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ABSTRACT
Fish oil has abundant polyunsaturated fatty acids that are important to health but are oxidized easily during shelf-life storage. Engineering oil/water interfaces of emulsions has been studied extensively, but practical technologies are still demanded by the food industry. Whey proteins aggregate during heating, and the preheated whey protein/aggregate may increase the robustness of interfaces and in turn improve oxidative and physical stability of fish oil emulsion. In this study, whey protein isolate (WPI) solutions were prepared at 0-100 mM NaCl and pH 7.0 and preheated at 85 (C for 5-30 min. The preheated WPI was used to prepare fish oil emulsions that were evaluated for oxidative stability, droplet size, and zeta-potential during storage at 37 °C and 33.3 % relative humidity for 35 days. The emulsions were also spray-dried for evaluation of oxidative stability of powdered products, which were also reconstituted for assessment of physical and oxidative stability. Further, because maltodextrins (MD) improve spray drying performance, emulsions were prepared at WPI:MD mass ratios of 1:2, 1:4, and 1:8. The best oxidative stability for both liquid and spray-dried emulsions was observed for emulsions prepared with WPI preheated at an intermediate NaCl concentration (25mM), WPI:MD mass ratio (1:4), and heating time (15 min). For these emulsions, the highest extent of lipid oxidation was observed at day 20 with more significant reduction in lipid hydroperoxide (121.55 mEq/kg oil) and less in thiobarbituric-acid-reactive-substances-TBARS (7.10 mmol/kg oil) when compared to bulk fish oil, lipid hydroperoxide of 220.91 mEq/kg oil and TBARS of 8.55 mmol/kg oil. Emulsions prepared with preheated WPI had bigger droplets with less negative zeta-potential that changed more significantly during storage. Our work demonstrated an efficient approach to improve oxidative stability of fish oil, but much work is needed to improve both physical and chemical stability of emulsions.
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CHAPTER I 
Introduction and General Information

Omega-3 polyunsaturated fatty acids (PUFAs), especially EPA (eicosapentaenoic acid, C20:5n3) and DHA (docosahexaenoic acid, C22:6n3), have been shown to maintain good health and prevent several human diseases and disorders (Shibasaki et al., 1999; Uauy & Valenzuela, 2000; Wanasundara & Shahidi, 1998). Fish oil contains considerable amounts of omega-3 PUFAs (Klinkesorn, H-Kittikun, Chinachoti, & Sophanodora, 2004) and may be a useful dietary supplement. However, long-chain PUFAs fish oils are highly unsaturated and are very susceptible to oxidation. Lipid oxidation can be reduced by antioxidant addition or by microencapsulation of the oil (Heinzelmann, Franke, Velasco, & Marquez-Ruiz, 2000; Kagami et al., 2003; Lin, Lin, & Hwang, 1995; Velasco, Dobarganes, & Marquez-Ruiz, 2003).
Whey proteins are common choices in preparation of food emulsions because of their availability and excellent interfacial properties (Dickinson, 2001), with the extent dependent on pH, ionic strength and processing conditions (Dalgleish, Dickinson, & Lorient, 1995). When used to prepare emulsions of PUFAs, lipid oxidative stability was also improved (Coupland & McClements, 1996). It is also well known that whey proteins aggregate during heating, and aggregated whey proteins may provide a thicker interfacial layer than individual proteins and thus improve physical and oxidative stability of fish oil emulsions.

The first objective of this work was to determine the effect of heat treatment on whey protein properties. The second objective was to evaluate physical and oxidative stability of fish-oil emulsions emulsified by preheated whey protein isolate (WPI). Three types of emulsions were studied during storage at 37 °C and 33.3 % relative humidity up to 35 days: fresh emulsions, spray-dried emulsion powders, and emulsions reconstituted from spray-dried powders. Because maltodextrins (MD) facilitate wall structure of capsules, MD was used at different mass ratios to WPI in preparation of emulsions.
CHAPTER II 
Literature Review
Omega-3
General information

Fatty acids can be basically divided into two categories, saturated (absence of double bond) and unsaturated (presence of double bond), due to the presence of carbon-to-carbon double bond (C=C). Unsaturated fatty acids which contain two or more double bonds are called polyunsaturated fatty acids (PUFAs). N-3 PUFAs can be referred to Omega-3 fatty acids with a double bond (C=C) starting after the third carbon atom from the end of carbon chain (Mcmanus, Merga, & Newton, 2011). N-3 PUFAs or Omega-3 or ω-3 fatty acids can derive from a-linolenic acid. Furthermore Because Omega-3 cannot be synthesized by mammals, they are called essential fatty acids.  Green vegetables, walnuts and canola, flaxseed and rapeseed oils are abundant sources of a-linolenic acid while marine foods are good sources of Omega-3 fatty acids. When Omega-3 are consumed into human body, they can be further converted into DHA (docosahexaenoic acids) and EPA (eicosapentaenoic acids). 
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Figure 1. Nomenclature of omega-3 fatty acids 

       (Mcmanu, Merga, & Newton, 2011)
Table 1 Fatty acids

	Category
	Trivial name
	Omega-references

	Saturated Fas
	Lauric acid
	12:00

	
	Myristic acid
	14:00

	
	Palmitic acid
	16:00

	
	Steric acid
	18:00

	MUFAs
	Palmitoleic acid
	16:1  ω-9

	
	Oleic acid
	18:1  ω-9

	n-6 PUFAs
	Linoleic acida
	18:2 ω-6

	
	ɤ-Linolenic acid
	18:3 ω-6

	
	Dihomo-ɤ-linolenic acid
	20:3 ω-6

	
	Arachidonic acid
	20:4 ω-6

	n-3 PUFAs
	α-Linolenic acida
	18:3 ω-3

	
	Eicosapentaenoic acid
	20:5 ω-3

	 
	Docosahexaenoic acid
	22:6 ω-3


Any fatty acid (FA) has a carboxylic acid at one end and a methyl group with its carbon atom named omega (ω), the last letter of the Greek alphabet, at the other end. The omega reference system defines first the number of carbon atoms and the number of double bonds, separated by (:). When the closest double bond to the omega carbon is e.g. 3 carbon atoms away, the fatty acid is called omega (ω) or (n)-3. a Essential fatty acid, MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids (modified from: Stulnig TM. Int Arch Allergy Immunol 2003;132:310–321) (El-Badry, Graf, & Clavien, 2007).

Health benefits and market demand

Omega-3 polyunsaturated fatty acids (n-3 PUFAs) provide broad health benefits among several food and drug applications. In global market, n-3 PUFAs as supplementary products value over US $700 million and are growing at rate of 8% per annual (Clough, 2008). Omega-3 provide broad health benefits resulted from consumption such as in infant-growth contribution, cardiovascular disease prevention, platelet aggregation reduction, hyper-tension lowering, cancer and Alzheimer’s disease protection, depression release, and inflammation recovery (McManus, Howieson, & Nicholson, 2009; Riediger, Othman, Suh, & Moghadasian, 2009; Ruxton & Derbyshire, 2009). Researches within n-3 PUFAs study were diverse according to impacted factors such as sample size, subject characteristics, duration of study, dosages, form, methods of analysis resulting in development of different hypothesis and conclusions. There are apparent evidences that the marine source of n-3 PUFAs: eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) showed the predominant association between health benefits and consumption of DHA over non-marine source. In addition, there are many literatures and reviews supported that marine based n-3 PUFAs have a greater positive impact on health than non-marine sourced n-3 PUFAs. For example, in 2006, Wang and his groups revealed that consumption of n-3 PUFAs from fish or fish oil demonstrate efficiency on cardiovascular disease prevention, but not in the case of ALA consumption. Furthermore, the potential of n-3 PUFAs in supplementary or fortified foods is affected by type of PUFAs while the efficacy of those in food products is impacted by the composition, production, and storage condition.
Lipid oxidation in food products


Lipids and food containing lipids are very susceptible to oxidation in environmental stress such as light, heat, enzymes, metals, and micro-organisms, which contribute to a development of off-flavors and loss of essential amino acids, fat-soluble vitamins, and other bioactive compounds. Lipid oxidation occurring in food products plays a major role in deterioration in nutrition and flavors.
Challenge of controlling lipid oxidation
The interest in fortification of Omega-3 PUFAs into food products is increased. However, the fatty acids are very susceptible to environmental stress. They can also lose their appearance, nutrients, taste, texture, and have shorter shelf-life throughout process and storage. The difficulties to protect these fatty acids from deterioration mainly caused by lipid oxidation develop the challenge in fortification of these fatty acids into food products, especially in emulsion-based foods or beverages. There are several factors impact lipid oxidation rate in food emulsions, including molecular structure of lipids, heat, light, characteristics of droplets, processing conditions, and the presence of antioxidants or pro-oxidants (transition metals) in the system. Transition metals are one of the major factors increasing lipid oxidation. These metals can contribute to decomposition of lipid hydroperoxide that produce to aldehyde and ketone which initiate the off-flavour and off-odour in foods. Iron is one of the major pro-oxidants presented in water, food ingredients, and packaging materials. One potential approach to prevent the ability of iron to perform as a pro-oxidant in emulsions is to insure that the aqueous phase (where iron is presented) and the oil phase in the system are separated (Cho, Decker, & McClements, 2002; Nuchi, Decker, & McClements, 2004). Another effective way to retard the lipid oxidation rate is to apply chelating agents or antioxidants that can scavenge free radicals, for example, Ethylenediaminetetraacetic acid (EDTA) is applied due to their ability to prevent the transition metals from interacting with the hydroperoxide which is primary products in oxidative process (Mancuso, McClements, & Decker, 1999; McClements & Decker, 2000). Furthermore, food manufactures are interested in using natural antioxidants such as proteins, polyscharides, and citric acid instead of synthetic antioxidants to prevent lipid oxidation. For Instance, Faraji, McClements, & Decker (2004) reported that milk proteins have a potential to retard lipid oxidation when present in aqueous phase. The ability to inhibit oxidation may be resulted from their sulfhydryl groups. In addition, a number of studies suggest that a modification in the thickness of the droplets interfacial layer resulting in a formation of physical barrier which is able to separate hydroperoxide residues in the oil phase from pro-oxidants in the continuous phase (Tong, Sasaki, McClements, & Decker, 2000; Chaiyasit, Silverstre, McClements, & Decker, 2000). Furthermore, many research demonstrated the improvement of lipid oxidation stability of oil-in-water emulsions by using different types of emulsifiers to generate multilayered membranes around the oil droplets. Especially in the study conducted by Gyzey & McClements, 2006, ‘layered-by-layered electrostatic deposition’ techniques were applied to oil-in-water emulsions and found to increase oxidative stability of the systems. Another alternative way to generate thick interfaces surrounding droplets is to apply particles to form ‘Pickering emulsions’ as firstly revealed by Pickering, 1907. Particles have a strong potential to adsorb onto the droplets interface and provide protective wall against droplet instability of emulsions (Melle, Lask, Fuller, & Langmuir, 2000). 
Lipid oxidation mechanism
Lipid oxidation may occur under several conditions which mostly involve in free radicals or oxygen species. The most common process leads to oxidative deterioration is autoxidation. Autoxidation is a spontaneous reaction between oxygen and lipids. High temperature, such as frying temperature, can increase the autoxidation. In general, unsaturated fatty acids, such as free fatty acids, triacylglycerols, diacyglycerols, monoacylglycerols, or phospholipids, are the reactants in the reaction (Gordon, Pokorny, Yanishlieva, 2001; Perkins, Angelo, 1992; Kamal-Eldin, Makinen, Lampi, 2003). Normally, there are three steps, initiation, propagation, and termination, in oxidation process occurring through free radicals production represented in the below scheme.

[image: image15.emf]
Figure 2. Mechanism of autoxidation (Shahidi & McClements, 2005)
The process of autoxidation is very slowly at the initial stage, the time to reach a sudden increase in oxidation rate is referred to as the induction period. Lipid hydroperoxides was produced as primary products of the process. The primary products then were decomposed to aldehydes, ketones, alcohols, hydrocarbons, volatile organic acids, and epoxy compounds. The compounds generated during hydroperoxides decomposition were defined as secondary products of the lipid autoxidation.
Measurement of primary products of oxidation

Several methods of measurements are used in lipid oxidation analysis in food products. According to difficulties in monitoring all oxidative changes in all food systems, a selection of proper methods is very important. To measure primary products of lipid oxidation in foods, a chemical method developed from the ability of hydroperoxides that oxidize ferrous ion to ferric ion in an acidic condition.  The complex formed by the ferric ion with thiocyanate or xylenol orange are measured the absorption by spectrophotometric determination under UV-visible light at 500-510 nm (Dobarganes, Velasco, & Eur, 2002). The method is basically applied for lipid oxidation analysis in milk products, fats, oils, and liposomes.

Measurement of secondary products of oxidation

Secondary products, such as aldehydes, ketones, alcohols, hydrocarbons, volatile organic acids, and epoxy compounds, are the products formed during the decomposition of the primary products in lipid oxidation process. There are several methods to detect these secondary products. Thiobarbituric Acid Reactive Substances Test (TBARS) is one of the methods widely used to determine lipid oxidation changes in food products. In the assay, malonaldehyde (MA) as a product of hydroperoxides decomposition is used to indicate a development of lipid oxidation. The colorimetric determination performs by spectrophotometer at UV-visible light to detect the absorption of MA-TBA complex at 530-535 nm (Jardine, Antolovich, Prenzler, & Robards, 2002). TBARS assay can be applied to several type of samples, such as a whole sample, an extract of sample, a steam distilled the sample, and the extracted lipids. 

[image: image16.emf]
Figure 3. Reaction of 2-thiobarbituric acid (TBA) and malonaldehyde (MA) 

  (Shahidi & Zhong, 2005)
However, TBA test is limited in specificity and sensitivity. Other compounds referred to TBARS substances such as alkanals, 2-alkenals, 2, 4-alkdienals, ketones, ketosteroids, acids, esters, proteins, sucrose, urea, pyridines, and pyrimidines, can be interferences while testing. These compounds can react with TBA reagent and increase the absorption intensity. The additional absorption obtained by interferences can lead to overestimation of TBARS value. In addition, impurities such as barbituric acid and nitrite residuals can also impact the TBA test. Several modifications are applied not only to reduce interference effects but also increase the specificity of TBARS assay. For instance, heating temperature adjustment, antioxidants addition, separation of impurities can contribute to an accuracy of the TBA test.

Encapsulation

Encapsulation is a process which entraps oil droplets or bioactive compounds with coating materials acting as a protective wall prevent the core components from deterioration and changes in both quality and functionality. In general, a capsule performs in a small sphere shape composing of an internal phase, encapsulated ingredient, which is called ‘the core’ and the outer coating, encapsulating agent, which is called ‘shell’ or ‘wall’ or ‘membrane’. In addition, the core compounds may be consisted of more than one ingredient and the outer wall may be single or multiple. Shahidi and Han (1993) demonstrated the benefits of encapsulation process in food applications such as to reduce the interaction between core compounds and environment, to promote easier handling, to alter control and release of the core components, to help masking unpleasant taste of the cores; and facilitate the cores to disperse into aqueous medium. The diversity of core compounds, wall materials, and encapsulation techniques can produce wide range of capsule products which are different in shape, particle size, control and release properties, re-dispersion ability as reported in literatures (Desai & Park, 2005; Gibbs, Kermasha, Alli, & Mulligan, 1999; Gouin, 2004; King, 1995; Shahidi & Han, 1993). 
[image: image17.emf]
Figure 4. Trends in microencapsulation technologies. Keywords used were: (Microencapsul* or encapsul* or coating or coated) and 1. Extrusion or extruded 2. fluid* bed 3. spray (cool* or chill*) 4. spray dry* 5. coacervat* 6. liposome 7. spin* disk 8. nano-encapsul* or nanoencapsul* 9.supercritical fluid or SCF or RESS for the respective encapsulation technology. Chemical Abstract was the main reference source (Gouin, 2004).

Spray drying
Gouin, 2004 and Shahidi & Han, 1993 stated that encapsulation process is one of the most conventional method used to prepare capsules products for several decades. Although many techniques have been developed to encapsulate food ingredients, spray-drying is the most common technology used in food industry not only because it is low cost process but also it requires non-complex steps and equipment. Spray-dry process is mainly used in food application to convert liquid to powder in order to protect core compounds against degradation and oxidation, reduce flashing off of volatile flavors, save on expensive ingredients as well as facilitate transportation and storage. 

Wall material selection


In order to protect core materials or bioactive compounds from decomposition such as nutrient loss, flavor and color changes, protective wall systems are created. The strategy to preserve the cores is to prevent them from being directly exposed and interact with environment. Furthermore, in some applications, for instance; phamacuetical areas, control and release properties of wall materials are considered important to encapsulation process. Characteristics, physical and chemical properties, encapsulation efficiency, core protection ability, and surface activity are major criteria to select proper wall materials to create emulsions as well as through spray drying process. Natural compounds are widely selected to be used as wall materials in spray drying process since they has proper solubility and viscosity when dissolved in water, provide good properties during emulsification, and are stable through spray-drying. Biopolymers, such as polysaccharides (gum arabic, alginates, carragenans, maltodexrins) and proteins (milk or whey proteins, gelatin) are broadly used in encapsulation. However, several literatures such as Reineccius, Ward, Whorten, & Andon in 1995 and Thevenet in 1995 proposed typical wall materials as alternative selections such as low molecular weight carbohydrates, milk or soy proteins, gelatin and hydrocolloids like acacia gum. Some recent studies (Beristain & Vernon-Carter, 1994; Beristain, Garcı´a, & Vernon- Carter, 2001) revealed benefits of using local materials substituted commercial materials, such as mesquite gum, to lower cost production. In addition, there are novel techniques based on interfacial engineering technology have recently been developed in order to improve quality of emulsions and spray-dried powders. One of the typical methods is ‘electrostatic layer-by-layer deposition’ discovered by Klinkesorn, Sophanodora, Chinachoti, Decker, & McClements in 2006. The study was successful to create emulsion system containing tuna oil by place different surfactant containing opposite charges on the interface of emulsions. The tuna-oil emulsions prepared by multiple layers of coating were found to have higher stability comparable to those formed by coating with single layer.
Whey protein as wall material

Type, composition, and properties of wall materials are considered to be important factors impact the efficiency and stability of emulsions and spray-dried powder. Due to their surface activity and stabilizing properties, whey proteins are widely used in food emulsion systems. Whey protein isolates are mainly composed by β-lactoglobulin (more than 50%) and α-lactalbumin (10-15%). Recent literatures (Livney et al., 2003; Nicorescu et al., 2008; Raikos, 2010) revealed the adsorption ability of whey proteins during heat treatment to stabilize oil-in-water emulsions. These major composition in whey proteins, both β-lactoglobulin (β-lg) and α-lactalbumin (α-la), are able to adsorb into an interfacial layer between oil droplet (disperse phase) and water (continuous phase) and improve stability of oil-in-water emulsions as well as encapsulation properties during spray-dry process.
Whey protein aggregates
According to its sensitivity to temperature rising, heat treatment can modify both physical and chemical properties of whey proteins. A control of heating can contribute to protein functionality changing leaded by denaturation and aggregation. According to its complicated steps of formation, many researchers were interested in studying on how whey protein aggregates actually occur. Nicolai, et al., 2011 discussed possible explanations of the aggregates mechanism.  In the literature, whey protein aggregates or gels formed by heat induce can be described by various steps of mechanism. There are several steps when WPI aggregates are formed. Native proteins are in monomers and dimers form before heating. During heating, the proteins becomes more mobile resulting in a release of hidden hydrophobic and thiol groups. These groups then expose and interact with proteins molecules. At the initial step, small oligomers are in the form of dimers and trimmers which bound together by disulfide bonds. When the amount of oligomers exceeds a critical point, primary aggregates are formed. Several factors such as pH, heating temperature, protein concentration, ionic strength, are found to impact an association of aggregates in particle size, shape, quality and stability of gel. However, actual mechanism and morphology structure, impact factors, and stability of whey protein aggregates remained complex and require explanation.

[image: image18.emf]Table 2 Physical characteristics of the major whey proteins
	Protein

	pI

	M.W.

	%

	

	β-lg
	5.2
	18400
	60
	78

	α-lg
	4.8 - 5.1
	14200
	22
	62

	Bovine serum albumin
	4.8 - 5.1
	66000
	5.5
	64

	immunoglobulins
	5.5 - 6.8
	15-96 × 104
	9.1
	72


(Byant & McClements, 1998)

[image: image19.emf]
[image: image20.emf]Figure 5. Schematic represents the aggregation process of β-lg at pH > 5.7. Native β-lg in the form of monomers and dimers dissociates and denatures when heated (step 1). It forms initially denatured monomers and small oligomers (step2). Above a critical association concentration the oligomers form larger primary aggregates with different shapes and sizes (15 < Rh < 150 nm) depending on the pH and the salt concentration (step 3). At higher protein concentrations the primary aggregates form large self similar aggregates that precipitate or gel above a critical concentration (step 4). (Nicolai, et al., 2011)

Figure 6. Negative-staining transmission electron micrographs of WPI dispersions at 1 wt % after heat treatment at 85 °C for 15 min at pH ranging from 6.0 to 7.0 in the presence or absence of NaCl: pH 6.0 (A), pH 6.0 - 5 mM (B), pH 6.6 (C), pH 6.6 - 70 mM (D), pH 7.0 (E), pH 7.0 - 120 mM (F). Scale bars represent 0.5 µM. (Schmitt, Bovay, Rouvet, Shojaei-Rami, and Kolodziejczyk, 2007)

Heat-induced whey protein stabilize emulsions

In whey protein stabilized emulsions, under some heating conditions whey proteins may cause aggregates which stabilize oil droplets. The interesting influence of heating on the stability of whey protein stabilized emulsions has been studied by several researchers (Demetriades, Coupland & McClements, 1997; Hunt & Dalgleish, 1995; Jost, Baechler & Masson, 1986; Masson & Jost, 1989; Monohan, McClements & German, 1996; Yamauchi, Shimizu & Kamiya, 1980; Yost & Kinsella, 1992). The stability of emulsions stabilized by heated whey protein depends on many factors such as pH, ionic strength, temperature, protein content (Demetriades et al., 1997; Hunt & Dalgleish, 1995). In 1980, Yamauchi and group noticed that coconut oil emulsions stabilized by whey proteins which were heat stable could be formed by heat-induced gel in the presence of calcium. Hunt and Dalgleish (1995) reported that droplet size of emulsions were stable for heating WPI-stabilized emulsions at 90°C for 30 min and 121°C for 10 min at either pH 3.0 or pH 7.0. However, particle size distribution of the WPI-stabilized emulsions at pH around 4 were found unstable. Monohan (1996) revealed that an addition of 100 mM KCl or above decreased heat stability at both pH 3.0 and 7.0. Monohan also studied on the influence of heating temperature ranged from 30–90°C on 1% WPI emulsion at neutral pH 7. It was found that heating up to 70°C resulted in emulsion droplet were stable. However, significant droplet aggregation found to occur when heating temperature range was 75–80°C, but it decreased as the temperature was raised above 80°C.

CHAPTER III


Materials and Methods
Materials

MEG-3TM Fish oil, labeled as “Omega 30 TG food grade fish oil”, was kindly supplied by Ocean Nutrition Canada (Dartmouth, Nova Scotia, Canada). According to the manufacturer, the product contained 30% omega-3 fatty acids. Fish oil was weighted in 150 ml screw cap bottles and store in a -18°C freezer and thawed right before use; after each use, the head space of container was flushed by nitrogen before being returned to the -18°C freezer. Whey protein isolate (WPI) was provided by Hilmar Ingredients (Hilmar, CA, USA). Maltodextrin (MD 180) was from Grain Processing Corporation (Muscatine, IA). Dialysis tubing with a molecular weight cut-off of 3,500 Da was purchased from Fisher Scientific (Fair Lawn, NJ, USA). Other chemicals used were analytical grade and purchased from Fisher Scientific or Sigma Chemical Co. (St. Louis, MO, USA). 

Methods
Preparation of WPI solutions

WPI solution was prepared by hydrating 4 %w/v WPI in deionized water. A series of MD solutions were prepared separately at 8, 16 and 32 %w/v in deionized water. The WPI and MD solutions were mixed at an equal volume to obtain a final solution containing 2%w/v WPI and WPI:MD ratios of 1:2, 1:4, and 1:8. The mixture was stirred for about 3 h to ensure complete dissolution of WPI and was kept at 4 °C for 12-15 h before preparing preheated solutions for characterization or emulsification.

Characterization of preheated WPI solutions

The above 2% WPI solutions were adjusted to pH 7.0 and 0-100 mM NaCl using 1 N HCl or NaOH. Solutions were heated in 85 (C water bath up to 30 min and cooled in a room temperature water bath immediately. The preheated solutions were characterized for following properties.

Particle size

The particle size of the WPI solutions was measured using a laser light scattering instrument (model DelsaTM Nano C, Beckman, Coulter, Inc, Fullerton, CA). Volume-weighted mean diameters, D4,3, were calculated according to Equation 1. All measurements were conducted on 2 freshly prepared samples, each measured twice.
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Zeta potential

The zeta potential of the dispersions was analyzed using the above DelsaTM Nano C instrument. The measurements were determined from duplicate samples, with each measured two times for a total of 4 readings. For preheated WPI dispersion prepared with NaCl, dialysis was applied after heating. 3 ml of dispersion sample was taken into dialysis tube and soaked in 400 ml of deionized water for 3 h. Then the solvent was changed 4 times before zeta potential measurement was performed.
Surface hydrophobicity

Surface hydrophobicity of WPI was estimated by the method of Hayakawa and Nakai (1985) with modification. After preheating, the WPI solutions were centrifuged at 10,000g for 15 min at 4 °C and 4 ml of the supernatant was taken to react with 20 µL of a 1-anilino-8-naphthalenesulfonate magnesium salt (ANS) stock solution prepared at 8 mM in 0.1 M phosphate buffer and adjusted to pH 7.0). The reaction was allowed at room temperature for 15 min, followed by measurement for the relative fluorescent intensity (RFI) using a photon-counting FluoroMax-3 spectrofluorometer (Horiba Jobin Yvon Inc., Edison, NJ, USA) with excitation (390 nm) and emission (470 nm) slits set at 5 nm to obtain the fluorospectrum. The RFI values acquired from samples with different protein concentrations were used for linear regression to obtain a slope (So = RFI/%protein) as surface hydrophobicity. Similar to other measurements, two sample replicates were measured for twice each.

Preparation of emulsions

The 2 wt% WPI solutions with different amounts of MD were adjusted for pH and ionic strength and preheated as above. The same solution without preheating was used as a control. Fish oil-in-water emulsions were prepared by emulsifying 10% v/v fish oil in WPI solutions at 1.5 × 104 rpm for 3 min using a high speed homogenizer (Cyclone I.Q.2, The VirTis Company, Inc., Gardiner, NY). Sodium azide was applied to liquid emulsions at 0.1% to prevent microbial growth. The liquid emulsions were kept at storage conditions detailed below for evaluation of physical and oxidative stability. In separate experiments, the prepared O/W emulsions were spray-dried using a B-290 Mini Spray Dryer (BÜCHI Labortechnik AG, Postfach, Switzerland) at a feed rate of 8.00 ml/min. The inlet and outlet temperatures were at 160 °C and 70 – 80 °C, respectively. The spray-dried powders were collected and stored at -18(C until oxidative stability analysis. The spray-dried powders were also reconstituted in deionized water and adjusted to pH 7.0 at a concentration equivalent to 0.8 mg fish oil/ml. Reconstituted emulsions were place into capped vials and incubated at the below storage conditions before analyses for physical and chemical stability. 
Stability of emulsions during storage

To evaluate emulsion stability, emulsion samples were stored above a saturated solution of magnesium chloride (to achieve 33.3 % relative humidity) and incubated at 37 °C for accelerated oxidation up to 35 days (Shaw, McClements, & Decker, 2007). Evaluation of emulsion stability was conducted at 5-day intervals for lipid oxidation detailed below and also for droplet diameter and zeta potential using the methods detailed above for WPI solutions.
Oxidative changes during storage were monitored by analyzing peroxide value (Shanta & Decker, 1994) and thiobarbituric acid-reactive substances (TBARS) (Ronald, 2001) as indicators of primary and secondary lipid oxidation products, respectively. Hydroperoxide concentration was determined by following the method of Shanta and Decker (1994) who modified the IDF standard method 74A: 1991 (International Dairy Federation, 19). 0.012 g of sample was added with 10 ml of a ternary mixture of 1-butanol, isopropanol, and 0.5 M HCl (in deionized water) at a volume ratio of 2: 2: 1 by vortexing three times for 10 s each. The samples were then centrifuged for 5 min at 10,000g Sorval RC 5B Plus centrifuge, Kendro laboratory products. The supernatant was transferred and mixed with 50 µl of a 3.94 M ammonium thiocyanate solution followed by addition of 50 µl a ferrous iron stock solution that was prepared by dissolving 0.132 M BaCl2 and 0.144 M FeSO4 in 0.4 M HCl. The final solution was vortexed and incubated at room temperature for 5 min before measurement of absorbance at 500 nm using a UV/Vis spectrophotometer (model BioMate 5, Thermo Fisher Scientific, Pittsburgh, PA). A mixture of all reagents except the sample was used as a blank. Lipid hydroperoxide concentration was determined using a standard curve where standard solutions of ferric chloride was used to react with ammonium thiocyanate directly.

Determination of Thiobarbituric-Acid-Reactive-Substances (TBARS) followed the method of Ronald, 2001. A thiobarbituric acid stock solution was prepared to contain 15 g trichloroacetic acid, 0.75 g thiobarbituric acid, and 0.8 % 2, 6-di-tert-butyl-4-methylphenol (BHT) in 100 ml of the above ternary solvent mixture of 1-butanol, isopropanol, and 0.5 M HCl. A powder or liquid emulsion sample was added with the thiobarbituric acid stock solution to a total volume of 10 ml. After vortexing, samples were centrifuged 10000g for 5 min, the supernatant taken and incubated in a 95 °C water bath for 2 h (Hu & Zhong, 2010). After cooling in room temperature in water bath the absorbance at 532 nm was measured. The ternary solvent mixture without emulsion sample added was treated identically to obtain absorbance as a sample blank. TBARS values were estimated using a standard curve constructed using 1, 1, 3, 3 – tetramethoxypropane (TMP) as a standard.

Experimental design

Two replicate samples were prepared, and two measurement replicates were performed. Averages and standard deviations from 4 measurements were reported. To analyze differences among treatments, a One-way ANOVA was conducted at significance level 0.005. If significant differences were detected a multiple comparison test (Duncan test) was applied the software SAS© version 9.22 (SAS Institute, Cary, NC) was used in all analyses.
CHAPTER IV


Results and Discussion

Physical properties of whey protein isolate after preheating

Table 3 summarizes physicochemical characteristics observed for preheated WPI dispersions in the absence of NaCl after heating at 85 °C for different durations. Bigger particles formed after heating for a longer time from 82.45 nm before heating to 116.60 nm after heating for 30 min. These results larger denatured β-lactoglobulin aggregates formed at a higher temperature or a longer heating time (Jang & Swaisgood, 1990). In increase heating time also corresponded to a progressive change of zeta potential of WPI particle to be less negative. When WPI was not heated, the zeta-potential was -29.65 mV that decreased its magnitude -22.50 mV after being heated for 30 min. Native whey proteins have hydrophilic, charged amino acids on surface. Upon heating, proteins are unfolded, with some embedded hydrophobic amino acids now exposed to the surface, and the end result is the decreased number of charged amino acids on the surface. Heat-induced increase in abundance of hydrophobic amino acids on protein surface is well-known (Bryant and McClements, 1998) and is verified by results in Table 3.

Table 3. Physic properties* of WPI dispersions at pH 7.0 and 0 mM NaCl after preheating at 85 °C for different durations.
	Heating time

(min)
	Particle diameter (nm)
	Zeta-potential (mv)
	Surface-hydrophobicity index 

(S0)

	
	
	
	

	0
	82.45 ± 5.73 a
	-29.65 ± 1.06 a
	54.40 ± 1.70 a

	5
	99.60 ± 1.41 b
	-28.35 ± 1.20 a
	59.20 ± 1.56 b

	15
	104.50  ± 1.13 c
	-27.70 ± 1.27 a
	65.35 ± 1.20 c

	20
	108.45 ± 2.90 d
	-25.05 ± 0.35 b
	69.05 ± 2.19 c

	25
	110.85 ± 3.75 d
	-23.02 ± 1.25 b
	75.50 ± 1.70 d

	30
	116.60 ± 3.25 e
	-22.50 ± 1.27 b
	82.50 ± 2.40 e


*Results are reported as means ± standard deviation and values with different superscript letters are significantly different (P ≤ 0.05).
Table 4 shows properties of WPI after heating at pH 7.0 and 0-100 mM NaCl at 85 (C for 15 min. There was no difference between diameters of WPI dispersions preheated at 0 or 10 mM NaCl. After heating, the particle size increased from 122.8 nm at 25 mM NaCl to 246.65 nm at 100 mM NaCl. The larger size of WPI particles formed at a higher concentration of added NaCl is due to reduced Debye length and thus increased likelihood of protein aggregation.

At a higher ionic strength (higher NaCl concentration), zeta-potential of preheated WPI became less negative due to a higher extent of protein unfolding and aggregation, as indicated by a higher surface hydrophobicity (Table 4). The results in Table 4 also reported zeta potential for those after dialysis. The numbers were less negative before dialysis. This may indicate that added NaCl impact on zeta potential of preheated WPI dispersions.
As for surface hydrophobicity, it is measured based on the quantity of ANS specific hydrophobic groups exposed to an aqueous phase, which is increased after heating for a longer time and/or at a higher ionic strength (Demetriades et al., 1997). Impacts of heating on whey protein surface hydrophobicity were also verified for emulsions stabilized by WPI (Euston et al., 2000).
Table 4. Physic properties* of WPI dispersions at pH 7.0 with 0-100 mM NaCl after heating at 85 (C for 15 min.

	NaCl concentration (nm)
	Mean diameter (nm)
	Zeta-potential (mv)
	Zeta-potential (mv)  After dialysis
	Surface-hydrophobicity index (S0) 

	
	
	
	
	

	0
	105.4 ± 1.56 a
	-25.95 ± 0.64 a
	-
	68.55 ± 2.62 a

	10
	111.95 ± 2.19 a
	-23.85 ± 0.92 a
	-27.41 ± 0.45 a
	82.05 ± 2.19 b

	25
	122.8 ± 3.68 b
	-21.85 ± 0.78 b
	-26.35 ± 0.32 b
	93.4 ± 3.11 c

	50
	162.35 ± 8.70 c
	-19.85 ± 1.06 b
	-24.65 ± 0.18 b
	122.85 ± 6.58 d

	100
	246.65 ± 22.70 d
	-15.4 ± 1.56 c
	-21.12 ± 0.66 c
	141.2 ± 6.51 e


*Results are reported as means ± standard deviation and values with different superscript letters are significantly different (P ≤ 0.05).
Oxidative Stability of WPI-stabilized emulsions during storage

The first set of experiments was carried out to identify the optimum preheating time for WPI that was most effective in inhibiting lipid oxidation in corresponding emulsions. The second set of sample was tested for WPI preheated using the optimized heating time but varying ionic strengths. The third set of samples was prepared using different MD concentrations and same heating time and ionic strength selected from the first and second sets of samples. 
Emulsions prepared with WPI preheated at different durations

Oxidative stability of emulsions prepared with WPI preheated at 85 (C for different durations is presented in this section. All samples oxidized very rapidly with increases in lipid hydroperoxides and TBARS from day 0 to day 20, followed by decreased oxidation rates at longer incubation times tested up to day 35, for both liquid (Figure 7) and dried emulsions (Figure 6). At day 20, lipid hydroperoxides of liquid emulsions prepared with preheated WPI were lower than those of the emulsion prepared with unheated WPI and bulk fish oil (Figure 5 a), but the impact of preheating time on lipid hydroperoxides was not significant. TBARS was not significantly different for all samples (Figure 7b). The preheating time of 15 min was chosen for subsequent studies because of the lowest average lipid hydroperoxide value (Figure 7a). For this emulsion, lipid hydroperoxide and TBARS values at day 20 were 169.32 mEq/ kg oil and 8.16 mmol/ kg oil, respectively, that were respectively improved from 220.91 mEq/ kg oil and 8.55 mmol/kg oil for the bulk fish oil.

Spray-dried powders (Figure 8) showed similar oxidative stability to liquid emulsions (Figure 7). The powders prepared with WPI preheated for 15 min had the lowest lipid hydroperoxide (153.23 mEq/ kg oil) and TBARS (7.41 mmol/ kg oil) values at day 20 of storage.
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Figure 7.  Development of (a) lipid hydroperoxides and (b) TBARS of fish oil emulsions stored at 37 °C and 33% relative humidity for 35 days. Emulsions were prepared at 10 v/v% fish oil and an aqueous phase containing 2 w/v% WPI, 4 w/v% MD, maltodextin. The aqueous phase was adjusted to pH 7.0 and preheated at 85(C for 0-30 min before emulsion preparation. Error bars are standard deviations from two replicates, each with two measurements.
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Figure 8. Development of (a) lipid hydroperoxides and (b) TBARS of spray-dried fish-oil powder stored at 37 °C and 33% relative humidity for 35 days. Fresh emulsions were prepared as those in Figure 7 before spray drying. Error bars are standard deviations from two replicates, each with two measurements.
Emulsions prepared with WPI preheated at different ionic strengths

In this set of experiments, WPI solutions at pH 7.0 were dissolved with different concentrations of NaCl and preheated at 85 °C for 15 min before being applied to prepare emulsions. Figure 9 shows the reduced formation of lipid hydroperoxides and TBARS in liquid emulsions for samples prepared with WPI preheated with NaCl. The emulsions prepared with 25 mM NaCl exhibited the lowest lipid hydroperoxide concentration (137.65 mEq/kg oil) and TBARS (7.48 mmol/kg oil) after 20 days of oxidation, while samples with other ionic strengths were statistically similar. Similar trends were observed for spray-dried powders (Figure 10): the sample prepared with 25 mM NaCl demonstrated the lowest amount of hydroperoxides (127.44 mEq/kg oil) and TBARS (7.18 mmol/kg oil) at day 20.
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Figure 9. Development of (a) lipid hydroperoxides and (b) TBARS of fish-oil emulsions stored at 37 °C and 33% relative humidity for 35 days. Emulsions were prepared at 10 v/v% fish oil and an aqueous phase containing 2%w/v WPI, 4%w/v maltodextin, and 0-100 mM NaCl. The aqueous phase was adjusted to pH 7.0 and preheated at 85(C for 15 min before emulsion preparation. Error bars are standard deviations from two replicates, each with two measurements.
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Figure 10. Development of (a) lipid hydroperoxides and (b) TBARS of spray-dried fish-oil powder stored at 37 °C and 33% relative humidity for 35 days. Fresh emulsions were prepared as those in Figure 9 before spray drying. Error bars are standard deviations from two replicates, each with two measurements.
Emulsions prepared with different WPI:MD ratios

The above identified preheating conditions, i.e., at 85 °C for 15 min and with 25 mM NaCl, were selected to studied the impact of WPI:MD ratio on oxidative stability of resultant emulsions. Figure 11 shows oxidative stability of liquid emulsions stabilized by preheated WPI with different maltodextrin concentrations was significantly improved when compared with bulk fish oil. Formations of hydroperoxides and TBARS showed similar trends for emulsions and bulk fish oil, with the maximum values detected after 20 days of storage. At day 20, the sample prepared with a WPI:MD ratio of 1:4 showed significantly lower lipid hydroperoxide (121.55 mEq/kg oil) and TBARS (7.10 mmol/kg oil) than other treatments. The observations were similar for spray-dried powders (Figure 12), with the sample prepared with a WPI: MD ratio of 1: 4 demonstrating lipid hydroperoxide value of 108.99 mEq/ kg oil and TBARS value of 6.98 mmol/kg oil.
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Figure 11.  Development of (a) lipid hydroperoxides and (b) TBARS of fish-oil emulsions stored at 37 °C and 33% relative humidity for 35 days. Emulsions were prepared at 10 v/v% fish oil and an aqueous phase containing 2%w/v WPI, maltodextin at a WPI:MD ratio of 1:2, 1:4, and 1:8, and 25 mM NaCl. The aqueous phase was adjusted to pH 7.0 and preheated at 85(C for 15 min before emulsion preparation. Error bars are standard deviations from two replicates, each with two measurements.
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Figure 12. Development of (a) lipid hydroperoxides (b) TBARS of spray-dried fish-oil powder stored at 37 °C and 33% relative humidity for 35 days. Fresh emulsions were prepared as those in Figure 11 before spray drying. Error bars are standard deviations from two replicates, each with two measurements.
Physical stability of emulsions

Droplet size

Physical stability was tested for both fresh and reconstituted emulsions by measuring droplet diameter changes during storage at 37(C. Changes in particle diameters of WPI-stabilized emulsions prepared by WPI preheated in the absence of NaCl for different durations are shown in Figure 13a for fresh emulsions and Figure 13b for reconstituted emulsions Overall, bigger droplets were observed for emulsions prepared with WPI preheated for a longer time, and reconstituted emulsions had bigger droplets than the corresponding fresh emulsions. It was also observed that mean droplet sizes of emulsions stabilized by unheated WPI were significantly smaller than those stabilized by preheated WPI throughout storage time. Droplet sizes increased during storage, indicating possible occurrence of aggregation or coalescence, but the exact mechanism was not studied. 


Figure 13. Changes of droplet sizes during incubation at 37 °C for (a) fresh fish-oil emulsions and (b) the corresponding emulsions reconstituted from spray-dried powders. Emulsions were prepared at 10 v/v% fish oil and an aqueous phase containing 2%w/v WPI, and 4%w/v maltodextin. The aqueous phase was adjusted to pH 7.0 and preheated at 85(C for 0-30 min before emulsion preparation. Error bars are standard deviations from two replicates, each with two measurements.
Figure 14 shows changes in droplet size for emulsions prepared from WPI preheated with different NaCl concentrations at 85 °C for 15 min. The measured droplet size was greater for emulsions prepared with WPI preheated with a higher concentration of NaCl. All samples showed an increase in droplet size during storage for both fresh and reconstituted emulsions. The emulsions prepared with 100 mM NaCl had significantly larger particle sizes comparable to those with lower NaCl concentration. The Debye length decreases with an increase in ionic stregnth and this in turn increases the possibility of droplet aggregation. (McClements, 2004). However, wheather the bigger droplet sizes at a higher ionic strength were caused by aggregation or coalescence is a future research topic.




Figure 14. Changes of droplet sizes during incubation at 37 °C for (a) fresh fish-oil emulsions and (b) the corresponding emulsions reconstituted from spray-dried powders. Emulsions were prepared at 10 v/v% fish oil and an aqueous phase containing 2%w/v WPI, 0-100 mM NaCl, and 4%w/v maltodextin. The aqueous phase was adjusted to pH 7.0 and preheated at 85(C for 15 min before emulsion preparation. Error bars are standard deviations from two replicates, each with two measurements.
Figure 15 presents mean droplet diameters of emulsions prepared with preheated WPI and MD concentrations. When MD concentration was increased, the emulsion droplet sizes increased correspondingly. The droplet sizes of emulsions made with WPI:MD ratios of 1:8, 1:4, and 1:2 were slightly different from day 0 to day 20 of storage. After 25 days or longer, droplet sizes of emulsions prepared with a WPI:MD ratio of 1:4 and 1:8 were significantly larger than that prepared with a WPI:MD ratio of 1:2. Influence of MD concentration on emulsion droplet sizes may be explained by depletion flocculation due to non-adsorbing biopolymers. Physically, when the concentration of non-adsorbing biopolymers in the aqueous phase and thus osmotic pressure is sufficiently high, droplets diffusing to each other exclude biopolymers from the inter-droplet regime that subsequently has a lower osmotic pressure. The higher osmotic pressure in other regime then forces the two droplets to aggregate. The aggregation is reversible upon dilution, and therefore the phenomenon is called depletion flocculation. The extent and rate of flocculation are higher at a higher concentration of non-adsorbing biopolymers (Dickinson, 2003).




Figure 15. Changes of droplet sizes during incubation at 37 °C for (a) fresh fish-oil emulsions and (b) the corresponding emulsions reconstituted from spray-dried powders. Emulsions were prepared at 10 v/v% fish oil and an aqueous phase containing 2%w/v WPI, maltodextin at a WPI:MD ratio of 1:2, 1:4, and 1:8, and 25 mM NaCl. The aqueous phase was adjusted to pH 7.0 and preheated at 85(C for 15 min before emulsion preparation. Error bars are standard deviations from two replicates, each with two measurements.

Zeta potential

Zeta potentials of emulsion droplets prepared with WPI heated at 85 °C from 5 to 30 min were recorded during storage at 37 °C. The zeta potential of the droplets in fresh emulsions was less negative for emulsions prepared with WPI preheated for a longer time (Figure 16), similar to observations from preheated WPI dispersions (Table 3). This is expected because WPI is the only ionizable constituent in emulsions. During storage, zeta-potential of all samples became less negative (Figure 14).





Figure 16. Changes of zeta-potential of droplets during incubation at 37 °C for (a) fresh fish-oil emulsions and (b) the corresponding emulsions reconstituted from spray-dried powders. Emulsions were prepared at 10 v/v% fish oil and an aqueous phase containing 2%w/v WPI and 4%w/v maltodextin. The aqueous phase was adjusted to pH 7.0 and preheated at 85(C for 0-30 min before emulsion preparation. Error bars are standard deviations from two replicates, each with two measurements.
Figure 17 shows zeta-potential of fresh and reconstituted emulsions for those prepared with WPI preheated at different concentrations of NaCl. The zeta potential were less negative for emulsions prepared with WPI preheated at a higher NaCl concentration, similar to observations from WPI dispersions (Table 4). Again, electrostatic screening effects of ions reduce electrophoretic mobility and thus the measured zeta-potential of colloidal particles (Hunter, 1986; Israelachvili, 1992). During storage, zeta potential of all samples became less negative, more significant for emulsions prepared with a lower NaCl concentration. Similar magnitudes and trends were observed for reconstituted emulsions (Figure 17b). 




Figure 17. Changes of zeta-potential of droplets during incubation influence at 37 °C for (a) fresh fish-oil emulsions and (b) the corresponding emulsions reconstituted from spray-dried powders. Emulsions were prepared at 10 v/v% fish oil and an aqueous phase containing 2%w/v WPI, 0-100 mM NaCl, 4%w/v maltodextin and adjusted to pH 7.0. The aqueous phase was preheated at 85(C for 15 min before emulsion preparation. Error bars are standard deviations from two replicates, each with two measurements.

For emulsions prepared with different concentrations of MD, zeta-potential was similar at day 0 and remained similar during storage (Figure 18a). MD are hydrophilic nonionic ingredients and are not expected to be surface-active or to adsorb to charged surface. Therefore, higher concentration of maltodextrins did not influence zeta potential of emulsions. Zeta potential observed for fresh emulsions had similar trends to those of reconstituted emulsions (Figure 18b) and became less negative for both sets of emulsion storage.
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Figure 18. Changes of zeta-potential of droplets during incubation at 37 °C for (a) fresh fish-oil emulsions and (b) the corresponding emulsions reconstituted from spray-dried powders. Emulsions were prepared at 10 v/v% fish oil and an aqueous phase containing 2%w/v WPI, maltodextin at a WPI:MD ratio of 1:2, 1:4, and 1:8, and 25 mM NaCl. The aqueous phase was adjusted to pH 7.0 and preheated at 85(C for 15 min before emulsion preparation. Error bars are standard deviations from two replicates, each with two measurements.

CHAPTER V


Conclusions and Recommendations

Preheating WPI to modify interfacial properties of whey proteins was observed to have improved oxidative stability of fish oil in the three types of emulsions tested: fresh emulsions and spray-dried powders and reconstituted emulsions. Emulsions showing the best oxidative stability among the studied conditions were observed for those prepared with WPI preheated at 85 °C for 15 min and in the presence of MD at 4 times mass of WPI and 25 mM NaCl. The improvement was more significant in primary lipid oxidation products and less in secondary oxidation products. Preheating changed dimension and zeta-potential of whey proteins and the corresponding emulsions, and the degree of changes was influenced by preheating conditions, including heating duration, NaCl concentration and MD concentration. All treatments showed an increase in droplet size during storage based on light scattering experiments, indicating the possible occurrence of coalescence that requires additional techniques such as microscopy to identify exact instability mechanisms. Combination of other surface engineering approaches such as adsorption of a polyelectrolyte with opposite charges may reduce coalescence. The engineered interfacial structures may also improve oxidative stability of fish oil emulsions. Additionally, emulsion pH may also impact physical and oxidative stability. Eventually, emulsions with excellent physical and oxidative stability during processing and storage can be used to improve healthfulness of food products.
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Lipid oxidation

		Lipid oxidation measurement of fish oil encapsulated by Preheated WPI-Maltodextrin

		IDF

										Absorbance																																Peroxide Value (milliequivalents of peroxide per kg of oil)																																Average of Peroxide Value (milliequivalents of peroxide per kg of oil)

		Type of encapsulator		Vit E treatment		Salt treatment		Form of emulsion		Day 0				Day 5				Day 10				Day 15				Day 20				Day 25				Day 30				Day 35				Day 0				Day 5				Day 10				Day 15				Day 20				Day 25				Day 30				Day 35				Day 0		Day 5		Day 10		Day 15		Day 20		Day 25		Day 30		Day 35

										Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2

		Bulk fish oil (no encaped)		- 0		- 0		- 0		0.335		0.349		0.428		0.431		0.543		0.554		0.647		0.632		0.684		0.692		0.574		0.552		0.508		0.511		0.468		0.472		24.037		31.686		74.844		76.483		137.669		143.678		194.485		186.290		214.698		219.068		154.604		142.586		118.548		120.187		96.696		98.881		27.86		75.66		140.67		190.39		216.88		148.59		119.37		97.79

		Mixture WPI-Malto (1:2)		No Vit E		No Salt		Wet		0.324		0.338		0.382		0.394		0.441		0.461		0.568		0.582		0.611		0.623		0.521		0.512		0.445		0.431		0.385		0.368		18.028		25.676		49.714		56.269		81.946		92.872		151.326		158.975		174.818		181.373		125.650		120.733		84.131		76.483		51.353		42.065		21.85		52.99		87.41		155.15		178.10		123.19		80.31		46.71

								Dry		0.321		0.326		0.342		0.353		0.398		0.401		0.531		0.522		0.586		0.571		0.487		0.493		0.411		0.408		0.356		0.332		16.389		19.121		27.862		33.871		58.455		60.094		131.113		126.196		161.160		152.965		107.076		110.354		65.557		63.918		35.510		22.398		17.75		30.87		59.27		128.65		157.06		108.71		64.74		28.95

						Salt		Wet		0.331		0.328		0.346		0.352		0.384		0.397		0.541		0.532		0.576		0.563		0.471		0.463		0.408		0.412		0.336		0.345		21.852		20.213		30.047		33.325		50.806		57.908		136.576		131.659		155.697		148.595		98.335		93.964		63.918		66.103		24.584		29.500		21.03		31.69		54.36		134.12		152.15		96.15		65.01		27.04

								Dry		0.321		0.325		0.354		0.361		0.387		0.391		0.465		0.471		0.558		0.541		0.462		0.443		0.403		0.411		0.341		0.356		16.389		18.574		34.417		38.241		52.445		54.630		95.057		98.335		145.863		136.576		93.418		83.038		61.186		65.557		27.315		35.510		17.48		36.33		53.54		96.70		141.22		88.23		63.37		31.41

				Vit E		No Salt		Wet		0.328		0.336		0.363		0.353		0.426		0.438		0.523		0.534		0.598		0.587		0.487		0.465		0.423		0.432		0.385		0.367		20.213		24.584		39.334		33.871		73.751		80.307		126.743		132.752		167.716		161.706		107.076		95.057		72.112		77.029		51.353		41.519		22.40		36.60		77.03		129.75		164.71		101.07		74.57		46.44

								Dry		0.329		0.325		0.335		0.346		0.411		0.408		0.497		0.506		0.574		0.568		0.447		0.448		0.403		0.411		0.363		0.355		20.760		18.574		24.037		30.047		65.557		63.918		112.539		117.456		154.604		151.326		85.224		85.770		61.186		65.557		39.334		34.964		19.67		27.04		64.74		115.00		152.97		85.50		63.37		37.15

						Salt		Wet		0.328		0.332		0.348		0.356		0.386		0.379		0.448		0.459		0.521		0.532		0.421		0.432		0.398		0.387		0.344		0.338		20.213		22.398		31.139		35.510		51.899		48.075		85.770		91.779		125.650		131.659		71.020		77.029		58.455		52.445		28.954		25.676		21.31		33.32		49.99		88.77		128.65		74.02		55.45		27.32

								Dry		0.322		0.318		0.332		0.324		0.332		0.341		0.402		0.411		0.498		0.501		0.410		0.412		0.367		0.379		0.356		0.368		16.935		14.750		22.398		18.028		22.398		27.315		60.640		65.557		113.085		114.724		65.010		66.103		41.519		48.075		35.510		42.065		15.84		20.21		24.86		63.10		113.90		65.56		44.80		38.79

		Mixture WPI-Malto (1:4)		No Vit E		No Salt		Wet		0.333		0.326		0.368		0.362		0.431		0.442		0.521		0.533		0.565		0.572		0.497		0.483		0.451		0.438		0.384		0.396		20.213		24.037		42.065		38.788		76.483		82.492		125.650		132.206		149.688		153.512		112.539		104.891		87.409		80.307		50.806		57.362		22.13		40.43		79.49		128.93		151.60		108.71		83.86		54.08

								Dry		0.325		0.320		0.351		0.348		0.386		0.397		0.481		0.493		0.541		0.532		0.475		0.461		0.423		0.412		0.372		0.363		18.028		15.297		32.778		31.139		51.899		57.908		103.798		110.354		136.576		131.659		100.520		92.872		72.112		66.103		44.251		39.334		16.66		31.96		54.90		107.08		134.12		96.70		69.11		41.79

						Salt		Wet		0.328		0.331		0.348		0.342		0.408		0.411		0.463		0.477		0.511		0.516		0.439		0.442		0.397		0.401		0.359		0.357		18.574		22.398		31.139		27.862		63.918		65.557		93.964		101.613		120.187		122.919		80.853		82.492		57.908		60.094		37.149		36.056		20.49		29.50		64.74		97.79		121.55		81.67		59.00		36.60

								Dry		0.320		0.319		0.348		0.345		0.392		0.384		0.426		0.462		0.485		0.496		0.421		0.426		0.388		0.395		0.348		0.351		15.297		16.389		31.139		29.500		55.177		50.806		73.751		93.418		105.983		111.992		71.020		73.751		52.992		56.816		31.139		32.778		15.84		30.32		52.99		83.58		108.99		72.39		54.90		31.96

				Vit E		No Salt		Wet		0.328		0.335		0.362		0.368		0.423		0.438		0.498		0.478		0.531		0.518		0.563		0.558		0.421		0.411		0.385		0.374		22.398		22.398		38.788		42.065		72.112		80.307		113.085		102.378		131.113		124.011		148.595		145.863		71.020		65.557		51.353		45.343		22.40		40.43		76.21		107.73		127.56		147.23		68.29		48.35

								Dry		0.324		0.319		0.354		0.345		0.381		0.396		0.483		0.465		0.501		0.498		0.532		0.543		0.405		0.394		0.364		0.368		15.843		18.574		34.417		29.500		49.167		57.362		104.891		95.057		114.724		113.085		131.659		137.669		62.279		56.269		39.880		42.065		17.21		31.96		53.26		99.97		113.90		134.66		59.27		40.97

						Salt		Wet		0.325		0.332		0.359		0.356		0.386		0.372		0.428		0.432		0.463		0.488		0.524		0.533		0.375		0.382		0.354		0.342		21.852		18.574		37.149		35.510		51.899		44.251		74.844		77.029		93.964		107.622		127.289		132.206		45.890		49.714		34.417		27.862		20.21		36.33		48.07		75.94		100.79		129.75		47.80		31.14

								Dry		0.319		0.321		0.341		0.344		0.356		0.368		0.401		0.405		0.465		0.471		0.511		0.508		0.364		0.358		0.331		0.341		20.213		21.306		27.315		28.954		35.510		42.065		60.094		62.279		95.057		98.335		120.187		118.548		39.880		36.602		21.852		27.315		20.76		28.13		38.79		61.19		96.70		119.37		38.24		24.58

		Mixture WPI-Malto (1:8)		No Vit E		No Salt		Wet		0.332		0.332		0.396		0.382		0.451		0.443		0.561		0.578		0.605		0.608		0.534		0.544		0.451		0.431		0.397		0.395		25.676		18.028		57.362		49.714		87.409		83.038		147.502		156.789		171.540		173.179		132.752		138.215		87.409		76.483		57.908		56.816		21.85		53.54		85.22		152.15		172.36		135.48		81.95		57.36

								Dry		0.320		0.325		0.371		0.368		0.442		0.428		0.556		0.565		0.589		0.597		0.522		0.513		0.431		0.421		0.354		0.366		20.760		20.213		43.704		42.065		82.492		74.844		144.771		149.688		162.799		167.169		126.196		121.280		76.483		71.020		34.417		40.973		20.49		42.88		78.67		147.23		164.98		123.74		73.75		37.70

						Salt		Wet		0.331		0.325		0.356		0.341		0.421		0.412		0.513		0.521		0.580		0.576		0.498		0.485		0.387		0.403		0.331		0.345		16.389		17.482		35.510		27.315		71.020		66.103		121.280		125.650		157.882		155.697		113.085		105.983		52.445		61.186		21.852		29.500		16.94		31.41		68.56		123.46		156.79		109.53		56.82		25.68

								Dry		0.328		0.330		0.336		0.345		0.411		0.405		0.514		0.506		0.573		0.574		0.445		0.467		0.397		0.382		0.344		0.332		20.213		21.306		24.584		29.500		65.557		62.279		121.826		117.456		154.058		154.604		84.131		96.150		57.908		49.714		28.954		22.398		20.76		27.04		63.92		119.64		154.33		90.14		53.81		25.68

				Vit E		No Salt		Wet		0.338		0.324		0.383		0.371		0.445		0.459		0.446		0.465		0.518		0.524		0.601		0.589		0.421		0.447		0.368		0.377		25.676		18.028		50.260		43.704		84.131		91.779		84.677		95.057		124.011		127.289		169.354		162.799		71.020		85.224		42.065		46.982		21.85		46.98		87.96		89.87		125.65		166.08		78.12		44.52

								Dry		0.329		0.328		0.362		0.371		0.387		0.394		0.435		0.450		0.496		0.505		0.580		0.568		0.409		0.419		0.356		0.349		20.760		20.213		38.788		43.704		52.445		56.269		78.668		86.862		111.992		116.909		157.882		151.326		64.464		69.927		35.510		31.686		20.49		41.25		54.36		82.77		114.45		154.60		67.20		33.60

						Salt		Wet		0.321		0.323		0.359		0.368		0.432		0.421		0.445		0.452		0.481		0.483		0.566		0.569		0.416		0.401		0.361		0.352		16.389		17.482		37.149		42.065		77.029		71.020		84.131		87.955		103.798		104.891		150.234		151.873		68.288		60.094		38.241		33.325		16.94		39.61		74.02		86.04		104.34		151.05		64.19		35.78

								Dry		0.327		0.328		0.379		0.403		0.411		0.414		0.428		0.442		0.476		0.482		0.538		0.545		0.448		0.428		0.336		0.342		19.667		20.213		48.075		61.186		65.557		67.195		74.844		82.492		101.066		104.344		134.937		138.761		85.770		74.844		24.584		27.862		19.94		54.63		66.38		78.67		102.71		136.85		80.31		26.22

		TBARS

										Absorbance																																TBARS (mmol per kg of oil)																																Average of TBARS (mmol per kg of oil)

		Type of encapsulator		Vit E treatment		Salt treatment		Form of emulsion		Day 0				Day 5				Day 10				Day 15				Day 20				Day 25				Day 30				Day 35				Day 0				Day 5				Day 10				Day 15				Day 20				Day 25				Day 30				Day 35				Day 0		Day 5		Day 10		Day 15		Day 20		Day 25		Day 30		Day 35

										Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2		Rep 1		Rep 2

		Bulk fish oil (no encaped)		-		-		-		0.046		0.048		0.069		0.072		0.083		0.080		0.136		0.141		0.183		0.185		0.153		0.156		0.098		0.118		0.088		0.077		0.544		0.665		1.934		2.115		2.780		2.599		5.983		6.285		8.823		8.944		7.010		7.191		3.686		3.686		4.895		3.082		0.60		2.02		2.69		6.13		8.88		7.10		3.69		3.99

		Conjugates WPI-Malto (1:2)		No Vit E		No Salt		Wet		0.042		0.044		0.062		0.064		0.080		0.079		0.128		0.121		0.167		0.171		0.138		0.143		0.089		0.101		0.065		0.071		0.302		0.423		1.511		1.632		2.599		2.538		5.499		5.076		7.856		8.098		6.103		6.406		3.142		3.142		3.868		1.692		0.36		1.57		2.57		5.29		7.98		6.25		3.14		2.78

								Dry		0.043		0.045		0.061		0.063		0.076		0.078		0.118		0.124		0.168		0.165		0.147		0.141		0.088		0.098		0.064		0.062		0.363		0.483		1.450		1.571		2.357		2.478		4.895		5.257		7.916		7.735		6.647		6.285		3.082		3.082		3.686		1.632		0.42		1.51		2.42		5.08		7.83		6.47		3.08		2.66

						Salt		Wet		0.048		0.046		0.060		0.059		0.074		0.073		0.120		0.117		0.162		0.169		0.143		0.146		0.084		0.097		0.055		0.059		0.665		0.544		1.390		1.329		2.236		2.175		5.016		4.834		7.554		7.977		6.406		6.587		2.840		2.840		3.626		1.088		0.60		1.36		2.21		4.93		7.77		6.50		2.84		2.36

								Dry		0.043		0.047		0.058		0.057		0.070		0.069		0.118		0.115		0.158		0.161		0.148		0.141		0.087		0.096		0.057		0.055		0.363		0.604		1.269		1.209		1.994		1.934		4.895		4.714		7.312		7.493		6.708		6.285		3.022		3.022		3.565		1.209		0.48		1.24		1.96		4.80		7.40		6.50		3.02		2.39

				Vit E		No Salt		Wet		0.044		0.046		0.065		0.061		0.078		0.079		0.114		0.118		0.165		0.168		0.141		0.146		0.088		0.082		0.062		0.058		0.423		0.544		1.692		1.450		2.478		2.538		4.653		4.895		7.735		7.916		6.285		6.587		3.082		3.082		2.719		1.511		0.48		1.57		2.51		4.77		7.83		6.44		3.08		2.12

								Dry		0.043		0.045		0.060		0.058		0.073		0.075		0.116		0.114		0.162		0.164		0.142		0.138		0.079		0.081		0.056		0.068		0.363		0.483		1.390		1.269		2.175		2.296		4.774		4.653		7.554		7.675		6.345		6.103		2.538		2.538		2.659		1.148		0.42		1.33		2.24		4.71		7.61		6.22		2.54		1.90

						Salt		Wet		0.046		0.045		0.054		0.056		0.074		0.073		0.108		0.113		0.166		0.161		0.138		0.145		0.078		0.071		0.054		0.071		0.544		0.483		1.027		1.148		2.236		2.175		4.291		4.593		7.796		7.493		6.103		6.526		2.478		2.478		2.055		1.027		0.51		1.09		2.21		4.44		7.64		6.31		2.48		1.54

								Dry		0.044		0.046		0.055		0.054		0.071		0.072		0.110		0.111		0.153		0.155		0.139		0.136		0.067		0.069		0.068		0.062		0.423		0.544		1.088		1.027		2.055		2.115		4.411		4.472		7.010		7.131		6.164		5.983		1.813		1.813		1.934		1.873		0.48		1.06		2.08		4.44		7.07		6.07		1.81		1.90

		Conjugates WPI-Malto (1:4)		No Vit E		No Salt		Wet		0.046		0.048		0.062		0.063		0.076		0.075		0.125		0.119		0.172		0.165		0.143		0.147		0.083		0.078		0.059		0.071		0.544		0.665		1.511		1.571		2.357		2.296		5.318		4.955		8.158		7.735		6.406		6.647		2.780		2.780		2.478		1.329		0.60		1.54		2.33		5.14		7.95		6.53		2.78		1.90

								Dry		0.044		0.043		0.061		0.060		0.074		0.073		0.124		0.121		0.162		0.158		0.140		0.143		0.078		0.071		0.052		0.069		0.423		0.363		1.450		1.390		2.236		2.175		5.257		5.076		7.554		7.312		6.224		6.406		2.478		2.478		2.055		0.906		0.39		1.42		2.21		5.17		7.43		6.31		2.48		1.48

						Salt		Wet		0.047		0.046		0.059		0.058		0.071		0.072		0.112		0.117		0.156		0.153		0.138		0.128		0.073		0.069		0.063		0.065		0.604		0.544		1.329		1.269		2.055		2.115		4.532		4.834		7.191		7.010		6.103		5.499		2.175		2.175		1.934		1.571		0.57		1.30		2.08		4.68		7.10		5.80		2.18		1.75

								Dry		0.045		0.046		0.056		0.057		0.069		0.070		0.108		0.115		0.151		0.154		0.119		0.118		0.068		0.079		0.061		0.058		0.483		0.544		1.148		1.209		1.934		1.994		4.291		4.714		6.889		7.070		4.955		4.895		1.873		1.873		2.538		1.450		0.51		1.18		1.96		4.50		6.98		4.93		1.87		1.99

				Vit E		No Salt		Wet		0.045		0.046		0.061		0.063		0.074		0.075		0.115		0.119		0.166		0.169		0.138		0.136		0.092		0.085		0.058		0.069		0.483		0.544		1.450		1.571		2.236		2.296		4.714		4.955		7.796		7.977		6.103		5.983		3.324		3.324		2.901		1.269		0.51		1.51		2.27		4.83		7.89		6.04		3.32		2.08

								Dry		0.046		0.042		0.060		0.062		0.072		0.073		0.112		0.118		0.163		0.162		0.128		0.127		0.094		0.086		0.061		0.053		0.544		0.302		1.390		1.511		2.115		2.175		4.532		4.895		7.614		7.554		5.499		5.439		3.445		3.445		2.961		1.450		0.42		1.45		2.15		4.71		7.58		5.47		3.44		2.21

						Salt		Wet		0.045		0.046		0.058		0.059		0.071		0.070		0.105		0.106		0.156		0.158		0.129		0.131		0.072		0.091		0.068		0.057		0.483		0.544		1.269		1.329		2.055		1.994		4.109		4.170		7.191		7.312		5.560		5.680		2.115		2.115		3.263		1.873		0.51		1.30		2.02		4.14		7.25		5.62		2.12		2.57

								Dry		0.043		0.046		0.057		0.060		0.068		0.069		0.094		0.096		0.155		0.151		0.118		0.123		0.078		0.082		0.054		0.051		0.363		0.544		1.209		1.390		1.873		1.934		3.445		3.565		7.131		6.889		4.895		5.197		2.478		2.478		2.719		1.027		0.45		1.30		1.90		3.50		7.01		5.05		2.48		1.87

		Conjugates WPI-Malto (1:8)		No Vit E		No Salt		Wet		0.045		0.047		0.059		0.062		0.075		0.076		0.129		0.131		0.175		0.178		0.146		0.149		0.093		0.088		0.078		0.081		0.483		0.604		1.329		1.511		2.296		2.357		5.560		5.680		8.339		8.521		6.587		6.768		3.384		3.384		3.082		2.478		0.54		1.42		2.33		5.62		8.43		6.68		3.38		2.78

								Dry		0.046		0.048		0.060		0.064		0.072		0.073		0.121		0.124		0.173		0.176		0.142		0.152		0.075		0.096		0.085		0.079		0.544		0.665		1.390		1.632		2.115		2.175		5.076		5.257		8.219		8.400		6.345		6.949		2.296		2.296		3.565		2.901		0.60		1.51		2.15		5.17		8.31		6.65		2.30		3.23

						Salt		Wet		0.048		0.049		0.056		0.061		0.068		0.069		0.123		0.116		0.171		0.162		0.156		0.153		0.078		0.088		0.075		0.083		0.665		0.725		1.148		1.450		1.873		1.934		5.197		4.774		8.098		7.554		7.191		7.010		2.478		2.478		3.082		2.296		0.69		1.30		1.90		4.99		7.83		7.10		2.48		2.69

								Dry		0.043		0.046		0.055		0.060		0.069		0.067		0.118		0.112		0.168		0.164		0.142		0.152		0.081		0.084		0.077		0.080		0.363		0.544		1.088		1.390		1.934		1.813		4.895		4.532		7.916		7.675		6.345		6.949		2.659		2.659		2.840		2.417		0.45		1.24		1.87		4.71		7.80		6.65		2.66		2.63

				Vit E		No Salt		Wet		0.045		0.048		0.061		0.063		0.071		0.072		0.125		0.128		0.168		0.165		0.148		0.151		0.083		0.091		0.071		0.075		0.483		0.665		1.450		1.571		2.055		2.115		5.318		5.499		7.916		7.735		6.708		6.889		2.780		2.780		3.263		2.055		0.57		1.51		2.08		5.41		7.83		6.80		2.78		2.66

								Dry		0.044		0.046		0.064		0.062		0.067		0.069		0.118		0.122		0.164		0.163		0.146		0.143		0.092		0.098		0.072		0.065		0.423		0.544		1.632		1.511		1.813		1.934		4.895		5.137		7.675		7.614		6.587		6.406		3.324		3.324		3.686		2.115		0.48		1.57		1.87		5.02		7.64		6.50		3.32		2.90

						Salt		Wet		0.042		0.043		0.060		0.061		0.072		0.081		0.112		0.116		0.162		0.164		0.142		0.138		0.087		0.094		0.058		0.062		0.302		0.363		1.390		1.450		2.115		2.659		4.532		4.774		7.554		7.675		6.345		6.103		3.022		3.022		3.445		1.269		0.33		1.42		2.39		4.65		7.61		6.22		3.02		2.36

								Dry		0.044		0.042		0.061		0.059		0.069		0.072		0.115		0.111		0.161		0.154		0.132		0.146		0.098		0.085		0.061		0.052		0.423		0.302		1.450		1.329		1.934		2.115		4.714		4.472		7.493		7.070		5.741		6.587		3.686		3.686		2.901		1.450		0.36		1.39		2.02		4.59		7.28		6.16		3.69		2.18



&C&"Times New Roman,Normal"&12&A

&C&"Times New Roman,Normal"&12Page &P



std curve for IDF

		Std curve for IDF

		Std FeCl3 soln,  mM		Final FeCl3, mM		Abs		corrected Abs

		0		0		0.06		0

		0.5		0.0025		0.095		0.035

		1		0.005		0.113		0.053

		5		0.025		0.31		0.25

		10		0.05		0.498		0.438

		20		0.1		0.91		0.85

		30		0.15		1.268		1.208

		35		0.175		1.413		1.353

		40		0.2		1.53		1.47

		45		0.225		1.71		1.65





std curve for IDF
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std curve for TBARS

		Std curve for TBARS

		uM of malonaldehyde		Ab		Corrected Ab

		0		0.036		0

		1		0.236		0.2

		2		0.423		0.387

		5		0.895		0.859

		10		1.561		1.525

		15		2.168		2.132

		20		2.617		2.581





std curve for TBARS
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Peroxides value

		

		IDF

		Form of emulsion		Day 0		Day 5		Day 10		Day 15		Day 20		Day 25		Day 30		Day 35

		Bulk fish oil

		Con 1:2, No E, No NaCl, Wet

		Con 1:2, No E, No NaCl, Dry

		Con 1:2, No E, NaCl, Wet

		Con 1:2, No E, NaCl, Dry

		Con 1:2, E, No NaCl, Wet

		Con 1:2, E, No NaCl, Dry

		Con 1:2, E, NaCl, Wet

		Con 1:2, E, NaCl, Dry

		Con 1:4, No E, No NaCl, Wet

		Con 1:4, No E, No NaCl, Dry

		Con 1:4, No E, NaCl, Wet

		Con 1:4, No E, NaCl, Dry

		Con 1:4, E, No NaCl, Wet

		Con 1:4, E, No NaCl, Dry

		Con 1:4, E, NaCl, Wet

		Con 1:4, E, NaCl, Dry

		Con 1:8, No E, No NaCl, Wet

		Con 1:8, No E, No NaCl, Dry

		Con 1:8, No E, NaCl, Wet

		Con 1:8, No E, NaCl, Dry

		Con 1:8, E, No NaCl, Wet

		Con 1:8, E, No NaCl, Dry

		Con 1:8, E, NaCl, Wet

		Con 1:8, E, NaCl, Dry





TBARS

		

		TBARS

		Form of emulsion		Day 0		Day 5		Day 10		Day 15		Day 20		Day 25		Day 30		Day 35

		Bulk fish oil

		Con 1:2, No E, No NaCl, Wet

		Con 1:2, No E, No NaCl, Dry

		Con 1:2, No E, NaCl, Wet

		Con 1:2, No E, NaCl, Dry

		Con 1:2, E, No NaCl, Wet

		Con 1:2, E, No NaCl, Dry

		Con 1:2, E, NaCl, Wet

		Con 1:2, E, NaCl, Dry

		Con 1:4, No E, No NaCl, Wet

		Con 1:4, No E, No NaCl, Dry

		Con 1:4, No E, NaCl, Wet

		Con 1:4, No E, NaCl, Dry

		Con 1:4, E, No NaCl, Wet

		Con 1:4, E, No NaCl, Dry

		Con 1:4, E, NaCl, Wet

		Con 1:4, E, NaCl, Dry

		Con 1:8, No E, No NaCl, Wet

		Con 1:8, No E, No NaCl, Dry

		Con 1:8, No E, NaCl, Wet

		Con 1:8, No E, NaCl, Dry

		Con 1:8, E, No NaCl, Wet

		Con 1:8, E, No NaCl, Dry

		Con 1:8, E, NaCl, Wet

		Con 1:8, E, NaCl, Dry





Effect of ratio

		Effect of ratio of Maltodextrin

		Wet emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, No E, No NaCl, Wet		21.852		52.992		87.409		155.151		178.095		123.192		80.307		46.709

		Mix 1:4, No E, No NaCl, Wet		22.125		40.427		79.487		128.928		151.600		108.715		83.858		54.084

		Mix 1:8, No E, No NaCl, Wet		21.852		53.538		85.224		152.146		172.359		135.484		81.946		57.362

		Dry emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, No E, No NaCl, Dry		17.755		30.866		59.274		128.655		157.063		108.715		64.737		28.954

		Mix 1:4, No E, No NaCl, Dry		16.662		31.959		54.904		107.076		134.118		96.696		69.108		41.792

		Mix 1:8, No E, No NaCl, Dry		20.486		42.885		78.668		147.229		164.984		123.738		73.751		37.695

		Effect of ratio of Maltodextrin

		Wet emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		0.604		2.024		2.689		6.134		8.883		7.101		3.686		3.988

		Mix 1:2, No E, No NaCl, Wet		0.363		1.571		2.568		5.288		7.977		6.255		3.142		2.780

		Mix 1:4, No E, No NaCl, Wet		0.604		1.541		2.327		5.137		7.947		6.526		2.780		1.904

		Mix 1:8, No E, No NaCl, Wet		0.544		1.420		2.327		5.620		8.430		6.678		3.384		2.780

		Dry emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		0.604		2.024		2.689		6.134		8.883		7.101		3.686		3.988

		Mix 1:2, No E, No NaCl, Dry		0.423		1.511		2.417		5.076		7.826		6.466		3.082		2.659

		Mix 1:4, No E, No NaCl, Dry		0.393		1.420		2.206		5.167		7.433		6.315		2.478		1.481

		Mix 1:8, No E, No NaCl, Dry		0.604		1.511		2.145		5.167		8.309		6.647		2.296		3.233





Effect of ratio

		



Bulk fish oil

Mix 1:2, No E, No NaCl, Wet

Mix 1:4, No E, No NaCl, Wet

Mix 1:8, No E, No NaCl, Wet

Time (days)

Peroxides Value (mEq/kg oil)



Effect of NaCl

		



Bulk fish oil

Mix 1:2, No E, No NaCl, Dry

Mix 1:4, No E, No NaCl, Dry

Mix 1:8, No E, No NaCl, Dry

Time (days)

Peroxide value (mEq/kg oil)



Effect of Vit E

		



Bulk fish oil

Mix 1:2, No E, No NaCl, Wet

Mix 1:4, No E, No NaCl, Wet

Mix 1:8, No E, No NaCl, Wet

Time (days)

TBARS (mmol/kg oil)



Effect of Vit E,NaCl

		



Bulk fish oil

Mix 1:2, No E, No NaCl, Dry

Mix 1:4, No E, No NaCl, Dry

Mix 1:8, No E, No NaCl, Dry

Time (days)

TBARS (mmol/kg oil)



Mixture 12

		Effect of NaCl

		Wet emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		WPI/MO = 1:2		21.033		31.686		54.357		134.118		152.146		96.150		65.010		27.042

		WPI/MO = 1:4		20.486		29.500		64.737		97.789		121.553		81.673		59.001		36.602

		WPI/MO = 1:8		16.935		31.413		68.561		123.465		156.789		109.534		56.816		25.676

		Dry emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		WPI/MO = 1:2		17.482		36.329		53.538		96.696		141.220		88.228		63.371		31.413

		WPI/MO = 1:4		15.843		30.320		52.992		83.585		108.988		72.385		54.904		31.959

		WPI/MO = 1:8		20.760		27.042		63.918		119.641		154.331		90.140		53.811		25.676

		Wet emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		0.604		2.024		2.689		6.134		8.883		7.101		3.686		3.988

		WPI/MO = 1:2		0.604		1.360		2.206		4.925		7.765		6.496		2.840		2.357

		WPI/MO = 1:4		0.574		1.299		2.085		4.683		7.101		5.801		2.175		1.752

		WPI/MO = 1:8		0.574		1.511		2.085		5.409		7.826		6.798		2.780		2.659

		Dry emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		0.604		2.024		2.689		6.134		8.883		7.101		3.686		3.988

		WPI/MO = 1:2		0.483		1.239		1.964		4.804		7.403		6.496		3.022		2.387

		WPI/MO = 1:4		0.514		1.178		1.964		4.502		6.980		4.925		1.873		1.994

		WPI/MO = 1:8		0.453		1.239		1.873		4.714		7.796		6.647		2.659		2.629





Mixture 12

		



Bulk fish oil

WPI/MO = 1:2

WPI/MO = 1:4

WPI/MO = 1:8

Time (days)

Peroxides value (mEq/kg oil)



Mixture 14

		



Bulk fish oil

WPI/MO = 1:2

WPI/MO = 1:4

WPI/MO = 1:8

Time (days)

TBARS (mmol/kg oil)



Mixture 18

		



Bulk fish oil

WPI/MO = 1:2

WPI/MO = 1:4

WPI/MO = 1:8

Storage time (days)

Peroxides value (mEq/kg oil)



Sheet9

		



Bulk fish oil

WPI/MO = 1:2

WPI/MO = 1:4

WPI/MO = 1:8

Time (days)

TBARS (mmol/kg oil)



		Effect of Vitamin E

		Wet emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, Vit E, No NaCl, Wet		22.398		36.602		77.029		129.747		164.711		101.066		74.571		46.436

		Mix 1:4 Vit E, No NaCl, Wet		22.398		36.602		77.029		129.747		164.711		101.066		74.571		46.436

		Mix 1:8, Vit E, No NaCl, Wet		22.398		40.427		76.210		107.731		127.562		147.229		68.288		48.348

		Dry emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, Vit E, No NaCl, Dry		19.667		27.042		64.737		114.997		152.965		85.497		63.371		37.149

		Mix 1:4, Vit E, No NaCl, Dry		17.209		31.959		53.265		99.974		113.905		134.664		59.274		40.973

		Mix 1:8, Vit E, No NaCl, Dry		20.486		41.246		54.357		82.765		114.451		154.604		67.195		33.598

		Wet emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		0.604		2.024		2.689		6.134		8.883		7.101		3.686		3.988

		Mix 1:2, Vit E, No NaCl, Wet		0.483		1.571		2.508		4.774		7.826		6.436		3.082		2.115

		Mix 1:4 Vit E, No NaCl, Wet		0.514		1.511		2.266		4.834		7.886		6.043		3.324		2.085

		Mix 1:8, Vit E, No NaCl, Wet		0.574		1.511		2.085		5.409		7.826		6.798		2.780		2.659

		Dry emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		0.604		2.024		2.689		6.134		8.883		7.101		3.686		3.988

		Mix 1:2, Vit E, No NaCl, Dry		0.423		1.329		2.236		4.714		7.614		6.224		2.538		1.904

		Mix 1:4, Vit E, No NaCl, Dry		0.423		1.450		2.145		4.714		7.584		5.469		3.445		2.206

		Mix 1:8, Vit E, No NaCl, Dry		0.483		1.571		1.873		5.016		7.644		6.496		3.324		2.901





		



Bulk fish oil

Mix 1:2, Vit E, No NaCl, Wet

Mix 1:4 Vit E, No NaCl, Wet

Mix 1:8, Vit E, No NaCl, Wet

Time (days)

Peroxides value (mEq/kg oil)



		



Bulk fish oil

Mix 1:2, Vit E, No NaCl, Dry

Mix 1:4, Vit E, No NaCl, Dry

Mix 1:8, Vit E, No NaCl, Dry

Time (days)

Peroxide value (mEq/kg oil)



		



Bulk fish oil

Mix 1:2, Vit E, No NaCl, Wet

Mix 1:4 Vit E, No NaCl, Wet

Mix 1:8, Vit E, No NaCl, Wet

Time (days)

TBARS (mmol/kg oil)



		



Mix 1:2, Vit E, No NaCl, Dry

Mix 1:4, Vit E, No NaCl, Dry

Mix 1:8, Vit E, No NaCl, Dry

Time (days)

TBARS (mmol/kg oil)



		Effect of NaCl and Vitamin E

		Wet emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, Vit E, NaCl, Wet		21.306		33.325		49.987		88.775		128.655		74.024		55.450		27.315

		Mix 1:4 Vit E, NaCl, Wet		20.213		36.329		48.075		75.936		100.793		129.747		47.802		31.139

		Mix 1:8, Vit E, NaCl, Wet		16.935		39.607		74.024		86.043		104.344		151.053		64.191		35.783

		Dry emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, Vit E, NaCl, Dry		15.843		20.213		24.857		63.098		113.905		65.557		44.797		38.788

		Mix 1:4 Vit E, NaCl, Dry		20.760		28.135		38.788		61.186		96.696		119.368		38.241		24.584

		Mix 1:8, Vit E, NaCl, Dry		19.940		54.630		66.376		78.668		102.705		136.849		80.307		26.223

		Wet emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		0.604		2.024		2.689		6.134		8.883		7.101		3.686		3.988

		Mix 1:2, Vit E, NaCl, Wet		0.514		1.088		2.206		4.442		7.644		6.315		2.478		1.541

		Mix 1:4 Vit E, NaCl, Wet		0.514		1.299		2.024		4.139		7.252		5.620		2.115		2.568

		Mix 1:8, Vit E, NaCl, Wet		0.332		1.420		2.387		4.653		7.614		6.224		3.022		2.357

		Dry emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		0.604		2.024		2.689		6.134		8.883		7.101		3.686		3.988

		Mix 1:2, Vit E, NaCl, Dry		0.483		1.058		2.085		4.442		7.070		6.073		1.813		1.904

		Mix 1:4 Vit E, NaCl, Dry		0.453		1.299		1.904		3.505		7.010		5.046		2.478		1.873

		Mix 1:8, Vit E, NaCl, Dry		0.363		1.390		2.024		4.593		7.282		6.164		3.686		2.175





		



Bulk fish oil

Mix 1:2, Vit E, NaCl, Wet

Mix 1:4 Vit E, NaCl, Wet

Mix 1:8, Vit E, NaCl, Wet

Time (days)

Peroxides value (mEq/kg oil)



		



Bulk fish oil

Mix 1:2, Vit E, NaCl, Dry

Mix 1:4 Vit E, NaCl, Dry

Mix 1:8, Vit E, NaCl, Dry

Time (days)

Peroxides value (mEq/kg oil)



		



Bulk fish oil

Mix 1:2, Vit E, NaCl, Dry

Mix 1:4 Vit E, NaCl, Dry

Mix 1:8, Vit E, NaCl, Dry

Time (days)

TBARS (mmol/kg oil)



		



Bulk fish oil

Mix 1:2, Vit E, NaCl, Wet

Mix 1:4 Vit E, NaCl, Wet

Mix 1:8, Vit E, NaCl, Wet

Time (days)

TBARS (mmol/kg oil)



		Mixture 1:2

		Wet emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, No E, No NaCl, Wet		21.852		52.992		87.409		155.151		178.095		123.192		80.307		46.709

		Mix 1:2, No E, NaCl, Wet		21.033		31.686		54.357		134.118		152.146		96.150		65.010		27.042

		Mix 1:2, Vit E, No NaCl, Wet		22.398		36.602		77.029		129.747		164.711		101.066		74.571		46.436

		Mix 1:2, Vit E, NaCl, Wet		21.3058869805		33.3245924566		49.9868886849		88.7745290853		128.6547790743		74.0242996373		55.4499366286		27.3152397185

		Dry emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, No E, No NaCl, Dry		17.755		30.866		59.274		128.655		157.063		108.715		64.737		28.954

		Mix 1:2, No E, NaCl, Dry		17.482		36.329		53.538		96.696		141.220		88.228		63.371		31.413

		Mix 1:2, Vit E, No NaCl, Dry		19.667		27.042		64.737		114.997		152.965		85.497		63.371		37.149

		Mix 1:2, Vit E, NaCl, Dry		15.8428390368		20.2132773917		24.8568681439		63.0982037498		113.9045496263		65.5565753245		44.7969931384		38.7876404003

		Wet emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, No E, No NaCl, Wet		21.852		52.992		87.409		155.151		178.095		123.192		80.307		46.709

		Mix 1:2, No E, NaCl, Wet		21.033		31.686		54.357		134.118		152.146		96.150		65.010		27.042

		Mix 1:2, Vit E, No NaCl, Wet		22.398		36.602		77.029		129.747		164.711		101.066		74.571		46.436

		Mix 1:2, Vit E, NaCl, Wet		21.3058869805		33.3245924566		49.9868886849		88.7745290853		128.6547790743		74.0242996373		55.4499366286		27.3152397185

		Dry emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:2, No E, No NaCl, Dry		17.755		30.866		59.274		128.655		157.063		108.715		64.737		28.954

		Mix 1:2, No E, NaCl, Dry		17.482		36.329		53.538		96.696		141.220		88.228		63.371		31.413

		Mix 1:2, Vit E, No NaCl, Dry		19.667		27.042		64.737		114.997		152.965		85.497		63.371		37.149

		Mix 1:2, Vit E, NaCl, Dry		15.8428390368		20.2132773917		24.8568681439		63.0982037498		113.9045496263		65.5565753245		44.7969931384		38.7876404003





		



Bulk fish oil

Mix 1:2, No E, No NaCl, Wet

Mix 1:2, No E, NaCl, Wet

Mix 1:2, Vit E, No NaCl, Wet

Mix 1:2, Vit E, NaCl, Wet

Time (days)

Peroxides value (mEq/kg oil)



		



Bulk fish oil

Mix 1:2, No E, No NaCl, Dry

Mix 1:2, No E, NaCl, Dry

Mix 1:2, Vit E, No NaCl, Dry

Mix 1:2, Vit E, NaCl, Dry

Time (days)

Peroxides value (mEq/kg oil)



		Mixture 1:4

		Wet emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:4, No E, No NaCl, Wet		22.125		40.427		79.487		128.928		151.600		108.715		83.858		54.084

		Mix 1:4, No E, NaCl, Wet		20.486		29.500		64.737		97.789		121.553		81.673		59.001		36.602

		Mix 1:4, Vit E, No NaCl, Wet		22.398		40.427		76.210		107.731		127.562		147.229		68.288		48.348

		Mix 1:4, Vit E, NaCl, Wet		20.2132773917		36.3292688257		48.0748219046		75.9363664176		100.7932345614		129.7473886631		47.8016695075		31.1393732791

		Dry emulsion

		Peroxides value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:4, No E, No NaCl, Dry		16.662		31.959		54.904		107.076		134.118		96.696		69.108		41.792

		Mix 1:4, No E, NaCl, Dry		15.843		30.320		52.992		83.585		108.988		72.385		54.904		31.959

		Mix 1:4, Vit E, No NaCl, Dry		17.209		31.959		53.265		99.974		113.905		134.664		59.274		40.973

		Mix 1:4, Vit E, NaCl, Dry		20.7595821861		28.1346969101		38.7876404003		61.1861369695		96.6959486036		119.36759757		38.241335606		24.5837157467

		Wet emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:4, No E, No NaCl, Wet		22.125		40.427		79.487		128.928		151.600		108.715		83.858		54.084

		Mix 1:4, No E, NaCl, Wet		20.486		29.500		64.737		97.789		121.553		81.673		59.001		36.602

		Mix 1:4, Vit E, No NaCl, Wet		22.398		40.427		76.210		107.731		127.562		147.229		68.288		48.348

		Mix 1:4, Vit E, NaCl, Wet		20.2132773917		36.3292688257		48.0748219046		75.9363664176		100.7932345614		129.7473886631		47.8016695075		31.1393732791

		Dry emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:4, No E, No NaCl, Dry		16.662		31.959		54.904		107.076		134.118		96.696		69.108		41.792

		Mix 1:4, No E, NaCl, Dry		15.843		30.320		52.992		83.585		108.988		72.385		54.904		31.959

		Mix 1:4, Vit E, No NaCl, Dry		17.209		31.959		53.265		99.974		113.905		134.664		59.274		40.973

		Mix 1:4, Vit E, NaCl, Dry		20.7595821861		28.1346969101		38.7876404003		61.1861369695		96.6959486036		119.36759757		38.241335606		24.5837157467
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		Mixture 1:8

		Wet emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:8, No E, No NaCl, Wet		21.852		53.538		85.224		152.146		172.359		135.484		81.946		57.362

		Mix 1:8, No E, NaCl, Wet		16.935		31.413		68.561		123.465		156.789		109.534		56.816		25.676

		Mix 1:8, Vit E, No NaCl, Wet		21.852		46.982		87.955		89.867		125.650		166.077		78.122		44.524

		Mix 1:8, Vit E, NaCl, Wet		16.9354486255		39.6070975919		74.0242996373		86.0430051134		104.3442157248		151.0532756435		64.1908133386		35.7829640313

		Dry emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:8, No E, No NaCl, Dry		22.125		40.427		79.487		128.928		151.600		108.715		83.858		54.084

		Mix 1:8, No E, NaCl, Dry		20.486		29.500		64.737		97.789		121.553		81.673		59.001		36.602

		Mix 1:8, Vit E, No NaCl, Dry		22.398		40.427		76.210		107.731		127.562		147.229		68.288		48.348

		Mix 1:8, Vit E, NaCl, Dry		20.2132773917		36.3292688257		48.0748219046		75.9363664176		100.7932345614		129.7473886631		47.8016695075		31.1393732791

		Wet emulsion

		Peroxide value (milliequivalents of peroxide per kg of oil) from IDF method

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:8, No E, No NaCl, Wet		21.852		53.538		85.224		152.146		172.359		135.484		81.946		57.362

		Mix 1:8, No E, NaCl, Wet		16.935		31.413		68.561		123.465		156.789		109.534		56.816		25.676

		Mix 1:8, Vit E, No NaCl, Wet		21.852		46.982		87.955		89.867		125.650		166.077		78.122		44.524

		Mix 1:8, Vit E, NaCl, Wet		16.9354486255		39.6070975919		74.0242996373		86.0430051134		104.3442157248		151.0532756435		64.1908133386		35.7829640313

		Dry emulsion

		TBARS

		Form of emulsion		0		5		10		15		20		25		30		35

		Bulk fish oil		27.862		75.663		140.673		190.387		216.883		148.595		119.368		97.789

		Mix 1:8, No E, No NaCl, Dry		22.125		40.427		79.487		128.928		151.600		108.715		83.858		54.084

		Mix 1:8, No E, NaCl, Dry		20.486		29.500		64.737		97.789		121.553		81.673		59.001		36.602

		Mix 1:8, Vit E, No NaCl, Dry		22.398		40.427		76.210		107.731		127.562		147.229		68.288		48.348

		Mix 1:8, Vit E, NaCl, Dry		20.2132773917		36.3292688257		48.0748219046		75.9363664176		100.7932345614		129.7473886631		47.8016695075		31.1393732791
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