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Abstract

Freeze-drying process was used for 10 major protein foods referred by the Korea Health Statistics 2011 as follows; chicken, pork,
beef, eggs, tofu, squid, soybean, mackerel, anchovy, and pollack/frozen pollack. Boiled samples and re-hydrated samples after
freeze-drying were prepared for analysis. The weight variation, the chromaticity, the mechanical texture and sensory properties by eight
trained panelists were measured. In the ratio of re-hydration, the anchovy showed the highest value(89.40%), followed by eggs, and
squid showed the lowest value(35.51%). Changes of Hunter color value were observed among all samples. For rates on changes of
hardness, every sample was increased except for eggs(p<.05). Among the 9 samples, except for eggs, chicken showed the lowest rate of
increase in hardness(125.44%) while squid showed the highest rate of increase in hardness(1335.1%). Except for eggs and pork, eight
samples represented differences in sensory properties, especially in juiciness and tenderness(p<.05). As a result, we found that egg is the
most suitable for freeze-drying among 10 protein sources followed by pork and chicken.
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Table 1, Major protein foods consumed by Koreans
(N=7,704)
Ranking Protein ingredient Amount of intake (g) Amount of intake ratio (%) Accumulated fraction (%)
1 Polished rice 12.0+0.1 16.3 16.3
2 Chicken 5.9+0.4 8.0 242
3 Pork 5.6+0.2 7.7 31.9
4 Beef 3.7+0.2 5.0 36.9
5 Egg 3.140.1 43 41.1
6 Milk 2.5+0.1 33 445
7 Tofu 2.0£0.1 2.7 472
8 Kimchi 1.4+0.0 1.9 49.0
9 Squid 1.3+0.1 1.8 50.8
10 Bread 1.3£0.1 1.7 52.5
11 Ramen 1.240.1 1.7 542
12 Soybean 1.240.1 1.6 55.8
13 Noodles 1.1£0.1 1.5 57.3
14 Mackerel 1.1£0.1 1.4 58.8
15 Anchovy 1.0£0.0 1.4 60.2
16 Semi-dried pollack 0.940.1 1.2 614
17 Duck meet 0.8+0.1 1.1 62.4
18 Fish cake 0.840.1 1.1 63.5
19 Tuna 0.8+0.1 1.1 64.6
20 Soybean paste 0.7+0.0 1.0 65.6

Each value is mean + S.D.

Ministry of health & welfare, Korea centers for disease control & prevention. 2011
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Table 2, Dimension of protein foods for texture analysis and
sensory evaluation

Dimension of samples
food (width x length x height) (cm)

Texture analysis Sensory evaluation

Chicken I x1x1 I x1x1
Pork 1 x1x1 1 x 1 x1
Beef 1 x1x1 I x1x1
Egg I x1x1 I x1x1
Tofu 1 x1x1 I x1x1
Soybean 1 bean 1 bean
Squid 2 x2x03 1 x1x03
Mackerel 2 x2x1 I x1x1
Anchovyl) 50g anchovies 1 anchovy
S;T;:;ifd 2x2x1 1x 1 %1
" Size : 3em length
et 227547 4] 308 A 15 (2014)
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Table 3, Three types of Probes of texture test for protein foods

P/75 “Compression P/0.5S “Spherical HDP/KSS
Probe platen” 75mm probe” 0.5 inch “Kramer shear
radius radius cell”

chicken, pork, beef, squid, mackerel,

Samples egg, tofu, soybean semi-dried pollack

anchovy
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Table 4, Weights of protein foods for each process steps
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Weight (g) o
Ingredient . After boiling 5 ) e b.0111ng-. X
Before cooking (Before FD) After FD After rehydration ~ After rehydration ratio (%)
Chicken 100.00 + 0.00 67.86 + 4.66 21.88 + 1.14 45.06 + 3.93 66.41 + 3.73%
Pork 100.00 £ 0.00 62.87 + 6.89 23.65 + 2.68 4429 + 3.11 70.30 + 8.94°
Beef 100.00 £ 0.00 67.30 £ 3.05 26.34 + 0.51 40.00 + 2.45 59.52 + 4.70°
Egg 100.00 £+ 0.00 98.82 + 5.57 2393 + 0.97 83.57 £ 5.48 84.55 + 2.47™
Tofu 100.00 £+ 0.00 79.30 + 3.80 15.28 + 1.32 4527 + 2.07 57.10 + 0.96
Soybean 100.00 £+ 0.00 205.18 + 4.52 77.49 + 0.60 135.16 £ 2.40 65.88 + 0.28%
Squid 100.00 £+ 0.00 7494 + 2.18 17.81 + 0.44 26.59 + 0.44 35.51 + 1.33¢8
Mackerel 100.00 £+ 0.00 80.23 £ 6.72 2584 + 1.11 61.79 + 4.15 77.19 + 5.25°
Anchovy 100.00 £+ 0.00 141.20 + 10.02 57.40 + 4.06 126.20 + 8.88 89.40 + 2.00°
Semi-dried 100.00 + 0.00 9233 + 6.13 21.16 + 1.53 73.89 + 521 80.02 + 1.17"
pollack

Each value is mean + S.D.
Means with different letters within a column are significantly different (p<0.05)

" Freeze Drying
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Table 5, Hunter color value of boiled protein foods and rehydrated ones after freeze-drying
L a b
food D )
B R t-value B R t-value B R t-value
Chicken 7123 + 0.23 76.79 + 3.88 -2.478" 214 + 033 -0.05 + 024 -8841"" 817 £0.54 1498 + 1.18 -9.089""
Pork 54.84 + 1.99 57.53 + 2.74 -1.380™ 054 + 022 234 + 0.88  -3.425" 12.09 £ 0.72 16.10 + 0.72  -6.831"
Beef  41.66 = 0.11 26.56 = 0.15 138815 2.52 + 023 4.06 = 0.77 -3.336  11.58 = 0.70 8.92 + 049 5359
Egg 65.75 + 2.64 71.72 + 126 -3.534 -2.51 + 022 0.87 + 031 -15.527" 26.68 + 2.5431.04 + 2.08 -2.295"°
Tofu 79.57 + 1.34 7888 £ 0.71 791"  -138 + 024 1.14 + 0.18 -14.331"" 930 + 0.78 14.93 + 0.54 -10.280
Soybean  61.08 + 0.28 70.68 + 1.90 -8.655  -0.99 + 1.02 4.81 + 090 -7.403" 1721 + 4123154 + 525  -3.718"
Squid 7322 + 0.94 61.94 + 349 5405 322 + 020 725+ 3.87 -4678  -047 + 1.9320.03 + 1.07 -16.071""
Mackerel 5530 = 0.79 72.93 + 1.68 -16438"" -3.13 + 0.57 -0.57 = 047 -5962"" 424 + 1.00 15.61 + 0.50 -17.652""
Anchovy  32.57 + 053 53.61 = 141 24217 -0.73 + 0.85 0.63 = 0.79 -2.022" -1.19 + 1.05 922 + 147 -9.988
Seprzﬁsgfd 4523 + 1.67 72.92 + 134 -22386"" -4.16 + 0.83 -2.78 + 0.17 2839 212 +2.17 924 = 137 -4.807"
Each value is mean + S.D.
*p<.05, **p<.01, ***p<.001, ™ Not Significant
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Table 6, Hardness and change ratio of hardness for protein foods on before and after freeze drying

Hardness (g)

Food t-value Change ratio (%)
boiled sample rehydrated sample

Chicken 1945260 + 58.176 2438.674 + 54.187 -10.750"" 125.4
Pork 1758.891 + 236.566 3467.516 + 517.447 52017 197.1
Beef 2729215 + 103.467 4760.203 + 844.023 4137 174.4
Egg 575.043 + 30.109 540.660 + 33.572 1.321™ 94.0
Tofu 171.537 + 31.031 289.884 + 34.294 4432 169.0
Soybean 332.853 + 82.791 2560.429 + 144.346 23.186"" 769.2
Squid 228.707 + 22.536 3053.422 + 522.333 9.358™ 1335.1
Mackerel 212.931 + 18.781 327.582 + 53.470 -3.504" 153.8
Anchovy 2562.189 + 239.892 8485.843 + 715.860 -14.228" 3312
Semi-dried pollack 90.744 + 9.705 637.401 + 95.950 9.818" 702.4

Each value is mean + S.D.
p<.05, "p<.01, ""p<.001, ™ Not Significant
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Table 7, Sensory scores of protein foods with boiling and rehydrating after freeze drying

Food Characteristics Term boiled sample rehydrated sample t-value
Appearance Slickness 4.88+1.13 4.75+1.04 231

Flavor Flavor of ingredient 4.38+0.92 5.00+0.93 -1.357?S
Off flavor 3.00+1.31 1.88+0.64 2.183

Chicken Slippery 4.25+0.71 3.88+0.64 1.1111“;
Tenderness 4.75+0.71 3.13+0.83 4.202

Texture Juiciness 4.88+0.83 2.38+0.74 6.325""

Chewiness 4.75+0.71 5.00+0.93 -607"°

Fatty 3.00+0.76 2.38+1.06 1357

Appearance Slickness 4.50+1.07 3.63+1.41 2310

Flavor of ingredient 4.25+1.91 4.25+1.16 .000™

Flavor Off flavor 3.88+1.46 2.88+1.25 1.475"

Pork Slippery 3.38+0.74 2.88+1.13 1.048"
Tenderness 2.38+0.52 2.25+1.04 306"

Texture Juiciness 2.38+0.92 2.130.83 571

Chewiness 5.630.52 5.63+0.74 000"

Fatty 3.25+1.04 3.00+0.53 607"

Appearance Slickness 4.88+1.36 4.00+1.77 1.109™

Flavor Flavor of ingredient 3.38+1.41 4.63£1.69 1.610™

Off flavor 3.13+1.46 2.75+1.49 509"

Slippery 3.13£1.13 3.00+£0.76 261

Beef Tenderness 2.25+0.71 2.00+0.76 683"

Texture Juiciness 3.00+0.93 1.75+0.46 3416”7

Chewiness 6.1320.64 6.25+0.71 370"

Fatty 2.88+1.36 3.00+0.93 215™

Appearance Slickness 513 + 1.46 425 £ 1.16 1.326™

Flavor of ingredient 438 + 1.19 425 £ 1.28 202N

Flavor Off flavor 238 + 130 238 £ 1.19 000"

Feg Slippery 575 + 0.46 500 + 1.20 1.655:2
Tenderness 5.13 £ 0.99 425 + 0.71 2.033

Texture Juiciness 338 £ 1.06 338 + 0.74 .000™

Chewiness 4.00 £ 0.93 438 + 1.19 704"

Fatty 238 + 0.92 2.88 + 0.83 1.141™

Appearance Slickness 325 + 1.39 475 £ 149 2.084™

Flavor of ingredient 438 + 1.19 3.88 + 1.55 723

Flavor Off flavor 1.38 £ 0.74 225 £ 1.39 1.571™°

Tofi Slippery 5.50 + 0.76 425 + 1.16 2,546
Tenderness 5.13 £ 1.73 5.13 £ 0.99 .000™

Texture Juiciness 5.00 + 0.76 338 + 0.92 3870

Chewiness 238 + 0.92 313 £ 1.25 13717

Fatty 1.88 + 0.64 238 + 0.74 1.440™

Soybean Appearance Slickness 5.50 £ 1.77 5.13 £ 146 462"
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Flavor of ingredient 4.88 + 0.64 4.63 £ 130 487"
Flavor
Off flavor 1.88 + 0.99 2.00 + 0.76 284N
Slippery 500 + 0.76 450 + 0.93 1.183"
Tenderness 2.88 + 1.13 438 + 1.06 -2.743%*
Texture Juiciness 2.88 + 1.25 3.00 + 1.51 180™
Chewiness 425 + 0.89 450 + 0.76 607
Fatty 2.88 + 0.83 2.88 + 1.13 000"
Appearance Slickness 6.75 + 0.46 5.63 £ 1.51 2.020™
- Flavor of ingredient 5.88 + 0.35 5.38 £ 1.06 1.265™
avor
Off flavor 1.88 + 0.64 2.13 + 0.83 67208
Slippery 6.00 £ 0.76 513 + 1.13 1.825"
Squid
Tenderness 438 £ 1.19 1.63 £ 0.74 5.550
Texture Juiciness 3.25 + 0.89 3.13 + 1.36 218N
Chewiness 525 + 0.71 575 + 0.71 1.414™
Fatty 2.63 + 0.74 2.75 + 0.89 306"
Appearance Slickness 5.00 +1.07 3.63 + 1.30 2.308°
Flavor of ingredient 6.13 + 0.83 4.88 + 1.36 2.220°
Flavor NS
Off flavor 238 + 0.92 2.50 + 1.20 235
Slippery 475 + 0.46 438 + 1.06 917"
Mackerel NS
Tenderness 5.13 + 0.83 4.63 £ 0.52 1.440
Texture Juiciness 463 + 0.74 438 + 0.74 672
Chewiness 3.88 + 0.99 3.88 + 0.64 .000™
Fatty 450 + 1.07 488 + 1.25 646"
Appearance Slickness 513 £ 1.36 525 + 1.49 176"
- Flavor of ingredient 5.13 £ 1.25 4.00 £ 1.60 1.567™
avor
Off flavor 2.13 + 0.64 2.13 + 0.83 .000™
Slippery 5.13 £ 0.64 4.88 + 0.83 672"
Anchovy NE
Tenderness 4.88 + 0.99 5.00 £ 0.76 284
Texture Juiciness 4.63 + 0.74 4.00 = 1.07 1.357°8
Chewiness 3.00 + 0.53 3.63 + 0.52 2.376"
Fatty 2.88 + 1.13 3.25 + 0.71 798
Appearance Slickness 413 £ 1.13 413 £ 125 000"
Flavor of ingredient 388 + 1.13 2.50 + 141 2.151
Flavor s
Off flavor 1.75 + 0.71 2.13 + 0.83 970
Semi-dried Slippery 475 + 0.71 425 + 1.28 966™
pollack Tenderness 538 + 0.74 538 + 0.52 .000™
Texture Juiciness 4.00 + 1.07 3.63 + 0.92 75308
Chewiness 3.25 + 0.89 3.38 + 1.06 256
Fatty 238 + 0.92 2.63 + 0.92 546"

Each value is mean + S.D.

p<.05, "p<.01, "p<.001, ™ Not Significant
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