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Global food trends

 Health
- Life style disease, diets

 Availability/convenience
- Distribution, new products

 Quality/enjoyment
- Food safety, traceability, taste, freshness
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Market for fresh and chilled foods

 In Europe about 63% of mass
products need refrigeration.

 60-70% - chilled and fresh
 Technological and market

development are one of the
crucial factors for the survival
of economical units.

 The technologist is trying to
increase productivity and
marketer is trying to expand
revenue.



4

Chilled foods

The Institute of Food Science and Technology
(UK) defines:
 chilled foods as perishable foods which, to

extend the time during which they remain
healthy, are kept within controlled ranges of
temperature above -1 and below 8°C.

 -1 to +1 (e.g. fresh fish, meat, minced meat).
 0 to +5 (e.g. milk, cream, prepared salads,

sandwiches)
 0 to +8 (e.g. fully cooked meat and fish pies,

fruit juices, soft fruits)

http://www.foodanddrinktechnology.com/wp-content/uploads/chilled.jpg
http://www.foodanddrinktechnology.com/wp-content/uploads/chilled.jpg
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The old fishing tradition

Natural conditions People
and the ocean

Sustainability

Norwegian Seafood
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Norwegian export of seafood 
2005 – 2006
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Trends in Norwegian fish export
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Shelf life dependent of temperature
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Fresh fish distribution
Focus on fresh fish distribution require:
Long shelf life for valuable fish species
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Data from
ASHRAE
Handbook of 
Refrigeration
Chapter 19
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Cooling of products with neglectable internal resistance
Curve for a thin or small product
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 Temperature laps can be described with models which 
uses dimension less numbers:

 Fourier’s number 

 Biot number

 Physical the Fourier’s number indicates the speed at 
chilling and heating of a material

 Biot’s number gives the relation between heat transfer 
at the surface and the thermal resistance in the material. 
Low Biot’s numbers, means the heat transmission 
internal in the material is the dominant factor and with 
high numbers the heat transfer at the surface is the 
dominant factor. 
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Beregninger

		Eggplant

				Moisture												Initial		Specific Heat		Specific Heat		Latent

				Content,		Protein				Carbohydrate						Freezing		Above		Below		Heat of

				%		%		Fat, %		Total, %		Fiber, %		Ash, %		Point		Freezing		Freezing		Fusion

		Food Item		xwo		xp		xf		xc		xfb		xa		°C		kJ/(kg*K)		kJ/(kg*K)		kJ/kg

		**VEGETABLES**

		Artichokes, globe		84.94		3.27		0.15		10.51		5.40		1.13		-1.20		3.90		2.02		284

		Asparaguss		92.40		2.28		0.20		4.54		2.10		0.57		-0.60		4.03		1.79		309

		Beans snap		90.27		1.82		0.12		7.14		3.40		0.66		-0.70		3.99		1.85		302

		Beets		87.58		1.61		0.17		9.56		2.80		1.08		-1.10		3.91		1.94		293

		Broccoli		90.69		2.98		0.35		5.24		3.00		0.92		-0.60		4.01		1.82		303

		Brussels sprouts		86.00		3.38		0.30		8.96		3.80		1.37		-0.80		3.90		1.91		287

		Cabbage		92.15		1.44		0.27		5.43		2.30		0.71		-0.90		4.02		1.85		308

		Carrots		87.79		1.03		0.19		10.14		3.00		0.87		-1.40		3.92		2.00		293

		Cauliflower		91.91		1.98		0.21		5.20		2.50		0.71		-0.80		4.02		1.84		307

		Celeriac		88.00		1.50		0.30		9.20		1.80		1.00		-0.90		3.90		1.89		294

		Celery		94.64		0.75		0.14		3.65		1.70		0.82		-0.50		4.07		1.74		316

		Collards		90.55		1.57		0.22		7.11		3.60		0.55		-0.80		4.01		1.86		302

		Com, sweet, yellow		75.96		3.22		1.18		19.02		2.70		0.62		-0.60		3.62		1.98		254

		Cucumbers		96.01		0.69		0.13		2.76		0.80		0.41		-0.50		4.09		1.71		321

		0-dehydrated flakes		3.93		8.95		0.46		83.28		9.20		3.38		-		-		-		13

		Eggplant		92.03		1.02		0.18		6.07		2.50		0.71		-0.80		4.02		1.83		307

		Endive		93.79		1.25		0.20		3.35		3.10		1.41		-0.10		4.07		1.69		313

		Garlic		58.58		6.36		0.50		33.07		2.10		1.50		-0.80		3.17		2.19		196

		0-Ginger, root		81.67		1.74		0.73		15.09		2.00		0.77		--		3.75		1.94		273

		greens		91.07		1.50		0.30		5.73		3.20		1.40		-0.20		4.01		1.74		304

		Horseradish		78.66		9.40		1.40		8.28		2.00		2.26		-1.80		3.70		2.12		263

		Jerusalem		78.01		2.00		0.01		17.44		1.60		2.54		-2.50		3.63		2.25		261

		Kale		84.46		3.30		0.70		10.01		2.00		1.53		-0.50		3.82		1.86		282

		Kohlrabi		91.00		1.70		0.10		6.20		3.60		1.00		-1.00		4.02		1.90		304

		Leeks		83.00		1.50		0.30		14.15		1.80		1.05		-0.70		3.77		1.91		277

		Lettuce, iceberg		95.89		1.01		0.19		2.09		1.40		0.48		-0.20		4.09		1.65		320

		lima		70.24		6.84		0.86		20.16		4.90		1.89		-0.60		3.52		2.07		235

		Mushrooms		91.81		2.09		0.42		4.65		1.20		0.89		-0.90		3.99		1.84		307

		Okra		89.58		2.00		0.10		7.63		3.20		0.70		-1.80		3.97		2.05		299

		Onions		89.68		1.16		0.16		8.63		1.80		0.37		-0.90		3.95		1.87		300

		Parsley		87.71		2.97		0.79		6.33		3.30		2.20		-1.10		3.93		1.94		293

		Parsnips		79.53		1.20		0.30		17.99		4.90		0.98		-0.90		3.74		2.02		266

		Peas, green		78.86		5.42		0.40		14.46		5.10		0.87		-0.60		3.75		1.98		263

		0-Peppers,freeze-dried		2.00		17.90		3.00		68.70		21.30		8.40		-		-		-		7

		Potatoes, main crop		78.96		2.07		0.10		17.98		1.60		0.89		-0.60		3.67		1.93		264

		Pumpkins		91.60		1.00		0.10		6.50		0.50		0.80		-0.80		3.97		1.81		306

		Radishes		94.84		0.60		0.54		3.59		1.60		0.54		-0.70		4.08		1.77		317

		Rhubarb		93.61		0.90		0.20		4.54		1.80		0.76		-0.90		4.05		1.83		313

		ripe		93.76		0.85		0.33		4.64		1.10		0.42		-0.50		4.08		1.79		313

		Rutabaga		89.66		1.20		0.20		8.13		2.50		0.81		-1.10		3.96		1.92		299

		Salsify (vegetable oyster)		77.00		3.30		0.20		18.60		3.30		0.90		-1.10		3.65		2.05		257

		Spinach		91.58		2.86		0.35		3.50		2.70		1.72		-0.30		4.02		1.75		306

		Squash, summer		94.20		0.94		0.24		4.04		1.90		0.58		-0.50		4.07		1.74		315

		sweet		72.84		1.65		0.30		24.28		3.00		0.95		-1.30		3.48		2.09		243

		sweet,green		92.19		0.89		0.19		6.43		1.80		0.30		-0.70		4.01		1.80		308

		Tomatoes, mature green		93.00		1.20		0.20		5.10		1.10		0.50		-0.60		4.02		1.77		311

		Turnip		91.87		0.90		0.10		6.23		1.80		0.70		-1.10		4.00		1.88		307

		Watercress		95.11		2.30		0.10		1.29		1.50		1.20		-0.30		4.08		1.69		318

		winter		87.78		0.80		0.10		10.42		1.50		0.90		-0.80		3.89		1.87		293

		0-Yams		69.60		1.53		0.17		27.89		4.10		0.82		-		3.47		2.06		232

		**FRUITS**

		Apples, fresh		83.93		0.19		0.36		15.25		2.70		0.26		-1.10		3.81		1.98		280

		0-  dried		28.43		3.05		1.17		65.35		9.30		2.01		-		2.51		4.13		106

		sweet		80.76		1.20		0.96		16.55		2.30		0.53		-1.80		3.73		2.12		288

		Apricots		86.35		1.40		0.39		11.12		2.40		0.75		-1.10		3.87		1.95		248

		Avocados		74.27		1.98		15.32		7.39		5.00		1.04		-0.30		3.67		1.98		248

		Bananas		74.26		1.03		0.48		23.43		2.40		0.80		-0.80		3.56		2.03		286

		Blackberries		85.64		0.72		0.39		12.76		5.30		0.48		-0.80		3.91		1.94		283

		Blueberries		84.61		0.67		0.38		14.13		2.70		0.21		-1.60		3.83		2.06		300

		Cantaloupes		89.78		0.88		0.28		8.36		0.80		0.71		-1.20		3.93		1.91		288

		Cherries, sour		86.13		1.00		0.30		12.18		1.60		0.40		-1.70		3.85		2.05		270

		Cranberries		86.54		0.39		0.20		12.68		4.20		0.19		-0.90		3.91		1.93		289

		Currants, European black		81.96		1.40		0.41		15.38		0.00		0.86		-1.00		3.71		1.95		274

		Dates, cured		22.50		1.97		0.45		73.51		7.50		1.58		-15.70		2.31		2.30		280

		0-dried		31.76		0.93		0.32		65.89		8.70		1.10		-		2.57		2.84		75

		0-dried		31.80		3.61		0.76		61.33		8.20		2.50		-		2.57		3.49		264

		European type		80.56		0.66		0.58		17.77		1.00		0.44		-2.10		3.70		2.16		95

		Figs, fresh		79.11		0.75		0.30		19.18		3.30		0.66		-2.40		3.70		2.25		293

		Gooseberries		87.87		0.88		0.58		10.18		4.30		0.49		-1.10		3.95		1.96		304

		Grapefruit		90.89		0.63		0.10		8.08		1.10		0.31		-1.10		3.96		1.89		272

		Grapes, American		81.30		0.63		0.35		17.15		1.00		0.57		-1.60		3.71		2.07		269

		honeydew		89.66		0.46		0.10		9.18		0.60		0.60		-0.90		3.92		1.86		292

		Lemons		87.40		1.20		0.30		10.70		4.70		0.40		-1.40		3.94		2.02		295

		Limes		88.26		0.70		0.20		10.54		2.80		0.30		-1.60		3.93		2.03		273

		Mangos		81.71		0.51		0.27		17.00		1.80		0.50		-0.90		3.74		1.95		307

		Melons, casaba		92.00		0.90		0.10		6.20		0.80		0.80		-1.10		3.99		1.87		299

		Nectarines		86.28		0.94		0.46		11.78		1.60		0.54		-0.90		3.86		1.90		306

		Olives		79.99		0.84		10.68		6.26		3.20		2.23		-1.40		3.76		2.07		288

		Oranges		82.30		1.30		0.30		15.50		4.50		0.60		-0.80		3.81		1.96		267

		Peaches, fresh		87.66		0.70		0.90		11.10		2.00		0.46		-0.90		3.91		1.90		275

		Pears		83.81		0.39		0.40		15.11		2.40		0.28		-1.60		3.80		2.06		293

		Persimmons		64.40		0.80		0.40		33.50		0.00		0.90		-2.20		3.26		2.29		106

		Pineapples		86.50		0.39		0.43		12.39		1.20		0.29		-1.00		3.85		1.91		280

		Plums		85.20		0.79		0.62		13.01		1.50		0.39		-0.80		3.83		1.90		215

		Pomegranates		80.97		0.95		0.30		17.17		0.60		0.61		-3.00		3.70		2.30		289

		0-Prunes, dried		32.39		2.61		0.52		62.73		7.10		1.76		-		2.56		3.50		285

		Quinces		83.80		0.40		0.10		15.30		1.90		0.40		-2.00		3.79		2.13		270

		0-Raisins, seedless		15.42		3.22		0.46		79.13		4.00		1.77		-		2.07		2.04		108

		Raspberries		86.57		0.91		0.55		11.57		6.80		0.40		-0.60		3.96		1.91		280

		red and white		83.95		1.40		0.20		13.80		4.30		0.66		-1.00		3.85		1.98		52

		Strawberries		91.57		0.61		0.37		7.02		2.30		0.43		-0.80		4.00		1.84		289

		Tangerines		87.60		0.63		0.19		11.19		2.30		0.39		-1.10		3.90		1.93		306

		watermelon		91.51		0.62		0.43		7.18		0.50		0.26		-0.40		3.97		1.74		293

		**WHOLE FISH**

		Cod		81.22		17.81		0.67		0.00		0.00		1.16		-2.20		3.78		2.14		271

		Haddock		79.92		18.91		0.72		0.00		0.00		1.21		-2.20		3.75		2.14		267

		Halibut		77.92		20.81		2.29		0.00		0.00		1.36		-2.20		3.74		2.18		260

		Herring, kippered		59.70		24.58		12.37		0.00		0.00		1.94		-2.20		3.26		2.27		199

		Mackerel, Atlantic		63.55		18.60		13.89		0.00		0.00		1.35		-2.20		3.33		2.23		212

		Perch		78.70		18.62		1.63		0.00		0.00		1.20		-2.20		3.71		2.15		263

		Pollock- Atlantic		78.18		19.44		0.98		0.00		0.00		1.41		-2.20		3.70		2.15		261

		Salmon, pink		76.35		19.94		3.45		0.00		0.00		1.22		-2.20		3.68		2.17		255

		Tuna, bluefin		68.09		23.33		4.90		0.00		0.00		1.18		-2.20		3.43		2.19		227

		Whiting		80.27		18.31		1.31		0.00		0.00		1.30		-2.20		3.77		2.15		268

		**SHELLFISH**

		Clams		81.82		12.77		0.97		2.57		0.00		1.87		-2.20		3.76		2.13		273

		Lobster, American		76.76		18.80		0.90		0.50		0.00		2.20		-2.20		3.64		2.15		256

		Oysters		85.16		7.05		2.46		3.91		0.00		1.42		-2.20		3.83		2.12		284

		Scallop, meat		78.57		16.78		0.76		2.36		0.00		1.53		-2.20		3.71		2.15		262

		Shrimp		75.86		20.31		1.73		0.91		0.00		1.20		-2.20		3.65		2.16		253

		**BEEF**

		0-Brisket		55.18		16.94		26.54		0.00		0.00		0.80		-		3.19		2.33		184

		0-full cut, lean		70.83		22.03		4.89		0.00		0.00		1.07		-		3.52		2.12		191

		Carcass, choice		57.26		17.32		24.05		0.00		0.00		0.81		-2.20		3.24		2.31		194

		Liver		68.99		20.00		3.85		5.82		0.00		1.34		-1.70		3.47		2.16		230

		0-Ribs, whole (ribs 6-12)		54.54		16.37		26.98		0.00		0.00		0.77		-		3.16		2.32		182

		0-Round, full cut, lean and fat		64.75		20.37		12.81		0.00		0.00		0.97		-		3.39		2.18		216

		select		58.21		17.48		22.55		0.00		0.00		0.82		-1.70		3.25		2.24		237

		0-Short loin, porterhouse steak, lean		69.59		20.27		8.17		0.00		0.00		1.01		-		3.49		2.14		239

		Sirloin,lean		71.70		21.24		4.40		0.00		0.00		1.08		-1.70		3.53		2.11		232

		0-T-bone steak, lean		69.71		20.78		7.27		0.00		0.00		1.27		-		3.49		2.14		233

		0-Tenderloin, lean		68.40		20.78		7.90		0.00		0.00		1.04		-		3.45		2.14		228

		0-Veal, lean		75.91		20.20		2.87		0.00		0.00		1.08		-		3.65		2.09		254

		**PORK**

		0-countrycured,lean		55.93		27.80		8.32		0.30		0.00		7.65		-		3.16		2.31		187

		0-Backfat		1.69		2.92		88.69		0.00		0.00		0.70		-		2.17		2.98		26

		0-Bacon		31.58		8.66		57.54		0.09		0.00		2.13		-		2.70		2.70		105

		0-Belly		36.74		9.34		53.01		0.00		0.00		0.49		-		2.80		3.37		123

		0-Carcass		49.83		13.91		35.07		0.00		0.00		0.72		-		3.08		3.10		166

		0-Ham, cured, whole,lean		68.26		22.32		5.71		0.05		0.00		3.66		-		3.47		2.22		228

		Shoulder, whole, lean		72.63		19.55		7.14		0.00		0.00		1.02		-2.20		3.59		2.20		243

		**SAUSAGE**

		0-Braunschweiger		48.01		13.5		32.09		3.13		0		3.27		-		3.01		2.4		160

		Frankfurter		53.87		11.28		29.15		2.55		0		3.15		-1.7		3.15		2.31		180

		0-Italian		51.08		14.25		31.33		0.65		0		2.7		-		3.1		2.37		171

		0-Polish		53.15		14.1		28.72		1.63		0		2.4		-		3.14		2.36		178

		0-Pork		44.52		11.69		40.29		1.02		0		2.49		-		2.95		2.43		149

		0-Smokedd links		39.3		22.2		31.7		2.1		0		4.7		-		2.82		2.45		131

		**POULTRY PRODUCTS**

		Chicken		65.99		18.60		15.06		0.00		0.00		0.79		-2.80		4.34		3.32		220

		0-Duck		48.50		11.49		39.34		0.00		0.00		0.68		-		3.06		2.45		162

		0-Turkey		70.40		20.42		8.02		0.00		0.00		0.88		-		3.53		2.28		235

		**EGG**

		White		87.81		10.52		0.00		1.03		0.00		0.64		-0.60		3.91		1.81		293

		0-dried		14.62		76.92		0.04		4.17		0.00		4.25		-		2.29		2.10		49

		0-dried		3.10		47.35		40.95		4.95		0.00		3.65		-		2.04		2.00		10

		salted		50.80		14.00		23.00		1.60		0.00		10.60		-17.20		3.01		3.79		170

		sugared		51.25		13.80		22.75		10.80		0.00		1.40		-3.90		3.07		2.54		171

		Whole		75.33		12.49		10.02		1.22		0.00		0.94		-0.60		3.63		1.95		252

		Yolk		48.81		16.76		30.87		1.78		0.00		1.77		-0.60		3.05		2.25		163

		**LAMB**

		Composite of cuts, lean		73.42		20.29		5.25		0.00		0.00		1.06		-1.90		3.60		2.14		245

		0-Leg, whole, lean		74.11		20.56		4.51		0.00		0.00		1.07		-		3.62		2.14		248

		**DAIRY PRODUCTS**

		0-Butter		17.94		0.85		81.11		0.06		0.00		0.04		-		2.40		2.65		60

		**CHEESE**

		0-Camembert		51.80		19.80		24.26		0.46		0.00		3.68		-		3.10		3.34		173

		Cheddar		36.75		24.90		33.14		1.28		0.00		3.93		-12.90		2.77		3.07		123

		Cottage,uncreamed		79.77		17.27		0.42		1.85		0.00		0.69		-1.20		3.73		1.99		266

		0-Cream		53.75		7.55		34.87		2.66		0.00		1.17		-		3.16		2.91		180

		0-Gouda		41.46		24.94		27.44		2.22		0.00		3.94		-		2.87		2.77		138

		Limburger		48.42		20.05		27.25		0.49		0.00		3.79		-7.40		3.03		2.82		162

		0-Mozzarella		54.14		19.42		21.60		2.22		0.00		2.62		-		3.15		2.46		181

		0-Parmesan, hard		29.16		35.75		25.83		3.22		0.00		6.04		-		2.58		2.94		97

		Processed American		39.16		22.15		31.25		1.30		0.00		5.84		-6.90		2.80		2.75		131

		Roquefort		39.38		21.54		30.64		2.00		0.00		6.44		-16.30		2.80		3.36		132

		Swiss		37.21		28.43		27.45		3.38		0.00		3.53		-10.00		2.78		2.88		124

		**CREAM**

		0-Half and half		80.57		2.96		11.50		4.30		0.00		0.67		-		3.73		2.16		269

		0-Heavy whipping		57.71		2.05		37.00		2.79		0.00		0.45		-		3.25		2.32		193

		Table		73.75		2.70		19.31		3.66		0.00		0.58		-2.20		3.59		2.21		246

		**ICE CREAM**

		Chocolate		55.70		3.80		11.00		28.20		1.20		1.00		-5.60		3.11		2.75		186

		Strawberry		60.00		3.20		8.40		27.60		0.30		0.70		-5.60		3.19		2.74		200

		Vanilla		61.00		3.50		11.00		23.60		0.00		0.90		-5.60		3.22		2.74		204

		**MILK**

		Canned, condensed, sweetened		27.16		7.91		8.70		54.40		0.00		1.83		-15.00		2.35		-		91

		0- dried		2.47		26.32		26.71		38.42		0.00		6.08		-		1.85		-		8

		0- sweet, dried		3.19		12.93		1.07		74.46		0.00		8.35		-		1.69		-		11

		Evaporated		74.04		6.81		7.56		10.04		0.00		1.55		-1.40		3.56		2.08		247

		Skim		90.80		3.41		0.18		4.85		0.00		0.76		-		3.95		1.78		303

		0-Skim, dried		3.16		36.16		0.77		51.98		0.00		7.93		-		1.80		-		11

		0-Whey,acid,dried		3.51		11.73		0.54		73.45		0.00		10.77		-		1.68		-		12

		Whole		87.69		3.28		3.66		4.65		0.00		0.72		-0.60		3.89		1.81		293

		**NUTS, SHELLED**

		0-  dry roasted with salt		1.55		23.68		49.66		21.51		8.00		3.60		-		2.08		-		5

		0-Almonds		4.42		19.95		52.21		20.40		10.90		3.03		-		2.20		-		15

		0-Filberts		5.42		13.04		62.64		15.30		6.10		3.61		-		2.09		-		18

		0-Peanuts, raw		6.50		25.80		49.24		16.14		8.50		2.33		-		2.23		-		22

		0-Pecans		4.82		7.75		67.64		18.24		7.60		1.56		-		2.17		-		16

		0-Walnuts, English		3.65		14.29		61.87		18.34		4.80		1.86		-		2.09		-		12

		**CANDY**

		0-Fudge, vanilla		10.9		1.1		5.4		82.3		0.0		0.4		-		1.9		-		36

		0-Marshmallows		16.4		1.8		0.2		81.3		0.1		0.3		-		2.0		-		55

		0-Milk chocolate		1.3		6.9		30.7		59.2		3.4		1.5		-		1.8		-		4

		0-Peanut brittle		1.8		7.5		19.1		69.3		2.0		1.5		-		1.8		-		6

		**JUICE AND BEVERAGES**

		0-Apple juice, unsweetened		87.93		0.06		0.11		11.68		0.10		0.22		-		3.87		1.78		294

		0-Chocolate milk, 2% fat		83.58		3.21		2.00		10.40		0.50		0.81		-		3.78		1.83		279

		0-Club soda		99.90		0.00		0.00		0.00		0.00		0.10		-		4.17		1.63		334

		0-Cola		89.40		0.00		0.00		10.40		0.00		0.10		-		3.90		1.76		299

		0-Cranberry-apple juice drink		82.80		0.10		0.00		17.10		0.10		0.00		-		3.73		1.84		277

		0-Cranberry-grape juice drink		85.60		0.20		0.10		14.00		0.10		0.10		-		3.81		1.80		286

		0-Cream soda		86.70		0.00		0.00		13.30		0.00		0.10		-		3.83		1.79		290

		0-Fruit punch drink		88.00		0.00		0.00		11.90		0.10		0.10		-		3.87		1.78		294

		0-G~apesoda		88.80		0.00		0.00		11.20		0.00		0.10		-		3.89		1.77		297

		0-Ginger ale		91.20		0.00		0.00		8.70		0.00		0.00		-		3.95		1.73		305

		0-Grape juice, unsweetened		84.12		0.56		0.08		14.96		0.10		0.29		-		3.77		1.82		281

		0-Grapefruit juice, sweetened		87.38		0.58		0.09		11.13		0.10		0.82		-		3.85		1.78		292

		0-Lemon juice		92.46		0.40		0.29		6.48		0.40		0.36		-		3.99		1.73		309

		0-Lemon-lime soda		89.50		0.00		0.00		10.40		0.00		0.10		-		3.90		1.76		299

		0-Lime juice, unsweetened		92.52		0.25		0.23		6.69		0.40		0.31		-		3.99		1.73		309

		Orange juice		89.01		0.59		0.14		9.85		0.20		0.41		-0.40		3.90		1.76		297

		0-Orange soda		87.60		0.00		0.00		12.30		0.00		0.10		-		3.86		1.78		293

		0-Pineapple juice, unsweetened		85.53		0.32		0.08		13.78		0.20		0.30		-		3.81		1.81		286

		0-Prune juice		81.24		0.61		0.03		17.45		1.00		0.68		-		3.71		1.87		271

		0-Root beer		89.30		0.00		0.00		10.60		0.00		0.10		-		3.90		1.76		298

		0-Tomato juice		93.90		0.76		0.06		4.23		0.40		1.05		-		4.03		1.71		314

		**MISCELLANEOUS**

		0-Honey		17.10		0.30		0.00		82.40		0.20		0.20		-		2.03		-		57

		0-Maple syrup		32.00		0.00		0.20		67.20		0.00		0.60		-		2.41		-		107

		0-oil-popped		2.80		9.00		28.10		57.20		10.00		2.90		-		1.99		-		9

		0-Popcorn, air-popped		4.10		12.00		4.20		77.90		15.10		1.80		-		2.04		-		14

		0-Yeast,baker's, compressed		69.00		8.40		1.90		18.10		8.10		1.80		-		3.55		2.17		230





		

				ENTALPI						Spesifikk varme						Tetthet						Varmeledningsevne						Termisk diffusivitet						Is/vann data

						kJ/kg						kJ/kgK						kg/m3						W/mK						m2/s

				-41.70		0.00				-41.70		0.000				-41.70		0.0				-41.70		0.000				-41.70		0.0000E+00												Ice/water		Ice/water		Sp_heat

				-33.43		0.00				-33.43		0.000				-33.43		0.0				-33.43		0.000				-33.43		0.0000E+00						Ice_frac		Ufrosset				Term_kond		Dens		Ice/water

				-26.88		0.00				-26.88		0.000				-26.88		0.0				-26.88		0.000				-26.88		0.0000E+00				-41.70		0.000		0.00		-41.70		0.000		0.00		0

				-21.68		0.00				-21.68		0.000				-21.68		0.0				-21.68		0.000				-21.68		0.0000E+00				-33.43		0.000		0.00		-33.43		0.000		0.00		0

				-17.56		0.00				-17.56		0.000				-17.56		0.0				-17.56		0.000				-17.56		0.0000E+00				-26.88		0.000		0.00		-26.88		0.000		0.00		0

				-14.30		0.00				-14.30		0.000				-14.30		0.0				-14.30		0.000				-14.30		0.0000E+00				-21.68		0.000		0.00		-21.68		0.000		0.00		0

				-11.71		0.00				-11.71		0.000				-11.71		0.0				-11.71		0.000				-11.71		0.0000E+00				-17.56		0.000		0.00		-17.56		0.000		0.00		0

				-9.66		0.00				-9.66		0.000				-9.66		0.0				-9.66		0.000				-9.66		0.0000E+00				-14.30		0.000		0.00		-14.30		0.000		0.00		0

				-8.03		0.00				-8.03		0.000				-8.03		0.0				-8.03		0.000				-8.03		0.0000E+00				-11.71		0.000		0.00		-11.71		0.000		0.00		0

				-6.74		0.00				-6.74		0.000				-6.74		0.0				-6.74		0.000				-6.74		0.0000E+00				-9.66		0.000		0.00		-9.66		0.000		0.00		0

				-5.72		0.00				-5.72		0.000				-5.72		0.0				-5.72		0.000				-5.72		0.0000E+00				-8.03		0.000		0.00		-8.03		0.000		0.00		0

				-4.91		0.00				-4.91		0.000				-4.91		0.0				-4.91		0.000				-4.91		0.0000E+00				-6.74		0.000		0.00		-6.74		0.000		0.00		0

				-4.27		0.00				-4.27		0.000				-4.27		0.0				-4.27		0.000				-4.27		0.0000E+00				-5.72		0.000		0.00		-5.72		0.000		0.00		0

				-3.76		0.00				-3.76		0.000				-3.76		0.0				-3.76		0.000				-3.76		0.0000E+00				-4.91		0.000		0.00		-4.91		0.000		0.00		0

				-3.36		0.00				-3.36		0.000				-3.36		0.0				-3.36		0.000				-3.36		0.0000E+00				-4.27		0.000		0.00		-4.27		0.000		0.00		0

				-3.04		0.00				-3.04		0.000				-3.04		0.0				-3.04		0.000				-3.04		0.0000E+00				-3.76		0.000		0.00		-3.76		0.000		0.00		0

				-2.79		0.00				-2.79		0.000				-2.79		0.0				-2.79		0.000				-2.79		0.0000E+00				-3.36		0.000		0.00		-3.36		0.000		0.00		0

				-2.59		0.00				-2.59		0.000				-2.59		0.0				-2.59		0.000				-2.59		0.0000E+00				-3.04		0.000		0.00		-3.04		0.000		0.00		0

				-2.43		0.00				-2.43		0.000				-2.43		0.0				-2.43		0.000				-2.43		0.0000E+00				-2.79		0.000		0.00		-2.00		0.000		0.00		0

		Initialt		-2.30		0.00				-2.30		0.000				-2.30		0.0				-2.30		0.000				-2.30		0.0000E+00				-2.59		0.000		0.00		-1.00		0.000		0.00		0

		frysepunkt		-2.20		0.00				-2.2		0.000				-2.2		0.0				-2.2		0.000				-2.2		0.0000E+00				-2.43		0.000		0.00		-0.40		0.000		0.00		0

				1.8		0.00				-0.2		0.000				1.8		0.0				-0.2		0.000				-0.2		0.0000E+00				-2.30		0.000		0.00		-0.10		0.000		0.00		0

				5.8		0.00				3.8		0.000				5.8		0.0				3.8		0.000				3.8		0.0000E+00				-2.20		0.000		0.00		-0.01		0.000		0.00		0

				9.8		0.00				7.8		0.000				9.8		0.0				7.8		0.000				7.8		0.0000E+00										-0.001		0.000		0.00		0

				13.8		0.00				11.8		0.000				13.8		0.0				11.8		0.000				11.8		0.0000E+00						Frysepunkt for vann				0.00		0.000		0.00		0.000000

				17.8		0.00				15.8		0.000				17.8		0.0				15.8		0.000				15.8		0.0000E+00										1.80		0.000		0.00		0

				21.8		0.00				19.8		0.000				21.8		0.0				19.8		0.000				19.8		0.0000E+00										5.80		0.000		0.00		0

				25.8		0.00				23.8		0.000				25.8		0.0				23.8		0.000				23.8		0.0000E+00										9.80		0.000		0.00		0

				29.8		0.00				27.8		0.000				29.8		0.0				27.8		0.000				27.8		0.0000E+00										13.80		0.000		0.00		0

				33.8		0.00				31.8		0.000				33.8		0.0				31.8		0.000				31.8		0.0000E+00										17.80		0.000		0.00		0

				37.8		0.00				35.8		0.000				37.8		0.0				35.8		0.000				35.8		0.0000E+00										21.80		0.000		0.00		0

				41.8		0.00				39.8		0.000				41.8		0.0				39.8		0.000				39.8		0.0000E+00										25.80		0.000		0.00		0

				45.8		0.00				43.8		0.000				45.8		0.0				43.8		0.000				43.8		0.0000E+00										29.80		0.000		0.00		0

										47.8		0.000										47.8		0.000				47.8		0.0000E+00										33.80		0.000		0.00		0

																																								37.80		0.000		0.00		0

																																								41.80		0.000		0.00		0
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Cooling Time Estimation Methods Based on f and j Factors

Y =
ta - to

ta - t
to - ta

t- ta
= = j e-2.202τ/f

τ = 
-f

2.202
ln (Y/j)
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Relationship between fα/r2 and Biot number



15Relationship between J and Biot number for 
Various Shapes

Thermal Center
TemperatureSurface Temperature

Average Temperature
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Freshness score with storage time

 Freshness, the extent of
spoilage during storage
under chilled conditions is
key determine of the
quality of food products.

 Based on the sensory
evolution of eating
quality, gutted cod, chilled
in melting ice at 0 from
time of capture, high
quality 6 days, acceptable
10 days and unacceptable
15 days

Quality Grades

Top

Acceptable

Poor

Unacceptable

Fish stored in ice

Fish stored with 
inhibition of 

bacterial growth

Flavorless, insipid

Typical flavors present
reducing in intensity

Spoilage flavors present
increasing in intensity

Storage time, days at 0oC
0 2 4 6 8 10 12 14

4
Fr

es
hn
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s 
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r

5
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Rapid chilling - Which cod would you buy?

 Most foods are of high value and
any increase in rate of product
throughput will improve cash flow
and utilise expensive plant more
efficiently.

 Rapid reduction in surface
temperature also retards
microbial growth and
consequently extends shelf life.

 Another important, advantage of
rapid chilling is a reduction in
weight loss which results in a
higher yield of saleable material.
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Refrigerated Sea Water

RSW
 Quick chilling (to -1oC)
 Efficient washing and bleeding
 Some spices absorbs water and salt
 Normally with several tanks on board

CSW (Cold Sea Water)
 Sea water chilled with ice
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Treatment of fish onboard

 Fish is perishable
 Living fish

• To keep the fish alive is an old 
technique (alive catch and 
market based slaughtering)

• Fish carrier technology 
combined with special net cage 
under developing

 Death fish
• Temperature is vital

The effect of temperature
of shelf life on fish.
Temperature Shelf Life

-1°C 20 days
0°C 15 days

+6°C 6 days
+12°C 3 days
+18°C 11/2 days
+24°C 1/2 day
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Chilling with Refrigerated seawater technology

Schematic of refrigerated seawater 
(RSW) system

 An ice slurry consisting of seawater
will typically have a temperature of
-2.

 The water in each tank of fish is
circulated to the refrigeration
system and returned to the tank.

 This will promote rapid and
uniform cooling of the fish.

 The water should be circulated
continuously until the vessel is
unloaded to avoid temperature
stratification and formation of
pockets of warm water within the
holding tanks.
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Ice slurries

 Ice slurry consists of small ice
crystals, typically 1 mm diameter or
smaller.

 Ice in the mixture is between 5 and
30%.

 Very high HTCs can be obtained by
directly immersing foods in ice slurry
because slurry can observe both
sensible and latent heat resulting
from the melting of the ice.

 Thus, an ice slurry has even greater
heat absorption capability than
single-phase aqueous solutions.

A schematic of an ice slurry 
refrigeration system. 
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Vacuum chilling – evaporation of water

 In vacuum refrigeration, water as
primary refrigerant, vaporizes in a
flash chamber under low pressure.

 The product is loaded into the flash
chamber, the system is put into
operation, and the product is cooled
by reducing the pressure to
corresponding saturation temperature
desired.

 Shorter processing times, consequent
energy savings, improved product
shelf life, quality and safety.

A schematic representation of a laboratory 
scale vacuum cooler
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Mechanical vapour-compression

Schematic of an immersion hydrocooler

A schematic of a spray 
hydrocooler

 Hydrocooling is probably the least
expencive method of achieving rapid 
cooling of small products

 The product to be cooled is immersed in 
or sparyed with cooled water, either at 
ambient or near 0oC
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Preserving methods for fish

Icing for chilling and cleaning/gutting:
 0oC
 Important with enough ice (experience at 

least 1:1 ice:fish)
 Both storage in packing case in bulk (more 

used earlier)
 Important with good design of the fish 

carrier and the cargo compartment

Super chilling:
 Chilling to temperature lower than the 

initial freezing point (example -2,5oC)
 The fish shall not freeze, but keep its 

quality as fresh
 Use the fish mass as thermal storage

-40 -30 -20 -10 0

Temperatur  [EC]

0,0

0,2

0,4

0,6

0,8

1,0

Flytende vann
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Superchilling technology

 Superchilling is a method of preserving
freshness and maintaining high quality of
foods by partial crystallization.

 The superchilled product is firmer and
more resilient to processing, resulting in a
more attractive product with greatly
increased primary product ratio and shelf-
life.

 Higher product value and price is therefore
a key benefit of the system.

 A longer period of time, a longer shelf life
also translates to increased sales, higher
product quality and value, and greater
customer satisfaction.
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Capacity crisis on roads in Europe (salmon transport)
Normal week (2012)

1000 trucks

300 trucks
with ice

420 trucks 
approx. 60% 

reduction

700 trucks

280 trucks
with by products

FISH

FILET

SUPERCHILLING
(temperature 1-2oC below initial freezing point)



27

Superchilling with impingement freezer

 The surface of the product is exposed
to very high air velocities at
temperatures below -35˚C. This creates
a thin, rapidly frozen crust of 2-5 mm
thick depending upon the particular
application.

 The shortened overall process is very 
cost-effective due to minimised 
handling, and the quality of the final 
product, which has a longer shelf life, is 
greatly improved. 

 It can freeze thin products as fast as 
cryogenic at a fraction of the cost.
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Transportation – World wide

 Developments in temperature control, packaging and controlled
atmospheres have increased substantially the range of foods that
can be transported around the world in a chilled condition

 Sea, road transportation, airfreighting
 Control of the oxygen and carbon dioxide levels in shipboard

containers have allowed fruits and vegetables to be shipped
(typically 40 days in the container) from Australia and New
Zealand to markets in the USA, Europe, Middle East and Japan



Thank you for 
your attention!

Спасибо за
внимание!
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