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functional egg powder
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SUMMARY

Egg albumen is one of the widely used ingredients in food formulations.
Although fresh egg white has been commonly used in bakery application, the
use of dried whole egg or egg white products in the food industry has steadily
increased especially in advanced countries. The increased popularity for the dried
egg products is probably ascribed to some advantages over traditional liquid
eggs in convenience, safety and uniformity of products.

Up to present, the complete pictures of egg processing technologies for
the production of powdered egg products with improved functionalities are not
available and egg powders has been made based on the empirical procedures.
This study has been conducted to suggest suitable processing conditions for the

production of highly functional egg powders.

A convenient method for the determination of foaming properties of egg
white was suggested. The highly reproducible results was obtained when 70 g
of egg white was whipped at 1200 rpm for 2 min. Using standardized testing
method foaming capacity and stability of egg white samples including fresh egg
white, freeze—dried egg white and commercial egg white powder were effectively
differentiated. It was demonstrated that foaming capacity of egg white was not
changed during the storage of fresh egg white up to 4 weeks at 4C but
foaming stability was significantly decreased after 2 weeks of storage.
Emulsifying properties of egg yolk can be easily expressed by the modified
turbidimetric method of Pearse and Kinsella (1978). The reproducible results
were obtained when emulsion was formed by egg yolk concentration of 0.5%
and oil volume of 20%.

Among the various means to modify functional properties of egg white

powder, the combination of pH adjustment and inlet temperature of spray drying



critically influenced functional properties of egg white powder. The pH control
of egg white prior to spray drying caused the conformational changes of egg
white proteins and. this result was confirmed by circular dichroism spectra
analysis. The optimum conditions for maximum foaming and gel strength were
predicted by response surface methodology. The maximized foaming can be
obtained by pH 6.34, and inlet temperature of 725°C while the processing
condition for the maximum gel strength was pH 823 and 66.38C. Desugaring
process was essential to prevent undesirable brown color formation and
insolubility of egg white powder after dry heating process. Foaming ability and
gel strength of egg white powder significantly increased by heating in the
drying state (dry heating process) without losing solubility.

Total aerobic counts in fresh egg white were 2.6x10° CFU/g and
Salmonella and E. coli were not detected at the detection limit (<10 CFU/g).
After drying, total aerobic counts were reduced to 1~2 X 10? CFU/g and
Salmonella was not found in egg white powder.

To improve emulsifying property, egg vyolk has been modified by
phospholipase As (Lecitase). The enzymatically modified egg yolk was produced
by the enzyme concentration of 7432 LEU and reaction time of 73.5 min at 55C
in the presence of 11.5% salt.

Pilot products (high foaming, high gelling egg white powder and
enzymatically modified egg yolk powder) were prepared and their performances
in real food application were tested. The addition of high gelling egg white
powder (3%, w/w) in surimi resulted in increased hardness and springiness. The
extent of increase by pilot egg white product was similar to commercial egg
white powder.

The high foaming egg white powder was used for the preparation of
angel food cake. The physical property (pH, specific volume, cell size and
uniformity, and color) and sensory attributes (color, taste, off—flavor, hardness)

of angel food cake prepared from the pilot product was comparable to those of

,10,



fresh egg yolk and did not show any difference including overall acceptance. On
the other hand, angel food cake prepared from commercial egg white powder
showed significantly lower loaf volume and sensory scores.

The mayonnaise prepared from the pilot egg yolk product did not
show any difference in sensory qualities compared to the one from fresh egg
yolk. The mayonnaise prepared from the pilot egg yolk powder had greatly

improved emulsion stability.

Based on the results, the functionalities of pilot products are superior to
commercial products available in the market. In terms of functionality. the pilot
products have great potential to replace fresh egg white or egg yolk in the

production of processed foods.

,11,
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Table. 1. Hydrolysis conditions for reconstituted freeze—-dried egg white and

fresh egg white.

Temperature Time Concentration
Protease pH

(C) (h) (%)
Flavourzyme 50 6 2 10
2)Flavourzyme 50 6 1-4 2-10
Protamex 40 6 2 10
Neutrase 0.8 L 40 6 2 10
Alcalase 24 L 40 7 2 5
Pepsin 40 3 2 5
Papain 25 6.2 2 0.5

YEach enzyme was added based on the protein content of substrate.
Z)Flavourzyme indicates hydrolysis conditions used for fresh egg white. Others
indicated hydrolysis conditions for reconstituted freeze-dried egg white powder

(11% solid, w/w).
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Table 2. Levels of independent variables for experimental design.
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Table 3. Levels of independent variables for experimental design.

X Independent Levels
1 variables -1.682 -1 0 1 1.682
Enzyme
X3 i 0 2000 5000 8000 10000
Concentration (LEU)
Xs Time (min) 0 35 60 95 120
X3 Salt (%) 0 3 75 12 15

Y= Bos BiXi+ BoXo o BsXs o BroXiXe + BuaXiXs + BosXoXs 4 BrXi® + BooXe’ BaXs” + e

Y: response variables, Bo: intercept, Bi1, Bo, Bs: regression coefficient, X, Xo,

X3: independent variables, e: random error
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Table 4. Formula used for the preparation of mayonnaise.

Concentration of egg yolk (%)

Ingredients

6 8 10

Egg yolk 6 8 10
Soybean oil 78 78 78

Vinegar 3 3 3
Salt 15 1.5 15

Sugar 1 1 1
Water 10.5 8.5 6.5
Total 100 100 100
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Fig. 3. Foam overrun of fresh egg white determined at various initial
sample weights.

P Means with different superscript are significantly different (p<0.05).
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Table 5. Overrun of fresh egg white determined at various whipping

conditions.

.. Overrun (%) at whipping time (min)
Whipping speed

(rpm)

1 2 3
1,000 430 = 155" 568 + 0" 574 + 11.4*
1,200 524 + 12.9° 623 + 15.3% 628 + 12.8"
1,400 311 + 187 638 + 4.4 643 + 257

&€ Means with different superscript within a column are significantly different (p<0.05).

*¥. Means with different superscript within a row are significantly different (p<0.05).
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Table 6. Surface and total SH content of egg white powder produced after
pH adjustment.

pH adjustment ?Eﬁa;eH/SgI? (El\(;[taé;/l_gl) Surface SH/Total SH
Control* 1.053 + 0.036° 55595 + 0.281° 0.019°
6.0 1.834 + 0.118" 52.948 + 0.169° 0.036"
6.5 2257 + 0.129° 52.453 + 0.139° 0.043°
7.0 2.359 + 0.150° 54916 + 0.084" 0.043"
8.0 1.764 + 0.026 50.037 + 0.048° 0.035
9.0 1723 + 0.118° 47355 + 0.080" 0.036"

Control*: freeze-dried egg white (pH 9.2). Means in a column followed by

different superscripts are significantly different at p < 0.05.
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Table 7. Solubility of egg white powder produced after pH adjustment.

pH adjustment Solubility (%)
Control* 99.47 + 0.30°
6.0 98.11 + 1.39"

6.5 9950 + 0.21°

7.0 93.70 + 1.24°

3.0 98.79 + 1.18"

9.0 99.60 + 0.42°

Control*: freeze—dried egg white (pH 9.2). Means in a column followed by

different superscripts are significantly different at p < 0.05.
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Table 8. Effect of drying temperature on foaming properties of egg white

powder.
Drainage weight
Drying temperature (C) Overrun (%)

at 45 min (g)
55 4125 + 7.3 416 + 0.2°
60 4760 + 11.2° 395 + 0.6~
65 622.4 + 85 37.3 + 05
70 393.0 + 11.2° 416 + 0.7°
75 607.7 + 21.1° 36.7 + 0.3°
80 637.0 + 4.2° 356 + 0.4°
85 388.1 + 11.2° 39.6 + 0.4

pH of egg white was not adjusted prior to spray drying.
¢ Means in a column followed by different superscripts are significantly different
at p < 0.05.
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Table 9. Effect of drying temperature on foaming properties of pH adjusted

egg white powder.

Drainage weight

Drying temperature (C) Overrun (%)
at 45 min (g)
65 48121 + 156" 3246 + 0.6°
75 643.07 + 5.2° 26.39 + 0.2°
30 643.07 + 5.2° 2581 + 0.1°

pH of egg white was adjusted to 6.5 prior to spray drying.

b Means in a column followed by different superscripts are significantly different

at p < 0.05.
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Table 10. Effect of the combination of heating and drying temperature on

foaming properties of pH adjusted egg white powder.

Drainage weight

Drying temperature (C) Overrun (%)
at 45 min (g)
65 58421 + 5.2° 3391 + 0.9%
75 422.35 + 15.6° 37.96 + 0.9°
80 55724 + 11.2° 31.22 +0.4°

pH of egg white was adjusted to 6.5 and heated at 50C for 1 hr prior to spray
drying.

b Means in a column followed by different superscripts are significantly different
at p < 0.05.

,61,



Table 11. Treatment combinations and their results.

Drainage  Available {ynter color value

e
? 45 min (g) (M SH/g) L b
6.44 68
1 1) -1) 643.0 273 0.0089 98.00 9.81
8.56 68
2 e -1) 636.4 29.8 0.0121 9779 1148
3 6.44 82 9 644.9 20.9 0.0137 9380 2331
(-1 (1)
4 8.56 82 540.0 37.0 0.0087 9741 1194
(1) 1)
9.00 75
5 (L414) © 585.6 375 0.0116 96.82 1364
6.00 75
6 (-1.414) © 623.9 26.3 0.0114 9795  10.06
75 85
7 © (1.414) 535.6 35.2 0.0096 9734 1273
75 65
3 © (1414 0465 28.3 0.0080 9787  10.07
75 75
9 © ©) 598.9 33.8 0.0095 9748 1176
75 75
10 © © 586.6 37.2 0.0149 9768  10.34
75 75
11 © © 616.1 35.7 0.0098 9752  11.80
75 75
12 © © 587.8 37.0 0.0081 97.08  10.99
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Table 12. Predicted drying conditions for the maximum responses of

foaming properties.

Predicted responses pH Temperature (C) R® Maximum
Overrun (%) 6.23 69 0.76 638.69
8.07 66 686.46
Drainage weight 6.15 79 0.89 23.06"

at 45 min (g)

UMaximum response for foam stability is the point which shows the lowest

drainage weight since the lowest drainage means the highest stability.

Table 13. Results of verification test for the fitted models.

Response variable Predicted value Experimental value

Overrun (%)

pH 6.23, 69C 638.69 621.00

pH 8.07, 66T 686.46 544.43

,66,
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Table 14. Effect of dry heating time on foaming properties of egg white

powder.

Dry heating condition

Overrun (%)

Drainage weight

at 45min (g)

Control”
Dry heating (70°C, 12 hr)
Dry heating (70°C, 18 hr)
Dry heating (70°C, 36 hr)

Dry heating (70C, 48 hr)

630.8 + 4.2°

586.7 + 4.2%

+

5965 + 17.0%

5769 + 11.1°

5474 + 10.4°

33.5

352 *

33.7

33.9

35.1

+ 0.7%

1)Egg white produced at pH 6.5 and drying chamber temperature of 80°C was used

as an non-dry heated control.

Dry heating was conducted without adjustment of moisture content (The initial

moisture content of control was 3.86%).

b Means in a column followed by different superscripts are significantly different

at p < 0.05.
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Table 15. Effect of dry heating temperature on foaming properties of egg

white powder.

Drainage weight

Dry heating condition Overrun (%)
at 45min (g)
Control" 630.8 + 4.2° 335 + 0.7
Dry heating (70C, 24 hr) 616.1 + 4.2° 30.1 + 0.6
Dry heating (80C, 24 hr) 567.1 + 4.2° 29.0 + 0.7°

Dry heating (90C, 24 hr) - -

1)Egg white produced at pH 6.5 and drying chamber temperature of 80°C was used
as an non—-dry heated control. Dry heating was conducted without adjustment of
moisture content (The initial moisture content of control was 3.86%).

b Means in a column followed by different superscripts are significantly different

at p < 0.05.
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Table 16. Effect of desugarization and dry heating on foaming properties

and color attributes of egg white powder.

Drainage Hunter color
Treatments Overrun (%) weight
at 45 min (g) L a b
UControl 5180 + 10.4° 376 + 04° 975" 27" 118
YControl + b ab a b b
O 4788 + 42 416 + 1.1 %69 -22° 105
desugarization

Y & dry heating - - 876° 19  26.1°
Y 4 dry heating 4346 + 4.2° 451 + 1.7° 9%6.4° 25" 11.1°

YEgg white powder produced without pH adjustment at 82°C. Initial moisture
content was adjusted to 9.2% prior to dry heating.

Dry heating was conducted at 75C for 7 days.

b Means in a column followed by different superscripts are significantly different
at p < 0.05.
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Table 17. Treatment combinations of egg white pH and drying temperature

for the prediction of maximum foam overrun response.

wmber 1 Temp  Overmun () D HURET MO
1 -1 (6.44) -1 (68) 552 40
2 1 (856) -1(68) 489 40
3 -1 (6.44) 1 (82) 479 40
4 1 (856) 1(82) 400 44
5 0 (75) 0 (75) 469 41
6 0 (75) 0 (75) 435 44
7 1414 (9) 0 (75) 459 41
8 -1414 (6) 0 (75) 449 38
9 0 (75) 1414 (85) 444 44
10 0 (75) -1.414 (65) 449 46
11 0 (75) 0 (75) 449 44
12 0 (75) 0 (75) 449 42

Table 18. Results of verification test for the fitted models.

Resp onse pH Temp. (C) R Pred1ct§d value Experimental value
variables (maximum)
Overrun (%) 6.34 725 0.97 535.6 527.8

,76,



Table 19. Effect of dry heating time on foam overrun and drainage weight

of egg white powder produced by optimized condition.

Dry heating time Overrun Drainage weight
(day) (%) at 45min (g)
0 459.1 + 14.7° 463+ 2.7
1 469.0 + 85 46.7 + 4.0
2 4935 + 85% 46.8 +0.9
3 513.1 £ 17.0° 478 0.2
4 518.0 + 14.7° 475+ 1.8
5 5155 * 15.3 473+0.8

Egg white powder produced after pH adjustment to 6.34 at drying temperature of 82C.
Initial moisture content was adjusted to 9.% prior to dry heating.
4> Means in a column followed by different superscripts are significantly different

at p < 0.05.
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Table 20. Changes in foam overrun and drainage weight of egg white

powder during storage.

o . . .

Storage Overrun (%) Drainage weight at 45 min (g)
period Storage temperature (TC) Storage temperature (C)

(day) 0 20 20 10 0 % - o

0 516 £15 516+ 15 516+15 516+15 47+1 47+1 47+1 47+1

7 513+22 518+0 508+8 503+15 48+3 46+2 471 462

14 552 +31 543 +31 538+52 518+15 45+1 47+3 47+3 48+1

21 518 £15 518+ 15 523+8 523+22 47+1 46+3 4711 46+4

28 503 +15 543 +34 533+15 508 +8 48+2 45+3  43+1  47+2
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Fig. 24. Changes in emulsion stability of egg yolk.
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Table 21. Treatment combinations and their results (top) and predicted

optimized condition (bottom).

Exp. Enzyme Time Salt Mayonnaise Turbidity Conversion
number (LEU) (min) (%)  stabhility (%) (O.D. 400 nm) yield (%)
1 2000 25 3 48.1 0.949 9.5
2 8000 25 3 89.0 0.606 154
3 2000 95 3 34.9 0.710 11.9
4 8000 95 3 93.9 0.490 24.7
5 2000 25 12 74.7 0.384 154
6 8000 25 12 36.2 0.298 20.2
7 2000 95 12 70.6 0.370 19.0
8 8000 95 12 90.3 0.332 29.2
9 5000 60 7.5 929 0.541 20.2
10 5000 60 7.5 91.2 0.530 214
11 5000 60 7.5 82.5 0.487 20.7
12 0 60 7.5 44.6 1.487 0.0
13 10000 60 7.5 38.8 0.335 25.4
14 5000 0 7.5 44.9 0.435 7.1
15 5000 120 7.5 98.0 0.394 24.9
16 5000 60 0 73.7 0.363 17.6
17 5000 60 15 91.8 0.363 24.0
18 5000 60 7.5 74.1 0.309 20.7
19 5000 60 7.5 30.5 0.320 19.7
20 5000 60 7.5 87.5 0.331 204

Response Enzyme Time Salt R? Predicted Experimental
variables (LEU) (min) (%) value value
Mayonnaise 75, 735 115 079 92.2 92.4

stability (%)
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Table 22. Emulsion stability of mayonnaise prepared either from fresh egg

yolk or from enzymatically modified egg yolk.

Samples Egg yolk (%) Mayonnaise stability (%)
12 972 £ 0.3
10 89.8 £ 05
Fresh egg yolk
8 55.2 £ 2.9
6 411 £ 06
6 984 = 04
Enzyme treated egg yolk 5 96.3 £ 0.5
4 93.6 £ 4.0
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Fig. 31. Acceptability of mayonnaise prepared either from fresh egg yolk or
from enzymatically modified egg yolk.
EY: fresh egg yolk, EZ-EY: enzymatically modified egg yolk.
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Fig. 32. Perceived intensity of sensory attributes for mayonnaise prepared

either from fresh egg yolk or from enzymatically modified egg yolk.
EY: fresh egg yolk, EZ-EY: enzymatically modified egg yolk.
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Fig. 33. Change of absorbance of emulsion prepared from fresh egg yolk,
enzymatically modified egg yolk or their powders.

F-EY: fresh egg yolk, EZ-EY: enzymatically modified egg yolk,

EYP: egg yolk powder, EZ-EYP: enzymatically modified egg yolk powder.
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Table 23. Stability of emulsion prepared from fresh egg yolk, enzymatically

modified egg yolk and their powders.

Samples Tozs” (min) Tos” (min)
Fresh egg yolk 223 + 1.23 > 60
Enzymatically modified egg yolk 26.8 £ 3.81 > 60
Egg yolk powder 760 £ 0.38 19.0 £ 448
Enzymatically modified
1568 + 1.77 > 60

egg volk powder

Y Time to reach 3/4 of initial Abs.
? Time to reach 1/2 of initial Abs.
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Fig. 34. Solubility of egg yolk powder and enzymatically modified egg yolk
powder.
EYP: egg yolk powder, EZ-EYP: enzymatically modified egg yolk powder.
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Fig. 34. Emulsion stability of mayonnaise prepared from fresh egg yolk, egg
yolk powder or enzymatically modified egg yolk powder.
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F-EY: fresh egg yolk, EYP: egg yolk powder,
EZ-EYP: enzymatically modified egg yolk powder.
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Table 24. Effect of pH on the texture profiles of freeze-dried and spray-dried
egg white gels.

Texture profiles

Hardness Cohesiveness Springiness Chewiness  Gumminess Resilience
(N) PHRe (N) (N)

Freeze-dried egg white (FD)

pH 7 89.66 1.02 1.00 91.86 91.86 0.37
pH 8 87.47 1.02 1.00 88.92 88.92 0.41
pH 9 98.81 1.05 1.00 103.81 103.81 0.44
pH 10  84.87 1.05 1.00 88.78 88.78 0.59

Spray-dried egg white (SD, commercial product)

pH 7 27.52 0.82 1.08 24.27 22.54 0.33
pH 8 4212 1.09 0.97 44.16 45.63 0.23
pH 9 51.94 1.09 1.00 96.83 56.83 0.29
pH 10 5811 0.96 1.00 55.94 55.94 0.40
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Fig. 36. Effect of pH on the hardness of freeze-dried and spray-dried egg

white gels.

FD : Freeze-dried egg white powder,

SD : Spray-dried egg white powder.
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Table 25. Effect of salt concentration on the texture profiles of freeze-dried

and spray-dried egg white gels.

Texture profiles

Hardness ) .. Chewiness Gumminess .
(N) Cohesiveness Springiness (N) (N) Resilience

Freeze-dried egg white (FD)

01 M 3802 0.89 1.00 33.98 33.98 0.32

02M 31.05 0.95 1.00 29.49 29.49 0.32
NaCl

03 M 2746 0.98 1.00 26.95 26.95 0.30

04 M 34.09 1.02 1.00 34.71 34.71 0.26

01 M 3582 1.75 1.00 61.48 61.48 0.18

02 M 3687 1.83 1.00 67.65 67.65 0.19
CaClz

03 M 3574 1.96 1.00 70.12 70.12 0.21

04 M 3858 1.95 1.00 75.61 75.61 0.21
Spray-dried egg white (SD, commercial product)

01 M 8947 1.09 1.00 97.13 97.13 0.50

02 M 9578 1.10 1.00 105.13 105.13 0.45
NaCl

03 M 9437 1.12 1.00 105.60 105.60 0.42

04 M 3591 1.30 1.00 46.83 46.83 0.41

01 M 8136 1.72 1.00 140.38 140.38 0.34

02 M  80.72 1.74 1.00 140.54 140.54 0.35
CaClz

03 M 8426 1.66 1.00 140.39 140.39 0.36

04 M 8126 1.62 1.00 131.51 131.52 0.37
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Table 26. Effect of pH and heating time on fracture profiles of freeze-dried

and spray-dried egg white gels.

Dry Heating time Fracture strain Fracture stress
pH condition (min) (%) (MPa)
Non-heating 30.44 2.50
6 FD 30 38.29 2.95
60 40.77 3.37
SD - 66.79 18.17
Non-heating 50.29 3.81
; FD 30 55.14 6.11
60 49.92 494
SD - 64.83 11.57
Non-heating 60.52 N
q FD 30 62.22 7.98
60 59.45 7.19
SD - 66.82 15.69
Non-heating 66.85 11.40
o FD 30 66.97 12.28
60 64.98 11.10
SD - 65.62 15.70
Non-heating 60.54 11.03
FD 30 59.35 10.05
10
60 59.49 9.81
SD - 68.82 19.03
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Fig. 37. Textural map of freeze-dried and spray-dried egg white gels at
different pH.
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Table 27. Effect of pH and heating time on n and K values of freeze-dried

and spray-dried egg white.

pH Corll?irii,ion Hea?rrriign)time " K
Non-heating 0.252 0.532
. FD 30 0.352 0.301
60 0.344 0.292
SD - 0.728 0.013
Non-heating 0.420 0.207
; FD 30 0.465 0.189
60 0.356 0.311
SD - 0.729 0.013
Non-heating 0.333 0.389
o FD 30 0.475 0.559
60 0.316 0.409
SD - 0.729 0.013
Non-heating 0.344 0.358
. FD 30 0.282 0.532
60 0.294 0.478
SD - 0.736 0.013
Non-heating 0.333 0.377
FD 30 0.343 0.349

10

60 0.297 0.472
SD - 0.701 0.014
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Table 28. Effect of pH on texture profiles of spray-dried egg white gels.

Texture profiles

Hardness Cohesiveness Springiness Chewiness Gumminess Resilience
(N) (N) (N)

FD-EW" 5194 1.09 1.00 56.83 56.83 0.29
pH 6.0 79.54 1.03 1.00 81.66 81.66 0.54
pH 6.5 69.38 1.03 0.99 71.08 71.09 0.35
pH 7.0 63.45 1.06 1.00 67.31 67.31 0.41
pH 8.0 61.39 1.02 1.00 62.58 62.58 0.42
pH 9.0 52.25 1.38 1.00 72.38 72.38 0.25

Y Freeze-dried egg white.
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Table 29. Effect of pH on viscosity of spray-dried egg white solutions.

pH n K

6.0 0.339 0.332
6.5 0.280 0.436
7.0 0.322 0.348
3.0 0.388 0.254
9.0 0.379 0.254

Table 30. Thermal characteristics of egg white powder produced after pH

adjustment.
Tq (C)
pH AH (J/g)
Peak 1 Peak 2
FD-EW" 66.06 7831 3.68
pH 6.0 67.82 76.85 2.48
pH 65 67.89 77.83 2.12
pH 7.0 66.46 77.54 1.43
pH 8.0 - 78.09 1.03
pH 9.0 - 76.71 0.79

Y Freeze-dried egg white.
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Table 31. The effect of spray drying temperature on texture profiles of egg

white gels.
temple)rzﬁi () Harzilzl)ess Cohesiveness Che(wl\gless Gurrtrﬁi)ness Resilience
55 7544 £69 088+0.07 6645+659 664+659 0.39+0.03
60 85.04+6.06 095+0.01 81.00+567 &81.04+566 0.38+0.17
65 9258 £4.52  098+02 9043 +573 9041 +573 046+0.12
70 9746 +592 098+0.01 95.78+595 9578595 0.47+0.12
75 90.85£6.44 099 £0.03 90.16 +557 90.16 £557 0.51 +0.02
80 86.94£3.69 1.01 £0.03 8748 +4.21 87.48+4.24 052+0.01
85 9892 £10.08 1.01+£0.02 99.87+10.39 99.87 £10.39 0.52 £ 0.02
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Table 32. The effect of pre-heating for egg white on texture profiles of egg
white gels at pH 6.5.

Drying

Samples . Hardness (N) Chewiness (N) Resilience
temperature (C)
65 519 + 27 5470 + 2.8 0.28 + 0.01
Control

(No heating) 75 682 £ 44 7099 + 6.2 0.28 £ 0.01
80 70.1 £ 26 75.06 £ 2.9 0.26 £ 0.01
65 7702 £ 2.2 7956 £ 3.2 027 £ 0.01
Heated at 50C 75 6003 + 16 5946 + 25 032 £ 001

prior to drying
80 62.73 + 3.2 6592 + 1.1 0.28 £ 0.01
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Table 33. The effect of dry heating time on texture profiles of commercial

egg white powder.

Dry heating  Hardness Cohesiveness Chewiness Gumminess Resilience
time (day) (N) (N) (N)

0 7434 £ 266 149 + 0.00 110.84 + 3.73 110.84 + 3.71 0.232

3 116.75 + 541 140 + 0.04 16340 + 1148 163.39 = 1148  0.240

5 11573 £ 582 1.39 + 0.05 16160 £ 997 16160 = 997  0.246
7 12583 + 1.07 1.30 £ 0.01 16378 £ 1.88 163.78 £ 1.88  0.250
10 130.37 £ 048 1.38 + 0.02 181.05 £+ 2.08 181.04 + 2.08  0.250
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Table 34. The effect of dry—heating on texture profiles of their gels

produced from optimized conditions.

Sample Dry heating Hardness Gumminess Resilience
(day) (N) (N)
pH 6.23 0 61.94 £ 1.10 80.73 £ 2.29 0.21 £ 0.02
3 102.36 + 1.31 113.03 + 3.33 0.27 = 0.01
5 124.45 + 1.47 129.59 + 4.26 0.29 £ 0.02
7 148.72 + 2.29 146.79 + 0.70 0.30 = 0.01
pH 8.07 0 93.72 £ 0.45 86.46 = 2.73 0.34 = 0.00
3 162.17 + 4.10 160.56 + 2.01 0.48 = 0.03
pH 8.24 0 104.92 + 3.54 96.93 = 2.95 0.36 = 0.01
3 173.06 + 2.37 169.50 + 6.21 0.52 = 0.01
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Table 35. The effect of desugarization on texture of egg white gels.

Sample Hardness (N) Gumminess (N) Resilience
Control 9892 + 10.1 99.87 + 10.39 0.52 + 0.02
Desugarization 10453 + 4.0 96.87 + 4.87 0.38 + 0.00

Table 36. Changes in texture profiles of surimi by the addition of egg white

powder.

Hardness Gumminess Chewiness

(N) Adhesiveness Springiness Cohesiveness (N) N) Resilience

Control 51.2+1.05" -0.88+0.19" 0.82+0.02" 0.62+0.058" 31.9:2.79" 26.06+2.91" 0.32+0.04"

C-EWP" 832+324" -098+0.03" 0.84+0.02° 0.73+0.006" 60.9+1.97" 50.88+1.08" 0.39+0.01°

O-EWP” 81.8+1.99" -0.68+0.31"  0.86+0.02" 0.74+0.006" 60.4+1.04" 51.64+0.81" 0.39+0.01°

YCommercial egg white powder.
2)Egg white powder produced by optimized condition.
b Means not sharing a superscript letter in the same column are significantly

different (p<0.05).
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Table 37. Changes in fracture force and distance of surimi by the addition

of egg white powder.

Hardness (N) Distance (cm)

Control 52.71 + 0.436" 8.90 + 0.508"
C-EWP" 15453 + 2.563° 11.43 + 0.346
O-EWP? 149.16 + 2.661° 11.34 + 0.386"

YCommercial egg white powder.
2)Egg white powder produced by optimized condition.
b Means not sharing a superscript letter in the same column are

different (p<0.05).

significantly

Table 38. Changes in color parameters (lightness(L*), redness(a*), yellowness(b*)

and whiteness(W)) of surimi gels by the addition of egg white powder.

L ax b* \WY
Control 81.15 + 0.217" 0.77 + 0.154" 9.91 + 0.448" 51.43
C-EwpY 81.68 £ 0.125" 0.94 £ 0.036% 11.41 +0.106° 47.45
O-EWP”  80.06 £ 0.108° 0.62 £ 0.059" 10.73 £ 0.206° 47.87
YCommercial egg white powder.
2)Egg white powder produced by optimized condition.
¢ Means not sharing a superscript letter in the same column are significantly

different (p<0.05).
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Fig. 46. Picture of surimi containing egg white powder.

a: control, b: commercial egg white powder, c: egg white powder produced by

optimized condition.
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Table 39. Changes in pasting properties of wheat flour by the addition of

egg white powder.

. Peak. Trough Breakdown .Fmall Setback Pasting

VISCOSIty  VISCOSIty (RVU) VISCOSIty (RVU) Temp.

®RVD)Y  (RVU) (RVU) ()

Control 237.00 146.79 90.21 248.67 101.88 68.38
C-EWP? (25%) 27825 162.96 115.29 280.54 117.59 67.20
C-EWP (5.0%) 310.83 172.84 138.00 303.75 130.92 66.98
O-EWP? (25%) 299.21 174.88 124.34 294.75 119.88 66.58
O-EWP (5.0%) 317.04 193.09 123.96 323.25 130.17 66.83

YRVU: rapid viscosity unit.
YCommercial egg white powder.

3)Egg white powder produced by optimized condition.
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Table 40. Pasting properties of wheat flour containing fresh egg white and
egg white powder produced by optimized condition.

. Peak. Trough Breakdown . Flna'l Setback Pasting
VISCOSIty  VIscosity (RVU) V1SCosity (RVU) Temp.
RVD)Y  (RVU) (RVU) (C)
Control 237.00 146.79 90.21 248.67 101.88 68.38
Fresh

. 263.00 164.50 98.50 291.67 127.17 68.35
egg white

O-EwpP? 258.63 163.46 95.17 295.63 132.17 69.35

YRVU: rapid viscosity unit.

2)Egg white powder produced by optimized condition.

Table 41. Mixing properties of wheat flour containing egg white powder.

Wate.r Development Dough Dough Quality
absorption time (min) stability (min) weakness number
(%) Y (F.U.)

Control 54 2.3 6.1 43 62
C-EWPY (2.5%) 52.5 1.7 6.5 33 65
C-EWP (5.0%) 51.7 5.9 7.2 52 77
O-EWP” (25%) 52.1 2.4 9.7 28 81
O-EWP (5.0%) 51.1 6.5 13.2 28 119

YCommercial egg white powder.

2)Egg white powder produced by optimized condition.
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Table 42. Mixing properties of wheat flour containing fresh egg white or
reconstituted egg white powder.

Wate.r Development Dough Dough Quality
absorption time (min) stability (min) weakness number
(%) v (F.U.)
Control 51.7 1.7 7.8 24 76
Fresh 456 14.4 186 8 200
egg white
O-Ewp" 455 85 184 12 200

1)Egg white powder produced by optimized condition.
The solid content of reconstituted egg white powder was the same as that of

fresh egg white.

Table 43. Cooking properties of noodles containing 3% egg white powder.

Water absorption Weight of cooked Volume of cooked

(%) noodles (g) noodles (mL)
Control 35.89+0.78" 36.89+0.78* 33.67+0.58"
C-EWPV 33.64+1.60° 34.64+1.53% 31.67+1.53?
O-EWP” 32.64+1.20° 33.64+0.58" 30.33+0.58*

YCommercial egg white powder.
2)Egg white powder produced by optimized condition.
a-C.

. Means not sharing a superscript letter in the same column are significantly
different (p<0.05).
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Table 44. Cooking properties of noodles containing fresh egg white or

reconstituted egg white powder.

Water absorption Weight of cooked Volume of cooked

(%) noodles (g) noodles (mL)
Control 59.44+0.587" 60.44+0.587" 56.25+1.768 "
C-EWPY 61.78+1.068" 62.78+1.068" 58.75+1.768 *
O-EWP” 59.29+0.714" 60.29+0.714 ° 56.25+1.768 °

YCommercial egg white powder.

2)Egg white powder produced by optimized condition.

¢ means not sharing a superscript letter in the same column are significantly
different (p<0.05).

The solid content of reconstituted egg white powder was the same as that of

fresh egg white.
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Table 45. TPA profiles of cooked noodles containing egg white powder.

Har(ilrl)ess Adhesiveness Springiness Cohesiveness Gum&l)rless Cheggless

Control 39.20+1.25° -0.99+0.233% 0.93+0.02° 0.63+0.01° 24.86+0.69 23.07+0.97° 0.25+0.01°
C-EwpY
(2.5%)
C-EWP
(5.0%)
O-EWP?
(2.5%)
O-EWP
(5.0%)

Resilience

50.40+2.21° ~1.13+0.480" 0.94+0.03" 059+0.02° 29.52+0.97" 27.69+1.59" 0.20+0.01"
55.31£2.84° -0.70+0.139" 0.94+0.03" 058+0.02° 32.20+2.29% 30.14+2.11™ 0.198+0.01
50.50+1.76° ~1.29+0.244* 0.93+0.02" 058+0.01 © 29.42+1.15” 29.35+1.33™ 0.197+0.01°

61.45+1.75" -1.07£0.552* 0.92+0.02* 059+0.02" 36.27+1.85" 33.41+2.21* 0.198+0.01°

YCommercial egg white powder.

2)Egg white powder produced by optimized condition.

a-c

. Means not sharing a superscript letter in the same column are significantly
different (p<0.05).

Table 46. TPA profiles of cooked noodles containing fresh egg white
reconstituted egg white powder.

Hardness . .. . Gumminess Chewiness .
(N) Adhesiveness Springiness Cohesiveness N) (N) Resilience
Control 33.71+2.31* -0.86+0.28" 0.92+0.03* 0.63+0.024" 21.36+1.74* 19.65+1.99" 0.25+0.011°

Fresh

S
egg 3594+2.03" -0.84+0.17" 0.89+0.04" 0.61+0.026" 21.87+1.15" 19.44+1.68 0.24+0.016°
white

O-EWP 36.74£2.28" -0.96+0.18" 0.88+0.05" 0.64+0.027" 23.41£1.59" 20.67+2.41" 0.25:0.019

YCommercial egg white powder.

¢ Means not sharing a superscript letter in the same column are significantly

different (p<0.05).
The solid content of reconstituted egg white powder was the same as that of

fresh egg white.
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Table 47. Changes in TPA profiles of egg white gels during storage.

Tempoerature Storage time Hardness (N) Springiness
() (day)
0 416.92+0.274° 0.901+0.007"
7 429.37+8.533° 0.902+0.004%
-70
14 370.72+4.055 0.897+0.017
21 373.06+12.587" 0.911+0.004"
0 416.92+0.274° 0.901+0.007°
7 412.37+10.791° 0.911+0.007*
20
14 388.43+8.997" 0.882+0.007"
21 350.36+9.332° 0.89+0.011°
0 416.92+0.274° 0.901+0.007"
7 378.27+15.165% 0.900+0.011%
30
14 393.17+6.2827¢ 0.896+0.021°
21 372.65+3.128¢ 0.892+0.006°
0 416.92+0.274 0.901+0.007"
7 420.15+10.001° 0.904+0.005"
40
14 407.04+6.387° 0.889+0.005"
21 374.64+5.757 0.899+0.006"

a-

C

different (p<0.05).
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Table 48. Changes in color parameters (lightness (L#*), redness (a*),

yellowness (b*) and whiteness (W)) of egg white gels during storage.

Temperature Storage

(C)  time (day) L a b W
0 45.30740.144°  -7.100£0.022°  -1.883+0.290°  50.95
70 14 49.700+0.053"  -7.784+0.073"  -2581+0.159"  57.44
21 49.790+0.011*  -7.620£0.012°  -3.155£0.021°  40.24
0 45.30740.144"  -7.10040.022"  -1.883£0.290™  50.95
20 14 45904+2.028"  -7.309+0.249"  -2.904+0.637"  54.62
21 45.499+0.007"  -7.326+0.023"  -4.003:0.027* 5751
0 45.30740.144"  -7.100+0.022"  -1.883:0.290°  50.96
30 14 51.439+0.459°  -7.887+0.021°  -2593+0.145"  59.22
21 51.378+0.013*  -7.837+0.031°  -2.925+0.016°  60.15
0 45.307+0.144*  -7.100+0.022°  -1.883+0.290°  50.96
40 14 45.214+0.165°  -7.269+0.072"  -3221+0.113"  54.83
21 43677£0.002°  -7.079£0.013"  -3.820£0.037*  55.137

a-c

different (p<0.05).
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Table 49. Formula of angel food cake.

Ingredients Weight (g) F. B.Y (%)

Flour 140.0 100.0

Sugar 266 190
Sugar

Powdered sugar 133 95
Egg white powder 50.96 36.4
Water 375.2 268
Acid salt 1.96 14
NaCl 3.78 2.7

UF. B.: flour basis.
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t}) Angel food cake BRI A% =3

Ax7 caked 25°Co oA 24Xt WAIF th caked] ofd HE 2 cmE
AATT F 6.0x6.0x2.0 crE AEdle] Hunter colorimeter(Henter Lab, USA)E A&},
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Table 50. Testing condition for texture profile analysis.

Test mode TPA
Probe type A/TBL
Pre test speed 2.00 mn/s
Test speed 1.00 mm/s
Post test speed 1.0 mn/s
Rupture test distance 1.0 %
Distance 5 %
Force 100 g
Time 5 sec
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Table 51. Yield of egg white powder at different feeding conditions.

Feeding condition Yield of egg white powderl)
Undiluted control (100%) 6
Diluted egg white (40%) 5
Diluted egg white (60%) 8

YBased on initial feeding weight.

Table 52. Moisture content and pH of fresh egg white.

Moisture (%) pH

Fresh egg white 87.1 91
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Table 53. Moisture content of egg white powder produced after pH adjustment.

pH prior to drying Moisture content (%)
5.0 -
6.0 1.85
7.0 2.20
75 3.76
8.0 3.41
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Table 54. Moisture content and pH of egg white powder produced after pH

adjustment.

pH of egg white prior to drying

6.0 65 7.0 75 8.0

Moisture content of
egg white powder (%) 185 1.92 220 3.76 341
pll of ceg 6.76 9.12 9.68 9.89 1011

white powder

Inlet temperature of spray drying: 90C.

Table 55. €* < pH 3 ¥ A=z dWEL e s£8FFH 2 F pH.

Heat (50C, 1hr) and pH adjusted to

6.0 6.5

Moisture content of
egg white powder (%) 3.06 345
pH of egg white powder 6.36 8.22

Inlet temperature of spray drying: 90C.
Moisture content and pH of egg white powder produced after heating and pH adjustment.
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Table 56. Effect of heating on moisture content of egg white powder.

Moisture content (%)

heating (50°C, 1hr) Without heating

Moisture content of

egg white powder (%) 342 219

The pH of egg white was adjusted to 6.5 prior to spray drying.
Inlet temperature of spray drying: 80C.
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Table 57. Effect of xanthan gum on moisture and pH of egg white powder.

Adjusted pH

6.0 6.5
Moisture content (%) 6.30 2.80
pH 6.42 6.11

The additive level of xanthan gum was 0.5%.

Inlet temperature of spray drying: 90C.

Table 58. Level of drying parameters varied during spray-drying.

Inlet temperature

() 9 34 89 94 104 110 118 122

Outlet temperature

() 55 60 65 70 75 80 85 90
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Table 59. Moisture content and pH of egg white powders produced various

drying temperatures.

Inlet temperature

() 55 60 65 70 75 80 85

Moisture content

5.60 3.65 3.93 2.27 3.84 2.50 2.69
(%)

pH 9.79 9.84 9.96 10.17 10.18 10.19 10.24

Table 60. Effect of heating on moisture content and pH of egg white

powders produced various drying temperatures.

Heating (50°C, 1hr) Without heating
Inlet temperature (C) Inlet temperature (C)
65 75 85 65 75 85
Moisture content 4 1 3.02 235 416 384 343
(%)
pH 9.02 9.30 9.52 8.71 9.01 8.87

The pH of egg white was adjusted to 6.5 prior to spray drying.
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Table 61. Moisture content and pH of egg white powders produced by

response surface methodology.

Experiment number

1 2 3 4 5 6 7 8 9 10 11 12

pH of

) 644 856 644 856 75 75 90 60 75 75 75 115
egg white

Inlet temperature

(C) 68 68 8 8 75 75 75 75 8 65 5 15

Moisture

286 298 315 296 325 240 238 322 249 326 280 2.80
content (%)

pH 8.92 10.00 879 10.16 983 9.82 996 7.04 997 9.89 10.0510.13

Table 62. Moisture content and pH of egg white powders produced by

optimized condition for maximum foaming and gelling response.

Predicted condition (pH /inlet temperature (C))

6.23 /69 8.07/66 8.24 /66
Moisture content (%) 2.96 2.85 2.90
pH 793 9.84 10.01
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Table 63. Microbiological properties of egg white powders produced by

various drying conditions.

Drying condition

Total aerobic E.coli Salmonella
Temperature  count (cfu/g) (cfu/g) (cfu/g)
pH .
()

9.0 75 < 10 - -
9.0 75 50 x 10" - -
75 75 2 x 10 20 -
75 75 < 10 - -
75 35 < 10 - -
6.0 75 16 x 10° - -

Table 64. Changes in glucose content during desugaring process.

Concentration of glucose in egg white (mg/L)

Reaction

time (hr) 1st trial 2nd trial
0 4360 3810
1 4720 4930
2 4870 5070
3 4580 4780
4 3990 3770
5 2210 2890
6 - 1230
7 - 230
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Table 65. Moisture content and pH of egg white powders produced after

desugaring process.

Drying condition (pH /temperature (C))

6.23/69 8.07/66 8.24/66
Moisture content
%) 3.28 3.21 4.60
pH 7.33 9.94 10.30
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Table 66. Moisture content of egg yolk powders produced by various drying
conditions.

Feed level” (%) / inlet temperature (TC)

80 /70 80 /50 85/70 85/50

Moisture
content (%) 0.57 0.72 0.46 0.73

UDiluted level based on initial weight of egg yolk.

Table 67. Moisture content and pH of desugaried egg white powders
produced by response surface methodology.

Experiment number

pH Of. 644 856 644 856 75 75 90 60 75 75 175 75
egg white

nlet te(f%%era““e 68 68 & & B B B B & 6 B B

Moisture 507 975 215 257 475 430 300 341 276 297 369 368
content (%)

pH 9.00 9.80 9.01 991 9.63 947 1004 6.89 9.80 9.67 9.74 9.74
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Table 68. Moisture content and pH of egg white powders produced by

optimized condition for maximum foaming and gelling response.

Predicted condition (pH /inlet temperature (C))

6.34/72.9 6.74/66.5 7.72 /76

Moisture content

%) 2.92 5.68 5.37

Table 69. Moisture content of enzyme treated egg yolk powder.

Moisture content (%)

Control egg yolk powder 3.74

Enzyme treated egg yolk powder 0.70
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Table 70. pH of egg white solution, foam and angel food cake batter.

pH of samples

Egg white powder

FEW"
pH 6.34/72.5°C pH 6.74/66.5°C pH7.72/76°C  Commercial
Solution” 9.51¢ 9.78° 10.30 10.65° 6.42°
Foam® 6.02° 4.47° 5.48" 5.88° 4.29
Batter” 5.85° 461° 5.34 5.89° 4.36

YFresh egg white.

2)Egg white or egg white powder + D.W.
99) + sugar + NaCl + L-tartaric acid.
93) + powdered sugar + flour.

& Means not sharing a superscript in the same column are significantly different
(p<0.05).
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Table 71. Specific volume and volume of angel food cake.

Egg white powder

FEW”
pH 6.34/72.5°C pH 6.74/66.5°C pH 7.72/76°C Commercial
i Foam 0.22° 0.20 0.22° 0.22° 0.31°
Specific volume
(g/cc) Batter 0.33" 0.33" 0.33" 0.32" 0.42°
Volume (cc) 171622  1718.33° 1731.00° 1773.67° 1345.42¢

YFresh egg white.
% Means not sharing a superscript letter in the same column are significantly

different (p<0.05).

Table 72. Textural attributes of angel food cake.

Egg white powder

FEW"
pH 6.34/725C pH 6.74/66.5C pH7.72/76°C Commercial
Hardness 1710.22 1195.58" 1528.74" 2308337 17122.79°
Gumminess 1210.00° 1089.66" 1109.14" 1587.42°  11882.37
Chewiness 107433 1011.43¢° 1035.21™ 144989"  7551.92°
Fracturability 17.50° 17.76" 18.22° 17.65" 17.05”
Springiness 0.90" 0.93" 0.92" 0.91° 0.58"
Adhesiveness -23.73° -33.23" -23.32° -28.69" -168.97"
Resilience 0.27 0.30" 0.29 0.28" 0.35"

YFresh egg white.
a,c

. Means not sharing a superscript letter in the same column are significantly
different (p<0.05).
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Table 73. Crumb color values of angel food cake.

Egg white powder

Color FEW"
pH 6.34/72.5°C pH 6.74/66.5C pH7.72/76°C Commercial
L 93.21° 92.44" 91.80" 91.46" 91.84"
a -1.18" -1.11° -1.10" -1.04" -1.02°
b 10.44° 10.85" 10.80" 11.43° 11.31%
4R 95.35° 94.43" 94,38 94.25" 94.47"

YFresh egg white.

4> Means not sharing a superscript letter in the same column are significantly

different (p<0.05).

Table 74. Sensory characteristics of angel food cake.

Egg white powder

FEW"
pH 6.34/72.5°C pH 6.74/665°C pH 7.72/76°C  Commercial
Cell size 5" 55" 6.67" 6.0" 6.9"
Cell uniformity 5" 4.36" 45" 491" 3.90"
Color 5 5.81° 5.83" 567 564"
Taste 5" 4.27° 5.25% 5.25" 364
Off-odor 5¢ 6.27™ 5.25° 5.08° 7.72%
Hardness 5 418" 408" 467 773
chciﬁime 6.42° 4547 6.25° 508" 245>

YFresh egg white.

% Means not sharing a superscript letter in the same column are significantly

different (p<0.05).
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A B
C D

E

A : Fresh egg white,

B : Optimized egg white powder
(pH 6.34 / 7257),

C : Optimized egg white powder
(pH 6.74 / 66.57),

D : Optimized egg white powder
(pH 7.72 / 767C),

E : Commercial egg white.

Fig. 47. Cross sectional view of angel food cakes prepared using egg white

powder.
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Egg collection / sanitization

I

Ega breaking

|
¥ y

Ega white Eag volk

|

Yeast fermentation

Enzymatic modification

Y

Concentration

L
Spray drving Pasteurization
|
¥ ¥
High foaming High gelling l l
l |
4 Spray drving Freaezing
Ory heating
Cooling/packaging Cooling/packaging | | Salted frozen egg volk

Fig. 48. Flow chart for the production of functional egg white and egg yolk
powder.
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