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Table 1. The amounts of whey product yields of the world(51)

(Unit : 1000 ton)

EEC  USA Oceania e~ 'he whole
Whey power 824 648 48 115 1635
Lactose 280 438 30 12 460
WPC 35% 150 408 - 7 265
WPC > 35% 40 - 15 - 55
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Table 2. Utilization of whey products(51)

Composition
Functional Food
Products . L.
benefits |applications
Protein(%) | Lactose(%) | Mineral(%)
Color and Dairy products,
flavor .
s h development, Confectionery
weet wheyl 111459 63~75% 8~8.8% Whipping, |  Products
powder Dairy flavor, Bakery
) products,
Bulking agent,
L Frozen desserts
Solubility
Dairy products,
: Bakery
Acid Whey 11~13.5% 61~70% 8~12.3% Acid flavor products,
powder Sauces,
Dressings
High protein
and mineral
content,
Solubility / Dairy products,
Colloidal Meat products,
Reduced stability, Baked goods,
lactose 18~24% 52~58% 11~22% Dairy flavor, Snacks,
whey Color and Frozen desserts,
flavor Soups,
development, Sauces
Water-binding,
Dispersibility,
Bulking agent
Solubility / Bakery
Colloidal products,
stability, Baked goods,
Gelation, Dairy products,
Acid stability, |Frozen desserts,
Water-binding/ | Confectionery,
Demineraliz Viscosity, Salad dressings,
11~15% 70~80% 1~7% Dairy flavor, Beverages,
-ed Whey Aeration, Nutritional
Color and products
flavor including
development, | infant formula,
Bulking agent, Meat and
Nutrition seafood
products
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Emulsification, Bakery
Color and products,
flavor Baked goods,
development, | Dairy products,
Water-binding/ |Frozen desserts,
Whey Viscosity, Confectionery,
concentrate 34~36% 48~52°% 6.5~8% Dairy flévor, Salad dressings,
34% Solubility / Beverages,
(WPC 34) Coll(AnAdal Nutritional
stability, products
Nutrition, including
Acid stability, | infant formula,
Aeration, Meat and
Dispersibility, seafood
Fat-binding products
Emulsification, Bakery
Heat-settin, products,
o & Baked goods,
Whipping, .
Tt Dairy products,
Water-binding/
Viscosity Frozen desserts,
Whey Dary e, | S
concentrate Solubilit ’
50~52% 33~37% 45~5.5% olubility/ Beverages,
50% Colloidal .
stabilit Nutritional
(WPC 50) K 4y' products
Nutrition, includin
Acid stability, | . &
) infant formula,
Aeration,
. R Meat and
Dispersibility,
o seafood
Fat-binding
products
Reduced-fat
Emulsification, dairy products,
) Bakery
Heat-setting,
Whippin products,
pping, Baked goods,
Water-binding/ .
. . Dairy products,
Wh Viscosity, Frozen desserts,
&y Dairy flavor, Confectionery ,
concentrate ili !
60~62% 25~30% 4~6% Solublyty/ Salad dressings,
60% Colloidal
stabilit Beverages,
(WPC 60) vty Nutritional
Nutrition, roducts
Acid stability, p .
) including
Aeration, .
Dispersibilit infant formula,
FaI: bindin: ) Meat and
& seafood
products
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Gelation, .
Emulsification, Dairy products,
. Bakery
Heat-setting,
Whipping, products,
A Baked goods,
Water-binding/ .
Whey Viscosity, Dairy products,
rrat Dairy flavor, Frozen c?esserts,
Con;‘;;{) ate ] 75.78% 10~15% 4~6% Solubility/ Sgl‘:;fe;l"s‘;f;;;
Colloidal Se
(WPC 75) stability, Severages
Nutrition, utritional
Acid stability, | Products
Aeration, . including
Dispersibility, infant formula,
Fat-binding Meat and
seafood
products
High protein Reduced-fat
level, dairy products,
Gelation, Bakery
Emulsification, products,
Heat-setting, Baked goods,
Whipping, Dairy products,
Whey Water-binding/ |Frozen desserts,
Viscosity, Confectionery,
concer:trate 80~82% 4~8% 3~4% Dairy flavor, |Salad dressings,
80% Solubility / Beverages,
(WPC 80) Colloidal Nutritional
stability, products
Nutrition, including
Acid stability, | infant formula,
Aeration, Meat and
Dispersibility, seafood
Fat-binding products
High protein Reduced-fat
level, dairy products,
An abundant Bakery
supply of products,
BCAAs Baked goods,
(Branched Dairy products,
chain amino |Frozen desserts,
Whey acids), Confectionery,
: Cholesterol Salad
I,)IOteln 90~92% 0.5~1% 2~3% -reducing dressings,
isolate activity, Sport
(WPI) Emulsification, beverages,
Heat-setting, Nutritional
Whipping, products
Water-binding/ including
Viscosity, infant formula,
Dairy flavor, Meat and
Solubility/ seafood
Colloidal products,
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stability,
Nutrition,
Acid stability,
Aeration,
Dispersibility,
Fat-binding,
Antioxidant
activity
a-Lact High protei
. > 90% <1% < 5% 180 PIOtI | ppant fomula
albumin level
High protein E
-Lacto g P 88
B . > 90% <1% < 5% level, substitution,
gIObuhn Gelation Fat substitution
Enh: i
r:raallceozon Iron fortified
P ! food,
Promotion of .
Dairy products,
cell growth, Nutritional
Stimulation of
immunit products
Lactoferrin > 90% < 1% < 15% iy, including
Antioxidant, .
. . infant formula,
Stimulation of Drues and
bifidobacteria, g .
. R nutritional
Antibacterial )
. supplements in
properties,
) tablets
Non-allergenic
Nutritional
products,
Personal care
Antibacterial
Lacto ’
> 90% < 1% < 5% Preservative products
eroxidase (mouth care
P effects .
and skin care
products),
Dairy products
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Fig. 1. Appearances of WPI and other whey products

A : Lactose D : WPC 80
B : Whey permeate E : WPI
C : WPC 34
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pH 2 AAZME=
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rod
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AE3 AFTAB84) Wl

i

e
wet AAE gt 5 pHE WPIE 10% &9°=2 wEo pH
meter(Orion, model 420A, USA)E A}&3le] 25ColA =743

o HAAYdEE A8 10go SFF 100mS 7hskal 1% =L

R,

oL
of
-
32

g AASF 05mE 7] 0IN NaOH &Aoo 2 A%

ool 228 NaOH §& thg 4o we 74st gl

A X F x0.009

HARRE = x 100

Weight of sample

A : 01 N NaOH &4 AH m
F : 0.1 N NaOH¢ 497}

0.1 N NaOH 1m¢ = 0.009g lactic acid

WPIS QutA¥®, 3 58, 2A%, 2994, 2389 FFe
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(3) Lactose®] &=

A\
ol

Lactose %2 Olano 5(86)9 WHE Sl

WPI 2gol| 33} S/FF5 713t 40z 483 th3 homogen
-izer2 wASEAT. TwHEStE dgAS 4T A 15,000 rpm S
2 AAZYANA FF5HE filter paper(Whatman No. 2)Z o 3}
ANAY. AFAIZ FEZH4E 045um PDF syringe filter2 THA] <
st FAsAIZ] Sep-pak  Cis  cartridgeZ  AAT T
Bio-Liquid Chromatograph(Dionex, DX-2500, USA)E ©]& 3}
B AT o] e F4x3S Table 33 23k

A 5@687)e WHE 439 WPI 74 ofn =2t d&EFS =53
st A8 9F 02gS AF3] FHstY ampuled ¥ il 6N HCI
15m= 7k o No® A &sto] A&siA 283t o &
110C e EoA 24212 7hE8) A2 F Bt deionized
waterZ 50m¢ volumetric flaskol H € % 0.2ym membrane filter
2 Aqg#}g b5 HAGsA A5t Accq-Tag HHeZ F=AS
AARAA EAstAem o wjo] X Table 49 #Zo] 3k

.
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Table 3. Operating conditions of Bio-LC for lactose analysis

Instrument Bio-LC(Dionex, DX-2500, USA)

Electro chemical detector

Detect
erector (Dionex, ED 40, USA)

Working electrode Au
Column Carbopac PA 1(4%250mn)

Temperature 4C

A : Sodium acetate(600mM)

Mobile phase B : Sodium hydroxide(150mM)

Gradient
iy Umn %A %B
Initial 1 100 0
12.5 1 85 15
12.6 1 0 100
18.0 1 0 100
18.1 1 100 0
28.1 1 100 0

Standard solution  Lactose(Sigma, USA)
Flow rate 1.0m¢ / min

Injection 500
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Table 4. Operating conditions of HPLC for amino acids

analysis
Instrument HPLC system
(JASCO, Amino acid analysis system, Japan)
Detector Fluorescence (JASCO, FP-920, Japan)
Col Waters Nova-Pak Cig
olumn
(Waters 3.9mm$x150mm, 4/m)
Absorbance Ex.:250nm  Em.:395nm
Temperature 37C

Eluent solvent

Standard solution

Flow rate

Retention time

Injection volume

Waters Pico-Tag eluent A;
0.14M sodium triacetate
0.05% Triethylamine
1/ Milli-Q quality Water

— pH 6.4 with phosphoric acid

— %] buffer& % : Acetonitrile=94:6(v/v)
Waters Pico-Tag eluent B;

60% Acetonitrile

Gradient
Gt %A %B
Initial 1 100 0

0 1 98 2
15 1 93 7
19 1 90 10
32 1 67 33
33 1 67 33
34 1 0 100
37 1 0 100
38 1 100 0
49 1 100 0

250pmol of amino acid standard H
(Wako, Japan)

1.0m¢ /min

50min

1040
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(5) &4 SH group A%
24 sulfuhydryl”]= Hardham % (88)%] ol uwhg} A =FstA
. = WPI 2% +89& FH|8la Tris-glycine &% 8 9% (pH 8,
Tris-HCI 10.4g, glycine 6.9g, EDTA 12gS 14 2 ZA|) 8mlol] <
of @ud g 1E 7k & 45 EllmanA] ¢ (5, 5-dithiobis-2-
nitrobenzoic acid 4mlE Tris-glycine %€ A 1mlo]l E3F =A)
ImE 3438t 22T A 303 WX & 9ml Tris-glycine &%
=

€93 1m EllmanA oS FA Ao 2 3] 412mol X F3

il

249 F og Ao 93] B4 sulfuhydryl’| S 4 F359
o,

73.53 X Ay, X D
C

umol SH/g =

C : mg solids/ml

D : dilution factor

(6) A71gE ol <3 WPIS 3 &4

719 %2 Laemmli®] ¥H(89)o] wel slab type(50x80x1mm :
Hoefer ScientificAt)9] SDS-PAGE(Sodium Dodecyl Sulfate-Polya
crylamide Gel Electrophoresis)® &3ttt A71FFA geld
TEES 15%E 3R2e™ 40mA At A 903 A2 AAst

e 5
=R

—_

Ao, HA719E gel2 coomassie brilliant blue= 15+ %t

2RSS F 4 (136)0) EFANA s
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Agar, Difco, USA)E ©]

ofo
ol
£
o,
il
k1
=)
g
2
o
%
=,
=l
¥
l(l
A
o

StAT. 37CoA 48A1ZF vl $ colony 5 SAH3AIL AT

s+ CFU(Colony Forming Unit)/g log# o= UE AT

2) WPIS] 7154 =3

WPIS] &3l =& Lee 5(90)9 ol wet F3dt. WPIE
1% F8HoZ FA3t9 0.1M HCl == 01M NaOHEZH pHE
Z+7} 3, 4,5,6,7, 8 92 A3 F 25TeA 3083 A5 +
10,000xgoll A 307t ¥4+ ] (Hittich, Universal 32R, Germany)
skl Biuret'H (106)°] ols ©uld FFS FAHSA BIAx
(Protein Solubility, PS)S T-3tAt. WPIS| &= Hl W&}~

3t 9 U3 HH O Z sodium caseinated] I E=

o
-

A\
o

ster ol FF YW AZ = BSA(bovine serum albumin)E

AFes 9.

WPI® 3} (Emulsifying Capac1ty, EC)2 Borton & (91)Y

e S8t 24T Ao HEE Wiy 9lad
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Table 5. Proximate compositions of egg*

Whole egg Eg(;i/foc;lk Eg(g64v;)l;1te
Energy (leal) 158.0 339.0 53.0
Moisture(%) 744 48.8 87.1
Protein(g) 12.7 15.6 11.3
Fat(g) 11.0 29.7 0.1
Saccharide
Carbohydr © 1.0 0.9 0.9
-ate Fiber(g) 0.0 0.0 0.0
Ash(g) 0.9 1.6 0.7
Ca(mg) 47.0 129.0 7.0
P(ug) 168.0 550.0 11.0
Fe(mg) 1.8 55 02
A(R.E) 156.0 453.0 0.0
B (mg) 0.1 0.2 0.01
Vitamin Ba(ng) 0.26 0.42 0.38
Niacin(mg) 0.1 0.1 0.1
C(mg) 0.0 0.0 0.0

* : Recommended Dietary Allowances for Koreans, 7th Revision, 2000
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d&e ol &, ¢ #F3He G 15g, HFF 20ml,
Z 10mE 15,000 rpmel A 27t blending3t™ emulsions A%

39t AZE emulsion 1g& 0.1M NaCl Imo] 3t Wl F
FE 1Iml/secZ2 Yol WA 2,000 rpmoZ F3AZ T3
emulsion®] & w712 28 mE FHsS F3 1gd d
3 T 428 M2 EASAT. WPIY /318 WPI/F 29

g e(Table 5)¢ T3t WPI o Z55

®3) A84d =4
WPI®] 3}2F8 A (Emulsion Stability, ES)-> Johnson(92)%] %

s E3 12,000 rpmolA 90x F EFES Azxd
emulsion 100m{ S w 2A UG FHstd FAA7|HA 308 7H2F
O F 44X T BEYE olAFS SHs HE 100meeo] o

1008 &2 XASEY. = Bl WPIY F3ergAade &

>~
S
Lo
AN
2

4) 7123

7128 ¥ (Foam Forming Capacity, FC)9] =742 Chen

ol

(©93)°] AAE WHS AsHAT o NEFHYL

BT wwe EFAEe W 30g3 Fe) =

A
o
QL
£

OBL'
O_L,

=1
¥
i
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rlo
el

gl 5 homogenizer2 12,000 rpmo| A 15+ %t whippingd}
of 71XE J4AAT. = WPIY 7| 2¥HEE& 22 WPI 9
o} e wygow s whippingstdoen 7xdAHLS w

MR g Bue mul ¥ A4E ¥ ¥3E 2335 o

Total volume of foam — Iitial
FC(%) = including liquid liquid volume

x 100
Initial liquid volume

FS(%) = Foam volume including liquid after 30min
Initial foam wvolume including liquid

x 100

3) WPI®| &4tst ax 534

WPIe| #itst &3 542 FasAl F3H7F SuifES 100m
5

"ol Ao Z+7zt 50g XS ©il BHT 0.02%, tocopherol 0.02% %
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0.1%, ascorbic acid 0.02% % 0.1%, WPI 0.02% % 01%S Z
7zt H7bste]  60+2C 9 37| (Daeyang Scientic Instrument,
Korea)oll /] 3097t A3t 39 tAS=E 7+ A58 & A F 3}
peroxide value(POV)$} conjugated dienoic acid value(CDV)E
A3t

#2F 8} =E 7} (peroxide value)v A.O.C.S cd. 8-53(95) Wl uleh

e

Ao

Aot A 1ked 8 T (milli equivalent weight:meq/kg)

F2 gt er # =72 (induction period) 7zt Al g9 At
82717k 100 meq/kg oildl E=2atEE 2amHE Aoz As
Rk = s 5 Ao Z7]E EoF = RAE(relative
antioxidant effectiveness)= control®] f+XZ7]7tel Wit 7z 34k
pAE HA7ME AlREY FE7IZPY] MEEE EIAT

& A o] F4F7} (conjugated dienoic acid value)= A.O.C.S Ti-la-64
(96) W Ho| wak UV-VIS Spectrophotometer(Phamarcia Biotech
Ultraspec. 2000, Cambridge, England)E A}-&3te] 233molA &

FEE 2353 0 Aol o8 HEFHAh

TNl FA7H%) = 0.84 x [(As/bc) - ko ]
ko : absorptivity by acid or ester group
acid : ko = 0.03
ester : ko = 0.07
As : absorbance of oil at 233nm
b : cell length(cm)

c : oil concentration(g/ ¢ ) of the final
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olmj WPIS} 2t3}A)

o] g3l Ao Hrlstdtk. = WPIS 43 A 5L 217 30%

|t

2 Han %5(97)% microemulsion &

ethanol &< %< F span 205 &34

L

e o I I B B
At ol hot plate

o 2xE e0Cyew L1 fFIAE AL 1%w/w)et

ofs

sl A hot plate magnetic stirrer= 1l ®F

0.1%(w/w)A FA H7FstAo. 83 fFA o] 30% ethanol

& A7 gpan 209HS H7}St] controlZ AF§-sF AT

9) 2EA Aola

2EA Aolas = F(98)Y WHE WIS THHLZ A

23 Az A MENES WPI Asbdel me 7t 2EA

of o] @z, HY, YT E FTFOE ol &3 AxHAAL
Fig. 29} 2Zgkt}h(99). oluf 2@z A== H7F3 WPIS| I H
© T2AHlEE 2ZEdy vl hFsi e
2 248 dAE Afde ddy 22 W FEFZFS 1A
. 5 2 A3dAMe AFJAE A o]&He FFA AL
(100)°] 23] WPI thal H7F&o wet E9 Hrizd= 23ty
o Alola ¥EF2 A H-E& Mixer (Kitchen aid K55S, USA)E At

£33 mixing bowlel @73 WPI 12]l3 & Yi 20@bo=

30

P

L AE F 4o 32 EFEL HAEH} A5 S WolE



Table 6. The formulation of sponge cake substituted by WPI at
different levels

(Unit : g)

substitute levels of WPI

Ingredients R(z;)i)o
Control W-10 W-20 W-30 W-40 W-50
Flour 100 100 100 100 100 100 100
Sugar 100 100 100 100 100 100 100
Salt 2 2 2 2 2 2 2
Water-1" 40 40 40 40 40 40 40
Egg 100 100 90 80 70 60 50
WPI” Variable 0 10 20 30 40 50
Water-2”  Variable 0 7.5 15 22.5 30 37.5
1) : Basic water amounts 2) + 3) : Used as egg substitute

Control : Sponge cake made with egg

W-10 : Sponge cake made with 10% WPI substitute for egg
W-20 : Sponge cake made with 20% WPI substitute for egg
W-30 : Sponge cake made with 30% WPI substitute for egg
W-40 : Sponge cake made with 40% WPI substitute for egg
W-50 : Sponge cake made with 50% WPI substitute for egg
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Mixing bowl

l

Mixing

l

Whipping

l

Foam

l

Blending

l

Cake batter

l

Panning

l

Baking

l

Cooling

whole egg, WPI,

water—-1, water-2

mixing at 2 speed for 30sec
mixing at 4 speed for 3min
add sugar and salt

whipping at 3 speed for Smin

add cake flour

blending at 1 speed for 30sec

170/190C  25min

Fig. 2. Flow chart of sponge cake preparation
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() 2EA Aola wEel uF, AE L vAe] ofy =4

HE= 9] H] F(specific gravity)2 AACC Method 10~15(101)°l
uel vkl %"45] A FA4sAd. oW SRFY Lr=
=

o FAE 33 L% S SRF I s FFHE T
A

Specific gravity =

A : The weight of cup with sample
B : The weight of empty cup
C : The weight of cup filled with distilled water

W] A & (viscosity)= Mizukoshi(102)9] WH S F43te]
A" w5 19g A 50m Hlol A FHeA Fol Gz

25C=E {A3tW A  Digital Viscometer(Model LV, Brookfield
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Eng. Labs., USA)E AF&3lod 33 ®vEE S35t olw spindle
2 number 3& o]&3HoH IHEE 12 rpmol A spindle©]
3 dst7] Al &ste] 30% o HAEFHS FHsHA

WPI2} 2729 meringues F4 42 Miller(103)¢] WHS 43}
o SAHsAT. dAF] @7, A", WPI, &7 £&sto w
+ 7]l X (meringues)E 7% % °](Whatman No. 2)& 7zt Zw 7]

30g4 dol AW WHAA @ 7 AT 2 YEF Fs
0

)
)
o
g
o
=
a1
(=}
=8
=
[>

Adade] 908 Ae F 247

2FEA AolZE FHUAM AN 1A B W T FAA
FHA04) o2 FuE FAGATG. Aol H & F(specific loaf
volume, cc/g)> Aol FIo] st Aolm FAY HZE 4
Z3ta Aoz A& Aolze FIo Wi Aoja

23

=
Fy9o vE &G TH(105). AolZe HIIHBAHAA HF71EA
#ZF(Baking loss)> w7] A ¥ FA S} & F 1A7F 59

‘_EI"
Aol & REFO] T A o E U Ath(105).

1
>

A — B
Baking loss(%) =

A

A : Weight of product before baking
B : Weight of product after baking
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@) =EA Aeol=ae o8 # FARAAY G B

9y & fAE 79 Z(Nikon, Coolpix S4, Japan)Z Z 3}
Wy @] SA4S @@ =3 2 A5 (10x10x10

1

=
A7 Z7](llsin Lab., Bondiro, Korea)ol %o} -50C A 8AF &

ofs

m)E -70C=Z 1FE deep freezerol A o YEAZ T =
¢ FEAXZAFAY. T2 A AREE 5x5x1 me| AV]E A
ety dFvE ZE AAW el ¢y JEOL °l =w7)
(JFC-1100)E ©]&3to] oF 150% F<t gold Z®W 3 ¥ Scanning
Electron Microscope(JEOL, JSM 5410 LV, Japan)& ©]&3ts 7}
429k 15KVl A 50u) 2 #3239

=

2EA Aol FAFZE AN 1A WIS o&
Texture Analyzer(Stable Micro Systems Ltd., Model TAXT-2,
England)E At&3to] SAs Ao 54 £ Table 73 Sk
oh. TPA(Texture Profile Analysis) W& &3t 2 A8 7
% (hardness), &3 “J(cohesiveness), 7 (gumminess), T4
(chewiness), A1 %A (fracturability), % 24 (adhesiveness), ©
2 (springiness) % & A (resilience)S Zt7} 63] HbE A 31

.
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Table 7. Operating conditions of texture analyzer

for measuring the texture of sponge cake

Parameters Conditions
Sample size 6x7x2.5 cm

$20 20mm dia cylinder
Prove

aluminium

Pre-test speed 5.0 mm/sec
Test speed 1.7 mm/sec
Post-test speed 1.7 mm/sec
Distance 50 %
Force 100 g
Time 5 sec
Trigger type Auto
Trigger force 10 g
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(6) 2Zz Aoz A =3

Alol=Z FEWH(crust)d WH (crumb)e] M= SH2 A8 &

>

274 2% ¥ Chroma Meter(Minolta Co., CR-200, Japan)&
o] &3l Hunter L(lightness), a(redness), b(yellowness) %t<
2 BASgon 2 NEF 68 wE Z4F FFEoE Jeh

ATk, WA FFI(L=97.75, a=-049, b=1.96)S A}§ 3t Chroma

MeterE HAZ T Anr =AHo] o]&3sUY. Total color
difference(AE)= a3 #2o| A=3Th.

olmj AE, Aa, Ab9] g WM AMAS L, a, b @} A8 L a b

ghel Abolghe ol g3 ek,

(7) 2EA Aolzel obpwit FF =3

2EA Aol opmit g E4L 1)—@)o Uy 2

lo

Z+zkol AlgE ¢F 80mgS 6N HCI 1000uL0] =<9 F A}

o
[0
20

Microwave Moisture/Solids Analyzer(LAB WAVE 9000, USA)=
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= 9% 254 st FH A HEAE A (quantitative descriptive

analysis, QDA).2 A3 ATH106). BE P ALgE G2

A

4 Yo RE 15m AHER A4 9l H2HYH ¢2 d55

Jm
o,

AE7t ZAHES Aol Fme] go BAT AU

o
N
N
ol

JEo 2 Aol=a9 ﬂ%(appearance), 7189 LA (air

cell uniformity), =29 FE=7 & (softness), 3 A (chewiness),

_l}lv

% % FH(moistness), &Vl (flavor), ¥4 7 (mouth feeling), XA

715 % (overall acceptability)E ZA st TAAZE FAHES A
AstARt. Alge Aol=Z crumb FEE 2x2x2m A7|Z Z

g4 8 g @A AeA gl B3 ¢ AT

(10) TAA =

EAAYE Window® SAS 6.2 versionS ©] &3l FEAE A
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(analysis of variance, ANOVA)S AA3tA S ™ Duncan® ©F

M9 A8 (Duncan’s multiple range test) &= FYAS HIF 3}
Roew w3 FAFA S LotrR 7] $38t] Pearson F¥ A EA

o
=

i

Al 8 L TH(107).
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Table 8. Proximate

compositions of WPI

(unit : %)
Moisture 52
Ash 2.7
Protein 90.7
Lipid 0.6
Lactose 0.8
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Table 9. Physicochemical characteristics of WPI

pH 6.26
Acidity 0.16%
Active SH group 9 umol/g
Total bacterial count 5.9x10" cfu/g
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3) &4 SH group &3

WPIS gel @450 £2% 98¢ st B4 SH groupd

e AT 23 9 pmol/gE UENH. o= & 5(53)°] Al

1. &Y -SH groupy 83

T
ﬂ
f
rlo
o2
(o]

=
-lactoglobulin® 2 4] Kella(113)°l &3t o] A2 AA4E) of A
< 4 @A A dimer2 EAdt=H A8 T34 22 oYy
Ao ot WAz Fx WHIr/t €9y monomerZ | HI
Hol 99 SH groupe] &% 2 =230 39 2™ B-lactoglo
-buline 130Tl 3] A= ojd T3 obv] =4k
methionine, cystein, cystine S°| 7FEHE ©oF7|Al7l= SH
group°] A4 E .
BoAgo)q AL&3 WPIS 7§ B-lactoglobulin®] ¥aFo] A
A G vse 50%S AL 7] WEl -SH group?
2 A=Y o]z Q3] gel FPT | S
B2 Aolae e £ IFS = AoE AA4HIJT

ol B Ao

4) obvlx= 3 3

WPIY gfrHe] Sle otreit d&FS 43 ZI= Table

1039 2ok, ofp=ite] F FFL 90,7119 mg% = WERE O T
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Table 10. Amounts of amino acids in WPI

(unit : mg%)

Amino acids Contents
Aspartic acid 10,258.3
Serine 2,350.6
Glutamic acid 16,999.4
Glycine 1,180.1
Histidine 1,373.2
Threonine 4,995.6
Arginine 1,672.5
Alanine 5,085.5
Proline 5,670.6
Cystein 1,621.0
Valine 5,928.9
Methionine 2,899.0
Lysine 8,983.6
Isoleucine 6,817.5
Leucine 10,470.8
Phenylalanine 2,563.5
Tyrosine 1,841.8
Total AA 90,7119
Essential amino acids
(Thr+Val+Met+Lys+Ile+L 44,032.1
eu+Phe+His)
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5) A719&F 2& WpIe| ¢4

7195 o WPIS & d s dob A3 = Fig. 33
2. WPL @il d 2359 2 SAHHA FhARE a-lactalbu
-min, B-lactoglobulin, BSA(bovine serum albumin)7} 43}
Uebters owtel WPIC g#Ho e Aoz FAHH=
proteose, peptone, immunoglobulin A. G. M., lactoferrin, lactotr
-ansferrin £ bandS < v FoZ S50 7] WfE2A A 7 HolXR
ook, = A7IYds 2 B-lactoglobulin® band”} 7} WA

s

Ao 2 ¥lA B-lactoglobulin® ¢ A WPIY 50% %

BSA(bovine serum albumin), immunoglobulin(Ig G), lactoferrin,
proteose, peptone & o= FAEo 3l
bi olel @

filo
of

°] % B-lactoglobuline % T o] w

3}
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66,000

45,000

36,000

29,000 ——>»

24,000

20,100 ——>»

18,400

14,200 ——>

A B C

Fig. 3. SDS-PAGE patterns of WPI

Lane A : Standard
Lane B : [B-Lactoglobulin
Lane C : WPI
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AA EAFL 18400 G ECIY He= AWEAZE pH 35 o]}
o} pH 7.5 ©]’}dl A= monomerE EA 3} pH 3.5~7.54}0] of] A]

dimer2 & A 3ct}t. a-Lactalbuming EA}# o] 14,200 ©E &

rr

2 F2 Foly AFgFHAZE AMEHI . Immunoglobulin
oA 7HA] o2 A7]9 glycoproteinEE FAE o i gt

Z 0 2 antibody activityE Zt= ALS=2 & A UTH42).

rlo

2. WPI?] 7154

52

WPI2] @l 83 =+ Table 113} Fig. 4914 H+ A 2

S ™ sodium caseinate 2T &3 =7} =kt pHol WE &3

ki

+ sodium caseinate®} WPI7} pH 49X+ 247 5%, 81%=Z 7}
R =S5 BHa pH 9= 247t 79%, 88% 2 =& &

{

O

1 =5 Yetdlyg. = WPIY £33l =+ sodium caseinated £ 3
S pHAl S8 TR GPe wid v pHe FFL 2

WA e ARE BAT. ol 95% WAL TIsH: WPIY

SA=E HeAM pH 6, 7, 8¢ W ZAI AFAst 7z 926,
945, 103.9% 5 UElW o] pH7F EotdF5 WPIS &3l=7t F7t
QT HuG Lee S(90)9) Aot FAEEL FHO 2 RE
TAAZ WPCY &3l4S pH 3% 744 AT ZAn 7474

87.8, 99.7% FThi R 1F Kim 5(115)¢ ZAFH 4= A= 3%t}
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Table 11. Solubility of WPI and Sodium caseinate

at different pH
(unit : %)

pH

Sample

WPI

Sodium
caeinate

82 81 80 84 85 87 88

65 5 23 43 58 59 79
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Protein solubility (%)

100

60

50

40

30

—e— WPI
20 +
—m— Sodium
caseinate
10 +
0
3 4 5 6 7 8 9

pH

Fig. 4. Changes of solubility of WPI and sodium

caseinate at different pH
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Table 12. Emulsifying capacity of WPI and Egg yolk

(unit : m/g)

Samples Emulsifying capacity*
WPI 302.73
Egg yolk 181.07

* : Adding amounts of oil in emulsion until separation
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Emulsifying capacity (ml/g)
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Egg yolk WPI

Fig. 5. Comparison of emulsifying capacity of WPI

and Egg yolk by oil amounts until separation
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Table 13. Emulsion stability of WPI and Egg yolk

measured by amounts of syneresis

(unit :

%)*

30 60 90

120 150 180 210 240 (min)

WPI 3 7 10 20 26 30

Egg
yolk

11 14 16 25 30 33

32 35

38 40

* : Amount of syneresis from emulsion
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Fig. 6. Comparison of syneresis amounts of emulsions

made with WPI and Egg yolk upon time fluctuation
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Table 14. Foam forming capacity of WPI and Egg white

(unit : %)
Samples Foam forming capacity*
WPI 323.33
Egg white 186.67
* Total volume of foam
including liquid — Initial liquid volume

Initial liquid volume
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Table 15. Foam stability determined by residual

quantity of foam made from WPI
and Egg yolk upon time fluctuation

(unit : %)

10 20 30 40 50 60 (min)

WPI

Egg

white

97.73 96.82 94.09 9318 89.55 85.91

9535 9419 8953 8721 86.05 84.88
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Table 16. Peroxide values of corn germ oil with each antioxida

-nt and WPI stored at 60+2C for 30 days

(meq/kg oil)

Antiox Storage period (days)
-idants

0 3 6 9 12 15 18 21 24 27 30
Control 491 5919 18.84° 70.70° 109.38° 158.90° 193.52° 214.26° 243.65° 251.80° 276.37°

+0.07 +0.01 +1.02 +040 =+1.85 =+0.29 037 +0.18 +0.87 126 +1.06
BHT | 1.48% 3.92° 4.92' 544% 843° 1284° 1898" 3032 4834" 78.68" 9522"
0.02% | +050 +0.01 +0.06 +0.48 +049 +0.01 +0.01 +053 +0.39 +0.15 =+1.32
WPL | 297° 3445 3958 17.93° 4834° 57.79° 102.05° 111.59° 156.24° 177.29° 186.77°
0.02% | +0.03 +0.48 +0.02 +0.07 +0.52 +0.85 +0.02 +031 +1.62 +0.50 =*0.63
WPL | 412" 477 797° 15.92° 2537° 5505 87.85° 116.22° 13542° 155.09° 192.92¢
0.1% | t0.26 +0.27 +0.01 +0.01 +0.41 +046 +036 +0.83 +147 +043 +0.27
AsA | 1.48° 6.90° 17.87% 43.80% 69.20° 96.30° 134.39° 145.36% 151.12° 159.34° 181.14
0.02% | +0.49 +0.03 +0.01 +290 +0.35 +3.12 +0.33 +0.69 +1.27 +053 +0.74
AsA | 0997 099" 1.00" 149" 250" 7.98" 24.83% 73258 81.75% 114.96° 143.79°
0.1% | +0.01 +0.01 =+0.00 +050 +0.51 +1.98 +1.95 +238 099 +0.30 +*1.12
Toc | 346° 791" 27.82° 82.10° 122.04° 164.93" 183.67° 233.66° 239.57° 258.07° 290.33"
0.02% | +0.48 +0.00 +0.03 +055 +1.06 =+0.13 +0.10 +022 +1.24 +031 =+0.01
Toc | 440 17.29° 49.66" 98.80° 138.74° 187.76° 217.35" 252.76" 258.89° 279.67° 295.84°
0.1% | t046 +0.48 +0.89 +0.88 +0.11 +0.34 +0.13 +1.59 +0.25 +0.82 +0.37

Control : Added none of antioxidants

AsA : Ascorbic acid

Toc : d-a-Tocopherol

WPI : Whey protein isolate
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Fig. 9. Changes of peroxide values of corn germ oil
added with BHT, Toc., AsA, WPI stored at
60+2C for 30 days
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Table 17. Induction period(IP) and relative antioxidant
effectiveness(RAE) of the corn germ oils with

each antioxidants and WPI stored at 60+£2T

for 30 days

Antioxidants P RAE
(%) (period) (%)
Control 10.9 100
BHT 0.02% 31.5 289
WPI 0.02% 17.6 161
WPI 0.1% 18.1 166
AsA 0.02% 13.4 123
AsA 0.1% 23.5 216
Toc 0.02% 9.8 90
Toc 0.1% 8.6 79

IP: Period until POV 100 meq/kg oil of oil

IP of the corn germ oil with each antioxidant

RAE = x 100

IP of the corn germ oil
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WA WPIL H7F 59 CDA(%) g2 H7h=el #Agle] 0.1s
Eldlo] FAitstaas HAo. AR 12¢ A CDA%) FHF

control®] 7% 1.94, WPI 0.02% 2] 4% 0.71, WPI 0.1%<] 3% 0.7

o
i)

Bto] AR Z7]d= WPIS #tsta a7t 9] 2 (P<0.05) 2

adv}

22 AL < F AdAY. A 159 Al CDA(%) FHFo=z B g
A3t a9 e] =M+ BHT 0.02% > AsA 0.1% > WPI 0.1% > WPI
0.02% > AsA 0.02% > Toc 0.02% > Control > Toc 0.1% i A
& 30Y AA AEHHO R FAG BEFES HAuT

oleldt A= AASIETIS) AT AIEFS Ho WPIS 34bstAd

S S A=~
e 4 o
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Table 18. Conjugated dienoic acid values of corn germ oil with

each antioxidant and WPI stored at 60+2C for 30 days

(%)
Antiox Storage period (days)
-idants

0 3 6 9 12 15 18 21 24 27 30
Control 0.05" 0.11° 033" 095" 1.8 1.94° 212° 241° 268 273  3.04°
+0.02 +0.01 +0.00 +0.01 +0.00 +0.00 +0.01 +0.01 +0.01 +0.01 +0.01
BHT |0.04>™ 011° 014 015 0165 024" 026" 0415 052" 090" 1.07"
0.02% | +0.01 +0.01 +0.10 *0.01 +0.00 +0.00 +0.01 *0.00 +0.00 +0.00 =+0.01
WPL |0.05° 006 010° 021° 060° 071° 122° 1.30° 1.84° 210 2.12°
0.02% | +0.00 +0.00 +0.01 +0.01 +0.00 =+0.01 +0.00 +0.01 +0.01 +0.00 +0.00
WPL |0.03 009 010° 019 034 070" 1.07° 145° 161" 178" 2.21°
0.1% | +0.00 +0.00 =+0.01 =+0.00 =+0.00 +0.00 +0.01 +0.16 =+0.00 +0.01 +0.00
AsA | 004> 0.10° 024° 0465 056e 088 125 154 186 1.88°  2.09'
0.02% | +0.01 +0.00 +0.01 +0.00 +0.01 +0.01 +0.00 +0.01 +0.01 +0.01 =+0.01
AsA |0.04™ 006 007 008 0165 0315 040° 094" 1075 1428 1.80°
0.1% | +0.01 +0.01 +0.01 +0.01 0.00 +0.00 +0.01 +0.00 +0.01 +0.01 +0.01
Toc | 0.02° 012" 034" 094" 146" 1.93° 216" 271° 275° 286" 316
0.02% | +0.00 +0.00 +0.01 +0.01 +0.01 +0.01 +0.00 +0.01 +0.00 +0.00 +0.00
Toc | 005 021" 080" 1.12° 1.69° 223" 256 293 313 319" 3.22°
0.1% | +0.00 +0.00 =*0.00 +0.00 +0.00 +0.00 +0.00 +0.01 +0.00 +0.00 +0.00

Control : Added none of antioxidants
AsA : Ascorbic acid
Toc : dl-a-Tocopherol

WPI : Whey protein isolate
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Table 19. Specific gravity and viscosity of cake batters
substituted by different levels of WPI for egg

Specific gravity Viscosity(cP)

Control"” 0.680.037* 1110+40.00°

W-10 0.43+0.06" 4150+50.00°

W-20 0.42+0.04° 4250+50.00°

W-30 0.46+0.02° 5020+75.50¢

W-40 0.47+0.05" 6650+65.57"
W-50 0.48+0.06" 8956.67+51.32°

1) See the legand of Table 6
2) Means+SD(n=3)

3) Means with same superscript letters within a row are not significantly

different at a=0.05 level as determined by Duncan’s multiple range test
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Fig. 11. Changes of specific gravities of sponge cake
batters substituted by different levels of WPI
for egg

W-10~50 : Substituted amounts of WPI at level of 10~50%
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Table 20. Foam stability by drainage of meringues substituted
by different levels of WPI for egg

(unit : ml)

Samplesl) Drainage amount
Control 8.00+0.507*

W-10 5.00+0.50"

W-20 3.17+0.29°

W-30 2.20+0.26°

W-40 0.83+0.29°

W-50 0.27+0.15°

1) See the legand of Table 6
2) Means+SD(n=3)

3) Means with same superscript letters within a row are not significantly
different at a=0.05 level as determined by Duncan’s multiple range

test
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Table 21. Specific loaf volume and expansion ratio of sponge

cakes substituted by different levels of WPI for egg

Specific loaf . .
Expansion ratio(%)

volume(cc/g)

Control" 2.98+0.087 1.46+0.03"
W-10 4.49+0.39° 1.54+0.03%
W-20 4.52+0.26"° 1.56+0.08"
W-30 4.20+0.14°" 1.53+0.04°
W-40 4.03+0.03" 1.53+0.05"
W-50 3.95+0.08" 1.62+0.08°

1) See the legand of Table 6
2) Means+SD(n=3)

3) Means with same superscript letters within a row are not significantly

different at a=0.05 level as determined by Duncan’s multiple range test
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Table 22. Baking losses of sponge cakes substituted by

different levels of WPI for egg

(unit : %)
Samples" Baking losses
Control 17.25+0.422*
W-10 16.34+0.12°
W-20 16.35+0.21°
W-30 15.33+0.38°
W-40 15.17+0.04°
W-50 13.35+0.09°

1) See the legand of Table 6
2) Means+SD(n=3)

3) Means with same superscript letters within a row are not significantly
different at a=0.05 level as determined by Duncan’s multiple range

test
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Baking loss(%)

0
Control W-10 W-20 W-30 W-40 W-50

WPI substituted amount(%)

Fig. 14. Baking losses of sponge cakes substituted
by different levels of WPI for egg
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Table 23. Moisture content of sponge cakes made with

different WPI substituted amount for stored periods

(unit : %)

Storage period(days)

0 3 6 9

Control” 26.28+0.24”" 24.47+034° 2436029 23.23+0.17°

W-10 2629+0.12° 2593+0.05°  25.09+0.05  24.15:0.16°

W-20 26.46+0.46°  24.49+029°  24.22+0.08°  23.74+0.07°

W-30 27.31+0.13" 23.59+0.12° 23.38+0.40° 23.07+0.06°

W-40 27.47+0.09° 23.95+0.03°  22.62+0.30°  22.37+0.17°

W-50 2529+0.08°  22.37+0.25%  22.30+0.13%  22.07+0.06°

1) See the legand of Table 6
2) Means+SD(n=3)

3) Means with same superscript letters within a row are not significantly
different at a=0.05 level as determined by Duncan’s multiple range

test
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Moisture content(%)

0 3 6 9
Stored period(days)

B Control OW-10 B W-20 W-30 B W-40

Fig. 15. Changes of moisture content of sponge cake made

with different level of WPI for stored periods
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W-40 W-50
1) See the legand of Table 6

Fig. 16. Photographs of sponge cakes substituted
by different levels of WPI for egg
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W-30

W-40
1) See the legand of Table 6

Fig. 17. Cross sectional view of sponge cakes

substituted by different levels of WPI for egg
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W-40 W-50
1) See the legand of Table 6

Fig. 18. Photographs of scanning electron microscope
of sponge cakes substituted by different
levels of WPI for egg
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Table 24. Texture profile analysis of sponge cakes substituted

by different levels of WPI for egg

1
Textural Samples

parameters
Control  W-10 W-20 W-30 W-40 W-50

752.757%) 44261 408.36°  515.99°  726.31°  939.42°

Hardness o500 9043 5619 2543 45691  +45.04
Fractucabili 7.47° 8.28° 7.65° 7.66° 7.20° 7.88°
racturability . 5o +1.54 +0.10 +1.13 +1.51 +2.42
Adhesi -22.32° 3.07%° -0.97*° 3.68% 5.52° 9.34°
ESIVENESS 7618  +12.44 +7.11 £9.10 +4.11 £2.05
Sprinei 0.94° 0.92° 0.88" 0.88" 0.87° 0.83°
PrINGINESS 1 6.04 +0.01 +£0.02 £0.03 +0.02 +0.03
Cohesi 0.76 0.68° 0.66" 0.65 0.60° 0.52°
ONESIVENESS — .5.01 +0.03 +0.01 £0.02 +0.01 +0.04
G ) 569.02°  299.46°  281.22° 337.44%  44945°  509.79°
UMIMINESS . 11283  +47.73  +49.03  +20.13  +5549  +8551
Chewi 530.56°  276.09° 248879 307.39"¢ 389.98™  42536™
EWINESS 0889  +44.04  +4635 2159  +50.69  +84.92
Resili 0.35° 0.29° 0.28" 0.27" 0.24° 0.18¢
estlience £0.02 £0.02 £0.01 £0.01 +0.01 £0.02

1) See the legand of Table 6
2) Means+SD(n=6)

3) Means with same superscript letters within a row are not significantly

different at a=0.05 level as determined by Duncan’s multiple range test
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Springiness

Control W-10 W-20 W-30 W-40 W-50

Fig.

19. Texture profile analysis of sponge cakes substituted

by different levels of WPI for egg

W-10~50 : Substituted amounts of WPI at level of 10~50%
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Cohesiveness Gumminess
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Control W-10 W-20 W-30 W-40 W-50 Control W-10 W-20 W-30 W-40 W-50

Chewiness Resilience

600 0.4

500 0.35

0.3
400 0.25

300 0.2

200 0.15
0.1

100 0.05

Control W-10 W-20 W-30 W-40 W-50 Control W-10  W-20 W-30 W-40 W-50

Fig. 20. Texture profile analysis of sponge cakes substituted

by different levels of WPI for egg

W-10~50 : Egg substituted by WPI at level of 10~50%
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Table 25. L, a, b values of sponge cakes crust made

with WPI substitution for egg

L a b AEY

a3)

Control”  66.12+0.54? 0.16+0.10°  39.37+0.37°  48.99+0.13"

W-10 66.36=0.65"  0.25+0.76°  38.50+2.04° 4821+1.17°
W-20 64.941.65"  2.03+1.38°  39.65+2.94"  50.05+3.35"
W-30 6221+1.64° 311+0.34"  41.10£0.51° 52.99+1.49°
W-40 61.10+1.83°  4.78+1.15"°  40.25+224" 53.33:0.62°
W-50 58.87+0.37°  5.91+1.76°  38.69+1.81°  53.91+1.02°

1) See the legand of Table 6
2) Means+SD(n=6)

3) Means with same superscript letters within a row are not significantly

different at a=0.05 level as determined by Duncan’s multiple range test

4) Total color difference
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Table 26. L, a, b values of sponge cakes crumb made

with WPI substitution for egg

L a b AEY
Control” 80.45+0.697" -4.68+0.06° 23.78+0.34" 28.17+0.20"
W-10 79.18+1.82°  -4.28+0.21° 22.09+0.41"° 27.75+1.15
W-20 79.161.72°  -415+0.07° 20.29+1.69™ 26.05+1.17""
W-30 80.21+1.80° -3.59+0.18" 18.53+1.30° 24.40+0.57"
W-40 81.05£1.29" -2.98+0.32° 18.85+3.48° 23.95:3.10"
W-50 82.68+0.72° -2.84+0.20° 15.26+0.91° 20.26+0.39°

1) See the legand of Table 6
2) Means+SD(n=6)

3) Means with same superscript letters within a row are not significantly

different at a=0.05 level as determined by Duncan’s multiple range test

4) Total color difference
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Table 27. Amino acids amounts in sponge cakes made
with WPI substitution for egg
(me %)

Samples"
Amino acid

Control W-10 W-20 W-30 W-40 W-50

Aspartic acid 47136 982.66 1399.69 1689.27 1986.08 2358.12

Glutamic acid 1490.31 249229 3280.58 3930.64 4614.93 5262.00

Serine 473.04 64742 82583 91032 921.88 1203.81
Glycine 299.81 353.66 419.01 44630 45394 555.85
Histidine 17526  278.92 36934 42267 486.06 578.94
Arginine 34583 465.69 54314 57642 623.78 684.38
Threonine 253.24 420.09 574.88 668.71 844.26 1187.72
Alanine 344.65 561.86 777.20 887.66 94259 1230.53
Proline 569.46 808.81 1061.77 1237.12 1304.27 1730.19
Tyrosine 159.76  260.66 400.98 397.60 40596 501.07
Valine 350.92 57393 79745 886.39 966.85 1227.29
Methionine 17896 266.01 371.14 38155 411.29 499.37
Isoleucine 263.56 501.67 771.38 876.06 1079.85 128491
Leucine 45354 898.78 1337.43 1463.77 1586.56 2085.13

Phenylalanine 289.99 450.29 595.89 606.25 710.26 761.92

Lysine 24271 508.43 84790 88223 975.03 1376.91
Total AA 6362.40 10471.17 14373.59 16262.94 18313.59 22528.14
Total EAA? 2208.18 3898.12 5665.41 6187.63 7060.16 9002.19

1) See the legand of Table 6

2) Essential amino acids(Lys+Phe+Leu+Ile+Met+Val+Thr+His)
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Amino acid
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Phenylalanine B W-40

Leucine 0o W-30
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Arginine
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Fig. 21. Contents of amino acid in sponge cakes substituted

by different levels of WPI for egg

W-=10~50 : Substituted amounts of WPI at level of 10~50%
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Table 28.

Quantitative

descriptive

different levels of WPI for egg

analysis(QDA)

sensory evaluation of sponge cakes substituted by

data

1)
Sensory Samples
t
parameters  control W-10 W-20 W-30 W-40 W-50
Pore 3209 7.40° 8.40° 6.80" 5.00° 3.70¢
+0.92  +126 070  +0.79  +0.82  +0.95
Softn 4.20° 7.60° 7.60° 5.60" 2.90¢ 1.90°
ortness +132  +107  +135  +084  +057  +057
Moistness 4.90° 7.80° 7.60° 5.70° 2.60° 1.60°
+110  +0.63  +1.17  +0.82  +0.70  +0.70
Mouth 4.70° 7.30° 6.80° 4.90° 3.30° 230"
feeling 11.49 11.06 11.40 11.20 +0.82 +0.82
Chewiness 4.40° 8.00° 7.70° 5.70° 3.00¢ 1.90°
+1.07  +1.05  *0.67 095  +0.82  +0.74
A 4.00° 7.20° 7.90° 6.30° 3.90° 2.80"
ppearance +141  +148 099  +116  +099  +1.03
3.40° 7.00° 7.90° 6.20° 4.20° 2.60"
Flavor

+135  +1.15 099  +0.79  +1.14  +1.07
Overall 4.60° 8.00° 8.00° 6.10° 3.80¢ 2.70°
acceptability +1.17 +0.94 +0.82 +0.88 +0.92 +0.82

1) See the legand of Table 6

2) Means+SD(n=6)

3) Means with same superscript letters within a row are not significantly

different at a=0.05 level as determined by Duncan’s multiple range test
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Fig. 22. QDA profile of sponge cake substituted with different
levels of WPI for egg

- 117 -




4z
Iy
At
o

(softness)> WPIS] thA|H]l & o] 10%9F 20% <Y w 713
2 ZAAE A 30% A Ao]AE control Alo|AZET BRE=
HeS BYA T WPI 40, 50% A Aleolze 238 ¢ doa)

Ae s Bidd. FEYwS 714 54 F 4= v

%—i‘?}(mmstness) A WPIS] tiA|H]l&o] 10, 20% ¥ W 7}

4
4
ot
>,\1
O
HU
o
N
N
_ﬂ
111
[
v}
o
o
w
<=}
R
Vv
(@)
o
=]
o
<3
\Y
=
o
R
V
1
<)
R
Lo

s

TO 2 FE Y (softness) = YAst= AHE BPAT 7+ A

AT Aol=e) $RIF FYNGE YAHA FE AR ue

)
ToZ2 Fua Yeyo. oA 10%9 20%7F M 22 A
E HQ 7AF textured® YA 3t= FFol A
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7F oA oz Mg =2 A4 E dATh. Controld Hl 1Al WPI
30% A Alelz= FAFSHA H7FE A3 WPT 40, 50% thA A
olAE froAHez ve AFE A

WPI 50% WA Aol=7} 2.60+1.072]

rlr

] (flavor)d 7%
T2 M wEgem WPI 20% tiA Aolart 7t £ o=
H7t=E AT, ol WPIY 2z A7 Aeola S/ €% Hd

WE sl sl FrE FRAE ATE HAY G 50%

[

- 118 -



1
AR

€}
7= S

U

]

¥

o=

Al

A
control£ A}

o =Z
EEREEER-

°] 30% %™ 40,

L
L
L

WP/} 2=ZX] 7 o]

[e)

=

L

1

1

9]
pal

141 7]

Aol=

A]
HE A7

=
=

=l =3
o 1t

1
AR

3T

ES
Z dAEE o&

<89
FA1 7] A Y

o2 ue

controlR U= YA ¥ 7hE Q.

se Azto] o

=3

L

1

Al

ZFE AA T 40% o A
%

bet

i<

3

) AL el

A

7] & % (overall acceptability)= WPI 10, 20% thHA 7

WPIZ o

A

9] #(appearance)> WPI 10, 20, 30% thA| # o] =

. D8 E=Z WPIY

50%

=
o

A 7E A = 7}

2 Holw 20%

0|

;01_
NI
R

]

2 10%7} HF

ofp

A| B

pearson

1

ZEA] A o] A A

5

4

171

[

HE
Wt

correlationS AFZ3}a] Table 299] Y E}

Abo] ol A

il
Hr
0
i[i]
™

)

-—

ol
Hr

~,
;00

ot
Jo
o

o
Hlo

H
ol

—_—

°
N
=)

~,
O

A

1
ol

T

~

o
H
T0
frn

—

X3

—_
o

_&_l
_&_l

- 119 -

55 e deH oz vFo et 2EA Aola



Table 29. Pearson correlation coefficients among sensory

characteristics

Appear

Soft Chewi Moist Mouth Overall
Pore Flavor accept

-ance -ness -ness -ness feelin
9 -ability

Appear |, 150
-ance
Pore 0.949**  1.000
Soft

0.096*** (0.867* 1.000
-ness
hewi
Chewi | | g6g 0853* 0999 1.000
-ness
Moi
oist 0.943**  0.794 0.991*** 0.992***  1.000
-ness
Mo‘_‘th 0.927**  0.788 0.984*** (0.990*** (0.989***  1.000
feeling
Flavor | 0.991*** (0.979*** (0.943** (0.933** (0.895* (0.885* 1.000
Overall
accept [ 0.983*** 0.891* 0.998*** 0.997*** 0.982*** 0.980*** 0.958**  1.000
-ability

* : Significant at the 0.05 level

** . Significant at the 0.01 level

*** . Significant at the < 0.01 level
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rr

Joll Al &2 3F Whey Protein Isolate(WPI)<]

:{o

2 ATE $49
o]}t B4 @ 7|54 XA WPIY 22 tHAIEZ A o
& 7hsAe sl Gotr izt st S 2Ze AEEA WPI
£ 10, 20, 30, 40, 50% 2] H|& & thAst] 2EZR AolaE A X3

l

O

F Aclas ¥4, A% 27, 9¥, FAAA AvAL 08T vl
ATE BB, ohled §F 53 L BFHAAE A5 WP

27z Aggnes A7 2de a3 2okt

1. WPIS] o]3}sts EA4
1) WPI2] pHE 626, A2t 018%°1om S8, AW, &
WA 3 & Jactosed] $HFS Z+7 52, 0.6, 90.7, 2.7, 0.8%,
A SH 2% ¥#e 9umol/g , AlTFE 5.9x10°cfu/gol

2) WPI®] F olm|=ib &2 90.7% 93 1 FolA 4 ofn =

>
e

ool 44.03% 5 AAE AT obH| =it FoM =
leucine, lysine, isoleucine, valine 59 BCAA(Branched
chain amino acid) $#o] =%t}

3) 719 & o3 WPIY &9 & <42 a-lactalbumin, B-lacto
-globulin, BSA(bovine serum albumin)® band”} 33}
S m B-lactoglobulino] WPIY 50%E =}A|sta e o=

bt
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2. WPIY] 7154

1) pHol w2 WPI9} sodium caseinate?] Tl @ &3z ztz)
82~88%, 5~79%° W EZ Uetd WPIS §3ide] ¥ ¢33

2 HYY. £z W3 "= E v sodium caseinate?]
g3/ pHol 93] JFS AT WPIY §314-2 pHol
oja @d3ge WA Xkt

2) WPI9] #3l38& 302.73ml/go 2 339 187.07ml/gHtl =%
o F3¢tFAHS WPIZF 65~97%, F3-S 60~89% KT =

3) WPIS} Wule] 7|2 & de 2 Z4z} 323.33%, 186.67% = WPIZt
of 21 Axo =& VIEIAYES UsH 7EXIFALLES

.

3. WPIS] Ao gt 34ts)s e
ol WPISE 7]& A AlE 242 002, 01%E FH7hsto
60:2°Col A AAZsHA ikt a3E5 SH3I Z3 BHTS
AsAR T = SEARE kst a7t e AS 9T & AATh
FE7IZFe 2 BES) B controld 10.9Y <20t B3| WPI 0.02,
01% H7F712& Z+7b 176, 18.1¥ =2 YEY controlBth # %
71Zko] AAES B FAsA o] FasAT. wepA FikstE
e A AVIE EAF=  RAE(relative antioxidant

effectiveness) = controlS 10022 F S wf WPI 0.02% <} 0.1%
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7171280 1613 166 YEIH O] controlR U+ oF 168 H%

:I.
3T

.
R

o ans ud 99 AndA vehd Fasase 27

BHT 0.02%>AsA 0.1%> WPI 0.1%> WPI 0.02%>AsA 0.02%>

Control>Toc 0.02%>Toc 0.1%2 <]

. WPI9] 2=EX] # 9]

I

F2 vA= &3

1) WPIES thAI g 2EA] Aola wh=o] H|F 2> WPIE t A 814]

%2 controldl HlF] frejHo =z ZHASIH HEF QA A o]

2EA Aola W9 HE9 meringued] oA gutE
A#E BHid. 2ZS dil

sk WPIS] tjA|v]&o] F7tes
2 Wz AxE foHo 2 %713 Q I meringued] o] A
A

SHS Ho 2ZEX Aola wHiFe] MMl FI7FES
Xz Aolzm AF A EZL WPIE tAS Aol controldl
WPIE A8t A2 2EX] Aolmey FEFZFS U
Avl&o]l 10% Aol FEFZoIY & Hid

o, 20%¢ AL controld} FAFSIH T H AHA 77F F
o

WPI tA B &0] 30% ©]dQ 2FEXA AolmadAMes FEF
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5) 22EA Aolze B+ WPI thA] ~EX] A ©]Z7} controlX
=& 7oy WPL Al & uhg F3) Aole
o gidtk. Z3Ho = WPI 10, 20% thal 2EXA Aoz

6) TAAA dAwlAFo R FAHI AEA Alolam @AY wAFxE
o oA “dHF air celle] Z7] L F7} controle] AEX
Aolz®d ¥ Minygy Ry FdsiA vewd. I
FAME WPI 10% Al =EX] A=zt 78 & 7139
FeHj o} dHS BAoh

7) &2EA Aoy B4 T AE, AAAE H AIYALS WPI 10,
20% WAl 2=FEXA AolA7}t controlEth °oF 2v] F= AT
ARE B Aolae =40 F4E AeE Yt
FARAS WPIY thAl f59F Zaglel e &EXA] Aoj=

A Ao e e erych

b AT AME@g)E dANE 10%71 A FALET
7 Al o] Zrhgel we tha ZrbEE Aol
G b dANE o) )M FolE ehnA o}

T AEAE)E BES YT BFS BAFIAH

(<3

2EA Aola YR At o

b1

7b A o] 40% AR
Astga ANEE AN o] FRFE Emolzlon 4
EE woldth weq 2EA Aola YR F AEME)E

WPI thA|Hl & o] S7t&F5 gho] vobx A=7} gholxl= A
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o2 Yehgt
9) 2EA Aelael F oWlwit @ W ofmwite] Fe
WPLY] T A 8] &o] Z7hgel wel F7heen.

WPI 10% WA ~ZA Ao]l=ZE controle] B3] isoleucine,

e

leucine, lysine, aspartic acid7} ¢ 2 ¥ AE=Z H¢om =
g WPIS| thAlv]&o] F71d55 ofritte] ko]l F7ts)
of el Molx ZAs7t A Yety Ao Fojxe A
= Bt

=
I 2EA Alola 27 dAIEE ol8&Y F U= WPIY H

&2 10, 20%7F 7ted A2 ® B

o] Aol WPL tlA] 2=EX Aoz HE FHL o3t
4 #5dq EAAA 713 £ A4S YERd WPI 10, 20% WA
FEAA EGA 30% FEAAE st B £ o 40%
oo ME X && ZARE BRYt. wEhA 2EA Aoz ol

M g7 HA=E ol&ste WPIS 7HE £ tiAlH &2 10%°] 7
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ABSTRACT

A Study on the preparation and qualitative
properties of functional sponge cake

using of whey protein isolate(WPI)

Kim, Chan Hee
Department of Food & Nutrition
Graduated School of

Sungshin Women’s University

Whey is a by-product of cheese manufacture which is drained
from the milk curd. Whey protein was known as a good
nutritional source and a functional material for many processed
food, specially for baked goods.

Whey protein isolate(WPI) was contained about 90% of milk
protein except casein. In this study, physicochemical, functional
properties of WPI and the antioxidative activity of WPI for oil
were measured. Also the substitution effects of WPI for egg in
the preparation of sponge cake were determined by measure of

objective and subjective test.
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The results were obtained as follows ;

1. The physicochemical characteristics of WPI

1) The pH of WPI was 6.26, and the titrable acidity was
0.18%. Among proximate compositions, there were shown
as moisture 5.2%, fat 0.6%, protein 90.7%, ash 2.7%, and
lactose 0.8%. The amounts of active SH group in WPI
was 9 imol/g and total colony counts of bacteria was
5.9x10" cfu/g.

2) The total amounts of amino acids in WPI was 90.7% and
the total amounts of essential amino acids was 44.03%.
Especially, among of them, leucine, lysine, isoleucine, valine
were shown as high amounts.

3) a-Lactalbumin, [-lactoglobulin and bovine serum albumin
(BSA) were shown in WPI as major protein by electrophore

-tic pattern.

2. The functional properties of WPI
1) The solubility of WPI was higher than sodium caseinate at
different pH which were 82~88%, 5~79%, respectively.
By the results, it could be known that the solubility of
WPI was not affected by pH fluctuation.

2) It was shown that the emulsifying capacity of WPI was



3.

4.

higher than egg yolk as a degree of 1.6 times, and the
stability of emulsions made with WPI and egg yolk was
almost same as 65~97% and 60~89%, respectively.

3) The foam forming capacity of WPI was higher than that of
egg white showing as 323.33% and 186.67%, respectively

but foam stability of WPI was similar to that of egg white.

The antioxidative effect of WPI on corn germ oil

The antioxidative effect of WPI and other antioxidants on
corn germ oil used as substrate was determined by peroxide
value(POV) and conjugated dienoic acid value(CDV).

By these results, the order of antioxidative effects could be
defined as BHT 0.02%>AsA 0.1%>WPI 0.1%>WPI 0.02%>AsA
0.02%>control>tocopherol 0.02% >tocopherol 0.1%.

Also the induction period of corn germ oil added WPI was
longer by 1.6 times than that of control(none added any
antioxidant). Therefore the fact that WPI had antioxidative

effect on corn germ oil could be certified.

The effect of WPI substituted for egg on the sponge cake
quality
1) The specific gravity of sponge cake batter was significantly

decreased according to increase substitutional amounts of



WPI, so cake batter was shown as more homogenized
status. Especially, the substitute ratio of WPI for egg in
order to make the best status of cake batter and sponge
cake could be known as 10%.

The viscosity of sponge cake batter was significantly
increased according to increase substitutional amount of
WPI for egg, whereas the syneresis amount from meringue
was decreased, so the stability of batter was shown to be
more desirable.

The cooking losses of sponge cake substituted WPI
(abbreviated as WPI cake) for egg during baking in the
oven was smaller than that made of egg(abbreviated as egg
cake), while the specific loaf volume and expansion ratio of
WPI cake was larger than those of egg cake.

The moisture content and retention capacity of WPI cake
was better than those of egg cake, especially in case of
10% of WPI substitute amount for egg, the moisture
content and retention capacity were the best. But in case
of 30% of WPI substitute amount for egg, the moisture
content and retention capacity of WPI cake was rather

decreased than those of egg cake.

5) The volume of WPI cake made with WPI substitute amount

of 10~20% for egg was increased about 2 times compared
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6)

with that of egg cake showing best final status. Whereas
in case of 40~50% WPI substitute amount, WPI cake was
shown wrinkly surface and hard crumb.

The number of air cell was highly increased and the size
of air cell was more uniformed finely in the cross section
of WPI cake than those of egg cake observed by scanning
electron microscopy. These phenomenon was the best in

WPI cake made with 10% WPI substitution.

7) The hardness, gumminess and chewiness of WPI cake made

with 10~20% WPI substitution were the lowest value
among all cakes including egg cake, so it was shown that
their cake qualities were improved considerably.

In the crust color of WPI cake made with 10~20% WPI
substitution and egg cake, brightness(L) and total color
difference(AE) were almost same, also the redness(a) was
similar between 10% substitute WPI cake and egg cake but
the redness was become thinner upon the increment of
WPI substitution ratios above 10%. While the yellowness(b)
was almost same in all cakes, these phenomenon was
similar to total color difference.

In the crumb of WPI cakes made with 10~40% WPI
substitution, the brightness was almost similar to that of

egg cake, redness was dipper and yellowness was thinner



according to increase WPI substitute ratios.

9) The amounts of amino acids of WPI cakes were developed
upon increment of WPI substitute ratios. Among them
aspartic acid, isoleucine, leucine, lysine of 10% WPI
substitute cake were higher 2 times than those of egg cake.
Upon these results, it could be understood that the brown
color was dipper according to increase of WPI substitute
ratio in the WPI cakes.

10) By the results of sensory evaluation, appearance, air cell,
softness, chewiness, moistness, flavor, mouth feeling, and
overall acceptability of 10~20% WPI substitute cakes were
evaluated better than all other cakes significantly(p<0.05).
But in case of 40~50% WPI substitute cakes, all items of
sensory evaluations were marked lower points except air
cell and flavor than those of egg cake.

According to the above results, it can be proposed that
10~20% of WPI substitution for egg will be better nutrition,
physicochemical characteristics, and sensory evaluations in

the preparation of sponge cake.
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