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FOODS COMPOSITION DATA
1.7K13 (Water)

2. &5 (Protein)

3. M8 #n(Fat)

4 fEFask ik 7K{E &4 (Carbohydrate)
5.4 4 (Fiber)

6.ME)E L k77 (Ash)




Table 3 Unfrozen Composition Data, Initial Freezing Point, and Specific Heats of Foods*

Moisture Carbohidiate Initial Specific Heat Specific Heat Latent

Content, Protein. 2 z Freezing Above Below Heat of

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

Food Item Xt Xp Xf X5 X s °C kJ/(kg'K) kJ/(kg-K) kJ/kg

Vegetables

Artichokes, globe 84.94 327 015 10.51 5.40 1.13 -1.2 3.90 2.02 284
Jerusalem 78.01 2.00 0.0l 17.44 1.60 2.54 -2.5 3.63 2.25 261
Asparagus 92.40 228 0.20 4.54 2.10 0.57 0.6 4.03 1.79 309
Beans, snap 90.27 1.82  0.12 7.14 3.40 0.66 -0.7 3.99 1.85 302
lima 70.24 6.84 0.86 20.16 4.90 1.89 -0.6 3.52 2.07 235
Beets 87.58 1.61  0.17 9.56 2.80 1.08 —1.1 3.91 1.94 293
Broccoli 90.69 298 035 5.24 3.00 0.92 -0.6 4.01 1.82 303
Brussels sprouts 86.00 338 030 8.96 3.80 1.37 -0.8 3.90 1.91 287
Cabbage 92.15 1.44 027 543 2.30 0.71 0.9 4.02 1.85 308
Carrots 87.79 1.03  0.19 10.14 3.00 0.87 14 3.92 2.00 293
Cauliflower 91.91 1.98  0.21 5.20 2.50 0.71 0.8 4.02 1.84 307
Celeriac 88.00 1.50 0.30 9.20 1.80 1.00 -0.9 3.90 1.89 294
Celery 94.64 075 0.14 3.65 1.70 0.82 -0.5 4.07 1.74 316
Collards 90.55 1.57 0.22 7.11 3.60 0.55 0.8 4.01 1.86 302
Corn, sweet, yellow 75.96 322 LI8 19.02 2.70 0.62 0.6 3.62 1.98 254
Cucumbers 96.01 0.69 013 2.76 0.80 041 -0.5 4.09 1.71 321
Eggplant 92.03 1.02 018 6.07 2.50 0.71 -0.8 4.02 1.83 307
Endive 93.79 125 0.20 3.35 3.10 1.41 -0.1 4.07 1.69 313
Garlic 58.58 636 0.50 33.07 2.10 1.50 -0.8 3.17 2.19 196
Ginger, root 81.67 1.74 073 15.09 2.00 0.77 — 3.75 1.94 273
Horseradish 78.66 940 140 8.28 2.00 2.26 -1.8 3.70 2.12 263
Kale 84.46 330 0.70 10.01 2.00 1.53 -0.5 3.82 1.86 282
Kohlrabi 91.00 1.70 ~ 0.10 6.20 3.60 1.00 -1.0 4.02 1.90 304
Leeks 83.00 1.50 030 14.15 1.80 1.05 -0.7 3.77 1.91 277
Lettuce, iceberg 95.89 .01 019 2.09 1.40 048 -0.2 4.09 1.65 320
Mushrooms 91.81 209 042 4.65 1.20 0.89 -0.9 3.99 1.84 307
Okra 89.58 2.00 0.10 7.63 3.20 0.70 -1.8 3.97 2.05 299
Onions 89.68 .16  0.16 8.63 1.80 0.37 -0.9 3.95 1.87 300
dehydrated flakes 3.93 895 046 83.28 9.20 3.38 — — — 13
Parsley 87.71 297 079 6.33 3.30 2.20 -1.1 3.93 1.94 293
Parsnips 79.53 1.20 030 17.99 490 0.98 -0.9 3.74 2.02 266
Peas, green 78.86 542 040 14.46 5.10 0.87 0.6 3.75 1.98 263
Peppers, freeze-dried 2.00 1790 3.00 68.70 21.30 8.40 - — - 7
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sweet, green 92.19 0.89 0.19 6.43 1.80 0.30 -0.7 4.01 1.80 308

Potatoes, main crop 78.96 207 010 17.98 1.60 0.89 0.6 3.67 1.93 264
sweet 72.84 1.65 030 24.28 3.00 0.95 -1.3 348 2.09 243
Pumpkins 91.60 .00 0.10 6.50 0.50 0.80 0.8 3.97 1.81 306
Radishes 94.84 0.60 0.54 3.59 1.60 0.54 0.7 4.08 1.77 317
Rhubarb 93.61 090 020 4.54 1.80 0.76 -09 4.05 1.83 313
Rutabaga 89.66 1.20  0.20 8.13 2.50 0.81 -1 3.96 1.92 299
Salsify (vegetable oyster) 77.00 330 0.20 18.60 3.30 0.90 —1.1 3.65 2.05 257
Spinach 91.58 286 035 3.50 2.70 1.72 0.3 4.02 1.75 306
Squash, summer 94.20 094 024 4.04 1.90 0.58 .5 4.07 1.74 315
winter 87.78 0.80 0.10 10.42 1.50 0.90 0.8 3.89 1.87 293
Tomatoes, mature green 93.00 1.20 0.20 5.10 1.10 0.50 0.6 4.02 1.77 311
ripe 93.76 085 033 4.64 1.10 042 -0.5 4.08 1.79 313
Turnip 91.87 090 0.10 6.23 1.80 0.70 ~1.1 4.00 1.88 307
greens 91.07 1.50 030 373 3.20 1.40 0.2 4.01 1.74 304
Watercress 95.11 230 0.10 1.29 1.50 1.20 0.3 4.08 1.69 318
Yams 69.60 1.53 0.17 27.89 4.10 0.82 — 347 2.06 232
Fruits
Apples, fresh 83.93 0.19 036 15.25 2.70 0.26 -1.1 3.81 1.98 280
dried 31.76 093 032 65.89 8.70 1.10 — 2.57 2.84 106
Apricots 86.35 1.40 039 11.12 2.40 0.75 -1.1 3.87 1.95 288
Avocados 74.27 1.98 15.32 7.39 5.00 1.04 -0.3 3.67 1.98 248
Bananas 74.26 1.03 048 2343 2.40 0.80 0.8 3.56 2.03 248
Blackberries 85.64 0.72 039 12.76 5.30 0.48 0.8 391 1.94 286
Blueberries 84.61 0.67 038 14.13 2.70 0.21 -1.6 3.83 2.06 283
Cantaloupes 89.78 0.88  0.28 8.36 0.80 0.71 -1.2 3.93 1.91 300
Cherries, sour 86.13 1.00  0.30 12.18 1.60 0.40 -1.7 3.85 2.05 288
sweet 80.76 1.20 0.96 16.55 2.30 0.53 -1.8 3.73 2.12 270
Cranberries 86.54 0.39 0.20 12.68 4.20 0.19 -0.9 3.91 1.93 289
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Whole Fish

Cod 81.22 17.81  0.67 0.0 0.0 .16 2.2 3.78 2.14 271
Haddock 79.92 1891 0.72 0.0 0.0 1.21 —2.2 3.75 2.14 267
Halibut 77.92 20.81 2.29 0.0 0.0 1.36 2.2 3.74 2.18 260
Herring, kippered 59.70 24.58 12.37 0.0 0.0 1.94 -2.2 3.26 2.27 199
Mackerel, Atlantic 63.55 18.60 13.89 0.0 0.0 1.35 28 3.33 2.23 212
Perch 78.70 18.62 1.63 0.0 0.0 1.20 -2.2 3.71 2.15 263
Pollock, Atlantic 78.18 1944 0098 0.0 0.0 1.41 -2:2 3.70 2.15 261
Salmon, pink 76.35 1994 345 0.0 0.0 1.22 =2.2 3.68 2.17 255
Tuna, bluefin 68.09 2333 490 0.0 0.0 1.18 2.2 343 2.19 227
Whiting 80.27 18.31 1.31 0.0 0.0 1.30 2.2 3.77 2.15 268
Shellfish
Clams 81.82 1277 097 2.57 0.0 1.87 -2.2 3.76 2.13 273
Lobster, American 76.76 18.80  0.90 0.50 0.0 2:20 2.2 3.64 2.15 256
Oysters 85.16 705 246 391 0.0 142 -2.2 3.83 2.12 284
Scallop, meat 78.57 16.78  0.76 2.36 0.0 1.53 2.2 3.71 2.15 262
Shrimp 75.86 20.31 1:73 0.91 0.0 1.20 2.2 3.65 2.16 253
Beef
Brisket 55.18 1694 26.54 0.0 0.0 0.80 — 3.19 2.33 184
Carcass, choice 57.26 17.32 24.05 0.0 0.0 0.81 2.2 3.24 2.31 191
select 58.21 17.48 22.55 0.0 0.0 0.82 -1.7 3.25 2.24 194
Liver 68.99 20.00 -~ 3.85 582 0.0 1.34 -1.7 347 2.16 230
Ribs, whole (ribs 6-12) 54.54 16.37 2698 0.0 0.0 0.77 — 3.16 232 182
Round, full cut, lean and fat 64.75 20.37 12.81 0.0 0.0 0.97 — 3.39 2.18 216
full cut, lean 70.83 22.03  4.89 0.0 0.0 1.07 — 3.52 2.12 237
Sirloin, lean 71.70 21.24 440 0.0 0.0 1.08 -1.7 3.53 2:11 239
Short loin, porterhouse steak, lean 69.59 2027  8.17 0.0 0.0 1.01 - 3.49 2.14 232
T-bone steak, lean 69.71 20.78  7.27 0.0 0.0 1.27 — 3.49 2.14 233
Tenderloin, lean 68.40 2078  7.90 0.0 0.0 1.04 — 3.45 2.14 228
Veal, lean 75.91 20.20 2.87 0.0 0.0 1.08 — 3.65 2.09 254
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Table 4 Enthalpy of Frozen Foods

Water

Content, Temperature, °C

% b\
Food mass -40 30 -20 -18 -16 -14 -12 -10 9 8 -7 6 -5 4 -3 -2 -1 O
Fruits and Vegetables
Applesauce 82.8 Enthalpy, kl’kg 0 23 51 S8 65 73 84 95 102 110 120 1327 152 175 210 286 339 343

6 9 10 12 14 17 19 21 23 27 30 37 44 57 82 100 —

% water unfrozen

o |

Asparagus, peeled  92.6 Enthalpy, kl/kg 19 40 45 50 55 61 69 73 77 83 90 99 108 123 155 243 381
% water unfrozen — — — — — 5 6 — 7 8 410 12 15 17 (20 29 58 100

Bilberries 85.1 Enthalpy, kl/kg 0 21 45 50 57 64 73 82 87 94 101 110 125 140 167 218 348 352
% water unfrozen — — — 7 8 9 11 14 1517 18 21 25 30 38 57 100 —

Carrots 87.5 Enthalpy, kJ/’kg 0 21 46 51 57 64 7281 8 94 102 111 124 139 166 218 357 361
% water unfrozen — — — 7 8 9 A1 14 1§ »i7 18 20 ¢24 29 37 53 100 —

Cucumbers 95.4 Enthalpy, kl/kg 0 18 39 43 47 51/ 57 64 67 70 74 79 85 93 104 125 184 390
% water unfroren — — — — — —+ @ — — S5\ — — — — 11 14 20 37 100

Onions 85.5 Enthalpy, kl/’kg 0 23 50 55 62 71 81 91 97 105 115 125 141 163 196 263 349 353
% water unfrozen — 5 8 10 12 14 16 18 19 20 23 26 31 38 49 71 100 —

Peaches, 85.1 Enthalpy, kl’kg 0 23 50 57 64 72 82 93 100 108 118 129 146 170 202 274 348 352
without stones % water unfrozen — 5 8 9 ¥ 13 16 18 20 22 25 28 33 40 51 75 100 —
Pears, Bartlett 83.8 Enthalpy, kl/’kg 0 23 /51 57 64 73 83 95 101 109 120 132 150 173 207 282 343 347
% water unfrozen — 6 9,10 “12 . 14, 17 19 21 23 26 29 35 43 54 80 100 —

Plums, 80.3 Enthalpy, kJ/’kg 0 25 57 65 74 84 97 111 119 129 142 159 182 214 262 326 329 333
without stones % water unfrozen — 8 14 16 18 20 23 27 29 33 37 42 50 61 78 100 — —
Raspberries 82.7 Enthalpy, kl/kg 0 20 47 53 59 65 75 85 90 97 105 115 129 148 174 231 340 344
% water unfrozen —  — 7 8 9 10 13 16 17 18 20 23 27 33 42 61 100 —

Spinach 90.2 Enthalpy, kl/kg 0 19 40 44 49 54 60 66 70 74 79 8 94 103 117 145 224 371
% water unfrozens’” —  — — — — — 6 7 — — 9 11 13 16 19 28 53 100

Strawberries 89.3 Enthalpy. kJ/kg 0 20 4 49 54 60 67 76 81 88 95 102 114 127 150 191 318 367
% water unfrozen = — — 5 — 6 7 9 1 12 14 16 18 20 24 30 43 86 100

Sweet cherries, 77.0 Enthalpy, kl/kg 0 26 58 66 76 87 100 114 123 133 149 166 190 225 276 317 320 324
without stones % water unfrozen — 9 15 17 19 21 26 29 32 36 40 47 55 67 8 100 — —
Tall peas 758 Enthalpy, kl/kg 0 23 51 56 64 73 8 95 102 111 121 133 152 176 212 289 319 323
% water unfrozen — 6 10 12 14 16 18 21 23 26 28 33 39 48 61 90 100 —

Tomato pulp 92.9 Enthalpy, kl’kg 0 20 42 47 52 57 63 71 75 81 87 93 103 114 131 166 266 382

% water unfrozen — — — — §: = 6 7 § 10 12 14 16 18 24 33 65 100
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Table 5 Thermal Conductivity of Foods

Thermal  Temper-  Water
Conductivity, ature, Content, %

Food? W/im-K) o & by mass Reference® Remarks
Fruits, Vegetables
Apples 0418 8 — Gane (1936) Tasmanian French crabapple, whole fruit; 140 g
dried 0.219 23 41.6 Sweat (1985) Density = 0.86 glem?
Apple juice 0.559 20 87 Riedel (1949) Refractive index at 20°C = 1.35
0.631 80 87
0.504 20 70 Refractive index at 20°C = 1.38
0.564 80 70
0.389 20 36 Refractive index at 20°C = 1 .45
0.435 80 36
Applesauce 0.549 29 — Sweat (1974)
Apricots, dried 0.375 23 43.6 Sweat (1985) Density = 1.32 g/cm’
Beans, runner 0.398 9 — Smith et al. (1952) Density = 0.75 g/cm’; machine sliced, scalded,
packed in slab
Beets 0.601 28 87.6 Sweat (1974)
Broccoli 0.385 —6 — Smith et al. (1952) Density = 0.56 g/cm3; heads cut and scalded
Carrots 0.669 ~16 - Smith et al. (1952) Density = 0.6 g/cm?; scraped, sliced and scalded
pureed 1.26 -8 — Smith et al. (1952) Density = 0.89 g/cm?; slab
Currants, black 0.310 -17 — Smith et al. (1952) Density = 0.64 g/cn’
Dates 0.337 23 345 Sweat (1985) Density = 1.32 g/em?
Figs 0.310 23 404 Sweat (1985) Density = 1.24 g/cm?
Gooseberries 0.276 -15 — Smith et al. (1952) Density = 0.58 g/cm?; mixed sizes
Grapefruit juice vesicle 0.462 30 — Bennett et al. (1964) Marsh, seedless
Grapefruit rind 0.237 28 — Bennett et al. (1964) Marsh, seedless
Grape, green, juice 0.567 20 89 Riedel (1949) Refractive index at 20°C = 1.35
0.639 80 89
0.496 20 68 Refractive index at 20°C = 1.38
0.554 80 68
0.396 20 37 Refractive index at 20°C = 1 .45
0.439 80 37
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How to determine the cooling time?

EX: f and jc Facters Equations

K: Thermal Conductivity , w/m.k

o: Thermal diffusivity , m’/s

D : Average diameter, m

Ti : Initially temperature of the product, °C
Tm : Cooling medium temperature , °C

Tc : Center temperature of the product, °C
V : Air velocity , m/s

h : surface heat transfer coefficient, w/m’.°C

L : The characteristic length - m



Expressions for Estimating f and j,. factors for
theThermal Center Temperature of Spheres

Biot Number Range Equations for f and j,. factors
Bi < 0.1 B
= L? 3 Bi

i =10



0.1< Bi<100 Ja _ Ini0

L2 w2

2(sin w—w cos w)

Jo =

W—Sin w cos w

where
w = 01.573729+0.642906 In(Bi)
+0.047859[In(Bi)]?- 0.03553[In(Bi)]*

-0.004907[In(Bi)]*+0.001563[In(Bi)]°

Bi>100 % ~0.2333

2

j.=2.0



The characteristic length L:g

Biot number Bi = =

The unaccomplished temperature difference

Tm-Tc .
Y — - = jc 2.3030/f
Tm-Ti

In( )

The cooling time 0= —— - 303



How to determine the product heating load ?

The heat load must be removed from the food in the freezing
process include precooling,phase change and freezing.

(—)The data in Table 3 model :
Thermal properties of food:

m : Food mass, kg

T; : Initial freezing point, °C

T; : Food initial temperature , °C

T : Food final temperature , °C

Cpys - Specific heat above freezing , kJ / kg - K
Cps : Specific heat below freezing, kJ / kg - K
Q; : Latent heat of fusion, kJ / kg



Where
(1) The heat load of precooling,

Qpre = M- Cpyys - (T;-Tf)

(2) The heat load of phase change,
QL= QL M

(3) The heat load of freezing,
Qr =m - Cpp - (T¢-T)

The total heatload of food in freezing process

Q: + QL+ Qf (k)



(—)The enthalpy model :

Tr : The reference temperature, °C

T; : Food initial temperature, °C

T : Initial freezing point, °C

T, : Food final temperature , °C

Lo : Latent heat of water, kJ / kg
Xs=1-Xwo : Mass fraction of food solids
Xb=0.4Xp : Mass fraction of bound water

Xwo = moisture content, %



Where
(1)The enthalpy of the food at frozen temperature,

Ht=(T,-T,)[1.55+1.26Xs-( (X,,, — Xp)LO - T;/(T, - T) )]
(2)The enthalpy of the food at initial freezing temperature,

H;=(T;-T,)[1.55+1.26Xs-( (Xyo=Xp)LO - T(/(T, - T§) )]
(3)The enthalpy of the food at unfrozen temperature,

H=H; + (T;-T()[4.19-2.30Xs-0.628X" ]
Thus the amount of heat removed during the freezing process

Q=m-(H-Ht) (ki)
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