish product. Proceeding of 10th Asean Food Conference. 

23. Maisuthisakul, P. 2007. Antioxidant properties and chemical composition of 
some Thai plants and their relationship by using PCA and PLS. Proceeding of 
10th Asean Food Conference. 



Appendix	 111 

 
24. Maisuthisakul, P., and Utama-ang, N. 2006. Phenolic antioxidants from Betel leaf 

(Piper betel Linn.) extract obtained with different solvents and extraction time. 
Proceeding of Annual Meeting of IFT 2006.  June 24-28, 2006, California, USA. 

25. Maisuthisakul, P., Pongsawatmanit, R., Gordon, M.H. 2006. Antioxidant 
properties of Teaw (Cratoxylum formosum Dyer) extract in soybean oil and 
emulsions. Journal of Agricultural and Food Chemistry 54, 2719-2725. (Impact 
factor 2.322). 

26. Maisuthisakul, P., Pongsawatmanit, R. and Gordon, M. H. 2005. Antioxidant 
activity of ethanolic extract from Careya sphaerica Roxb. Leaf. Proceeding of 
Annual Meeting of IFT 2006.  June 24-28, 2005, Orlando, Florida, USA.  

27. Maisuthisakul, P. and Pongsawatmanit, R. 2005. Effect of sample preparation 
methods and extraction methods and extraction time on yield and antioxidant 
activity from Kradonbok (Careya sphaerica Roxb.) leaves. Kasetsart Journal 
38(5): 8-14. (Impact factor 0.071). 

28. Maisuthisakul, P. and Pongsawatmanit, R. 2004. Characterization of the 
antioxidant activity of Leucaena glauca Benth extract. Proceeding of the 10th 
World Congress on Clinical Nutrition (WCCN). November 30 – December, 
2004. Phuket, Thailand. 152. 

29. Maisuthisakul,P. 1996.  Design  and  Improvement  of  Specific  Heat  Instrument  
for  Foods, to be published in  Proceeding of the  6th  Asean  Food  Conference  ,  
held at Singapore. 
 

International Book Chapter 
1. Maisuthisakul, P. 2011. Phenolic constituents and antioxidant properties  of 

some Thai plants. Book Chapter in open access book project: 
"Phytochemicals" ISBN 978-953-307-930-1. InTech - Open Access Publisher. 
 

National Publications : 
1. Pitchaon Maisuthisakul, "Influence of gelatin and NaCl on physical properties 

and encapsulation efficiency of multiple emulsion containing mango seed kernel 
extract", Proceeding of 13th ASEAN Food Conference,1, 2013 

2. Pitchaon Maisuthisakul, "Total phenolic and total anthocyanin content of 9 
genotypes of raw and cooked Thai rice including sensory evaluation of mixed 
rice formula", Proceeding of Food Innovation Asia Conference 2013,1, 2013 

3. Maisuthisakul, P. 2013. Effect of Extraction Time on Total Phenolic and Soluble 
Solid Contents from Ripened and Pickled mango seed kernel.  Proceeding of 51th 
Kasetsart University Annual Conference. 

4. Pitchaon Maisuthisakul, "Physical characterizations of encapsulated mango seed 
kernel extract powder prepared by spray drying", proceeding of the 2nd 
international seminar on food and agricultural sciences (ISFAS),0, 2012 

5. Maisuthisakul, P. and Changchub, L. 2012. Effect of cooking on total phenolic 
and anthocyanin contents of 9 genotypes from Thai rice grains. Agricultural 
Science Journal 43(2)(Suppl.): 669-672. 

6. Maisuthisakul, P. 2011. Influence of proteins and polysaccharides on stability of 
W/O/W emulsion for coating of mango seed kernel extract.  Proceeding of 49th 
Kasetsart University Annual Conference. 

7. Maisuthisakul, P. 2011. Analysis of Customer Satisfaction Survey for Fruit Juice 
using Kano Model. Proceeding of UTCC academic week 2010. 



Appendix	 112 

 
8. Maisuthisakul, P. 2010. Photostability of Mango Seed Kernel Extract and Its 

Encapsulated Product. International Conference on Agriculture and Agro-
Industry (ICAAI2010) Food, Health and Trade. 19-20 November 2010 

9. Maisuthisakul, P. 2010. Changing of antioxidant activity and phenolic content of 
mango seed kernel extract during storage. Proceeding of UTCC academic week 
2009. 

10. Maisuthisakul, P. and Apintanapong, M. 2010. Customer Needs Analysis 
Towards Thai Plant as Functional Food. Agricultural Science Journal 
41(3/1)(Suppl.): 17-20. 

11. Maisuthisakul, P. and Utama-Ang, N. 2010. Drivers of target consumer 
satisfaction for green tea beverage using Kano model. Proceeding of 36th 
Congress on Science and Technology of Thailand. 

12. Maisuthisakul, P. and harnsilawat, T. 2010. Encapsulation by spray drying of 
bioactive compound from mango seed kernel. UTCC Journal 30: 80-100. 
(impact factor = 0.035). 

13. Maisuthisakul, P. and Suttajit, M. 2009. Effect of pH on oil-water partition 
coefficient of extract from Cratoxylum formosum Dyer. Agricultural Science 
Journal  40(3)(Suppl.):1- 4. 

14. Maisuthisakul, P. 2009. Antioxidant capacity of the extracts and fractions from 
mango seed kernels. Proceeding of 48th Kasetsart University Annual 
Conference. 

15. Maisuthisakul, P. and Phasuk, S. 2009. A survey of Mango Seed Waste 
Management in Thai Food Industry. UTCC Journal 28: 158-166. (impact factor 
= 0.035). 

16. Maisuthisakul, P. 2009. Antioxidant potential and phenolic constituents of mango 
seed kernel from various extraction methods. Proceeding of 47th Kasetsart 
University Annual Conference. 

17. Maisuthisakul, P. 2009. Effect of makieng (Cleistocalyx nervosum var paniala) 
seed on rancidity inhibition in soybean oil model. Proceeding of UTCC 
academic week 2008. 

18. Maisuthisakul, P. 2009. Mango seed kernel waste material as potential use for 
natural antioxidant. Naresuan Phayao 2(2): 94-101. 

19. Maisuthisakul, P. 2008. Phenolic antioxidants from Betel leaf (Piper betel Linn.) 
extract obtained with different solvents and extraction time. UTCC journal 28 
(4): 52-64. 

20. Maisuthisakul, P. 2008. Antioxidant and free radical scavenging activities of 
chilli pepper (Capsicum frutescens Linn.) leaf. Proceeding of 34th Congress on 
Science and Technology of Thailand. 

21. Maisuthisakul, P. and Harnsilawat, T. 2008. Effect of pH and sucrose on physical 
properties of drinking yoghurt stabilized by whey protein isolate. UTCC Journal 
28 (3): 148-161.  

22. Maisuthisakul, P. 2008. Antioxidant potential and phenolic constituents of mango 
seed kernel from various extraction methods. Proceeding of Kasetsart Annual 
Conference 47. 

23. Maisuthisakul, P. 2007. Effect of pH on phenolics distributions of some Thai 
plant extracts  between oil and water regions in emulsions. Proceeding of UTCC 
academic week 2007. 

24. Prabpree, R., Wirathepsuporn, N., Maisuthisakul, P and Pongsawatmanit, R. 
2007. Effect of heating prior to drying and storage temperature on the antioxidant 



Appendix	 113 

 
activity of Turmeric (Curcuma longa L.). Proceeding of 33th Congress on 
Science and Technology of Thailand. 

25. Maisuthisakul, P. and  Charuchongkolwongse, S. 2007. Effect of Cratoxylum 
formosum Dyer. extract and stripping on soybean oil stability. Proceeding of the 
45th kasetsart University Annual Conference. 30 Jan - 2 February 2007, 
Bangkok, Thailand. p. 217-225. 

26. Maisuthisakul, P. 2007. Antioxidant properties and phenolic phytochemicals 
from various cultivars of Thai mango seed kernels. Proceeding of Food 
Innovation Asia.  

27. Maisuthisakul, P., Pongsawatmanit, R., Trakoontivakorn, G., Suttajit, M. and 
Gordon, M. H. 2005. Antioxidant Activity Evaluation of Cratoxylum formosum 
Dyer. Extract in Oil and Emulsion Models. Proceeding of RGJ-PhD Congress 
VII. April 20-22, 2006, Pattaya, Thailand. 

28. Maisuthisakul, P., Trakoontivakorn, K., Suttajit, M., Pongsawatmanit, R. 2005.  
Comparison of antioxidant activity methods of Thai indigenous vegetable leaf 
extracts. Proceedings of the 6th Agro-Industrial Conference, Convention 
Center, Muang Thong Thanee, May 28-29, 2004. Bangkok. Thailand. P 213-219.  

29. Maisuthisakul, P. 2003. Effect of extraction time on phenolic compound from 
Tew leaf (Cratoxylum formosum Dyer,), Kradonbok leaf (Careya sphaerica 
Roxb) and Phak whan ban leaf (Sauropus andrugynus Merr.).  UTCC journal, 
Vol.23, No.2, pp.66-77. 

30. Maisuthisakul, P. 2002. Production of preserved egg from sauce manufactory 
waste part III : effect of salt and waste on qualities of coating preserved egg. 
Food, Vol.32, No.1, pp.54-63. 

31. Maisuthisakul, P. 2000. Production of Preserved Egg from Sauce Manufactory 
Waste Part II : Effect of Salt and Waste on Qualities of Pickled Preserved Egg. 
UTCC journal, Vol.20, No.1, pp.30-40. 

32. Maisuthisakul, P. 1999. Soya Yoghurt Starter Culture Development from 
Fermented Tropical Vegetables., to be published in  Proceeding of the  5th  Asia-
Pacific Biochemical Engineering Conference  ,  held at Phuket, Thailand.1999. 

33. Maisuthisakul, P. 1999. Analysis of Drinking Water Quality in the University of 
the Thai Chamber of Commerce. UTCC journal Vol.19, No.3, pp.9-24. 

34. Maisuthisakul, P. 1999. Effect of Salt and Sauce Waste on Salty and Color of 
Preserved Eggs from Sauce Manufactory Waste. to be published in  Proceeding 
of the  30th Year Kaset Chaokhun,  held at KMITL, Lardkrabang, Thailand. 

35. Maisuthisakul, P. 1998. Edible Film from Washing Waste Water obtained during 
Thai Fermented Noodle Production. UTCC journal Vol.18, No.3, pp.37-44. 

36. Maisuthisakul, P.  1999. Production of Preserved Egg from Sauce Manufactory 
Waste Part I: Preliminary Study I Appropriate Formula, APHEIT Journal, Vol.5, 
No.1, pp.66-75. 

 
Consulting experience 

1. An Expert at Invigorating Thai Business- ITB Project in 2002-2004, the 
consultant of GMP, HACCP topics to 7 SME manufacturers in Thailand; 
Suwan Ice Co.,Ltd, Woraporn Fruit Processing Co.,Ltd., S.T Bakery Co.,Ltd., 
Khaokrieb Kungthong Co.,Ltd., Donjedee food rocessing Co.,Ltd., Bar-B-Q 
plaza Co.,Ltd., Food blessing Co.,Ltd. 

2. A consultant of Technical processes during 2002-2005 at Unity Food Co.,Ltd. 
3. A consultant of National Innovation Business Project in 2007. 
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4. A consultant for GMP HACCP at Dimsum Sate Frozen food Co.Ltd. during 

2007-2009. 
5. An expert of Pre-HACCP Project in 2008, the consultant of HACCP topics to 

SME manufacturers in Thailand such as Agro-Thai Union Co. Ltd., 3 F Exotic 
Co.. Ltd., Chalet Foods Product Co. Ltd.  

6. A Specialist for ISO9001:2008 in food industry at DET NORSKE VERITAS 
(THAILAND) CO., LTD during 2006 till present. 

7. A consultant for Shelf Life Evaluation Project at National Food Institute for 
SME manufacturers in Thailand during 2009 till present. 

8. An expert of Development of Waste Management Efficiency Project, April 
2011 till present. 

9. A consultant of Waste treatment at Unity Food Co. Ltd. during 2010 till 
present. 

10. A specialist for waste processor and generator project at CMS (Thailand) 
during 2011 till present. 

 
 
Research Funding 
1. Extraction and analysis of phenolic compounds from Thai indigenous herbs, spices 

and vegetables, 2002-2003. 
2 Antioxidant capacity of spices and herbs on food product stability, 2003-2004. 
3. Using of appropriate chemical substances for reduce soaking time in pineapple 

osmotic dehydration process in factory, 2007-2008. 
4. Development of green tea process by microwave technology for antioxidant 

improvement, 2007-2008. 
5.  Bioactivity and phenolic content from mango seed kernel from industry waste and 

utilization in cosmetics, 2007-2009. 
6. Development of coconut osmotic dehydration process, 2008-2010. 
7. Development of dying and bioactivity of phenolic compound from Indigenous tew 

plant in Northern of Thailand for beauty and health, 2009-2010.  
8. Encapsulation of mango seed kernel extract from industrial waste, 2009-2011. 
9. Bioactivity of phenolic from some fruit manufacturing waste and utilization in 

cosmetics, 2010-2012. 
10. Effect of emulsifier and process on water-in-oil-in-water emulsion and 

encapsulation of active ingredient, 2010-2012. 
11. Development of toothpaste for diabetes patients. 2012-2014. 
 
 
Reviewer 
     * Food Chemistry (impact factor = 3.146) 
  * Journal of Agricultural and Food Chemistry (impact factor=2.322) 
     * Molecules (impact factor = 1.738) 
     * International Journal of Food Science and Technology (impact factor=0.832) 
     * Journal of Food Biochemistry (impact factor=0.720) 
     * Journal of Plant Breeding and Crop Science (impact factor=0.725) 
     * Journal of Medicinal Plants Research (impact factor = 0.590) 
     * African Journal of Biotechnology (impact factor=0.308) 
     * African Journal of Food Science (impact factor= - , new release) 
     * Brazilian Journal of Chemical Engineering (impact factor=0.377) 
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  * International Journal of Nutrition and Metabolism  
     * Kasetart Journal (Natural science) (impact factor=0.037) 
 * The 1st National Graduated Student Conference, 2007 
 * The 2nd National Graduated Student Conference, 2008 
 * The 47th Kasetsart University Conference, 2008 
 * The 48th Kasetsart University Conference, 2009 
 * Thailand Research Fund-Master Reseach Grant, 2009 
 
Chaiman/Co-Chairman 

 * International Clinical Nutrition Conference of 8th International Union of 
Nutritional Science, China � 2006 

 * The 5th Asia-Pacific Clinical Nutrition Society, China � 2006 
 * The 2nd R&DID* International Conference, Thailand – 2008 
 

International Conference Committee 
    * International Conference of Discrete Mathematics and Applications, 

Thailand � 2007 
     * The 2nd R&DID* International Conference, Thailand – 2008 
 

Training 
 

Course Duration 
(Day / Mo / Yr) 

Internal audit 20-22 January 2009 
ISO 22000:2005 Food Safety Management System 
Documentation&Implementation 

27-29 August 2008 

Overview and Update of Sensory Discriminative Tests, and 
their Practical Applications in Food System 

21-23 July 2008 

Consumer needs for peoduct development 3-5 September 2007 
HACCP-Expert 2003 
ISO 9001:2000/ GMP/ISO14000 1-2 June 2001 
Internal audit 19-22 November 2001 

HACCP  27 September 2001 
BRC  22 August 2001 
Statistic process control 25 September 2001 
QS 9000 17 August 2000 
TQM for SMEs 11 August 2000 
Green productivity workshop on environmental 
management system (EMS), EMS audit and ISO14000 
certification for small and medium food industries 

24-28 October 2000 

Quality assurance measures essential for production of high 
quality dairy foods 

23 September 1999 

Uncertainty of measurement 1-2 September 1999 
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Course Duration 

(Day / Mo / Yr) 
HACCP  12-16 July 1999 
ISO/IEC GUIDE 25 8-9 September 1999 
Hurdle Technology and Packaging for controlling food 
safety 

3-5 August 1998 

Techniques and resources for improving environmental 
management 

26-27 June 1996 
 

Modern issues in environmental management 18-19 June 1996 
 

 




