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Abstract

This study was designed to elucidate the effects of lysozyme, clupeine, sucrose, and sodium chloride on the
foaming properties of egg albumen and powdered beef plasma. Surface tensions of egg albumen (5%, w/w) and
powdered beef plasma (5%, w/w) adding to lysozyme, clupeine, sucrose, and sodium chioride were 46.8+0.
379~52.4+0.404dyne/cm(control, 51.5 +G.416dyne/cm)} and 54.6-0.231~60.7 +0.467dyne/cm (conirol, 53.
9-+.153dyne/cm), respectively. Turbidities of the solutions were 77.0+0.058~97.9+-0.058 (control, 91.2+0.
153) and 90.3+0.058~98.51+0.115 (control, 82.7 +0.100), respectively. Surface hydrophobicities of the solu-
tions were 524~811(control, 485) and 5102~7128(control, 4665), respectively. The solution with high hydro-
phobicity revealed good foaming properties. Analysis of egg albumen and powdered beef plasma foam by elec-
trophoresis showed that lysozyme was retained for a long time in foam. The optimal concentrations of lyso-
zyme and clupeine for foaming properties were 0.5% and 0.3% in egg albumen (5%, w/w) and 0.5% and 0.5
% in powdered beef plasma (5%, w/w), respectively. In case of egg albumen, sodium chloride dominantly
enhanced the action of clupeine. The addition of 0.3% clupeine with sodium chloride (2.0M} to egg albumen
{5%, w/w) increased overrun and foam stability by 119.5% and 70.9%, respectively. The addition of 0.5%
clupeine to powdered beef plasma (5%, w/w) alse increased overrun and foam stability by 43.7% and 127,

3%, respectively.
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Table 1. Effects of lysozyme, clupeine, sucrose and sedium chloride on the surface tension, turbidity and hydrophobicity of egg
albumen solution(5%) and powdered beef plasma solution(5%) at pH 8.0"
Treatment® Surface tension (dyne/em) Turbidity” (500nm) Hydrophobicity® (S0)
E.A{Control} 51.5+0.416 91.24+0.153 485
EA.+0.5% lys. 52.4.-0.404 97.9+0.058 524
EA+0.5% lys. + 10% suc. 5230436 95.5+0.322 542
EA. +0.5% lys. + 2.0M NaCl 47.9+0.306 77.0x0.058 560
E.A.+0.3% clu. 50.2£0.208 96.1:0.000 671
E.A.+0.3% clu. + 10% suc. 49.7+0.321 95.5+0.436 732
E.A.+0.3% ciu.+2.0M NaC] 46.8+0.379 83.8+0.208 811
PBP (Control) 53.9+0.153 52.7£0.100 4665
PBP +0.5% lys. 57.4+0.265 96.1+0.058 5102
PBP + 0.5% lys. + 10% suc. 56.8+0.208 90.3+0.058 5280
PBP+0.5% lys. + 2.0M NaCl 60.7+0.467 93.1+0.058 5548
PBP+0.5% clu. 54.6£0.231 98.5+£0.115 7128
PBP +0.5% clu. + 10% suc. 55.2+0.200 97.0£0.058 6453
PBP+0.5% clu,+2.0M NaCl 59.8--0.000 98.0+£0.058 6900

“Means and standard deviation values were calculated from triplicate determinations
"E.A.=epg albumen, PBP=powdered beef plasma, lvs.=lysazyme, clu.=clupeine, suc.=sucrose, NaCl=sodium chioride

Turbidity={1-Tso) X 100
*Hydrophobicity=initial slope(So)
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Fig. 1. Densitograms of SD5-PAGE ge! of egg albumen foam, powdered beef plasma foam and drained liquid.
1, original sobution ; 2, initial drained liguid fraction ; 3, final drained liguid fraction ; 4, material retained in foam ; A,

egg albumen ; B, powdered beef plasma ; C, lysozyme ; ——, egg albumen +lysozyme ; — — - -, powdered beef plasma
+ lysozyme
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Table 2. Effects of lysozyme on the feaming properties of egg albumen solution (5%) and powdered beef plasma solution (5%)

at pH 8.0¢
Overrun(%,)
Treatment® S : S S s e Eoom stability (min.)
59 10 15 200
E.A. (Control) 622.1+26.0 683.8+26.9 853.1£134 1726.0+100 333145
EA.+0.1% lys, 5621+ 1.0 6148+ 6.8 687.0x 26 7683119 404113
EA.+0.2% lys. 608.3+ 7.0 653.2+ 1.2 768.3+11.9 162741141 44,5101
EA.+0.3% iys. 567.7+ 2.8 6236+ 3.4 731.0%13.2 1289.2+35.4 46.2+0.8
EA.+0.4% lys. 557.3+ 0.0 616.0+28.0 737.5£20.5 1362.0+£51.0 48,0+1.2
EA.+(.5% lys, 579.7+15.7 668.0x10.0 86561 B3 1835.3+34.9 48.9+40.5
PBP (Control} 486.0+ 5.3 496.5+ 4.1 5194+ 4.4 553.34 9.2 13.2+0.1
PBP+0.1% lys. 4839+ 6.4 497.7+10.5 5304+ 1.7 5626+ 1.0 18.6+0.6
PBP+0.2% lys. 488.5+ 5.2 5064+ 5.9 5283+ 29 558.3+10.7 18.8x0.1
PBP+0.3% lys. 509.4x 8.0 524.6x15.1 557.4+13.4 5957+ 3.5 19.1+£0.3
PBP+0.4% lys. 519.0+ 83 549.7+ 6.1 564.0+ 3.7 618.0+ 2.8 19.4+0.5
PBP+0.5% lys. 4964+ 7.5 523.8+10.5 5896t 4.5 6422 72 21.2+0.2
“Means and standard deviation values were calculated from triplicate determinations
WE A =egg albumen, PBP=powdered beef plasma, iys.=lysozyme
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Fig. 2. Effects of lysozyme (0.5%) and clupeine (0.2%) on the

overrun (15min.) and foam stability of egg albumen
solution (5%).
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Table 3, Effects of clupeine on the foaming properties of egg albumen solution (3%) and powdered beef plasma sclution (3%}

at pH 8.0¢
Owverrun(%o}
Treatment” o - Crmm T T Foam stability (min.}
59 10 15¢ 20
E.A. (Control) 622.1£26.0 683.8+26.9 853.1£13.4 1726.0+10.0 33.3+45
EA.+0.1% clu. 6304+ 5.0 668.2:+26.0 7489x16.6 903.2+13.1 35.5+0.5
EA.+0.2% clu. 606.1+ 1.0 659.3+:25.1 77102109 1157.3212.3 359406
EA.+8.3% clu. 601.7+17.7 8471+ 5.1 1674.0+16.5 1502.9+12.0 44 8x1.7
LA +0.4% clu. 4l 1x 74 1240.4+ 9.6 1487.2+ 7.8 1379.2+50.2 41.8x1.2
EA.+0.5% clu. 672.6x 2.0 1012.4% 09 1247.9+132 1487.3= 3.8 41.8+13
PBP (Control) 486.0+ 5.3 49654 4.1 5194 4.4 5533+ 9.2 13.240.1
PBP +0.1% clu. 501.6+ 2.6 5353+ 08 5873+ 1.7 640.7+ 4.3 18.8+0.1
PBP+0.2% clu. 5109+ 4.3 553.9+10.5 6209+ 9.1 708.1+10.3 18.740.3
PBP+(0.3% clu. 516.4+14.3 577.1£13.4 6749+ 2.6 79591125 26.1+1.0
PBP+0.4% clu. 5244+174.4 622.5+ 9.8 7167+ 6.3 8974+ 7.4 30.0+0.4
PBP+0.5% clu. 506.86+ 0.7 593.4+11.3 74621 8.1 1073.8+ 9.5 30.0x20.2

“Means and standard deviation values were calculated from triplicate determinations

2. A=egg albumen, PBP=powdered beef plasma, clu.=clupeine
““Whipping time (min.)



Lysozyme, Clupeine, Sucrose % Sodium Chlorider} wtal

L} HH
-

ajl

= 2

Sucrose 3 sodium chlorider} o

gE e HEHo| njx

=] =]
= T

L—
= dg

Table 4= sucrosed] FX & 1, 5 % 10%E, sodium
chloride®] =2 0.1, 0.5, 1.0 ¥ 2.0MZ 2|5}
el (5%) F B A 5%l A7EA] AESAE
g AEFLAAE S 3 Ao}

Wl &) g edalal o) sucrose & 7ol A 158 whi-
ppingatel -2 w AZ A5 757.8+15.6~788.6%7.
Q% ERH o F2TF(853.1+£13.4%) R} gisleien 2
Zof w2 f2l A alA =R walcl(p>0.05). A E
bR A& sucrose] FrleXof ulel A A H o= 34.7
+0.5~404+£0. 18208 hx-F+(33.3+458) ¥} °J:
F3le e sucrose 5ol ZFrld ule) Frlspe
aolglch,

P S8 AgrhgalFe] A9 1% sucrose 7}
ol Al A EEAS-0] 481.2+0.8%E AT (519.4+
4.4%)el v]3} 7rAasigl R 5% sucrose Hrl oA
523.8+32%% diz79 F4 27t gl (p>0.05)
10% sucrose A7FAE 546.618.2%2 o7t Z7}8ha
T} 7} E oA A2 sucrose o wle} 15.0+0.5 ~19.1
04028 2T (13.2+0.18) B} ks dga
sucrose 5.2 Zrle) ule} Zrtals Aske]glct

Sodium chioride & 7}-o4 158 whippingdts] &
of A gkl Ae] AL 0.1 % 0.5M sodium chlo-

=1

=) d

T 2ARe AT g

2+ Aol vl A 4 89
ride 7oA 2] E3 A 5o Zbzh 793.3+£10.0 2
813.7+15.4%2 W o) 37 (853.1+13.4%) Bc} oz
&t 2k 1.0 ¥ 2.0M sodium chloride & 7F-1) 4]
= 2hrE 1126.2412.2 W 14256 210.0% 24 Z7)sbed
h AFebg AL 0.1, 0.5 2 1.0M sodium chloride 3
7ol A 21.0£0.4~2681+048 0.2 4 T FF+(33.3+
4.58)e] vis)| 7 4dked 2} 2.0M sodium chloride & 7}
Foll Al 3871102 ekt FolEledn

2t Sl Agckmal e 5401 2 0.5M sodi-
um chloride & 7} olj A A E8 A o] 7+2F 519.94+9.4
2 537.4+10.2%2 4 HZEF(519.454.4%) ] B & &
o7l gli= 7o g et ond (p>0.05) 1.0 2 2.0M so-
dium chloride 7} 7ol A& 7}k2t 589.8+0.6 E 768.6
+10.6%2 34 Zrlatdch A Eex A-& sodium chlori-
de 0.1,0.5, 1.0 2 20M &7} oA BAH 22 153+
0.2~252+0082 25 REF(13.2+0.15) B} =
7}l 43 5L sodium chloride 5.4 7)ol whel 754t
o) Frhke A Feldn

Kinsella® 2 Poolei’—]» Fry®ell 28} sucroser
A8 AFYAFE FraAl 7 Aty e g &
7hA 7] 2.5 4] 74?,--4 G FrpAalcka st
+#, Damodaran®} Kinsella?'= <4 Frolf.0] gzl e]
Hel & 7]Eed vlale Bate dRHel o] whale
32 groupd T3 groupte] AUAH sty o

s

C‘ll.

Table 4. Effects of sucrose and sodium chloride on the foaming properties of egg albumen solution (5%) and powdered beef

plasma solution (5%) at pH 8.0”

Overrun(%)

Treatment™ T Foam stability (min.)
59 10* 157 20

E.A. {Control} 622.1+26.0 683.8x269 853.1£13.4 1726.0<10.0 33.3--4.5
EA. +1% suc. 606.8x 6.5 670.8¢ 3.9 788.6+ 7.9 1538.1£30.1 34.7:0.5
EA. +5% suc. 577.3+11.5 622.5%22.7 757.8x15.6 1246.6+15.3 36.4:0.6
EA. +10% suc, 593.2+11.5 675.7+ 0.2 773.0=14.3 15557+ 6.2 40.4+0.1
PBP (Control) 486.0+ 5.3 496.5x 4.1 5194+ 4.4 553.3x 9.2 13.2x0.1
PBP+1% suc. 463.1+ 7.6 4742+ 7.7 481.2x 0.8 5216+ 1.8 15.0+0.5
PBP + 5% suc. 4803+ 9.7 511.0+ 1.4 523.8x 3.2 556.9+ 3.6 174414
PBP +10% suc. 427.4+ 9.5 4670+ 1.4 546.6x 8.2 554.7+ 5.9 19.1:+0.4
E.A.+0.1M NaCl 611.0+ 0.7 662.5+51.0 793.3+10.0 1319.3+10.0 26.81:0.4
E.A.+0.5M NaCl 619.0+22.1 672.0+12.4 813.7+154 1943.4+33.6 21.0+04
E.A.+1.0M NaCl 605.5+ 5.0 67444211 1126.2+12.2 1765.2+20.2 21.5+03
E.A.+2.0M NaCl 623.9+10.0 1162.2:32.2 1425.6:10.0 1359.5+19.4 38.7x=1.1
PBP + 0.1M NaCl 477.3% 9.9 502.0+ 4.6 519.9x 9.4 540.2+ 5.7 15.3:x£0.2
PBP +0.5M NaCl 476.8+ 9.6 5038+ 03 537.4+10.2 567.8+ 9.3 17.6-£0.5
PBP+1.0M NaCl 483.3+ 83 537.8+ 4.9 589.8+ 0.6 675.3+£12.8 18.6:x0.7
PBP +2.0M NaCl 4734+ 7.6 586.7+ 9.2 768.6x 0.6 6753+ 8.7 25.2x0

“Means and standard deviation values were calculated from triplicate determinations

¥E.A.=egg albumen, PBP=powdered beef plasma, clu.=clupeine
“"Whipping time (min.)
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Table 5. Effects of lysozyme and clupeine on the foaming properties of egg albumen solution (5%) and powdered beef plasma
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solution (5 %) with and without sucrose and sodium chioride at pH 8.0°
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Je 5 AZSud el 27k 524
811 (R, 485) 7 5102~7128 (BT, 4665j9]9
o A7ied 5 Ay 3} lysozymeo| 5 A Exdud Al 7o
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col Al 2R E bl Bk 9
#A Agrid® Al B} 2% k58l e clupe-
sk S A8 w
2R Z e 3 AR
T $9% A57h FEsch AFES 2
AEFAA F3 713 2
peined] Fit gl A gr-ola] zZhz 0.5% 2 0.3%
S90S 2L $RY A ZFNA & 2T 05%0] 31
B3 sucrose?] AHrie ula} AFE

lysozyme & clu-

Overrun{%)
Treatment e e e e [ Foam stability {min.)
59 100 15 200
EAC{Control) 622.1+26.0 683.8+26.9 553.1x13.4 1726.0+10.0 33345
EA+0.5% lys. 579.7+15.7 468.0110.0 B6h.6+ 8.3 183531349 48.9+0.5
EA+0.5% lvs.+10% suc. 563.4+28.9 644 2420.0 1522.6+23.1 1329.6x 5.1 53.9+0.7
EA+0,5% lys. + 2.0M NaCl 655.3211.2 691.5+20.2 1595.0£29.6 1398.6+10.8 45.8+0.3
EA+0.3% clu. 601.7+17.7 847 1+ 5.1 167403165 1502.9+£12.0 44.8+1.7
EAL+0.3% clu. + 10% suc. 600.5+10.0 881.1£20.1 1434.6£32.6 1327.6+19.5 48.1+0.5
EAC0.3% clu. +2.0M NaCl 600.0+ 5.9 16.74+ 6.0 1872.4+32.1 1230.0+716.3 56.9+0.8
PBP ({Cantrolj 486.0+ 5.3 496.5+ 4.1 5194+ 4.4 55833+ 92 13.2+0.1
PBP +0.5% lys. 49644 7.5 523.8+10.5 589.6+ 4.5 642.24 7.2 21.2+0.2
PBP +0.5% lys. + 10% suc. 466.6+10.3 5231= 1. 579.2x 7.2 648.8+ 8.1 21.440.5
PBP+(.5% lys.+2.0M NaCl 494 4+ 7.1 498.3- 3.8 622.5+ 2.3 803.6+x 6.7 25.1+0.3
PBP +(.5% clu. 506.6+ 6.7 593.4+11.3 746.2x 8.1 10738+ 9.5 30.0x0.2
PBP + 0.5% ciu, + 10% suc. 488.8- 7.3 53764 7.3 62231 3.2 7127+ 23 28.6+03
PBP +0.5% clu.+ 2.0M NaCl 496.8+ 7.7 5244+ 9.5 625.2+ 3.6 809.51 9.2 24.94+0.3

“Means and standard deviation vaiues were calculated from triplicate determinations

"E.A.=egg albumen, PBP=powdered beef plasma, lys.=lysozyme, dlu.=clupeine, suc.=sucrose, NaCl=sodium chioride

oef)

Whipping time (min.)
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