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Industrialization of Internationally Competitive Fresh Cheese and
Functional Whey Beverage Using Cheese By-product
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O WPC ¥ WPC 7[+-E&E =55 A%

O WPC 7tislEe Eelsshs 9 7|54 A}

O =259 ACE A&&4 H7}
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o AA Aol AFH FAkte AALE A3
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2. In vitro @ SHR 29& o] L3 WPC 7I5E23E ¢ Aetgd A%
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FHE T T AT B AP
olAl &% Lactococcus lactis
NK34& Ah&ste] AdH i
Foll tiafiA ik B UEEd s
3tle. olE A¥E EU=E 3t
5 SM3} La-5, Lactococcus
lactis NK34E Z2Ely #F=2 4
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ST, AT 2 fAY W
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At ~ehel

vivo 28-S
Ze~HE

24 37}
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A is

ksl

(Bioclinical system,
TG, TC, HDL-chol, GOT, GPTE &
ow LDL-F#|2HE2 Friedewald ALt
He A

Ztap o]l A APALES
Folch#S o]&3lo] A

A A3SFIL n-hexane 2

3 high performance

g o @ad
2 ANe 7Y
liquid chromatography(HPLC, Dionex,

Korea)® 743k,

g4 88 # A
phosphate buffer®} hydrogen peroxide
£ #7}%F % hydrogen peroxide® 74
kS spectrophotomterS ©]-&3}o] 240

nmel| A 3037F 543
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(Oﬂg) A -2} Al v AF-AT5xE AFNE P&
b oke] Al71=dl ool
WO olas A 2=z
B2 o gaie] § | o O Erel A A=
A el A (WPC) & EEE | 2o FAEC FAHdA ELE
JE 2 & . N
AEAAR)] FAGHA S w5E
= &
alcalase(Novozymes,
Denmark), protease M(Amano
WPClH  ACE A8 &3} Enzyme, Japan), protease
Qu mEaA Mele e S(Amano  Enzyme, Japan),
97 A . 4 Trypsin(Novozymes,
MEA Ax WD AHFA U
= e Denmark), Pepsin(Yakuri Pure
o
B Chemicals, Japan) & A}-&3}H9]
Agtet aae A4 HAs v
T 2E g
& HAAg gaie) 7S
WPC @ WPC 7enam | WPC g% sk 7hie
o zo| wet Aelstel WPC 7t
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7 g Zqste] IPxd AAE B
24t
WEd AZe SOPHE | @, Bu), 44 5 bg e
ol 98l MAW Zajw | Aol & FAE olLd
wolro] B4 9 Ve X | o tget WhHoeR iksles
A 544,
Lactococcus lactis NK342] A
AL A3 Bl AY, A, B
A%B7)1540 AER FAT Ak wad, gad,
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A 3 & a2

0l
m|

<

=~

A1d A ZAY A= vsAd A= A

L A&

T e AaA] FEEH ] Bol FFEof S5 ol A=Yl WA EA
A z0] 715Ade AT obEY FE SIS 2AE. A= IAdAHE S AlaL
AZ171 A= 8= Alarste] d7ke a7l Wbl Frhske dsRel dF-E 74

7. A7WE
D) AL Wzl he AFEQustste L NSz A

Q5o AL ARV B dolih: AEsel A AV weh AxR wE A=
o o] 53} A4, B 542 2 Afel AL W] EAe

geloja} 7w Axd A =HolnE o]fste] A=E Alxstal Control =9k o]3}sh4,

3) WPC 73} vl A= Az

s X[z FAE<Ql wheyE ol &3te] WPCE Alxstal 271S A= A5 ol H7hshd

4) FHE ANE MEH A2 Az
Soy milkE #H7I3F d8/=2 X=ZZ A Z35F9] Control X =} o]3tstd EAst% #TH

54% xAbske] w Y.

5) HlsA A= B Z=Hpo|oE f{itd AEE AR £



A SN A L WA 908 IE ANE EoR BHEF SV Las

8) AAE HsA =9 WAETE HAE FF HHAQ <l
palaias ‘%‘iﬁ‘ré EE Hs AR = AlgddlA 0, 7, 1444004 &

=1]
=
FAA AHAE &<

rg
o
i)

foi3
.

. Ay
1) ALz ge 94Edusine ¥ NEgze A

7hH Alg: AFFdol AT AFES AFESES. FATF+= TCC-3(Chr. Hansen,
Denmark), &4+ standard plus 900(Chr. Hansen, Denmark)S A28} 2.

W) de A @zt 59 Wst 24 FA 459 A= AR AdE e dHiidE2
Milkoscan(Milkoscan Minor 78110, Foss Co., Denmark)S ©]-&3fo] drkAd 5

= .

thHpH SA: #3821 pH meter(Mettler-Toledo GmbH 8603, Seven Easy,
Schwerzenbach Switzeland)E ©]-&3lo] ¥+9 pHE 543513 2.

2hUltracentrifugations %-8-3+ Lonergan(1983)¢] ®Hel wel Serum casein & 7714
(Ca, P, M)& 43195

np) G ARSI O | aemmli(1970)2] Wil wel SDS polyacrylamide gel A7) %S 2 A&}

vh)Crude B-casein =74 Salam(1974)¢] WS 83t A9
A HlsA A= AR AT el o] YRE ol &ste] A=2E A XS 30mindl $HH
A pHE S48t S3AHS A&

ob) M4 M=o BA: AL AL

A

& AAst] 59 7HAo g AEEYe. o] 3l
Lab 2(Bentley II, Bentley Co., U.S.A.)% o] &3fe] A3 S.

ﬁd
mlo
z 1t
A
oL
o
Ho
fr
2
BN
S
N
N
N
il

Zphu| e d 4 ghstE o] 542 Christensen(1991)¢] Wiol| el kjeldahl'H o2 2 &F3}S]

= .

Wi

b Bl

_

oA x|z Estety dA 7eAd HS FAAAAR A (SEM) 9d x| =
2| Z samples HZAAZ3 & gold coatingdl®] 6.0kvolA TSRS AE=
| wte} 0.1 N NaOH= ZHAste] AAALEE AAelal pHE pH meter(Orion 420 A)=

S, Texture™ RheometerE A}83}9] hardness, cohesiveness, springiness,

*
s

Aot
ol mE
2 rlo

ol



gumminess % chewiness& T35

7H A =9 #AFHAF: Wolfet Donatoni(1979)9] IFT sensory evaluation method % Laws
(1994)¢] WHE 83t 63 AHHEHoE HAAGA &,

2) AZH|O|AE o] &3t HigA X2 AXIVIFAH 2 FF A}
7 AlgE: AFFHelA ATEe AFE AFESIS S, FAlFT= TCC-3(Chr. Hansen,
Denmark), &4+ standard plus 900(Chr. Hansen, Denmark)E A}&3}3 2.

) xj=zd|o] A~ A X 937 = collodioneZ H, B2 cut-off 20,000DaQl =“He A=
3t spiral wound type?l DSS Lab Unit M 20(Denmark)S ©]-&35lo] 253t A5+
2.5 3.

t}) Y&, retentate, permeate 2] : FA] YF9} casein AF = AAHE FHY kAR
& Milkoscan(Milkoscan Minor 78110, Foss Co., Denmark)S ©]&3to] At RS =43}

ol O
e

tH8] A= pH meter(Mettler-Toledo GmbH 8603, Seven Easy, Schwerzenbach
Switzeland)E ©]-&3te] A9 pHE SHsIMS. dF=E Axdd A=E gx=7=2 3t

retentate(X] ZH| o] 2) 2 A28k =9} vl A 515] S

oh) vl A= Al FelodE A9 U gL dEH Wil o =5 Alxs)
Il 30minel A pHE SH3ste] SaAtS B2

FoF A2 A As}o]
& E O Dairy Lab

1 Aoz AFs SR , 2
2(Bentley II, Bentley Co., U.S.A)E o] &3le] #4313 S

AP vl el A 4 3}gHE-o] 54: Christensen(1991)2] Wol we} kjeldahlH o2 A3}

T .

oh) =9 A E3 WAL Laemmli(1970)9] Wl wEl X2 sampleg 7}FAal SDS
polyacrylamide gel 7|9 &S AA3 <.

ZhpH =74: pHT pH meter(Orion 420 A)Z SA 3 <.

2 Ml A= =estetd dAdd 7lsA HS: Texturex RheometerE ARES}Ho]
i

hardness, cohesiveness, springiness, gumminess % chewinessE& 13} <.

7hH =9 #FHAA - Wolf¢} Donatoni(1979)2] IFT sensory evaluation method % Davis
Law(1994)2] WIS 2 235106] 54 2AHTHOo 7 AR Y-S

3) WPC 73 HlgA A= A=z
518

7hH Als: Aol AFHre AdHE AR L. Al4+F+= TCC-3(Chr. Hansen,

of
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Denmark), &4+ standard plus 900(Chr. Hansen, Denmark)S AM&-315 <.

) WPC Alz: v|&sA A= T A FHS ooy e dd I 35%E &4

Al
st WPCE Alxste] ARE3E .

o N

hH g9 Ax: °oﬂ WPCE 7247} 5%, 10%E H7}sto] (=S A %3+ 2 30mine] 3+
o

W% pHE 3450 SIS BRSNS,

2} HlsAd A= B4 9= o}
o2 AYHsS S, AN E 3
Bentley Co., U.S.A)E o]&3} TS S, ] Bas  FeEe =HL
Christensen(1991)¢] ol wlag} kjeldahlB oz A3 S, Laemmli(1970)2] B
w2} %= sampled 7FA]al SDS polyacrylamide gel A7 952 AA 5%

F AL AFste] 157 71H4
Dairy Lab 2(Bentley II,

Ov——
R
o)

il

o At
L)
QL
2
T
N

(i,

N

IN

rlr

\]

oft ‘W

1l

o

u}) pH: pH meter(Orion 420 A)Z SA3A <.

v HlEA X =9 Egetd A V)i 7S5 Texturex Rheometer® A3}
il

hardness, cohesiveness, springiness, gumminess 2 chewinessE& 133 2.

D X =ze] A AA Wolfed Donatoni(1979)¢] IFT sensory evaluation method 2
Laws(1994)¢] WH& S83te] 54 AAFHEHOZ HASA L.

4) FHE HAUIS v X =29 Ax

7H Al A4 ]’\1 Zﬂ:‘l‘ﬂo AHE AFESIRS. FAFF+= TCC-3(Chr. Hansen,
Denmark), 584+ standard plus 900(Chr. Hansen, Denmark)E A}-83}3 <.

W) 48559 Az i Soy milkE 242 5%, 10%S A7tste] =25 A %383 12 30min
of st pHE F743le] SIAFS TS,

o HlEA X zo dubAR FA: dubad ol x|\t
2(Bentley II, Bentley Co., U.S.A)E o] &3}

thuj b e A & 38FE-9] = Christensen(1991)¢] o] we} kjeldahlH o2 A

v .

np) Xzl “wl AR AL Laemmli(1970)9] Wo we} X = samples 7}Aa1 SDS
polyacrylamide gel 7|9 &S AA3 L.

vh) pH=4: pH meter(Orion 420 A)Z =439 2.

AhH &4 Xz EEgerd A Vs HAS 0 Texture= RheometerE AR&-31o]

hardness, cohesiveness, springiness, gumminess 2 chewinessE& T-3}% 5.

op) =9 A=A Wolf2} Donatoni(1979)2] IFT sensory evaluation method %
Law's(1994)9] WS 583k 53 A=W eR AAs%.
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5) M%4 A=) BANNE £ ¢ e Svtrwol=e] g4

}) % polyphenol &% =74 phenol %S Folin—-Denis®eoll wa} v A Ak 54302

t}) & flavonoid &% =4: Z} flavonoids F= &2 % flavonoid %2 aluminum chloride

gel whet w4 A
eh) @tst 24 540 DPPH @tz 27wl 93 &itst 44 S48 =
6) 71€9 Frd it R AHHQ AT Y B4 7 2 ARV AF
7H ARgd
Lactobacillus casei, Lactobacillus acidophilus, <31+ SM (Bifidobacterium longum +

Lactobacillus acidophilus + Streptococcus thermophilus), <3+ La-5 (thermophilic
lactic acid culture)®t ¥ AN ¥ Lactococcus lactis NK34E A3 <

SR 5, 1% pepsin F7F8le] 2A17F5QF HH-S-A1 7,
-S4 B Ae Ene #2 0.1% oxgalls 24A7HEC Halshe], gzl oxgall
Q7 ) vaste] vhEl

th st a ¥ Listeria moncytogenes ATCC 15313, Salmonella enteritidis KCCM 12021,
Staphylococcus aureus KCCM 32395, Escherchia coli 01579 W3] & 3= 321}

2.
e} PabstEsh DPPH 2]z 274502 915198,
7 ARA HEA Aze MAYREE PAS FH A I

7H Al LA A 2= 25 g8 Ao R 225 mle 3A MBS 71sle] stomacherZ A
3}ste] A|lFEAHo T ALLFY S

o A g el o8] dwktS Plate count agar (Difco, USA)E A}F-&3}
A a1, f-AkES Plate count agar with bromo cresol purples AF&3SFATE A+ 2 o
2 violet red bile agarg AFE3SISlS. 2 AHS “FAE9] 7Mr|E 2 AR
2}, 108]% 8], ‘:‘Q?& 5 FHE 3511TColA oF 4847, A& /‘0 & 25+

1ColA oF 723413 wjFalqls. Akt 35£1TColA oF 72+3A17F v et & &

2
<
£ ro
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S, WATF TS pour plate methodE ©]-&3}ar, 35+1TColA oF 24+£2A17F vk

8) Aol Az 2 FF A%

Wob 1F7F pellet®® AgA/ W Fo o RAE "ol WPOoR TEOR Lol
cagedl @ vheld Rel AFHAT, GETL AN 6IFS 470 AABFS FIF A 6
F5o 4E 4ol 671 Folage x

=S ArEa okglem A3E 2ol pair feeding sh
Ad. AHFAY Auems 2242T, 5% 5015%% fAsha, A5S FAste] W124%F,
o

gk 122k 2 2435185

ut

GROUP 1 Nomal control (NC)

GROUP 2 / High cholesterol (HC)

GROUP 3 HC + TCC 3

GROUP 4 J HC + ABT J
» block »
GROUP 5 design HC + NK34

GROUP 6 HC + soybean
GROUP 7 HC + WPC

Induced hyperlipidemia Cheese supplement
for 4weeks for 6 weeks

Fig. 1. Experimental design

A8 Aol= AAFAlo]a (Normal control group, NC)3 1A d %S f-1* (High cholesterol,
HO) , iAES F32o] + TCC oIt (TCO), nAEZF fFialo] + ABT Foit (ABT), aL
+ NK-34 Foat (NK-34), 2AEF &2 o] + Soybean T+ (soybean),
| + WPC 35 Foa+ (WPC) & F 7722 Yo ZF o5 8ulg] wjA s}l o
ol 677t woIdlqls (Table 1, Fig. 1). AolAH#e a5l & W4, AT 45
gk Azl S48l Ad 713 Bt AFSIMES 22 VIR 59k F Ao

Table 1. Composition of the experimental diet
(g/100g diet)

. TCC NK Soy WPC
Ingredients NC PC ABT
-3 -34 bean -35
Casein 18 18 17.4 17.4 17.4 17.6 17.5
Corn starch 50.5 49.8 49.6 49.6 49.6 49.4 49.4
Sucrose 10 10 10 10 10 10 10
Corn oil 10 5 4.9 4.9 4.9 4.9 4.9
Lard 0 5 4.9 4.9 4.9 4.9 4.9
Cholesterol 0 0.5 0.5 0.5 0.5 0.5 0.5
Cellulose 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Vitamin mixture 1 1 1 1 1 1 1
Mineral mixture 3.5 3.5 3.5 3.5 3.5 3.5 3.4
Choline
. 0.2 0.2 0.2 0.2 0.2 0.2 0.2
bitartarate
DL-Methionine 0.3 0.3 0.3 0.3 0.3 0.3 0.3
BTH 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Cheese 0 0 5 5 5 5 5
Sodium cholate 0 0.2 0.2 0.2 0.2 0.2 0.2
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UNC: Normal control group, HC: High cholesterol supplemented group, TCC-3: High Cholesterol + TCC-3
fortified cheese, ABT: High Cholesterol + ABT fortified cheese, NK-34: High Cholesterol + NK-34 fortified
cheese, Soybean: High Cholesterol +soybean fortified cheese, WPC-35: High Cholesterol + WPC-35 fortified
heese

%AIN 93 vitamin mixture contained (in g/kg of mixture): thiamine HCl 0.6; riboflavin 0.6; pyridoxine HCI 0.7;
niacin 3; d-calcium pantothenate 1.6; folic acid 0.2; d-biotin 0.02; cyanocobalamin (vitamin Bis) 2.5; dry
vitamin A palmitate (500,000 U/d) 0.8; dry vitamin E acetate (500U/d) 15; vitamin Ds trituration (400,000U/g)
O 25; vitamin K1 0.075 menadione sodium bisulfite complex 0.15; sucrose finely powdered 981.08

%AIN 93 mineral mixture contained (in g/kg of mixture): calcium phosphate, dibasic 500; sodium chloride 74;
potassium citrate, monohydrate 220; potassium sulfate 52; magnesium oxide 24; manganous carbonate
(43-48% Mn) 3.5; ferric citrate (16-17% Fe) 6; zinc carbonate (70% ZnO) 1.6; cupric carbonate (53-55% Cu)
0.3; potassium iodate 0.01; sodium selenite 0.01; chromium potassium sulfate 0.55; sucrose, finely powdered
118.03

9) @ ¢ 2% 37| A

ARERS AN A 1207 B FAL A F, ol PelH2 viHse] 25 ojEy
czRE WS AHsL AUoE $uF WA HYE. AL 3000rpmel A 303+ A4
2 sl 45 ALTE B oo B4 A X 70T WE ndae. ARFEe &
e AEdel gUAGFel AN F, FFAZ B8 AASND FAS 4 F AAAx
2 A% WEAN T B A AN 70T 9F RBags

100 8% W A2 24

4 o F FU2HE, A, HDL-ZH2HES] o2 a4 H ok AaF8 kit
A 9k(Bioclinical system, 3+H#)& Al&3slo] A3} 1, LDL-Z# ~HEZS Friedewald A2HH
(TC - (HDL-Z#~HEZ + TG/5)S o]&3dte] HA18198

11) o] Ad AE= 53

1.5 mle A Gl JAAAA #F-23ksk 0.5g9 7S 2:1 H]E9] chloroform®} methanolS
HA7rete] 42 F 303t Ao WA &s. AEd] 41> F 2.5 ml9 chloroforms #7138t
24 9k WA|stal = =, 2 3 3,000 rmeHH 203 9 J/]'ﬂ AR5

] =ote] AT F FEEOA FUIES TE AA FAIE SAHSH total
lipid ¥= SAAE. €8FS methanols 718l E’—Eﬂ/‘\ﬂli?)f ZAAMS & AH] AW

7
o3l AL kit A 2K(Bioclinical system, 3H%)E Al8-3ste] A5 L

i

12) 249 Ad dre 24

ko] gk A5 0.5 g& 2:1 H]:E_r«] chloroform¥ methanols #7}3}e] 42 & 3087+
Ao W2 S, AE3] A F 2.5 ml9 chloroforme H7bste] 28 Fot WA Etal SR
= H7Fste] 41> % 3,000 rpmell A 201F AAEE] 8-S AR, SteolA AdS FE5H
AN F FEZEANA F7lES T AlA FAE S48 total lipid & SHAS. €A%
ok

o] methanols F7kste] FFULEESN FAAYS BLH[ARC o3t AFEFE kit Al

(Bioclinical system, 3F=)& ARE3SF] S48



13) 839 HisAH(CD)SA

g4 100 woll 1.1 mg EDTA®F 1,100 gf trisodium cirtrate Buffer (0.064 M)E &% 3
600 wf trisodium cirtrate Buffer (0.064 M)E tA] &3 sle] 2,500 rpmollA] 10 &3+ 94 &

gty LDLE 353519, g3 DL 0.1 M Na-phosphate Buffer 100 1, Chloroform}
methanol(2:1, v/v) 3 ml¢} 32} S+ 1 ml= =3, 2,500 rpmellA 10 #3F 94 #8813
st=lS AAN)7F~2 X3k 3 Cyclohexane 1 mlE #H7}F8}al Spectrophotometer (234nm)
NA SHEA =

14) 7o} HAtstAE (TBARS) 573

v 22 0.5g5 0.1 M NaHPO4¢}F &7 #43}telar 33 mMe] FeSO,, O. 33 mMe] BHT$} 33
mM] L-ascorbic acid <34(1:1: 1)< H7Fskal 37CollA 3083 WAl 10% TCA 0.75
1g A7 ske] 12,000 g, 107 7F fAEY st A5 200 ,uﬂa 0.67% TBA 200 me} 442
3 95T ol Z&ellA 1021F Agetls. Ao = 23 5 1,300 gollA 51t A4l o
04 S NS 540 nmel A 34 A&

15) W8 Y DNA €49 SHS ¢ comet assay

A 20u0S AMF 3] precoating® fully frosted slide Y= Ad3} LMAS] dEtdo] Za1
2 BAEA 3 3 cover glass® Yol 4T WA Bysta s H LMAE A2lg. Cell
lysis 34 7% F 2081 A7 AASE. A7Igse] €3 & 0.4M Tris ¢4%5&
M (pH 7.4)0.82 3] AL 20/ml §E9 ethidium bromide® 3L G A&to] 333
v AA oA BFE CCD cameras £ Bl ZHzbe] MEZ3 image: comet image
analyzing systemo] X" HFE oA 4315

16) 84 W &4 sitst vehyl 24

retinol 2 a-, y-tocopherol ethanol® ©WMA S A4S} n-hexanel & AWE F=3 &
A 7}~E n-hexanes SWAZ). I $mobile phase (methanol : dichloro —methane = 85 :
15)ell ¥ high performance liquid chromatography(HPLC, Dionex, Korea)® =43} S-.
17) A8+ W catalase +4]

Catalase® &4e 28 % Ad o] 50 mM phosphate buffer (pH 7)¢} hydrogen peroxide

= 7} & hydrogen peroxide® 7+A%-S spectrophotomterZ ©]-83e] 240 nmollA 30%
7

&

Ay

8

Ot
dlo

1=

18) A=9] A
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SPSS-PC+ &7 packageg AH&-sto] A stle. Zb ol whe} MiE&3 P X +3iF 4}
(SE)E 8t ¥ o4 A5 fdlAE one- way #4HEA (ANOVA)S A3t F #hs
T3k %], Durcan's multiple range testZ ©]-&3&}o] 7+ o+ 7Fe] FoA zolE AEER S

2-3}(Bigalke 1985).

Table 1. General components of raw milk during storage period

Days of 5C storage

Components - . . E
Fat 3.97° 3.91° 3.91° 3.63°
Protein 3.07° 3.06° 3.07° 2.91°
Lactose 4.68° 4.68" 4.67° 4.46°
TSV 12.58° 12.51° 12.51° 11.89°

DTS : Total solid
7€ Mean values with different letters on the same bars are significantly different(P<0.05).

2) 479 ALAZ T pH 9 W3}
Table 2= 948 A&AF 71200l we pHel Wahg vebd A9,

o ALAG 717ke]l Adel whgp B oA ApolE Y LS (P<0.05). TR A%
o] 99 pHE 6.590H, 29, 3¢9 ;ﬂfl?ﬂﬂ d A9 pHE 247t 6.43, 6.4% AF7)7 2d
A= 2% sl A2 A% 3d F o 6.182 w43 283l
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Table 2. Effect of storage of raw milk on pH

Days of 5C storage

0 1 2 &

pH 6.5° 6.43" 6.4¢ 6.18¢

a4 Mean values with different letters on the same bars are significantly different(P<0.05).

3) Serum casein & §7]2(Ca, P, Mg) &&2] W3}

Table 3% 979 A AZ7|7te] W F7]1H(Ca, P, Mg)9 e Was vepd A<
TEEe A5 9f9 Ca T 0.08%AoH, AL HF7|zke] Ao wEt 19 Fol&
0.09%= Z7tste] 24, 39 Etole 44 4 FAAS

TEWEe A5 4R P e 2.13%%2H, Ca¥ vpA/IA R AL AG7|7ko] Aol u}

A, 29, 3¢ Fole A7 2.14%, 2.18%, 2.26%= F7Vet= ¢S UEhHS. Mgol e
= AYTA 0.09%= 4T S YEAS

fo

2

Table 3. Effect of storage of serum casein on mineral content

Unit © %

Days of 5C storage

0 1 2 3
Ca 0.08 0.09 0.09 0.09
p 2.13 2.14 2.18 2.26
Mg 0.09 0.09 0.09 0.09

4) Casein micelled] A7|Y9%

Fig. 13 o] ¥F9 caseine 22KD¥ 36KD Atolo] &3t as—, B-, k-casein bandZ
YER S 5. 979 A2 AG7|7ke] Adel wet 7|95 B-caseind W37} YEFRS. U

=
a7 A% Ax" sodium caseinate & 71974l I band’t R3] YEHOY A
A7k 713k0] Aol whebd A dde vEblle. ol 22 HVdEde A3 casein?d

FBe dfel AL AYIe] Aol Wk FiHoR o AA Fislel dE Ao A4
F 9 A
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98KD

64KD

S0KD

J6KD

22KD
16KD

6KD

Fig. 1. SDS-polyacrylamide gel electrophoresis patterns of sodium caseinate. Gel was
electrophoresed on 14% SDS polyacrylamide under an identical condition.
Molecular weight standard(a); O days of 5C storage(b); 1 day of 5T storage(c); 2 day of 5T

storage(d); 3 day of 5T storage(e).

5) Crude B-casein 3%¢] W3}

Fig. 2¥ 959 AL A4 7|7k @2 crude B-casein o] W3S el A, T
A% AF 10mlolA FE3F crude B-caseind HFL 0.38go] o, 1Y AL AFH i+
0.32g= gtaste] 24, 39 A& AF7Izko] Awtel wel 0.31g, 0.30g% 94 zto]E e

A+(P<0.05).

A+ 59 casein micelle> T2 Ca®l &S PO (Brunner, 1981) Ca2l &4 3dlol as-,
B, k-casein®] Az A& oA 27 50~300nm(500~3000A)e] UA7F FAE =4 casein
micelled] FAH}A F 259 3k WS (Slattery, 1976; Webb &, 1974 Lenoir 5(1974)3}
Ichilezyk-Leone 5(1981)). Hgt U4 wjA&Eo] ALkl proteaseo] 93l caseino] 3%
A a-casein % B-casein o] A3 AAhE F J5. E A AF A AF Al crude

B-caseine serum casein® = 3| E o] HA7|7Fo] A Gl w} AAHEH= AL &l £ A
o

™ .
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0.5

0.45
s |
0.35
0.3 |
0.25 l:
0.2 : : :
0 1 2 3

Day of storage

Fig. 2. Effect of storage of raw milk on crude B-casein content.

6) ZZrlol Q8 s A7 AEE A% 2 oA S4ve

FA| T Streptococcus salivarius subsup. thermophilus : Lactobacillus delbrueckii

subsp. bulgaricuse 1:1%2 &3+ 543+ 52 TCC-3(Chr. Hansen, Denmark)S &-fFa49l

rennet=  standard plus 900  A|3%(Chr. Hansen, Denmark)S  AF&3F35 2.
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7) HlsA Az Az

’ Raw milk ‘
!
’ Pasteurization ‘ : 75T for 1bsec
l
| Cooling |+ 30~32C
!
Addition of . starter 5%, rennet(3ml/100L)
culture
!
’ Setting ‘ . 6hr
l
’ Cutting ‘ : pH 5.0, curd cube 6~9mm
!
’ Setting ‘ : 20min
l
’ Cooking ‘ 1 50~55C for 1.5hr with stirring
l
’ Whey removal ‘
1
Washing 1st; water at 33~35T
2st; water at 5C
l
’ Packaging ‘ 57T

8) A9 €A 7 coagulation time) M3+

Table 4% 9F9 AL AA7|zh vt AxH HEAH AE2 AXE9  cutting
pH(pH4.75~4.8) =2 A7hA ] A RS YERLS. ek Fig. 3v 99 A& #3717kl
o)t H&A A=z SuAZt] & pH WEE 308 HFow aEz Yehl9le. Table 43
ol FAAZEE 2o ATl frolA ApolE H(P<0.05). 5TlA 39 #7443 At
o] FaLAzke]l 42002 7Hg AA YERR 45 270802 fFoHo= MY #
Al L}E}}AB(RO 05).

]o
ﬁ
=
BN
P
ﬁ
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Table 4. Comparison of coagulation time among storage period of milk

Day of 5T storage

Sample Control"
1 2 3
C. T.? 270° 300° 390° 4207
Cutting pH 4.76 4.75 4.77 4.79

})O day of 5C storage
YCoagulation Time(min)
¢ Mean values with different letters on the same bars are significantly different(P<0.05).

6.4
—&— Control

—— 1 day of 5C storage
—A— 2 day of 5 C storage
—@— 3 day of 5C storage

6.0

56

52 F

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420

Coagulation time(min)

Fig. 3. Coagulation time of unripened cheese.

9) HEAA A= Ax A curd 54
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Table 5. Sensory properties of curds at different storage period of milk

Sensory properties of curd

The particle size of curd was almost equalized.
The elasticity was the best. When the curd
was been heating, there was few floating curd.
After excluding of the whey, there was not

remained any whey in the curd.

The particle size of curd and elasticity was
nearly similar to control, the floating curd was

hardly discovered during the heating.

The particle size of curd was unequal, the
elasticity was bad. There were many floating
curds during the heating, but when the whey
was excluded, a few of remained whey were

found in the curd.

Sample
ControlV
1
Day of 9
5C
storage
3

The particle size of curd was very unequal,
the elasticity was very bad. There were a lots
of floating curds. Also, there were many

remained whey in the curd after the excluding.

Y0 day of 5T storage

10) HI&SAA X ZAZF sludge A

AL Ao wAg &

sludge fragment:= #HAE=7}

AFZFE A 2T x| 2 A

11) =4 X=9 pH W3

o] sludge’} AAAEO] FE&AFE
S do7]o(Angevine, 1973) 29 A-2wy7tgt
(3]

ZH .

Ao A A7l weh Alzd vlsd A=) AF7|E § pHel W3k Fig 49 25
4

Z} sample®] pH9 W3} £2 (0.1 ©
oy A2 M dAS &5 e A

JWRS. weba 5C A 7|3F T+ starter culture 7|4
= Aog Alg=
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49
. }Q.‘\\k\
——C
45
—a—1
43
&3
4.1 =\‘\‘\‘
39 1 1 1
1 5 10 15
Day of storage

Fig. 4. Effect of storage of raw milk on pH of unripened cheese.

C, 0 day of 5T storage; 1, 1 day of 5C storage; 2, 2 day of 5C storage; 3, 3 day of 5C storage.
SR E I ETINEL TR

D H&A4 A =29 FE(moisture) ¥}

ZH vEg A 27 17.6%%2 TR Tl 7+
717ko] Aol uhel FEFFol sl 3d AL A%
69.64%= EHA =

Hlsd A z=e] A7 ool FEFHFS BE sampleol A oA o
A (P<0.05). HI&HA =9 FEIFS F&o FFS vAH 79~80%Atol &
&, ool 7bF 2R dE2TelA FREF] 77.6%% Vel o] &) M 2 AAE YEW

,d
)
10,

Bt
Jo g
s
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90

80

& =1
70 F
B — E—; )

i3

60

50 | | |
1 5 10 15

Day of storage

Fig. 5. Effect of storage of milk on moisture of unripened cheese.

C, 0 day of 5T storage; 1, 1 day of 5C storage; 2, 2 day of 5T storage; 3, 3 day of 5T storage.

2) vl A=9 3&(ash) AF

T |
& A5 AxE sy A= AEEFS 0.62%01H, 1<, 2 A
Hl5A X298 333 242 0.62%, 0.61%, 0.62%= X= sampleo A <]
A]

063 T T
061

0.59

0.57

0.55 1 1 1

Sample

Fig. 6. Effect of storage of milk on ash of unripened cheese.

o] A& A7l whel AzE v K=o 3RS Fig. 63 22
= A

oHd

2 o o

O do Ho
b mfo
2
PNzl
R

il

R

C, 0 day of 5T storage; 1, 1 day of 5C storage; 2, 2 day of 5C storage; 3, 3 day of 5C storage.
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SEEEEECR-CERES

Fig. 79195 969 AL 47730 we Az %y A=) 437

el WaE UHUe. TR AT 942 Azy o
=

d, 29, 3¢ AL AZE Az Axd HsAd A

10.0%% RE A8E5 7t xol7) gl Aom YElyS.,
BE HSA A=A AHAVZEel A wel foHoz okte]l FHS YRS
(P<0.05) o= &9 A= dste] 1] Fy S e Aoz AlRd

12
11 I
——C
—a—1
10 T J_ 5
—-3
9
8 1 1 1

1 5 10 15
Day of storage

Fig. 7. Change of protein content in unripened cheese during storage period.
C, 0 day of 5T storage; 1, 1 day of 5T storage; 2, 2 day of 5C storage; 3, 3 day of 5C storage.

4) Al &A =9 =84 AL 33 E(water soluble nitrogen compounds)e] W3}
Fig. 8ollAl&= Ao A= A7zt weh Alzxzd vsAd X =29 4373t

=

[}

stz WstE Yehitls. e A5 daE Axd visa A=
[e]

]
2o kb 0.018%, 0.82%, 0.094% = 584 A 3o g9 AL AA7|7H
2 fFoHoz ZF7s Ao® YES(P<0.05). FEI BE HsA A 2E AH
]
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0.2

0.16 —

—a— |

0.12
—a— 2
/ /‘—/_‘ &3
0.08 *

0.04 . . .

Day of storage

Fig. 8. Change of water soluble nitrogen in unripened cheese during storage period.
C, 0 day of 5C storage; 1, 1 day of 5C storage; 2, 2 day of 5T storage; 3, 3 day of 5T storage.
5) Hl&A X2 AW (fat)e] W}

Fig. 99041% A% A& Ag710e] met Az W%y 129 437130 F
o WHE YIS, IRV 459 AfE Ax

JQ
N
o
o
ol

FH AHre RS 16.7%%E YEReH, 19 A

2> AdH 9852 Axd A =29 AW g% 16.8%S YEFAAN S, 2Y, 39 A AFH
A= AxE vsAd 22 Agsade 247 18.1%, 18.8% = # <& XVWVPOl Aod 7 =

= EO]X] okol o

S
24
21
——C
—a—1
8 1
—A—2
15
12 1 1 1
1 5 10 15
Day of storage

Fig. 9. Effect of storage of milk on fat contents of unripened cheese during storage period.
C, 0 day of 5C storage; 1, 1 day of 5C storage; 2, 2 day of 5T storage; 3, 3 day of 5T storage.
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6) B &A= BA(texture) ZA

= [

% 53 (cohesiveness)> A% FHE
springiness)< 9|4 23l WS Wil 9= =)
Dl H-A - A (brittleness)> Al &7 F-4
5]-S W3H(Civille, 1973).
Table 6~Table 92 9 A2 A%7|7bel] wet AxH Alsd X2 A7 Qo] &=
dol ¥sgtE v 3

geE e Co1>2>3 ¢o=

AFS B A 37, 2Ye 2FF PR YA WA etre] Z9H, &
J ] ] A ==

r1r ro oo
ol
o T
J8 -
S~
O

(

% H - [} AN o
S B

SHAL AF2AE ofFw Avsd AREE dElls FARA o £AV xE&5F AR
of HeE e AgHe] 2 AoR #5d ¢ glud, dETe 1d A Add df2 Az
M Az R gk Helon, 29, 3d AL AdE di R AxE vsAd A=dMs &
&ohs AFE Bk WS A=) AF 7IRE gokdls B AR TelA freA Aok vehy

o =]
e A HES Adstel 4717 Gol# JUR WEY] AN DL Bl #4
7,&2&

= =
LHERH T 19, 29 A2 AFE 942 A2 cheeses HISE @S HoH, 3
d AL AFE A2 Ax" cheesedlH 7 x2 #e B HIsA A= AR 73T
B ool = ﬂ%é?@r 19 AL AdE dF2 Axd sy A=2s A% 169 Fo FoHow 3t
Zdhe AES dEdlen, 29 A ZVLEJ A2 Axd HsAd A=2s FolHor Flehe
eSS Hom(p<0.05), 3¢ A& Y7 # =2 Axd v A= g Fo]H Fol= g
JARE A Skt AEdS Hla
FARdE CIK2<38 #o= 3% A AH ez A2H v =27} g 2o e
YER 5. Al A 29 A 717 stdd= BE AT F9422 27 (p<0.05).

Table 6. Comparison of elasticity of unripened cheese during storage period

Days
1 5 10 15
C 65.79+4.91* 63.79£5.55" 64.14+6.72" 61.22+2.76°
1 65.55+£2.18" 64.01+7.23* 59.22+3.09* 40.45+4.60"
~ 60.82+11.53° . b
2 63.54+4.28° b 62.51+2.16° 44.08%+4.11
3 55.50+4.28% 55.24+1.82° 48.96+0.71" 47.79%+5.63"

@b Mean values with different letters on the same bars are significantly different(P<0.05).
C, 0 day of 5T storage; 1, 1 day of 5C storage; 2, 2 day of 5T storage; 3, 3 day of 5T storage.
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Table 7. Comparison of cohesiveness of unripened cheese during storage period

Days
1 5 10 15
C 56.27+4.48" 57.95+4.18" 58.15+9.12" 51.01+2.44"
1 57.51+£1.91" 58.71£4.35" 53.90£3.44" 54.50+3.07"
2 52.57£9.42" 51.49+1.31"* 57.09+£1.17* 59.62+1.01°
3 53.03£6.22" 53.06£6.23" 48.92+0.39" 52.98+2.33"

2> Mean values with different letters on the same bars are significantly different(P<0.05).
C, 0 day of 5T storage; 1, 1 day of 5C storage; 2, 2 day of 5C storage; 3, 3 day of 5C storage.

Table 8. Comparison of chewiness of unripened cheese during storage period

Days
1 5 10 15
C 63.15+5.64°  64.11+5.04"  53.82+4.03" = 27.29+2.12°
1 58.89.1.25°  51.14+7.36™  54.67+12.93"  31.56+3.70"
2 61.71+1.87°  62.16+£12.64" 63.78+4.61"  79.09+2.40°
3 86.07+6.77"  88.87+34.47° 110.22+17.31° 108.06+13.44"

2> Mean values with different letters on the same bars are significantly different(P<0.05).
C, 0 day of 5 storage; 1, 1 day of 5C storage; 2, 2 day of 5C storage; 3, 3 day of 5C storage.

Table 9. Comparison of brittleness of unripened cheese during storage period

Days

1 5 10 15

C 2150.53+93.5° 2747.07+102.2" 3064.33+116.5%” 3496.99+318.5°
1 2455.384+380.4" 2627.92+205.6™ 3155.63+300.5%" 3392.55+349.8?
2 2850.38+456.6° 4447.79+£215.0°° 3893.784+142.3" 5115.13+337.4°

3 4797.22+770.9" 4948.75+203.1" 5653.29+£887.6° 5309.10+68.6°

7€ Mean values with different letters on the same bars are significantly different(P<0.05).
C, 0 day of 5T storage; 1, 1 day of 5C storage; 2, 2 day of 5C storage; 3, 3 day of 5C storage.
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) FARAGH A gF HEH A= 27

L
2|
¥

A= AR A A BFES A= AE 4
Cheese®| rheology= VAT Z(G.e g% /‘é—ErﬂQl Ade), 48 AE
(i.e. Solid fat¥} Liquid fat AFo]e] H]E),
1980).
t}& Fig. 10~13% 959 AL A7)k we} AlxE v <54
S FAFAAYE M 7 (Scanning electron micrographs, SEM)o. &2 #2710
ARl UER A BE HSA A= 240 by At doly
.l

T Qo casein micelle®] AFEHHE AZAHo] IERYE o]F7
[e)

r

off mr & mi

SE  26-Aug-08

R < v
SE ~Rug-! 2 i x3. s 22-0ct-08 WD16.8mm 250KV x700

Fig. 11. SEM of unripened cheese manufactured by 1 day of 5C storage of raw milk.
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SE 28-Rug-08 WD14.2mm 25.0KV x3.0k s 28-Aug-08 WD14.2mm 25.0kV k900  50um

Fig. 13. SEM of unripened cheese manufactured by 3 day of 5C storage of raw milk.
8) #57AHSensory evaluation)

<A 2|29 Az HAF H7FE = flavor, body/texture “18] 3l appearance/color® Yo ¥
e 9RY AR AT wEd AxE s =9 AFTIZE Fote] B A Wste
Table 10° YEFH A+

Ao] A& Al Weh u%y A= kel HBIE Aol Table 10914 vEbE] %
259 €.

Body & texturew Wx279 AS=E7F 424002 7H¢ Hstom, A9 A2 AF7|3te] 1
o, 29, 39 AGFF 4.04, 3.6, 34502 HEE7F HojA = AHRE YEUAS. dEz2T74
19 Ae AR Az AZH MEE A= 49 AL 109744 FelHe WL = us
e 29k 29, 39 A AFE DHE ARE MY J2E A9 59 el §
25 YERH L5 (p<0.05).

Appearancet™ WET9 AsE7t 447802 71 =¢kom AF A AA7|te] 14, 2
d, 39E A F F 4.03, 347, 343 0% A3wrt "Hojx e AA%E UElAE. TN
T M= A= XV”VP 15¢de] o] o4 ZpolZ H AR, vmA| AgFoM= 109 W
o o4 ztel& W l5(p<0.05).

Flavorol A& tlz7¢ 19 AL AGdE 72 Axd 54 A=2s 2424 444, 4682
AT E7F =9kon 29, 39 A& AFE 6= 747 4 , 2 N3 E7} "olgs.
Al BE Aol vsAd A= Alx §F Agdde HaE s QLE% wHolou ek 1
A AL @ 72 Axd AlsAd A= 4 AZ7IZE 109704 FoAom Hud & W3}

o
2
o~

T o

k)
]o

e, 12 }m
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7F AR AT 24, 39 WAAY © 92 Axd v N2 He A7 59 vkl fo) A
£ UER A (p<0.05).

WA BE F&ollA A7igte]l &g wet #e Hyrt HAYS. wepA HsA
)z A9 A AF 717ko] AoA4FE body & texture, appearance, flavore A3 =7}
A48 Fo=Non T3 doo AFe A2 A7kl T3 AdE ot UFS BHAF
RIS

Table 10. Sensory scores of unripened cheese during the storage period

Days

Sample Section
1 5 10 15

Baby & Texture 4.24+0.49° 3.8+0.75% 3.4%+0.49%" 2.64+0.49"
C Appearance 4.4° 4.240.75° 3.440.49* 2.2+0.40"

Flavor 4.440.49° 4.0  3.240.40™ 2.440.49°

Baby & Texture 4.0+£0.89% 3.440.49* 2.8+0.40" 2.0+0.63"
1 Appearance 4.0£0.63" 3.4+0.80® 2.6+0.49" 2.2+0.75"

Flavor 4.6+0.49° 3.6  2.840.40™ 2.0£0.49°

Baby & Texture 3.6+£0.49° 2.440.49° 2.240.40° 1.840.40"
2 Appearance 3.440.80" 3.440.49" 2.4+0.49" 1.6+0.49"

Flavor 4.0£0.63* 2.6+0.49° 1.6+0.49" 1.6+0.49°

Baby & Texture 3.4+0.80° 2.0° 2.240.40" 1.440.49°
3 Appearance 3.440.80% 2.840.40" 2.2+0.75" 1.4+0.79"

Flavor 4.0 1.4+0.49" 1.440.49° 1.440.49°

¢ Mean values with different letters on the same bars are significantly different(P<0.05).
C, 0 day of 5T storage; 1, 1 day of 5C storage; 2, 2 day of 5C storage; 3, 3 day of 5C storage.

2

4 MR WANE F 27h 8 RS B5AA Axlel 4717l Frkee] w4
R D)

0) Hl&A A= F&(yield) Wt

Aol AL A7l whet v A =S Alxsto] Alxd HlsAd A= &L Table



Hl A 2| Z27)F 22.81%, 1213l 29, 39 A dF2 e v&EA A =27F 17.63%, 16.42%
FER YR v fFodor #HAasteE A4S HAS(P<0.05).

1o rin

Table 11. Effect of storage of raw milk on unripened cheese yield

Day of 5T storage
1 2 3

Sample Control”

Yield(%) 22.29° 21.88" 17.63° 16.42°

Y0 day of 5C storage
¢ Mean values with different letters on the same bars are significantly different(P<0.05).

iy

A7) A A ALA MARR el Sagel radel Sl Adh A= wWErtt

7] gAdste] At MEAAIAYA @5 M vlo]dE Ao WEYAE FAdshA &

~

3 A sludged Al

o A zHo|xo 9% HsA A= AX7MsY R FED 2A

oA 2 e e A aga B 74 Aol A Aade. dEA
W] Ao AE BE 4o fHol EE. FAHdE 0.5-0.6%9 FHENAo] EfiEo9)
. WA o] AdEvd FA e Theeta Aol E3E dwES 9] o
| F U o A HesAdd=elAd dy EadHa e AVedl @9l
(ultrafiltration)”| = ©]&3}4J(Cheryan 1986) sl2& 4+ A= 7S ZAMNS. B o
o A= g itE o] &3l HALY AEHIE dojxl X =uo] oA X =E A|lxste] A& AR

Ho R Az X =9 FAHIVE HAAS.

D 95/ EAg 27

oift
2
i
=K
ol
o
38
dlo

QEFE (2E Axd7] Ao HISTHHOE 75TCo|A 15%
2) AzAze AgE fAFE e 2t
TCC-3(Lactobacillus bulgaricus, Streptococcus thermophilus)
ABT-C1(Lactobacillus acidophilus, Bifidus longum, Streptococcus thermophilus)

NK34(Lactococcus lactis)

3) X ZH|o]2AZF
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7h w3 s zA

b

3o 7 7)== collodione & ¥, 2} cut-off 20,000Dael =S #A2Fel spiral wound
type?l DSS Lab Unit M 20(Denmark)2S ©]&3t o XA Z5ss. sHAT

(concentration factor)= v 23S F3l 252 =

Table 12. Operation conditions of ultrafiltration for cheese base production

Module DSS Lab Unit M 20
Membrane Gr90pp(Denmark)
Temperature 50T
Inlet pressure 6bar
Outlet pressure 2bar
Quality of the material collodion

Concentration = Volume of Frist feed/Volume of Final feed

) S, retentate, permeate 4]

0 Table 13& AH&3 And 2 sHo3 Erpale] 248 vehy,

Table 13. General components of raw milk, cheese base and permeate

raw milk retentate permeate
TSV 12.92° 20.61° 5.62¢
Ash 0.59" 1.06° 0.48°
Lactose 4.88 4.90° 5.38°
Protein 3.65" 6.52° 0.43°
Fat 3.81° 6.59° 0.21°

a-c

means values with different letters on the same bars are significantly different(P<0.05).
DTS @ Total solid
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4) A= AxEH FH

7H 9H-E o] &3 cheesed AZX
B o] 43k MEA wylo] WA = A%

<

e = F e
5 HTST WH(75C/15x)e2 Aste] 31T= ‘@7”\]ﬁ Ztel A5 K5 starter
9} rennet= F7}ste] pH 4.6°0] 2 wj7hA] 4~64] A A 4.6 8mm cheese
knives® cutting?dr ¥ ¢F 15837 A3 3 S 308 &< 30~38C, L S 30% =<t
38~45T, Y™ #| 30+ &<t 55CT7HA] 9 vERE s A7IWA Ade $x9 s wnk
stHA AR o, L F FHS WAATI L BATE FA A heese§ 33~35T =% 47
AlZ1aL, oA & 5CE WA Z &, sackellA 10417 &<F AAFE 48] A7k curd
2 U835l 5C Yo

I
T2 AR A=E 2= 0}04 A% T dA7IZIMG ARE A F sk EA el o] &8t

32
P,

| Raw milk |
!
| Pasteurization |: 75T for 15sec
l
| Cooling | : 30~32C
l
Addition of
: starter 5%, rennet(3ml/100L)
culture
!
| Setting |+ 6hr
|
| Cutting | : pH 5.0, curd cube 6~9mm
|
| Setting | © 20min
|
| Cooking | : 50~55C for 1.5hr with stirring
!
| Whey removal |
|
) 1st; water at 33~35C
Washing .
2st; water at 5C
l
\ Packaging \ 5T

Fig 14. Traditional manufacturing procedure of unripened cheese.
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}) cheese baseE 9|83} cheesed #A|Z

=M o] A5 o] &3t H|eA]l X = A|ZFZE Fig 15.9 28, 9482 LTLT #H62T
/30E) 0.2 2qtsle] HEA15 252 o] 3EtR e, eoytE o
ZME X2 Az o] &3S, A=ZHo]|AE AR AEE A%

s ARl dETe M LA,

01_4 i
>
Nt
N
=
2
R
off

| Raw milk |
!
| Pasteurization | : 62T for 30min
l
| Ultrafiltration | : CF 2.5
!
\ Retentate \
!
‘ Pasteurization ‘ : 75T for 15sec
!
‘ Cooling ‘ 1 30~32C
!
| Addition of culture | : starter 5%, rennet(3ml/100L)
!
‘ Setting ‘ . 6hr
!
‘ Cutting ‘ : pH 5.0, curd cube 6~9mm
!
| Setting | © 20min
!
\ Cooking \ : 50~55TC for 1.bhr with stirring
!
‘ Whey removal ‘
!
) 1st; water at 33~35TC
Washing o
2st; water at 5C
!
| Packaging |1 5T

Fig 15. Manufacturing procedure of unripened cheese made with cheese base.

7h A& A=9 F&(vield) W3

Table 142 A% 4 Wo] o9& A %3k Controld} X ZH|o] AE o]&3}e] A|x3 X
=9 55 vt

BoAqo A x|=Mo] A2 A 23 =7} Controld] HIE 23%¢] +& 43 Y
AzHo]2g o] &7 A= Az Al AA A 20%E AA S 7 S
Z]
i

3
Aol @A H. 7EAHSRE o5 HE AERIfAA Rajgolmm o



52 92 pHolA HAHEE caseind dASHA Apol7b vk, X =of g o] 3
WEE Xz Jrit A FHEH & SR A N2 a8 A A
g, A z2Hol e A8 o st v RS AAT FEHA. o AS AL T

of A= AxFHS AXEH o W FH HE=2> A glAs
Tk FAANE B o AAA=S} gy HsAd A=) A Tz AFoze] H
o Rt ofye} FO] T AA AF HA APFFE FFel T AT A= A=
3 AEstnz PAHo R vy X2 HA dulATFS 4

Table 14. Comparison of yield of unripened cheese made

with raw milk, cheese base

Sample Control CB cheese

Yield (%) 23.03 28.32

Control : cheese made with raw milk
CB cheese : cheese made with cheese base

W) HsA A =29 §iA]7Hcoagulation time)] 3}

Table 15+ Y9 x| =2Ho]2~=2 A|zH H5A X229 cutting pH(pH 4.6~4.8) =
7R 9] S A ZHS YERH A, E3F Table 162 -23lA[7Ho] W& pH W3S 30F
4

A= Az A QFE 018 Wu pHAF BolHE SEst =

Table 15.Comparison of coagulation time of unripened cheese

Sample Control CB cheese
Coagulation Time (min) 330 450
Cutting pH 4.62 4.76

Control : cheese made with raw milk

CB cheese : cheese made with cheese base
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Table 16. Comparison of coagulation time by pH

Time (min) Control CB cheese
0 6.62 6.6
30 6.49 6.58
60 6.48 6.55
90 6.34 6.42
120 6.18 6.28
150 6.02 6.19
180 5.83 6.03

210 5.58 5.84
240 5.26 5.57
270 4.92 5.41
300 4.73 5.31
330 4.62 5.14
360 - 4.94
390 - 4.93
420 - 4.87
450 - 4.76

Control : cheese made with raw milk
CB cheese : cheese made with cheese base

o "=/ A=9 pH W3}
gk Az=Ho] 2z Alxd vk

e He] W3lE Table 179 %
5. F A A= BF AV S 79

p
o2 pH7F 7433 5(p<0.05).

Table 17. Comparison of pH of unripened cheese

Sample 0 1lweek 2week
Control 4.62° 4.55° 4.41°
pH
CB cheese 4.76° 4.61° 4.46°

¢ means values with different letters on the same bars are

significantly different (p<0.05).
Control : cheese made with raw milk
CB cheese : cheese made with cheese base
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B Q6 D Azdo|ln AxF Az oFeE B4

(1) X =9 gurydBE BN

Table 18 F 7HA Aol ola] Ax3t x| =9 245 e
9

W

.
Azulol 22 ARG 2o YR FFL 2T viaste] mw vdme dxF
ASG BE R Gl T 53 SR FAx Gl AA FAa

Aoz e S(p<0.05).
T 7HA Wl ols] A x3 A= BT FuFE S FALVE PSS AHA
stal J=dl X =zMo) a2 A F3 2= FHA H|So] HERTEY B4 U S

Table 18. General components of unripened cheese made with raw

milk, cheese base during the storage period

Sample 0 lweek 2week
TV Control 27.29 28.54% 29.06°
CB cheese 41.04° 42.39° 43.08?
Ach Control 0.83" 0.88% 0.92%

S
CB cheese 0.86" 0.90* 0.93%
Control 3.95? 3.867 3.74°

Lactose

CB cheese 4.32° 4.24% 4.19°
N Control 11.31° 11.49° 10.89°
CB cheese 22.54% 23.20° 22.13°
NPN? Control 0.723° 0.0728° 0.0813¢
CB cheese 0.0573% 0.0567% 0.0610°%
Control 12.20? 12.36% 12.33°

Fat
CB cheese 12.29° 12.41° 12.49°

¢ means values with different letters on the same bars are significantly

different (p<0.05).

YTS : Total solid.

TN : Total nitrogen.

YNPN : Non protein nitrogen.

Control : cheese made with raw milk

CB cheese : cheese made with cheese base
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@ wude] 27195 BA

K| ZH ol 22 A FGE 2 =9 casein¥ ARG AL sheF BAS Q) daE] A7)
Pl AAYS

AA @wd T FHEMd kel Hiux= dEFe et FAE YElE Aol
kgl ol & Fotslr] fE HUIgs wAE A A Axo fAENd ek
H & A5/ et Ao Ueds. o3 fFddidoe] AsfoA AFo=
olde A& onE

98kD

64kD

50kD

36kD

22kD
16kD

a b c o d

Fig. 16. SDS-polyacrylamide gel electrophoresis patterns of sodium caseinate.

Gel was electrophoresed on 14% SDS polyacrylamide under an identical condition.

Molecular weight standard (a); 0 days of CB cheese (b); 1week of CB cheese (c); 2week of

CB cheese (d).

E A (texture) =34
=

Table 19.= #5532 Wyloz A %3 Controld} X =H|o]Am 2|23 =] EAS
I EACIERAL)

g Al x FSo= =222 A FTE X =7} controlE T H 2 S UE
WS, A7zl dojel wel 7 7A] 22| s ozt fHAsE Jog B
ROt fFojH o F atol7t YEUAIE %+ (p<0.05).

SR T3 Gy mRviA R Azl A2 AlZxg X =9 Fho] control®Th %
A Yebstth F A A2 BF ATk A Fom= ghe] wElyt Aol vEhgA|



S8 controle] X =Ho] 2R Axd X =KT} Fho] =
controlS ko] 7+Aslg o =Moo AR A %3 2= §
A 2 Sk (p<0.05).

FAAe xzwo] a2 AZ3 X =7} controloll B3] A =4 YeElHS. A% 1
T Foll= 7 A= BF gho] oftt Asiloy 25 Fe= 2 W yEiuA %43
o

(p<0.05).
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[ =] o] o 2= o [e]
HA Azes Al FEee Aze =2 F dus s d T U

Table 19. Texture of unripened cheese made with raw milk, cheese base

during the storage period

Sample 0 lweek 2week
Control 76.62° 81.43% 73.25%

Elasticity (%)
CB cheese 90.98* 83.34% 78.48%
Control 70.74% 65.08% 55.47°

Cohesiveness (%)

CB cheese 86.19° 86.27° 80.43%
Control 192.66a 146.52° 133.15"

Chewiness (g)
CB cheese 162.54% 162.22° 155.23%
Control 12974.7% 9683.5" 8727.8°

Brittleness (g)
CB cheese 16122.6° 15337.2% 14412.8°

¢ means values with different letters on the same bars are significantly different

(p<0.05).
Control : cheese made with raw milk
CB cheese : cheese made with cheese base

(4) B%57AAH(sensory evaluation)

T A AzwHo s Az X2 #5AA AA] A= Table 20,3 #E-

HleAd X =9] o2 fula 222 U3t sty ggo] Qlojopg, gk X =
S B2 A FAe FE7F douA] Rofok star Axg YA HolA] ghofof 3w
7be A=A olA] e £ Aluks yEhdlol 3 A2 AWM X =uo] AR v &
A =25 Axsts WHES 2 Fxdd JFS 7A L FdE 4TS F T S E
Alglo] A3l Table 20.9] YEl}o] 2 =Hjo]~2 A|ZH X =+ body & texture,

S

appearance, flavorolA ZA Aol HIZEZE Uede. xA=2Ho|AE AFRd XERE=

Controlell H]s] Huybar wj11e] ¢jFe] EHola FAE G353k Aoz YER S, o]

= HEA Wyo® A X3 Controle wpx|dto] AlH =9} F34 A7 A ARE3H
S =2
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delofst Ao Sf F9 casein o FFo] dojuf AAH Fulsp 2L A o
3RS PAEE WERE 71 B fdo] BHHE BAE Al A A

Table 20. Sensory scores of unripened cheese made with raw milk, cheese

base during the storage period

Sample 0 1week 2week
Control 4.44+0.50* 3.14+£0.59> 1.75+0.46¢
Body&texture

CB cheese 4.81+0.37*  4.34+0.39° 3.05+0.31°¢

Control 4.434+0.42* 3.34+0.46° 2.46+0.49°
Appearance

CB cheese 4.63+0.52* 4.07+0.41°> 3.63+0.35"

Control 4.3%+0.44* 3.45+0.48>  2.54+0.50°
Flavor

CB cheese 4.75+0.46°  3.69%+0.46"  3.06%0.56°

“° means values with different letters on the same bars are significantly different
(p<0.05).

Control : cheese made with raw milk

CB cheese : cheese made with cheese base

. WPC #Asx=

HjsA A zol M a3 Fx2dde AT 74 A WU 713 = el o
S 2AF. AW FAlel whel w2 AERES Zhs AlEo] Al A da. o)W Al
o) FEREAZE AL F Aok LA AXoldA uAY o] st tHdE =
5 99 HAS F2 AR o9l Ede AMEEA & S el EAs= A
= AN F5=(WPCO)S ol&sta] Alde gl 753 7hsAol 3 A+«
o] A= BAo] dustrw MdE FxIEYN E2e & T Ue

1) 9559 A=

7H 3A AR

AT fE BARE SRS
FA = Streptococcus salivarius subsup. thermophilus : Lactobacillus

delbrueckii subsp. bulgaricuse 1:12 &3+ 43 TCC-3(Chr. Hansen, Denmark)
& AHE5HSl .

SF8292 renneti= standard plus 90043 (Chr. Hansen, Denmark)S AF&-%1<-.
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) WPC A=

=
3] = collodion®. & 9, A% cut-off 20 kDa?l =& &2+l spiral wound

type¢! DSS Lab Unit M 20(Denmark)< ©]-&3}%a(Table 1-20). &% %+ Mini
Spray Dryer B-191(B3CHI, Switzerland)S ©]&3}4] inlet 2% 175T, outlet &%

70Ce A YA

JEEEEL DI EROEE SR

A

o) Zgold Wl A% 297} 918

Table 21. Operation conditions of ultrafiltration for cheese base production

Module DSS Lab Unit M 20
Membrane Gr90pp(Denmark)
Temperature 50C
Inlet pressure 6bar
Outlet pressure 2bar
Quality of the material collodion

Concentration = volume of first feed/folume of final feed.

o WPC 7l 9879 A=

Aol A Az WPCE EA]froll 5%, 10% F7Fsto] dafE AX3A=.

o e RIS (p<0.05),
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Table 22. General components of skimmilk, skimmilk added with WPC

Skimmilk added Skimmilk added

Components(%) Skimmilk i ]
with WPC 5%  with WPC 10%
TSV 9.87¢ 12.51° 13.6°
Ash 0.82° 1.16% 1.19%
Lactose 4.92°¢ 5.74° 6.31°
Protein 3.48° 4.16° 4.52°
Fat trace trace trace

¢ means values with different letters on the same bars are significantly
different (p<0.05).
YTS @ Total solid.

2) AZETREH

7hH BAFE o83 HEA A=Y Ax
S HS o] &3 HlsA A= Al WES Fig 17.3 25
SAHE HTST BH(75C/152)o2 At 31TE YAAH S, ¥4
starter?} rennetS H7}ste] pH 4.6°0] 2 wj7pA] 4~6A]17F A= =
8mm cheese knives® cuttingdt ¥ ¢ 15% St =
8T, 1 U 30 & 38~45TC, YA 30 &< 55T7/HA LA WE=R ds 4
HA Aget S g whkstiaA dA sk s, 1%
2 FAEte] cheeseZ 33~35C= WzIAl7]aL, tpA] 3 ¥ 5T
A 10A1RE st AlH S ehds] AlASte] curdg WEStaL 5T
A Axg =25 T2 st A% T A7 A

o o]&sk3l+.
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| Skimmilk |

| Pasteuﬁization | : 75T for 15sec
| Coolling | : 30~32C
| Addition lof culture | : starter 5%, rennet(1~3mL/100L)
| Setlting | © 4~6hr
\ Cutlting \ : pH 4.40~4.85, curd cube 6~9mm
\ Setting \ : 15~20min
| Cooiking | : 50~55°C for 1.5hr with stirring
‘ Whey rlemoval ‘
Waslhing Ist; water at 38°~35°C
2nd; water at 5T
\ Packlaging \ 5T

Fig 17. Manufacturing procedure of unripened cheese made with skimmilk.
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Skimmilk added .
. addition of WPC 5%, 10%

with WPC
I
‘ Pasteurization ‘ : 75T for 1bsec
I
| Cooling | - 30~32¢C
I
‘ Addition of culture ‘ . starter 5%, rennet(3mL/100L)
I
‘ Setting ‘ . 6hr
I
‘ Cutting ‘ : pH 4.40~4.85, curd cube 6~9mm
I
| Setting | © 15~20min
I
‘ Cooking ‘ : 50~55C for 1.5hr with stirring
I
‘ Whey removal ‘
I
) 1st; water at 33~35T
Washing i
2nd; water at 5T
I
Packaging 5T

Fig 18. Manufacturing procedure of unripened cheese made with
skimmilk added with WPC.

3) 23 o 1

7h vlsAd 29 F&(vieldd ¥

Table 232 BAf= Az A= WPCE A7 A= F&2 Hlag A
1)

Hlgo] SRS ol Sk
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Table 23. Comparison of yield of unripened cheese made with

skimmilk, cheese made with skimmilk added with WPC

Sample Control Cheese 1 Cheese 2

Yield (%) 26.38 27.55 33.25

Cheese 1 : cheese made by skimmilk added with WPC 5%
Cheese 2 : cheese made by skimmilk added with WPC 10%

W) vHsA X =29 2 a7 coagulation time)e] W3}

Table 24.& €AF¢ WPC #H7F X172 Azt vHlsA X292 cutting pH(pH
4.6~4.8) =@71A19] SaAAZFS YERH AY. T Table 256% 5-3A|7be] wE pH
W3S 30% H4 o= yerd A

]

]
=

s

G259 WPC #7F EXFE o] A= A 25 vustdS w Control® WPC 5%
A7F A= Az AdE pH A4 29 SaA|te] & zpel7t yx| ks, 28y
42 2£%7} ControlEth =

WPC 10% #7F A=+ pH % Al YRR AL SR A

o 2+

Table 24. Comparison of coagulation time of unripened cheese made

with skimmilk, cheese made by skimmilk added with WPC

Sample Control Cheese 1 Cheese 2
Coagulation Time(min) 330 330 420
Cutting pH 4.67 4.65 4.78

Cheese 1 : cheese made by skimmilk added with WPC 5%
Cheese 2 : cheese made by skimmilk added with WPC 10%
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Table 25. Comparison of coagulation time by pH

Time (min) Control Cheese 1 Cheese 2
0 6.52 6.5 6.47
30 6.44 6.42 6.36
60 6.27 6.25 6.27
90 6.04 6.02 6.19
120 5.94 5.84 6.08
150 5.6 5.55 5.94
180 5.31 5.41 5.83
210 5.14 5.32 5.5
240 5.0 5.18 5.36
270 4.91 5.04 5.13
300 4.82 4.86 4.95
330 4.67 4.65 4.89
360 - - 4.86
390 - - 4.8
420 - - 4.78

Cheese 1 : cheese made by skimmilk added with WPC 5%
Cheese 2 : cheese made by skimmilk added with WPC 10%

th) H|&SA =9 pH ¥}
g4 fek WPC #H7F gAFE Alxd u&EAd Xz HF7|F F pHO ®she
Table 26.3% Z<-.
Control& H|ZEE EE X =7} 2539 A%V 52t Fro)d o= pH7F HA4sgls.
A 25 3¢ pHE Controlel H]Ete] WPC H7F X =71 <ofzF o A4 Y-S
(p<0.05).

Table 26. Comparison of pH of unripened cheese

Sample 0 lweek 2week

Control 4.67° 4.51° 4.36°

pH Cheese 1 4.61° 4.53° 4.44°
Cheese 2 4.57° 4.49° 4.41°

a-c¢

means values with different letters on the same bars are
significantly different(p<0.05).

Cheese 1 : cheese made by skimmilk added with WPC 5%

Cheese 2 : cheese made by skimmilk added with WPC 10%

_47_



a}) H|&A x=9] o]slsta BA

-

(1) Xz dvkgdi 4
Table 27.= @A WPC A7} @A fr& Alxd A=o dWvAE s YEd.
Control¥} WPC 7} x=9] dukA]H < 5 T} =
& BE ARAA WPC H7F A1=9 ghe] o A4 UBS. 539
WPCe] 7ot A Fds] F7hstSla =
D]' Eﬂ lr'i‘ﬂ] q’E}Mm(FKO 05).
WPC 10% H7} X129} WPC 5% 7} A =2E ulwste 2 WPC 10% H7F 2=
7 BE H‘ﬂoﬂﬁ H =2 e YEIYE. °lF 53] WPC 10% #H7F A=7F 5% #
7F Azo] vls AR & §9 IS vElled o] Ad= WPC AAY] & #§9
B 1L%P(p<o.o5).

Table 27. General components of unripened cheese made with skimmilk,
cheese made with skimmilk added with WPC during the storage period

Sample 0 1week 2week

Control 22.19° 23.15" 24.23°

TSY Cheese 1 28.21" 29.10% 30.21°
Cheese 2 30.2° 31.38" 32.40°

Control 0.76% 0.71% 0.74%

Ash Cheese 1 1.10° 0.98" 0.94°
Cheese 2 1.18° 1.14* 1.05"

Control 5.05° 4.94° 4.52°

Lactose Cheese 1 5.17° 4.59" 4.66™
Cheese 2 7.46° 6.27" 5.43°

Control 11.90° 9.53" 9.28

TN? Cheese 1 12.24° 11.57° 10.24°
Cheese 2 12.55° 11.47° 9.99

Control 0.0565° 0.0553° 0.0675°

NPN® Cheese 1 0.0291° 0.0447° 0.0704"
Cheese 2 0.0369° 0.0547" 0.0738°

Control trace trace trace

Fat Cheese 1 trace trace trace
Cheese 2 trace trace trace

a-¢c

means values with different letters on the same bars are significantly
different (p<0.05).

YTS : Total solid.

?)TN . Total nitrogen.

YNPN : Non protein nitrogen.

Cheese 1 : cheese made by skimmilk added with WPC 5%

Cheese 2 : cheese made by skimmilk added with WPC 10%
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Fig 19. SDS-polyacrylamide gel electrophoresis patterns of sodium caseinate. Gel was
electrophoresed on 14% SDS polyacrylamide under an identical condition.

Molecular weight standard (a); O days of cheese made by skimmilk added with WPC 5% (b); lweek of cheese
made by skimmilk added with WPC 5% (c); 2week of cheese made by skimmilk added with WPC 5% (d).

(3) H|&EA =9 EA(texture) SA

A=e] Aufrel uhe cheesedl A7 Fke] B4 Wk Table 28.9 4.

g2 e WPC 5% H7} x=$} Controle] gro] 7b4 =9tm WPC 10% H7F 2=
o] ol 7 WA yEbtE. A7 wete] Wk BE A=Tb 15 A Sl @
ol =i 97 A% Fo ol §ol4

§}7} A kgko ) Control® WPC 5% #7} A
7

%;g* & WPC 5% z47} ) 2>Control>WPC 10% #7F 2= =07 Fho] vrehgte:
4713 Fere] Wake wE A=) gro] felH xpolsk hehbA 3k (p<0.05).
HEYE DAL AFE ARG W) ST e LA UaT EAY



A F 2 AFg x=ek WPC 10% 747} 220 & A 157 = 2 W7 gl
o 253 AH T GolH oz glo] 7AFA L .(p<0.05).

BAAALL WPC 10% H7F A =>ax] 62 Axd X Z>WPC 5% H7F A= ¢o=
Aol RS A7z Bote] wisle @A fw Axd =g WPC 10% H7F A=
= A% 27 Fol ghol FAsIGa WPC 5% H7F A== A 15 Foll gho] 743t
o] 1 Tol= Z M3yl 9 Aoz JERES(p<0.05).

o] AnE TFA LR & vl WPCE 5% H7Hd<s W 7 vigds 45 vERd.

Table 28. Texture of unripened cheese made with skimmilk, cheese made

with skimmilk added with WPC during the storage period

Sample 0 1lweek 2week

Control 80.86" 79.12° 67.55"

Elasticity(%) Cheese 1 89.99° 85.01° 72.85"
Cheese 2 65.86* 63.33° 59.40°

Control 68.89° 79.02° 73.24°

Cohesiveness (%) Cheese 1 82.62° 86.53" 75.36"
Cheese 2 53.80° 56.79° 50.54°

Control 84.50° 76.99° 54.23"

Chewiness (g) Cheese 1 7562 57.10° 48.26°
Cheese 2 70.12* 63.03 3802

Control 5941.7° 5066.7° 3403.2°

Brittleness (g)  Cheese 1 3653.0° 2663.7" 2214.2
Cheese 2 7496° 6958° 4579

a-c

means values with different letters on the same bars are significantly different
(p<0.05).

Cheese 1 : cheese made by skimmilk added with WPC 5%

Cheese 2 : cheese made by skimmilk added with WPC 10%

(4) #5HAHsensory evaluation)
s el = B¥, WA, =4, vZs Frskals. dETet ATzt mE ]
A A= Hs AN A3 Table 29.9F 24
Body&texture:x WPC 5% 7} X ZoA wjirg i StAAS Ho] A3 w7f 5807
7HE wmokow, AT s FolHow H| =1 t

al ook
10% A7F A=9] 45 Az A5 Ao UHA cheesest Bkl o A% 7| 1te]
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2 o]
LER S

Appearances WPC 5% A7} X =9 A3 %7} 7F4 ke, Control® WPC 10%
A7F A= Hae vt UeiR S gA R R A Az A7 F9F 7o
o & W3yl yehA A WPC 10% 27F =9 49 Ag7)17ke] dojdS:
= %):01 frejgor A7 FAsA5(p<0.05). WPCE Fhrate A=olA f4 &3 ol
A= dojrx] ol EAY s}

T Fod a7k 7 AA YR HH(p<0.05). WPC H7He A== a9
o

& mY

= 73 2 B4 e
Flavor Controle] 23}3slal Hlsh ﬁ‘i‘% el o] gkol 71 ket WPC 5%
A7F Az gk w3 ST e Fow we. A7 ¢k Controld WPC

W7t Az B oo Adure gart Y E(p<0.05). o] AdE FHHoR
= W WPCE 5% H7HS w 7P nte4 3 ds=8 yehills

Table 29. Sensory scores of unripened cheese made with skimmilk, cheese

made with skimmilk added with WPC during the storage period

Sample 0 1lweek 2week
Control 4.38%0.74% 3.63+0.52" 2.631£0.52¢
Body&texture  Cheese 1 5.0° 4.63+0.52° 3.25+0.71°
Cheese 2 4.75%+0.46° 3.384+0.74° 1.75%£0.46°
Control 4.63+0.52° 3.38+0.52" 1.88+0.64°
Appearance Cheese 1 4.88+0.35% 4.384+0.52° 2.63£0.52°
Cheese 2 4.63+0.52° 3.50£0.53" 1.75+0.46°
Control 4.75+0.16° 3.5+£0.19" 2.75+0.16¢
Flavor Cheese 1 68+0.52° 3.88+0.83% 2.67+0.53"
Cheese 2 4.4.25%0.46° 3.75x0.71° 1.50£0.53°

a-c

(p<0.05).

Cheese 1 :
Cheese 2 :

_51_

cheese made by skimmilk added with WPC 5%
cheese made by skimmilk added with WPC 10%

means values with different letters on the same bars are significantly different
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Table 30. General components of skimmilk, skimmilk added with soy milk

) ) Skimmilk added
Skimmilk added

Components (%) Skimmilk i i with soy milk
with soy milk 5%
10%

TSV 9.87° 9.98" 10.08*

Ash 0.82° 1.68° 1.79°
Lactose 4.92° 4.75° 4.64°¢
Protein 3.48° 3.47° 3.45°

Fat trace 0.07° 0.16*

¢ means values with different letters on the same bars are significantly

different(p<0.05).
DTS total solid.

2) AZEAR 8¢

7hH 8X|F& o] &3 H|gA X =9 Ax
SR {5 o] 83 HsA A= Ax U
G2 {5 HTST WH(75C/15x)02 A

starter®} rennet<
8mm cheese knives® cuttingdt

A7¥ste pH 4.6°] 2 wi7hA] 4~6A13F AAAZl5. pH
Koy
5

8T, L U 30% &<+ 38~45C, v~
Greh guz wnsiud 999,

HO Fig. 20.37 7S
ete] 31CE YZAAAS. I8 957
6

°F 15%kt AAE ¥ A&

30 &<t
o

HA A3 % FHE

2 A5t cheese® 33~35C=E YzkA7)ar, thA] 3 W 5CE2 BZA A S, sackdl

A 10A13HEQF AAHTE S5 Zﬂﬂ o] curdE WEEa 5C YA BAER LS.
S22 AxS A2E Q22 ot A T dAVIIG ARE AFH s 4

o o]&33+.
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y Skimmilk \

] Pasteuﬁization | : 75°C for 15sec
] Coolling | : 30~32C
| Addition lof culture | : starter 5%, rennet(1~3mL/100L)
y Setlting | - 4~6hr
] Cutlting \ : pH 4.40~4.85, curd cube 6~9mm
’ Setting \ : 15~20min
] Cooiking | : 50~55C for 1.5hr with stirring
’ Whey rlemoval ‘
Waslhing Ist; water at 38°~35°C
2nd; water at 5C
] Packlaging \ 5T

Fig 20. Manufacturing procedure of unripened cheese made with skimmilk.

W) F/E Z71st 948 FE o83 v|sA =9 Ax
FHE A7 AERE ol visA A= Alx W2 Fig 21.9F 2%
=2 L3t %Xl%oﬂ FHE 5%, 10%9] vl&= &33 J85/F= HTST U4
(75C/152)e®2 dAgEs & 31TE JZ489e. o 15%% AZstA Aist

0.
bo mfrol Azksha murst

Glucono-6-lactone(GDL)S 150mLe] ZF<o &35 kil
A 158 AE WA Fde EFES AAS. olHS JHH AL visA A =S A x5S

o

T .
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Skimmilk added

with soy milk

!
| Pasteurization | : 75T for 15sec
!
| Cooling | : 30~327C
!
| Addition of GDL |
l
‘ stirring ‘ : 15min
!
| Addition of culture | @ starter 5%, rennet(3mL/100L)
!
\ Setting \ : 6hr
l
\ Cutting \ : pH 4.40~4.85, curd cube 6~9mm
!
| Setting | © 15~20min
!
| Cooking | : 50~55C for 1.5hr with stirring
!
\ Whey removal \
!
) 1st; water at 33~35T
Washing o
2nd; water at 5C
!
| Packaging |1 5T

Fig 21. Manufacturing procedure of unripened cheese made with

skimmilk added with WPC.
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Table 31. Comparison of vyield of unripened cheese made with

skimmilk, cheese made with skimmilk added with soy milk

Sample Control Cheese 1 Cheese 2

Yield (%) 26.38 27.3 29.01

Cheese 1 : cheese made by skimmilk added with soy milk 10%
Cheese 2 : cheese made by skimmilk added with soy milk 5%
W) HsA X =29 2 A7 coagulation time)e] W3}

SR f2 Az vsAd X292 cutting pH(pH
UEld Ael. w3 Table 33.&% 23uA]7be] & pH

pH #4 Xl Skl & Aol7F YA kg, 18y F
f 10% #H7F A== pH #A £%7} Control®th =24 Yt SaAzE 94 9
& A%

FRHE H7IFOEMN casein WEE ZOA i Thiio] AgS WejstEg FiAZE
o Tt} AT HAE HEWE.

Table 32. Comparison of coagulation time of unripened cheese made with

skimmilk, cheese made with skimmilk added with soy milk

Sample Control Cheese 1 Cheese 2
Coagulation Time(min) 330 330 390
Cutting pH 4.67 4.67 4.71

Cheese 1 : cheese made by skimmilk added with soy milk 5%
Cheese 2 : cheese made by skimmilk added with soy milk 10%
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Table 33. Comparison of coagulation time by pH

Time (min) Control Cheese 1 Cheese 2
0 6.52 6.51 6.52
30 6.44 6.43 6.47
60 6.27 6.36 6.46
90 6.04 6.29 6.42
120 5.94 6.14 6.3
150 5.6 6.0 6.0
180 5.31 5.84 5.7
210 5.14 5.48 5.53
240 5.0 5.2 5.31
270 4.91 4.98 5.2
300 4.82 4.81 5.1
330 4.67 4.67 5.03
360 - - 4.84
390 - - 4.71

Cheese 1 : cheese made by skimmilk added with soy milk 5%
Cheese 2 : cheese made by skimmilk added with soy milk 10%

o w543 =9 pH W3}
gA ok T W7 @AFE AzE s =9 A7 T pHel Wsks Table
s g
Control& H|E? H= X =7 25:3e] A7 g)t ol d o2 pHr #asdi=.
A )

FE d7beke] Al A=A Controld} o] Fukdh

Table 34. Comparison of pH of unripened cheese

Sample 0 1week 2week

Control 4.67° 4.51° 4.36¢

pH Cheese 1 4.61° 4.53° 4.44°
Cheese 2 4.57° 4.49° 4.41°

a-c

means values with different letters on the same bars are significantly
different (p<0.05).

Cheese 1 : cheese made by skimmilk added with soy milk 5%

Cheese 2 : cheese made by skimmilk added with soy milk 10%
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) Hlgy Az olseta B4

steke Table 35.9F &
[e)

=
+. Control? H FngEy RS TR W A=)
B sge 4 &

o al &
Control®. T 7 YEbsts. BE A =9 TFauge 2 A7t gt wodez 371
A A7 F2t Controld = 5% H7F A|=9] 3& I 719 W3t glile
) —‘:r% 10% 7y A== A% 25 F 724:8133(p<0.05)

G A Controle] 7 H7F Az=ET o A Yewta A4717 5t
47‘—123 #hol 7223kl & (p<0.05).
gkl e} 242 Controle] F# #H7F Xz2HY o A YeR2AE7E 5t
Control& W37} glgloy 56 H7F A12E F9F 02 gho] 27189 & (p<0.05).
T 10% H7F A= 5% H7F A =29 s H| of BW 5% 7} x=7} vjckw
B dAE A9s e A o 52 @S JE S,

tw

Table 35. General components of unripened cheese made with skimmilk, cheese
made with skimmilk added with soy milk during the storage period

Sample 0 1week 2week

Control 22.19¢ 23.15° 24.23°

TSV Cheese 1 23.72° 24.92° 26.03°
Cheese 2 24.02° 25.38° 26.20°

Control 0.76% 0.71* 0.74%

Ash Cheese 1 1.20° 1.18° 1.14°
Cheese 2 1.38° 1.34° 1.25°

Control 5.05* 4.94* 4.52°

Lactose Cheese 1 4.17° 3.99° 3.76°
Cheese 2 4.46% 4.27° 3.91°

Control 11.90° 9.53° 9.28"

TN? Cheese 1 9.9° 9.57" 8.24°
Cheese 2 10.56° 10.47° 9.99°

Control 0.05657 0.0553? 0.06757

NPN? Cheese 1 0.0291° 0.0447° 0.0704*
Cheese 2 0.0369°¢ 0.0547° 0.737*

Control trace trace trace

Fat Cheese 1 trace trace trace
Cheese 2 trace trace trace

a-c

means values with different letters on the same bars are significantly different
(p<0.05).

YTS : Total solid.

TN : Total nitrogen.

YNPN : Non protein nitrogen.

Cheese 1 : cheese made by skimmilk added with soy milk 5%

Cheese 2 : cheese made by skimmilk added with soy milk 10%
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(2) HlEsAAZ EA(texture) 54

z9o] dufo WE cheese?d AA7|7F 5ote] 542 W3sli= Table 36.3 #<-.
BEAS Control?h F4 5% H7F A=E A Aolr} gAm T4 10% A7k A=
o] gro] 7M & Ao=E UERS. A7 Eeke] W=

of Fto] FroAoz AT Ao= ‘/]rElrMu(D<O 05).

32 Control>F 5% H7F A =>F1+ 10% H7F A= o= YESS. 447
I Et BE A= SR e Tr~°4Zq o7 W37t UrE]rUrX] 3 }*(D<O 05)

AT 34 U}ZW}X 2 Ax A% Control>F 10% 7} AZ>FHF 5%
7 A= £o 2 YEsE. T 10% H7F A== ;<1ﬂ7]7} st AL Fro ] W«]@Ei
Aastqlar, Controld 7+ 5% H7F X=e A 25 Fol o] FoAog 1A
Ao 7 e S(p<0.05).

TS 57 10% H7F A=>Control>F# 5% FH7F A= <+
ControlZ 7 5% 7F A== AR 25 Fol ghe] #odo= 3
10% A7} A== A% 15 Foll gho]l fodo= Fastal 25 fol= Ha7) gl
(p<0.05).

Table 36. Texture of unripened cheese made with skimmilk, cheese made with

skimmilk added with soy milk during the storage period

Sample 0 lweek 2week

Control 80.86" 79.12° 67.55"

Elasticity (%) Cheese 1 79.55° 70.63" 67.43°
Cheese 2 70.92° 65.22% 58.96"

Control 68.89" 79.02° 73.24°

Cohesiveness (%) Cheese 1 64.60° 66.76° 70.46°
Cheese 2 57.19° 62.30° 65.51°

Control 84.50° 76.99° 54.23P

Chewiness (g)  Cheese 1 78.78° 75.87° 55.58"
Cheese 2 67.85° 57.38° 37.09°

Control 5941.7% 5066.7° 3403.2°

Brittleness (g) Cheese 1 4113.1° 3638.6° 2636.2"
Cheese 2 7716.4° 5193.7° 4901.0°

a-c

means values with different letters on the same bars are significantly different
(p<0.05).

Cheese 1 : cheese made by skimmilk added with soy milk 5%

Cheese 2 : cheese made by skimmilk added with soy milk 10%
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(3) #5=7AAHsensory evaluation)

A7) ko] mE A X =9
Body&texturet Control® d<7} 713
FARFA . A7 w9 B
2 HJFA A =E Az}
Aog WY o=
g3 A9 {4,
Appearance A
Tt W =2 Aew yese. A7z
2283 2 (p<0.05).
Flavor¥ Control¥} Fr% 5% H7F %
10% A7} A= Aaes YA UEk
2o Z}J_o}ii%(p<0.05).
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Table 37. Sensory scores of unripened cheese made with recombined
milk, cheese made with skimmilk added with soy milk during the storage

2 723 S(p<0.05). ¢
=

period

Sample 0 lweek 2week
Control 4.38+0.74% 3.63+0.52" 2.63+0.52¢
Body&texture  Cheese 1 4.23£0.74° 3.38+0.92" 2.63+0.74"
Cheese 2  4.08+0.52° 3.13+0.64° 2.03+0.64¢
Control 4.63£0.52° 3.38+£0.52" 1.88+0.64°
Appearance Cheese 1 4.48%+0.35% 3.36+0.76° 1.75+0.46¢
Cheese 2  4.12+0.52° 34+0.53" 1.76£0.53¢
Control 4.75+0.16° 3.5£0.19" 2.75%0.16°
Flavor Cheese 1  4.63£0.52° 3.25%£0.71° 1.88+0.64°
Cheese 2 3.69+0.70°  1.88+0.64"  1.63£0.58°

a-c¢

(p<0.05).
Cheese 1 :
Cheese 2 :

4) 22

cheese made by skimmilk added with soy milk 5%
cheese made by skimmilk added with soy milk 10%

=

=gl ALgstol

means values with different letters on the same bars are significantly different



oF s Ahaue A% At BaF

.

AHE7HESE soy milkAAFS B AHelA 5% vehe. o o4 FHAE T
Mgl ole) vzt EAZE AT+ % wEEAAN SHEVE AZE Azn

o XPARE A =2gg o2 AMS V(PRI Y AFE e R Aow AR E,
v, HlgA X129 REI7IAE FY & & flavonoid B4

b, Zv), Ware] Hehuicol

b 2~
— = T
o] X% 10% W= Yelsts. 24 589 ¥ polyphenol &% 54 23 BE F5

ks

g4 F=9 HlF) ek FES AAT H9 ZS %9 polyphenol ¥ flavonoid7t 7
HAL. A A AR F O FEE 1 g9 3275 mgE dugdY dere FEEA M
B st Subg A o ES FEEOA 1g @ 183.95 mg®E

Table 38. &g, 95 FE2E 1L, F ZYds &§F € F SR ol= TqF

Total polyphenols Total flavonoid

. ) Solids contents content content

Materials Extraction . i
(%) (mg quercetin (mg quercetin

/g extract) /g extract)
Ethanol 4.46%0.2 372.5+%6.85 183.95++11.3

Onion peels

Hot water 8.31+1.20 120.6x%6.05 54.5++5.21

Ethanol 1.85+0.20 133.82%+4.9 44.59+1.79

Black rice meal

Hot water 11.85+£0.35 24.42+2.52 4.12+0.56

Tangerine Ethanol 4.75+0.12 82.30%£1.95 19.19£2.13

peels Hot water 2.95+0.22 56.40+2.13 11.18+1.82
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Table 39. Agr&, A4 %2Ee| DPPH @z 2A4% 23

Materials Extraction DPPH radical scavenging activity (%)
BHT Positive control 89.72+£2.03
Onion peels Ethanol 72.25%x2.74
(0.2 mg/mL) Hot water 49.68+1.55
Black rice meal Ethanol 87.14£1.14
(Img/mL) Hot water 20.08%1.05
Tangerine peels Ethanol 21.16%+1.53
(Img/mL) Hot water 21.14+1.38

A 71ES BRE HAF D YA HA4F A7

A
J{m
oX,
g
-4
)
Y
o
N
off
oX,
oY
olN

D AT

AL d5F T 47YA (Lactobacillus casei, Lactobacillus acidophilus, &%+ SM
(Bifidobacterium longum, Lactobacillus acidophilus, Streptococcus thermophilus), <3t
5 La-5 (Thermophilic lactic acid culture)e} A ZoNA #2ld e A 5

Lactococcus lactis NK34Z lactobacilli MRSHIA| & A}-&3Fo] wjoksl & A ESH L.

2) WAkg 2 UgsA
Lactobacillus casei= WA 55.8%, LH%‘%J 68%, Lactobacillus acidophilus= WA
3.6%, WE54 76.6%S UEINA oW, 23t 391 AHA UiHd, EgsdS

9 = glley, o5 HFE W}i wEste] ARESERES W, SMe wEEIT
(Lactobacillus crispatus)®] WA 70.5%, WEEA 280%S e, La-5 EE#5
(Lactobacillus — acidophilus)®] WAHd  55.2%, WEFAd 132%s AT F+= A&
Lactococcus lactis NK34+= WAHG 1.6%%2 Sekoy, WEEA 100%2 vlwd =4 el
e

3) FaaT

WA Listeria monocytogenes ATCC 15313, Salmonella enteritidis KCCM 12021,
Staphylococcus aureus KCCM 32395, Escherichia coli 0157 ths] 4 ay=s HES
A3}, Lactococcus lactis NK349] 797, Listeria moncytogenes ATCC 153139 S 3t
Fads Hepdilow, ol AT A8 dFES I EH/E YER A Sk

4) &Aksta

DPPHol 9|3t gitslss 16l o™, Lactococcus lactis NK34 (5.6%) > Lactobacﬂ]us
casei (4.8%) > SM (4.3%) > Lactobacillus acidophilus (=)> La-5 (=) 9.2 YElY:
Axtg oz drtstadts e 7ol Qo] tof nH|Ee .
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of. BAH WS A= WAETFA AAA

1) &d<5 (total plate count)e] W3}

Fig. 222 cottage cheese sampleE9 F9 WHEE YEMAS. HE2TY FH5E
79A STbe T 1494 FaskE FAE UEtllod, 2 kel 0.7 Log cfu/go®
n v &9, 5% soybean flourE 7} 79-9F WPC35, 5% soybean flourZ 37} 729
= U4Y7Hx] 2 WEE vEhA oy, @ iE AP d4E ol &AM vk
cottage cheeseo|A %= 7AA 0.4 Log cfu/gel S7Fetslon, 14dAd = X5 A<.

1

ju]
SEl!

-]
T

5 o

it e 17

3 4 mod

7d

2 1 o
Ol4d

1

0 - T

Control 5% Soybean WPC35, 5% Ulerafiltration

7t Soybean ¥ 7}

Fig 22. Total plate count per gram of cottage cheese during storage
(0, 7, 14 days) at 5C. The value is represented as Mean=S.E.

2) ALA M (psychrotrophic bacterial count)®] A3}

A=A At A5, AE o SIS HAaAT|= do] He Aow oA
<. Fig. 23+ cottage cheese sampleE2] A4 A2 WIE YHERAS. A=A Al
T WET, 5% soybean flourE #H7Fsk 749, WPC35, 5% soybean flourE #7}st 7
-9 A5 T WEet fAsHA e S el dE AEd dtE ol &M whE
cottage cheesedl = 0¥Aol] 3.5 Log cfu/glE W 7S YelHAA R 7AA ] 0.4
Log cfu/g, 1494l 0.6 Log cfu/gl 2 7}t e, 1494 = XE cottage cheese°l A
AL AT 7h 4.2-45 Log cfu/gs YERA ZAS G0 F dslen, deoqd3s d+E
o] &3t A5 ALstale, 27wt 14YA e & W JERA] ke
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]
Hed
5 -
R T
=R .
u -
3 4 Bod
o7d
2 -
o1ad
1 4
0= Y T T
Cantrol 5% Sovbean WPC35, 5% Ultrafiltration
H 7t Soybean H 7}

Fig. 23. Psychrotrophic bacterial count per gram of cottage cheese during storage
(0, 7, 14 days) at 5C. The value is represented as Mean*S.E.

ARt cottage cheeseE A4S AAtete]l ¢/ T 7HAIYY rennet®] i, A=RH
B wheyel wj&=3, v X, o9 AH A & vt 9= & Fig. 24=
=
=

o510
1 =
cottage cheese sampleE2 e A 5. ghej o] 23t
cottage cheese® 4%, f2k#7} 3.2 Log cfu/gell 4] 3.7 Log cfu/gl &

M| T2 cottage cheese™ 14Y F9H9] FAkA9] W= vl A A5

&
Sita
5
4 1 3 13
3
3 4 wod
2 J o7d
D1id
1 4
0 = T 7 q
Control 5% Soybaan WPC35, 5% Ultrafiltration
HIt Soybean H 7}

Fig. 24. Lactic acid bacterial count per gram of cottage cheese during storage
(0, 7, 14 days) at 5C. The value is represented as Mean*S.E.
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Z}, H]EA X = 2 ZZulo]o " $AH 2eE Y in vivo A

37t

1) AFsF7=

AA7E T ATS

O 1o

lo

Table 38. Effects of various starters fortified cheese on Body weight gains, Food

fy= s 3 /\10
59l 2ol

2 A8 "J1e

e A&
<(Table 38).

, Aol Aolmgdl WAE J%
7}eke NCF HCEol vla) TCC-33ol A feld 0@ vl vhepd o,
# e NCol Hlal TCC-32el4 fedem A Yehgon Holagelds &

webA TCC-3 A7b Alole] A7 A%

intake and FER in rats fed high cholesterol diet

Body weight gains (g) Food intake (g/day) FER? (%)
NCY 35.63+5.467%" 18.83+0.31° 479+0.69°
HC 41.88+4.42° 19.54+0.19% 5.47+0.55°
TCC-3 19.88+3.28° 21.22+1.64° 2.40+0.37°
ABT 29.13+4.80% 19.10+0.31° 3.87+0.62°
NK-34 33.38+4.12° 19.47+0.25% 438+0.53°
Soybean 35.38+2.58" 19.18+0.23* 471+031°
WPC-35 35.38+2.76" 19.61+0.13% 4.62+0.36°
UNC: Normal control group, HC: High cholesterol supplemented group,

ZHE Ast 4

el Gah Y Ao

Cholesterol + TCC-3 fortified cheese, ABT: High Cholesterol + ABT fortified cheese, NK-34:
High Cholesterol + NK-34 fortified cheese, Soybean: High Cholesterol +soybean fortified
cheese, WPC-35: High Cholesterol + WPC-35 fortified cheese

YFER : Food efficiency rate.

YMean=SE.

YValues with different superscript within a column are significantly different at p<0.05.

2) ZA71FAC vAe FF

A ol7F el 100gd F71FAl vAE Fd&FS Table 3991 YERNAS. 2He] FAE
NCol| Hl8] BE oA F9gHoz =9ka E3] NK-347 oA 71 =& G948 298,
Aol FAE HCHol ¥l NCi3k NK-3470llA ooz w2 Zoz veys. v
49 NK-34ro] th& ol Hlal] foldoz A yetwon, A4 FA= NCo Hls|
ABT9} WPC-35 wellA oA o s vtA YersS.
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Table 39. Effects of various starters fortified

kidney in rats fed high cholesterol diet

cheese on liver,

heart, spleen and

(g/100g B.W)

Liver Heart Spleen Kidney
NC? 2.19+0.05%2 0.33+0.02¢ 0.16+0.01° 0.60+0.01°
HC 2.83+0.07° 0.29+0.01° 0.16%0.01° 0.60+0.01*
TCC-3 2.64+0.05° 0.30+0.01%° 0.17+0.01° 0.57+0.01*
ABT 2.74+0.08" 0.32+0.01%° 0.16+0.01° 0.56+0.01°
NK-34 3.11+0.15¢ 0.33+0.02" 0.21+0.02° 0.57+0.01%°
Soybean 2.92+0.07“ 0.29+0.01%° 0.18+0.01° 0.57+0.01%°
WPC-35 2.82+0.08 0.30+0.01%° 0.160.01° 0.56+0.01°

UNC: Normal control group, HC: High cholesterol supplemented group, TCC-3: High Cholesterol + TCC-3
fortified cheese, ABT: High Cholesterol +ABT fortified cheese, NK-34: High Cholesterol + NK-34
fortified cheese, Soybean: High Cholesterol +soybean fortified cheese, WPC-35: High Cholesterol +
WPC-35 fortified cheese

“Mean=SE.

Malues with different superscript within a column are significantly different at p <0.05.

3) 85 A4 v=d vAE 9F

ekt 2BEHE o] &3 s A=E B gFE A9 4945 AdS ST 2 A9 2
= Table 30 YeERNRlS. HCol B8] TCC-3, ABT, NK-34ol A TCE AsA7]E= &
W7 eSS, TG 2§, TCC-3, ABT, NK-34, soybean oA HCol w3 TGY F+<&
s 1Yo E3 TCC-39 soybean oAl NCEU FoHorw o =239
YR 1. HDL-Chol &%+ NColl mla] RE ol #Fo4om v yegton
A2E B3dFe 73 HC o F94 Aol wAdd 4+ §llS. 181 LDL-Chol
NCell vl&] HColM A Yebwta, ABT, NK-3470lA 9% Ao]S Ho] ABT %
NK-347} LDL-chol& A3tA17]+= &35 Y-S, GOT 5%+ NC Erd HCOAA =4
Uelgon Hl&A AZRFAAFHT BFA GOT 55 955 a¥s Beon 53] ABT
oA BEE ayE HAS

o off ME

FOA b e
e ox mlm l‘lF

A

=
[}
A
T =
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Table 40. Effects of various starters fortified cheese on lipid profiles in rats fed high

cholesterol diet

TC TG HDL-Chol LDL-Chol GOT GPT
(mg/de) (mg/d2) (mg/de) (mg/d%) (UM u/m
NCY 85.00£2.519*  66.88+5.38"  40.25+4.00° 31.38+2.88*  80.75%5.34%® 38.88+1.88™¥
w . . W 115.75+13.17
HC 122.8849.55°  78.25+4.53° 18.38+0.96° 88.85+10.01 . 47.8843.38
TCC-3 103.3843.14°  54.00£2.71* 21.2942.47% 73.95+5.63>  77.25+3.55% 48.38+6.70
58.50+2.44"
ABT 100.38+3.72° . 20.88+2.01°  67.80+4.79"  62.63+1.40° 39.13+4.03
58.63+2.86°
NK-34 103.88+4.41° . 24.88+2.64°  67.28+4.40° 91.38+10.76°  52.63+7.31
Soybean 135.88+6.94°¢ 55.254+2.40% 26.00£1.78*  98.83+5.93°  75.25+5.39®"  42.63+3.02
. 59.254+2.90°
WPC 113.88+3.26" . 22.75+£2.30°  79.28+3.14™  79.25+3.90"  44.63+2.02
UNC: Normal control group, HC: High cholesterol supplemented group, TCC-3: High

Cholesterol + TCC-3 fortified cheese, ABT: High Cholesterol + ABT fortified cheese, NK-34:
High Cholesterol + NK-34 fortified cheese, Soybean: High Cholesterol + soybean fortified
cheese, WPC-35: High Cholesterol + WPC-35 fortified cheese

YMean=*SE.

PValues with different superscript within a column are significantly different at p <0.05.

YNS means not significant.

1) 2o A AR MAE 4%

AU A DAL= F2 Frol A o] FAX At nZY A F Aol HFHE Qdle] FrolH A
H -] AdAHoR AR wEE A o AYtS xSl g, webA] 7k Fd 2~
HE s55 AddAatd mA= 93S 4817 93 Fa3 Ax= 288 & e & A7
NAMe] 7 Fo FAA, TAAE P FFU2HE SdF 54 Ay Table 413 2
total lipid, TG, TC =% NCztol H]&] HCw oA F9des =4 Jets. 28y n%

= 3
A =25 AFAT BE oA total lipids HCOF 94 AfolE HolA| &gort TGS TC 4
T2 HSAAZRE BHSAFHET BE oA fFodom gyl aE
TCC-3%} soybeanw oA TG Aslel st axs YeliAE.
soybean, ABT, WPC-35 «2& &%= Jehlon, TCC-3¢ A

g avs Bile
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Table 41. Effects of various starters fortified cheese on liver total lipid, triglyceride

and total cholesterol concentration in rats fed high cholesterol diet

Total lipid (mg/g) TG (mg/g) TC (mg/g)
NC? 93.60+5.49" 3.61+0.06" 1.9640.07°
HC 105.20 £26.54°C 5.96+0.32¢ 9.77+0.10°
TCC-3 67.40 £13.30 4.1340.23% 1.954+0.10%
ABT 75.26 £12.04° 5.04+0.24° 2.2440.11%
NK-34 71.93 +16.44" 4.7240.30"¢ 2.4040.12"°
Soybean 70.83 +£12.48" 4.06+0.18% 9.2340.09°
WPC 131.12 +19.02° 4.77+0.19"¢ 2.56+0.12°¢

UNC: Normal control group, HC: High cholesterol supplemented group, TCC-3: High
Cholesterol + TCC-3 fortified cheese, ABT: High Cholesterol + ABT fortified cheese, NK-34:
High Cholesterol + NK-34 fortified cheese, Soybean: High Cholesterol + soybean fortified
cheese, WPC-35: High Cholesterol + WPC-35 fortified cheese

“Mean=SE.

YValues with different superscript within a column are significantly different at p <0.05.

5) X9 XA WA=zl WA= IF

S X3 A= Table 429 22
FTA A A2 NC2F HC Alolol= FY 4<% Abol7b §llem, soybeanvoll A Y53 =2
A% ehRe. TCE NCZol wlsl HCwolA el o

AN

MES e Aow AR,
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Table 42. Effects of various starters fortified cheese on fecal total lipid, triglyceride and total
cholesterol concentration in rats fed high cholesterol diet

Total lipid (mg/g) TG (mg/g) TC(mg/g)
NC? 19.80+1.572% 1.2840.04" 1.56+0.13°
HC 22.82+1.56° 1.38+0.03" 3.03+0.15
TCC-3 21.753.15° 1.3620.04%" 3.41£0.11™
ABT 29.00+1.96° 1.25+0.04% 3.88+0.13%
NK-34 64.97+33.81° 1.3620.03% 3.93+0.30°
Soybean 182.50+£44.78" 1.48+0.10° 3.24+0.14°
WPC 93.63+63.18 1.51+0.07" 4.53+0.16°

UNC: Normal control group, HC: High cholesterol supplemented group, TCC-3: High
Cholesterol + TCC-3 fortified cheese, ABT: High Cholesterol + ABT fortified cheese, NK-34:
High Cholesterol + NK-34 fortified cheese, Soybean: High Cholesterol + soybean fortified
cheese, WPC-35: High Cholesterol + WPC-35 fortified cheese

?)MeaniSE.

YValues with different superscript within a column are significantly different at p <0.05.

6) @3 2 ko] X AZ}4LE| mX= FF
gl ) AAE A AH}ASHEQ] conjugated dienes (CD) % FhoA9] TBARS #4]
Table 6°] AA3FFS. CD2] 79 HCollA NCell H]s] = AyAatsts AgAdo] Folxo=
Elgtom, v tpekgt AEEE ol &3 HlsA X=2E BFAAFAT LA e sk 4
. 53] ABTw A= NC 59 s5& HIQoH o= HisA X=e] HE3d37F A d 74t
= AAE dAIsted 44 A8 st Ae®E AlsR. 1y 119 A A AAEsHESl TBAR

E
l'l_.
_L

-

To -
=~ ool
mlo

AOL £ & oo

E

wn
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Table 43. Effects of various starters fortified cheese on oxidative lipid of plasma and
liver in rats fed high cholesterol diet

TBARS (nmol TBARS/g

CD (uM) )
liver)

NCP 3.8540.132%% 0.057+0.003™"
HC 4.34+0.16° 0.060+0.003
TCC-3 4.1740.13" 0.055+0.003
ABT 3.57+0.16° 0.059£0.003
NK-34 4.3040.14" 0.058+0.003
Soybean 4.31+0.19" 0.055%0.002
WPC 3.954+0.11*° 0.062+0.003

UNC: Normal control group, HC: High cholesterol supplemented group, TCC-3: High Cholesterol +
TCC-3 fortified cheese, ABT: High Cholesterol + ABT fortified cheese, NK-34: High Cholesterol +
NK-34 fortified cheese, Soybean: High Cholesterol +soybean fortified cheese, WPC-35: High
Cholesterol + WPC-35 fortified cheese

?)MeaniSE.

PValues with different superscript within a column are significantly different at p <0.05.

NS means not significant.

7) ME o] DNA &A% v X&= g3

N
N
e
k]
D)
uy

F 2olE HAFste] nAEFol fd FHoAA 4537 e ~ElEE X
=25 H3AFH AN 5 WEY DNA E4AFEE comet assays: ©]&3dte] EAEHA
S-(Table 44) 1 A3}, Tail DNA®} Tail momentol|A+= 2242 Z}fo]E Ho|X|
Tail lengthol = NCe HC Alolol A& zfolE& WERNA] gkont, NCe TCC-3, NK-34,
soybean ¥ WPC-35 <+ A}oJollA] DNA &7do] fojdo=z fHishe AR YES.
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Table 44. Effects of various starters fortified cheese on leukocytes DNA damage in

rats fed high cholesterol diet

Tail DNA (%) Tail Moment Tail Length (um)

NCP 6.414£0.412"Y 1.43+0.13™ 14.30+0.80""
HC 7.23+0.50 1.57+0.19 12.89+0.71%"
TCC-3 6.51+0.47 1.31£0.17 11.17£0.60°
ABT 7.31£0.43 1.61£0.19 13.0940.81%"
NK-34 6.2840.40 1.2540.13 11.2440.47°
Soybean 6.73+0.23 1.3840.09 12.1940.31°
WPC-35 6.26+0.34 1.2140.09 11.4240.65°

UNC: Normal control group, HC: High cholesterol supplemented group, TCC-3: High
Cholesterol + TCC-3 fortified cheese, ABT: High Cholesterol + ABT fortified cheese, NK-34:
High Cholesterol + NK-34 fortified cheese, Soybean: High Cholesterol + soybean fortified
cheese, WPC-35: High Cholesterol + WPC-35 fortified cheese

“Mean=SE.

YValues with different superscript within a column are significantly different at p <0.05.

8) % A& IASEH Frd A= FEF

B Ao EA13E Retinol, y—tocopherol FX=oA NCitoll H]sFe] HColl A we 7Haks
B o a-tocopherol H%EE NCd HCHE Abolol A folZ ¢l ztolE YeERAS (Table
45). Retinol®] 7% BIHEAXNZE AFI ZE FolH NCo e 5o 58 How,
WPC-357 oA HC# Bt} fojdo= =2 5% & YERAS. a-tocopherol 2| %29
BHEAH dE a3 gilen, y-tocopherolol A= NK-34w3 WPC-35el 4 HCi*l
T Fos HepdoZya bl Xz BE AV dF x84 kst vEr

Qe VA= Ao AR,

T
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Table 45. Effects of various starters fortified cheese on lipid corrected plasma retinol
and tocopherols in rats fed high cholesterol diet

Retinol (ng/de) y—tocopherol (ug/de) a—tocopherol (ug/d¢)
NCY 42.2745.572%Y 9.3242.57" 743.84+142.92%
HC 32.53+4.29° 4.14+1.01° 559.09+94.03
TCC-3 40.01+2.79% 3.70+1.44% 684.33+86.70%
ABT 44.13+4.15% 3.484+1.30° 812.334+147.19%
NK-34 40.62+6.52% 3.95+0.89° 943.63+118.47°
Soybean 39.30+4.52% 3.74+1.11° 733.15+101.32%
WPC-35 51.32+4.48" 3.02+0.86% 940.65+113.80°

UNC: Normal control group, HC: High cholesterol supplemented group, TCC-3: High
Cholesterol + TCC-3 fortified cheese, ABT: High Cholesterol + ABT fortified cheese, NK-34:
High Cholesterol + NK-34 fortified cheese, Soybean: High Cholesterol + soybean fortified
cheese, WPC-35: High Cholesterol + WPC-35 fortified cheese

“Mean=SE.

YValues with different superscript within a column are significantly different at p <0.05.

9) AET- catalase &4 A vXE 9
A G9] catalase F2Hs @Al v X = AFZAIAE Fig 259 YEFHAS. NCTol
Hl 3] HCT A FoAdoz v 38 Ho aFg2dHE Aol dFH7t dikst aaddel o

TS A= AR YER s, HYd REHE o]l &3 HlsA A2E BFSAHF 3 FHAdA
NC, HC9}e] F¢]A el xtol= &eldt 4= g A9 ABT, NK-34, soybean, WPC-357-o| A&
HC*oll vl =& XS Hol= AEFS YHEI L.

_

15004 b

1250-
) a
T 1000-
(=)
2
5 750
(7]
8
@ 500
©
o

250-

0 . . ;

NC HC TCC-3 ABT  NK-34 Soybean WPC-35

Fig. 25. Effects of various starters fortified cheese on erythrocyte catalase enzyme

concentration in rats fed high cholesterol diet
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A 2 A nFEINIA AELAS WPC 7R E9 A 2 7%

LiAJCR

=5
O

jar)

el e o 2 8% 99gE Adrhkoskowski 1982,
Yamauchi, K.1992). S o ol Aol w015
o| =7 74A] v %EE o] 8d + 3l MNEst71e1st 83 A= &84
1S (Mullally 1996, Pihlanto—Leppala < 1996, Fiats 1993, Marshall 1994, Gallahers
1998). #FolA FAENES 5817 913 Fefojate] 7)ol 8 dtia(Abd.Elsalam's
1991, Maubois & 1997) 3 dMdo] 33t Ae@ddfetol 55 &8sty i 7k
w37t a4 o R o]Fo ok sH(Kananens 2000, Pahuds 1985, Adler-Nissen's 1983).
EoAo A= AEEA FElo|l =g AW H oz AAE 4= Ql= Wik tigk AGE A AN
o

7F. A7HE
D o7 E o] g5t FHFMAWPO)S 558 JHE 2
2) WPCellAl ACE Aala¥ e A fetel=o] A Ax 9 Agxx ot
3) WPC % WPC 7Iiddlls =& Az
4) WPC 7l e =8sstd 9 7leAd 2A)
5) =& ACE A€ B7}
6) 2| 29 ‘:‘7}7}xl%— =ol7] Y38l AAHE IR o= 54 H 75 24}

H] =4
7 A7)
8) TS Pld WPCA *ﬂgxmoﬂ olgt Hefol= A
9) WPC 7Feial&2] ACE AsidA #H7}
10) WPC 7}ritallEe] dgF Aatayt A5
11) WPC 7Hrisl=e Rad37E @5 AdsEed vA&
12) WPC 7leisll &9 B33 7F st Aol v x= 93
13) WPC 7tsll=o B33 7F a9 Agx4 A2 DNA &4 mlX= 93

A7y

D seleis g ol —s}oa FAENAWPOL 558 Fujz 2
f7rERoke) 4
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ges AFAaA FEGNES w59 JHE S e
2) WPCellAl ACE Aaas = Aejgdd fAeto]l=9 AHA Ax 9 AFx 9ot
Aee gl AP AAG TheedtE 21s BAES
3) WPC ¥ WPC 7t&dls 55 Ax
7H WPC Az @ vHj&sA A= Ax & d2 35 49 o3(DDS LabUnit M20, Denmark)

T BEXEAZ(Buechi, Mini Spray Dryer B-191, Swiss)sl+= WS S& Wz 3=k 35%
& AA5tE WPCE Ax3HS .

W) AFEa4 : Alcalase(Novozymes, Denmark), Protease M(Amano Enzyme, Japan),
Protease S(Amano Enzyme, Japan), Trypsin(Novozymes, Denmark), Pepsin(Yakuri Pure
Chemicals, Japan)

o) ZhEEs =7 0 WPCE 10% f9o= vhea WPCY wd <y 549 H&S
25:1(wt/wt)= 7}, 37C shaking incubator(VS-8480S, Vision)ol]A 180RPMOo.= 0, 2, 3,
4N 7S WSAIZl. 95T  water bath/10min  7FE A e 3t HESS AAAZ &
3,000rpm/30min YAEE] g F A5 AT FHato] A5 (FDU-1200, EYELA).

4) WPC 7}ria & Egstets 2 754 ZAF

=23 WPC 7F-Ra 2o Aty =598
F%3 WPC 7hrRalg e olstetd 5A40H, 4%, 71EF4, $al=, HMF 3%, -SH
7] B, NPN #%, @ /iR m)S 4897, 471958 53 vud wes 9
25193 S
= =]

bgs B TE ¢S 545 A
ekl

W) 3ELS A0AC1990) W] wet ks 313k 384270 cottage cheese 5gS Yl
550T A7|=olA 337 5 329 & SAsAS

h 3 A.0.AC(1995) el ofa) A& 10g9] #+3 #Fe SHA=

) @A A0.AC(1995) Wl wel micro-Kjeldahl WH o2 Gl dgars &39S
A8 10ge] oS 78 F of7lol AaAs 6.388 wate] @Ml doz AFE

}ero
mh) pHE WPC 7HrisllE 10% & 9& AlZ3ste] pH meter(SevenEasy, Mettler—Toledo)&
o] &3] =4,
Hh) W= (Bulk density)© 5g9 Al2E WA Y BYE Qe S
AD) 713288 (Foam expansion)< Beuchat(1977)2] ®WHol 23] A& 4go] 40mle] SF
= 7}8te] pH 7.00] HEE Z2ASE L. 20E FH3dFe] 2,000rpm/5min nlHFsle] HHAIEE A
9] F9& g5
ob) &3] = (Solubility) &= Butler(1971)9] Wdofl o] A& 0.5g°] 50me] FFFE 7135k
pHE 2, 4, 6, 8, 1022 43I+, 3,00rpm/5min FA#2]F A5 NS 280nmeolA 5%
=5 34392 (0PTIZEN 2120UV Mecasys). HUatS 10002 g2+t F vuxs &3
L8 Y+
A}) HMF SFeFS Keeney 9} Bassette(1959)HFw ol o] &l 1A
40C water bath/30~40min WFEAIZl $ Aoz W7}
%2 (OPTIZEN 2120UV, Mecasys).

o

A2
3to] 443nmeld EHEE A5

B
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Z}) Free sulfhydryl group(-SH”])& Ellman(1959)2] Wl 23] F/FFol 10%= &34
71 A& 10002} Ellman's reagent[5,5'-dithiobis(2-nitrobenzoic acid) 4 mg+ O0.1N
sodium phosphate buffer(pH 8.0) 1m¢] 100uE <33k F 0.1N sodium phosphate
buffer(pH 8.0) bmE F7Fete] AoA 16&3F whg-A17. 412nmol X F3 =5 S48
S-(OPTIZEN 2120UV, Mecasys).
7}) NPN(Non protein nitrogen)< Lowry 5(1951)2] ol o9& A A|ste] 540molA &
FrE 439 S(OPTIZEN 2120UV, Mecasys).
Ep) ©@#d 7hisl = (Degree of protein hydrolysis)© Alder-Nissen(1979)
3} Trinitrobenzensulfonic acid(TNBS)S] Aol 2] AAIg, o8 w7
g BFAIEE L el ek F4% v RFARY] =
eI S, BTS2 U= g ad Ase F3=
SEE AESISE. 4 AR a-amino group FEE T Aol
LR
o}) 7] (SDS-PAGE)¥E Mini-PROTEAN Tetra Electrophoresis System(BIO-RAD)&
A-&-5)o] Laemmli(1970)9] #HhHo| wg} 339, A5 10mgS 1mle sample
buffer(SIGMA)| &3fstaz 100C/5min 7}E3t3S. Tri—glycine running buffer(ELPIS
BIOTECH)E A% polyacrylamide gel(acrylamide 14%)°l] A58 7uE Y3 30mA°lA
453N e, SeeBlue Plus2 Pre-Stained Standard(INVITROGEN)E %% AF-8-313l
o
5) WPC 7teaf= o] dedAt

Meilgaard 5(1987)e] WHe] wmel 748 HXEHo o8] AsHALE HAASHS . A=dg

o 1t
oz
b o

ol
o
2
o
[eb)
S
]
(@]
0Q
—
o
[y
(o}

o EARAEANE SO panelist 10l 9J&te] 10% &Moo 2 A X3 Sampled] &% A
L& Hrtskal =

6) vl A= RA7EAE Fol7] &l AAE SR o= 54 2 7leA AR

7) A7715de] AsE ke *g"}-Jﬂﬁr

9) WPC 7hitall&e] ACE A& #H7t
10) WPC 7pritallEe] dgt Zatay) A5

11) WPC 7}ritafj &9 K
12) WPC 7lrisll=e] 1
13) WPC 7lriEsll=9] 1

o

3. ATAH

7}. WPC 359 Az} dutAdE £

1) WPC 35¢] A%
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collodion®. &
20(Denmark) S ©]-&3}%1

B A%E Mini Spray

S FHE pHl 7.002 A} F a1
4S d9oas Bale] aFHE Yo TS
g FgFE aAshs WeE AxdE(Fig. D).
% cut-off 10,000Da%l =& A=

spiral wound type¢!

s
S (Table 1). AF&H otdHe F99t

r
:{

Dryer B-191(BoCHI, Swiss)E ©]&3F4 inlet &% 175C
70T =7dA A==,
Manufacture of
unripened cheese
l
Whey
l
Pasteurization : 75°C for 15sec
l
Cooling - 50T
!
Ultrafiltration — Permeate
l
Retentate
l
Spray drying
l
WPC powder . protein 35%
Fig. 1. Manufacturing procedure of WPC
Table 1. Operation conditions of ultrafiltration for cheese base
Module DSS Lab Unit M 20
Membrane Gr90pp(Denmark)
Temperature 50T
Inlet pressure 2bar
Qutlet pressure 6bar
Quality of the material collodion

_76_

AHF(70C/156%) & 50C=
o AAG] FEAY F

T

ghe] o 7] =

DSS Lab Unit M
2 2bar ¢} FEUH 6 bar °|%U+

= .

, outlet =%

production



2) WPC 35¢] dvbg&

WpC 359 AW oA 35.26%, '3 53.32%, AW 0.24%= Frohe FOE
GEES. WPCe] AlEAANA HAR @slelay] AFel Bad g, &, LE 5o
stetgglon] ol EUE e Asd 7171 9548 FARAD F At A5 )
obgd] BT FAHE 99 AnT FuAS. WC 809 FHHE g A
ool wer 1l AFHS REE AUAE AL TF AdAoler . A=

B o Ko ot o
oot M

o
st Az} oA 34.94%, 9 53.32%, A 3.50%,

dr i
>~
(ol

= [e)
W 5EEY RS

3.24%, 8 5.0 %9 = 4&%%.

Y. WPC 7}EEFES A=

D 2994 B3 &4

M

WpCe] wA o] 7R E 98] AdHor A= a9 Bacillus licheniformis 25
B s alcalase(Novozymes, Denmark), Aspergillus oryzae =¥ @t protease
M(Amano Enzyme, Japan), Bacillus stearothermophilus Z5-E] 3+ protease S(Amano
Enzyme, Japan), Bovine PancreaseZ5-H et Trypsin(Novozymes, Denmark), =|*]¢] ol
] &% Pepsin(Yakuri Pure Chemicals, Japan)S AF83}515.

2) ZhrEdl=e] At
WPCe] 7H=-3l %= Abubakar & (1998)°] WS %%6}04 A8dE. WCE SR &4
]

AlA 10% fNo 7 THE1 WPCol df¥ wlde] &3 g4 H&S 25:1(wt/wt)®E H7be}
o 37Cshaking incubator (VS-8480S, Vision)olA] 180RPMO.= shakingdhH A HES-A|ZFHS 30

rulo EIO

i, IAIZE, 2RI, 3AIZE, 4AAIZE, BAIZEO. R o] ThEEslet e, WS SAA7] 7] Sl
95C water bathollA] 103t 7FEAE dto] 45 ELAGS A s Aoz JZ7A7.
3,000RPM A &2 7] (Combi-514R, Hanil)olA] 30&3F 94lwe] o & A5 vt FHelo] 4713
WsAH S, 541x71(FDU-1200, EYELA)E AF&3te] dx A7l & 22 thso] U3

2 a3l
. WPC 35 7tisl=9 ol3tehy 54
1) pH
WPC 35 7Fr&all &2 pHiE table 2014 & = 9l%o] tiAl 71A] &4
s7Vd5E pH7F A ds. 53] Protease M#} Trypsine 34|

G 2+
FES Uehhe Qe e Ease W AgHow pie] W
Tl Al dell aae] A4S fste pH 2= wY AN F&
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wS2 pHE YEMIZ A, RS JAEHHEA pHrE Yol olf e
Vazquez(1999)9] B 119} FE = Aol FHAXHA AAdE opnx=4b 7]
S A3}k (negative charge)E UEI7] wlEo g Algs.

2ol

Table 2. The change of pH in WPC 35 during hydrolysis by enzyme

Hydrolysis Enzyme
time
(hours) Alcalase Protease M Protease S Trypsin Pepsin
0 6.27+0.04% 6.27+£0.04% 6.27+0.04* 6.27£0.04* 6.27=*0.04°
0.5 6.22+10.05% 6.27+0.06% 6.22+0.03* 6.2010.04* 2.94+0.20°
1 6.1910.06°*  6.24+0.04° 6.21+0.04* 6.18+0.04* 2.88+0.04"
2 6.18+£0.05"*  6.23£0.05*° 6.20£0.04" 6.17£0.02* 2.87£0.03"
de s ed . 2.78%0.01°
3 6.09+0.04 6.23+0.04 6.07+0.04 6.15+0.05 b
ed A ed . 2.76+0.12¢
4 6.03£0.04 6.23£0.04 6.06£0.06 6.15£0.04 b
5 5.98+0.04° 6.10+0.04™° 6.03+0.04°° 6.09+0.02* 2.63%0.05°

Treatmet condition;

Hydrolysis temperature :
Substrate ratio = 1:25(wt/wt)

Enzyme :

37C with 180rpm in shaking incubator

7€ Means with the different letter in same column are significantly different by Duncan's multiple
ragne test(p<0.05).

2) Bulk density

WPC 7}~

&l &2 bulk density:
Aoz fFostA 7t (table 3).

ER IS FE A R

Alcalase, Protease M, Protease S, Trypsin, Pepsin<

7}7} 5A17k0l A 0.43, 0.47, 0.48, 0.44, 0.38g/ml = A9 DE2 YA
=(1963) 77 Wl 0.4 o]3he} 0.33 AEY

(1963)¥} Bell

Itk skl

o 2

Zobxl JAk= Z JAAFol o] Fxte] AYHoEN &
< bulk density7} I HETh= AMES

vl AxAEY 44 297t Ae.

S 2=
k!

[e)
T Y=
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welE

AIZEe] F7tel whet S

Harper &

el e mIE B

Zte] fElol =g Z7
bulk density’} =A Yets Ao =2 dekwE (Adler-Niessen 1981, Mahmoud 1984).
FAZ WCe =
LA E A &S AlEl



Table 3. The change of bulk density in WPC—-35 during hydrolysis by enzyme

Hydrolysis Enzyme

time (hours) Alcalase Protease M Protease S Trypsin Pepsin
0 0.30+0.04" 0.30+0.04" 0.30+0.04" 0.30+0.04"  0.30+0.04f
0.5 0.3610.04%  0.42+0.05"% 0.37+0.08"¢ 0.39+0.01% 0.32+0.01°
1 0.37+£0.04%¢  0.43+0.01"* 0.43+0.01°° 0.41+0.01°* 0.33+0.05°
2 0.40+0.03"¢  0.44+0.01"° 0.43+0.04"% 0.41+0.01°* 0.33+0.05°
3 0.42+0.00°¢  0.44+0.01"  0.43+0.07°% 0.41+0.01° 0.35+0.01%
4 0.43+0.01°%¢  0.45+0.00" 0.44+0.01"° 0.44+0.01" 0.36+0.03%
5 0.43+0.01°%°  0.47+0.02"  0.48+0.00* 0.44+0.01"° 0.38+0.00%¢

Treatmet condition;

Hydrolysis temperature : 37C with 180rpm in shaking incubator

Enzyme : Substrate ratio = 1:25(wt/wt)

T Means with the different letter in same column are significantly different by Duncan's multiple
ragne test(p<0.05).

3) AE3¥ A= (Foam expansion)
WPC &2 7leisl7 AT 7135 93 table 4014 & F AL, ovjdo

= =
FEH = AR WC 7HeEsiEcld szt el wel @438 S/ &
s

T %ol TheEelt AFAAAE ol SR AEsks AS AAbeE. WPCol thd
o
A

Fsle] AFAG T MAdE e dAFolAE d5EY S (Vkjayakumars 2000). 7F 4
Aol MAE AAe JERAE Qs e Bl Elol=9l ofnato] HIEE Ul A
ga = Qe ol A2 HqElol=9) opn|xihe Bl & falHa v|xvE & AEE B
o] glo] Fte] AAWH| el A&3] Fakye] el s 7HaA (Poole and Fry,
1987). o2 Q& 7|xe] Hast z#7t &olatAl HArt. olHd AFAE TS 5EHSEAA
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Table 4. The change of foam expansion in WPC—35 during hydrolysis by enzyme

Hydrolysis
time

(hours)

Enzyme

Alcalase

Protease M

Protease S

Trypsin

Pepsin

0

0.5

5

137.5+17.68"

150.0+0.00"

162.5+£17.68°

175.0+0.00°

187.5+£17.68"

250.0+70.71°

287.5+17.68°

137.5+17.68"

150.0+0.00"

150.0+0.00°

150.0+0.00°

162.5+17.68"

175.0+0.00"

175.0+0.00"

137.5+17.68"

137.5+17.68"

162.5+£17.68°

162.5+17.68"

162.5+17.68

187.5+£17.68°

212.5+53.03°

137.5+17.68°

162.5+£17.68°

162.5+£17.68"

175.0+0.00°

187.56+17.68°

212.5+53.03"

225.0+70.71%

137.5+17.68"

162.5+£17.68"

187.5+£17.68"

225.0£70.71°

237.5£17.68"

250.0£70.71°

250.0+70.71°

Treatmet condition;
Hydrolysis temperature : 37C with 180rpm in shaking incubator
Enzyme : Substrate ratio =

ragne test(p<0.05).

4) €3 =(Solubility)

1:25 (wt/wt)
2> Means with the different letter in same column are significantly different by Duncan's multiple

PC ARRaIEe] SalEe] Wae fig. 29 3004 2L,
gAlEE NG Ao Ueg. W AFRARY & 3
S AN glo] ExHR o)t AFHAS. o]
Vg7 Rl g

o
o
PN
=

o M
o]
jem}
=2
S

2
v}

Mo orr e o

ot

_80_



Solubility (%)

100

30

20
10

2 4 6 8 10
pH
oAl Zt = 0.5A| 2t PN, T 2A|ZH
T3z T aA e T sA

Fig. 2. The change of solubility in WPC-35 during hydrolysis by Protease S

Solubility (%)

100
90
80
70
60
50
40
30
20

10

2 4 6 8 10

pH
TOTOAIZE ™ 0sA|ZE R aA|ZE T 24|
3A[ZE T ANzt SA|ZH

Fig. 3.

The change of solubility in WPC-35 during hydrolysis by Trypsin
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5) HMF(5-hydroxymethyl-2-furfural)

HFE 2Ws whgo] SRR $6, FAFs, B LS Gd dxe 4Fe
F.oo] Whge o) Bgldel §A EAT W dolm, B4E 477 A4 2
A mARE Al et BF §%e A4 2ES ofew AGAR, L& U FEo

wa} J3kS WFS-(Fink and Kessler, 1986; Renner, 1988, 1989). 7}<+-3
AR 2] deiel lysine o]l F7hste] olso] 3 whgatdA HF 3ol S7kshe
Ao e,

Table 5ol vtebdl A3t o] 7k a & <18l pepsin A& A9 e
ZFol S7Hl=t, 53] protease M Ag+7F M4 4% S7HE BS. =3
AP TE Troll FoA2 Aol7t AAL. Trypsind Pepsine ThE Al 7F#] &AL H] &
gl o 2wk X5 YE S

Table 5. The change of HMF content in WPC—35 during hydrolysis by enzyme
Unit: gzmol/ ¢

Hydrolysi Enzyme
S
time Alcalase  Protease M Protease S Trypsin Pepsin
(hours)
0 117.69 117.69 117.69 117.69 117.69
+10.89°¢ +10.89¢ +10.89" +10.89 +10.89°
05 127.58 179.00 177.27 93.15 91.20
' +0.99% +11.96¢ +3.98" +7.32¢ +6.77°
. 136.94 245.14 183.54 112.02 98.48
+3.59% +0.93? +15.87" +10.51% + 5.14b%
: 198.41 177.89 211.40 122.66 114.92
+0.18° +9.35¢ +43.69° + 11.04>* £+ 9.270°
. 212.58 194.52 200.79 158.54 112.20
+0.68? +11.14 +12.64° + 5.90° + 9,92
A 178.14 210.79 250.92 139.82 104.67
+10.38° +92.72P +9.58? + 13.63"  + 3.59"¢
- 152.20 182.32 228.29 125.10 94.21
+10.83°¢ +10.51°¢ +5.40° + 4.61% + 5.25%

Treatment condition;

Hydrolysis temperature : 37C with 180rpm in shaking incubator

Enzyme : Substrate ratio = 1:25 (wt/wt)

4”8 Means with the different letter in same column are significantly different by Duncan's multiple
ragne test(p<0.05).
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6) Free sulfhydryl group(-SH”])

el Thgael ofs] 52 Zkdel s sulfhydryl groupel FElE™, FAElA

fr2] SH7]1¢] &A1= cooked flavore] A, @4bst &4, A2 #dHo] 9l (Apenten,
1998). SH7]¢] F83 =x<¢ B-lactoglobuline AAA efe] SFetwlAo) A dimer =

AL WY I FRWIE 25+ monomer =

A9 SH7I7F <=2 =Ed. SH7]E] A 2ok AIZE

EAsed aAe s 2o
S EEISERC SRR

AuAE &
T -

o =1
M= Ao g, AFFRAGAA 9SS WS, Blankenagel®  Humbert (1963) &
B-lactoglobulin ©] 130ColA <3 WAHEH, o] uwf 3gr3lo}u| A2l methionine,

JFEFHE ok7IAI7]E SHYIE A ST HaAskel S,
7M = tﬂi}k— table 694 R

cysteine, cystine & ©]
ZhEEEl Azl wel
L

OEE

Table 6. The change of SH group in WPC—35 during hydrolysis by enzyme

Hydrolysis Enzyme
time
(hours) Alcalase Protease M Protease S Trypsin Pepsin

0 0.359£0.011* 0.359£0.011*  0.359+0.011*  0.359%+0.011*  0.359%0.011°
0.5 0.172£0.012" 0.192£0.007° 0.215+0.018"  0.194+0.008"  0.254+0.004"
1 0.166+0.008" 0.131+0.004° 0.212£0.018"  0.196£0.004"  0.226+0.008
2 0.159+0.002° 0.125£0.003% 0.201£0.009® 0.160+0.003*  0.226+0.014
3 0.155£0.001" 0.123£0.001* 0.179+0.000° 0.145£0.003%  0.205+0.043°
4 0.154£0.001° 0.114£0.001%* 0.154£0.000"  0.139£0.011°  0.232+0.013
5 0.125%£0.013° 0.105£0.001°  0.148+0.000°  0.171£0.001°  0.192£0.001°

Treatment condition;

Hydrolysis temperature :
Substrate ratio =

Enzyme :

37T with 180rpm in shaking incubator
1:25 (wt/wt)

7€ Means with the different letter in same column are significantly different by Duncan's multiple
ragne test(p<0.05).

7) NPN(Non protein nitrogen)

&5+ table 79 YERH wle} o] <7+
Bl o | pepsin A2l 77t HWFS, protease M HETF7F HAES

=
2=
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AgrelEe] NNol F7hE e Wl AApRelel @ dRAACR AR,
7ol AYAFH FeA) vGuE AL R obnlwite], Hrle|e] o] F7hel]
] Fo] NPN ko]l 718l Aoz AlEd. o2& NPN9 F7he= 298 2gd = Jormz
n|ztako]l BAE a#Este] AAe 7heRdlE AAl & 87 5 (Clemente 2000).
Table 7. The change of NPN level in WPC—35 during hydrolysis by enzyme
Hydrolysis Enzyme

time

(hours) Alcalase Protease M Protease S Trypsin Pepsin

0.5

5

0.119£0.081°

1.296+£0.389°

1.345+0.343°

1.369+0.336"

1.470£0.287°

1.512+0.247°

1.549+0.262°

0.119+0.081°

1.168%0.326"

1.184+0.339°

1.202+0.325"

1.214+0.312°

1.252+0.264°

1.434£0.130°

0.119+0.081°

1.315+0.354"

1.328+0.346"

1.350+0.342°

1.502+0.174"

1.541+0.204°

1.567+0.170°

0.119£0.081°

1.310£0.389°

1.316+£0.343"

1.382+0.336"

1.643*0.287°

1.641+0.247°

1.641£0.262°

0.119£0.081°

1.208*0.389°

1.507+0.343"

1.648+0.336"

1.853%+0.287¢

1.923+0.247°

1.796+0.262°

Treatment condition;

Hydrolysis temperature :
Substrate ratio

Enzyme :

37T with 180rpm in shaking incubator
1:25 (wt/wt)

? Means with the different letter in same column are significantly different by Duncan's multiple
ragne test(p<0.05).

8) @9Ad 7l

. INBS #3714

table 8% 99 Z}7}
3 Z718lc7 1 o3 EyE el Ajzlo] dojdAgE ¢l

38| =(Degree of protein hydrolysis)

A3I a-amino group= 7FAIL A& ofv|=Ab gEF

T:SH—:_-/] ‘?‘iﬁrt
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Table 8. The change of DH in WPC—35 during hydrolysis by enzyme

Hydrolysis Enzyme
time (hours) Alcalase Protease M Protease S Trypsin Pepsin
0 4.65+0.31" 4.65+£0.31" 4.65+£0.31" 4.65+0.31" 4.65+0.31"
0.5 7.94%1.44* 9.22+1.07° 9.96+1.17* 8.78+0.06"° 8.26%0.02°
1 8.39+1.73* 9.58%1.20° 10.01+1.23" 8.80%£0.08" 8.37%0.10°
2 8.68+1.54" 10.39%+1.10° 10.25+1.51* 9.58+0.16"  9.30%0.09*
3 9.07+2.02* 10.81*1.56" 10.61%+1.49" 10.25+0.0° 9.79+0.20"
Unit: % 4 9.20*+2.11* 11.24*+1.75° 10.82+1.68" 10.69+0.15* 9.87+0.08"
5 9.48%+2.10° 11.78+2.31" 11.20%+1.17" 11.23*0.25* 10.34*0.12°

Treatment condition;

Hydrolysis temperature : 37C with 180rpm in shaking incubator

Enzyme : Substrate ratio = 1:25 (wt/wt)

> Means with the different letter in same column are significantly different by Duncan's multiple
ragne test(p<0.05).
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Table 9. The change of TNBS in WPC—35 during hydrolysis by enzyme

Hydrolysis Enzyme
time

(hours) Alcalase Protease M Protease S Trypsin Pepsin
0.775 0.775 0.775 0.775 0.775

0 +0.052" +0.052" +0.052" +0.052f +0.052°
1.322 1.537 1.661 1.464 1.378
0-5 +0.239" +0.180" +0.196° +0.009° +0.004¢

. 1.398 1.597 1.669 1.467 1.396
+0.288" +0.200° +0.204° +0.014° +0.016¢

) 1.447 1.731 1.708 1.597 1.549
+0.257" +0.183° +0.251° +0.026° +0.016°

. 1.512 1.802 1.768 1.709 1.632
+0.336° +0.260° +0.249° +0.001°¢ +0.033"

A 1.533 1.873 1.804 1.783 1.646
+0.351° +0.292° +0.281° +0.025" +0.013°

- 1.579 1.964 1.867 1.872 1.723
+0.350" +0.384" +0.196° +0.042° +0.019°

Treatment condition;

Hydrolysis temperature : 37C with 180rpm in shaking incubator

Enzyme : Substrate ratio = 1:25(wt/wt)

47¢ Means with the different letter in same column are significantly different by Duncan's multiple
ragne test(p<0.05).

9) #7]%9 %5 (SDS-PAGE)

Fig. 49} 5% WPC 7brEall & @A s £4317] fal d719sS AAg 479,

Lane M-S Rl A = A ExFgo] wa} myosin(250kD), phosphorylase(148kD), bovine serum
albumin(98kD), glutamic dehydrogenase(64kD), alcohol dehydrogenase(50kD), carbonic
anhydrase(36kD), myoglobin red(22kD), Lysozyme(16kD) 2.2 YE}E .

gzl A= 50~98kDa, 16~22kDa, 6~16kDa ‘ﬂd%oﬂﬁ BSA(66.4kDa), B-Lg(18kDa), a
-La(14kDa)2] band7} YElE. 7FEalES a4 TR0l wet 7t Ee] @A band &
Lot X A4 vE2A degoy, BE iioﬂ*ﬂ 7} el 304 F A 22kDa ©]/gel
Tl So] A B TOHQ o1 6kDaclste] peptidese] AW AE. 7FFial 308 o5

2% band®] YA AP=e] & Wy e, olE Wi s =) 307 Bt w4
3] Z7 ety o olT e gvkel 718 Bl Anel A3 (Fig. 9).

Alcalase % Protease S A @] 7rollA 3 7§A] 30% whol] B-Lgol ad% = M=7F 9443
A2, Alcalase A8 7FFEsES H$- 6~22kDaoll 43l bande= w9 &]v|SHAl, 6kDa
o]3te] bandE tAa Fo He HAEE FoldAS. Protease S A 7FFEEdES] 49 7
2 g FEEE ®Bed, 16kDaclde Aol EF o] band7t YERFA] &g
16kDaol st = wl-$- gu]&lAl Fold <. Protease M A2 7FEal&2 A9 22kDa o]t A
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A A o2 band7} 3|v A YEFS L B-Lg a-La bandwreo] A™EA vERG:
pepsin< protease M¥} v FAFSH A3EYEL S, Trypsin A& 7F-E3)
7heEE $okx B-Lg, a-La® band’} YEFS.

S-. Trypsin %
=9 A5 44X

(kDa)
148 —
98 —
64 —
50 —

36 —

22 —

16 —

Fig. 4. SDS—PAGE patterns of WPC—35 hydrolysates by protease S at 37C for O, 0.5, 1, 2, 3,
4, 5 hours.
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(kDa)
148 —

98 —
64 —

36 —

22 —

16 —

M A B C D E F G

Fig. 5. SDS—PAGE patterns of WPC—35 hydrolysates by trypsin at 37C for 0, 0.5, 1, 2, 3, 4, 5

hours.

10) Angiotensin Converting Enzyme A3 &3} (ACE-inhibitory activity)

AA WolA  angiotensin [ angiotensin WH¥ @Al Fgo] o] (-Lto
histidine-leucineS 93l angiotensin I = %3F. ©] angiotensin 1+ d3 HE&ZL Rl

1
ol #getel S A7 EEE P AEd d3 58S st ds. =g
angiotensin W3k &4 oA dodS o= FES 3= kining EFA3 A7 2R
[e)
H

3 ol
L8 28-S H(Fitzerald & Meisel 1999).

L=

-
o

=

% M EwelN @

W ovke}l o] WPC 7hpEsllEEe ACE Aall&S ALts A3, Pepsin 7Hra
O 2bS B = 247, 3A1ZF, 4A7rOl A Zbz 94.24, 95.57, 95.41%% 1}k
259 7hrEdlEelA 60% o]/de] ACE A&l axs JESl =,
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Table 10. ACE—inhibitory activity in WPC—35 during hydrolysis by enzyme

Hydrolysis time(hours)

Enzyme

0 2 3 4
Alcalase 6.06+0.28" 89.97+0.62" 85.7146.43  83.61+5.05%
Protease M 6.06+0.28" 81.2740.88° 82.64+0.34° 81.2241.63¢
Protease S 6.06%0.28" 90.2340.59" 90.91+1.81"  91.55+1.18™

Chymotrypsin 6.06+0.28" 75.2640.88¢ 80.63+0.73¢ 87.36+0.17"
Trypsin 6.06+0.28" 61.97+2.26° 67.46+1.65° 62.90+1.86°

Pepsin 6.06+0.28" 94.24+2.21° 95.57+1.22° 95.41£1.45°

Treatmet condition;

Hydrolysis temperature : 37C with 180rpm in shaking incubator

Enzyme : Substrate ratio = 1:25(wt/wt)

2> Means with the different letter in same column are significantly different by Duncan's multiple
ragne test(p<0.05).

11) #57AH( Sensory test)

=
e ol%rz P P R R PSR

[R]lo] H. o] £&uke B4
2~237§¢] ofm| =4k @713 T/4E FEfol=o A e dwmA o g AeAdS skl s
(Rothenbuhler and Kinsella, 1985). t}& w@wzd ) w72 foWdL upgEo J4A4
ofn|=Ato ® dofglal QFRS AgAd opm|Abe] b Far Sl whEbA TheEtael o s

i=] 2 =]
TFATZF7E FyEHHEA] orE o] AgA oflniAle] nEEHE Ao R ®el(Matoba and Hata,
1972). endopeptidase?] ©]-82 FHol| JEFS vH HEo] Aot AFA FE ol =to]
AAE THsAde] Q7] Wt o] &5 wmet HHES el Aol Ha3t B X

Aol M= Trypsin A 277k 2384k w25 Ebdl+.

_89_



Table 11. Sensory scores in WPC—35 during hydrolysis by enzyme

Hydrolysis Enzyme

time (hours) Alcalase Protease M Protease S  Trypsin Pepsin
0 2.0+1.4° 2.0%1.4° 2.0+1.4° 2.0+£1.4° 2.0+1.4°
0.5 4.0+1.4> 3.8+0.3 3.4%0.3" 2.84+0.3" 5.6+0.8°
1 4.2+0.3" 3.6%£0.1° 3.4£0.1™ 3.0£0.7° 5.4%0.6°
2 4.4%0.6° 3.9%0.6° 3.6£0.3" 2.8%0.6° 6.01.4°
3 4.8%0.4° 3.9+0.8° 3.6+£0.3" 3.8+0.6° 5.6+1.1°
4 5.4+0.1° 4.0%1.4° 3.8+0.3" 3.4+0.6° 5.0+ 1.4°
5 5.2%1.1° 4.0£0.7° 4.0+0.7° 3.6+0.6° 5.2+0.6°

Treatmet condition;

Hydrolysis temperature : 37C with 180rpm in shaking incubator

Enzyme : Substrate ratio = 1:25(wt/wt)

2> Means with the different letter in same column are significantly different by Duncan's multiple
ragne test(p<0.05).

12) FA5Ea)E 44 Dol 4B Aefol= B4

TN TR 2] HEelol= FA41S 913 Massspectrometer QStar (Applied Biosystem
MDS SCIEX, Canada) & AF&3&. °ol23td A5o A= 7AGH=Z dgso] s +%
2-200 microliterolA ®#AHAS. FH WAL alcalase, pretease S, protease M,
pepsin, trypsing ©]&3to] 7R A 3AFECE] EEEfo A protease S ¢
pepsin A2k 7t Eoll A Al HEte|=rF A HAS. TR el HEols 74
A= table 120] YERHRLS. Protease S 4] B-Lactoglobulin®] 243k LDAQSAPLR ©],
trypsinol A <A B-Lactoglobulin®] A433F 22-25 fragment <1 LAMA(Leu-Ala-Met-Ala) ¢}
32-40fragment @1 LDAQSAPLR(Leu-Asp-Ala-Gln-Ser-Ala-Pro-Leu-Arg)S &2 4 AU . ol &
HAetol=9] ACE Aalav= wdol HHAF( Mullally, 1997; Pihlanto-Leppaelae -5
2000) .

I
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Table 12. The peptide analysis in WPC—35 during hydrolysis by enzyme

Sequence (fragments)
WPC 35, Protease S

AASDISL
DALNENKVLVLDTDYKKYL

FNPTQLEEQ

FNPTQLEEQCHI

[AEKTKIPA
[AEKTKIPAVFK
IDALNENKV

IDALNENKVL
IDALNENKVLVLDTDYKK
IDALNENKVLVLDTDYKKY

I[TAEKTKIP

[TAEKTKIPA

Protein

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

A —Lactoglobulin.

A —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.
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[M+H]+

676.3514
2254.1969

1105.56175

1458.6672

970.5894
1344.8262
1015.5419
1128.6285
2091.1364
2254.1969

1012.6416

1083.6767

PP

18.46

15.18

32.39

53.99

52.39

36.31

30.40

19.07

96.05

120.15

31.74

55.18

Adm

0.22

0.14

1.25

-0.74

-3.92

0.90

0.02

2.21

1.48

0.14

1.43

—0.55

Sample

M4.RAW
M4.RAW

M4.RAW

M4.RAW

M4.RAW
M4.RAW
M4.RAW
M4.RAW
M4.RAW
M4.RAW

M4.RAW

M4.RAW



[TAEKTKIPAV

[TAEKTKIPAVFK

[TAEKTKIPAVFKI

LDAQSAPLR

LDAQSAPLRVY

LDAQSAPLRVYVEE

LDTDYKKY

LIVTQT

LIVTQTMKG

LKALPMH

LKPTPEGDLE

LKPTPEGDLEIL

LKPTPEGDLEILL

LKPTPEGDLEILLQK

B —Lactoglobulin.

B —Lactoglobulin.

A —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.
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1182.7482

1457.9106

1570.9927

970.5328

1232.6657

1589.8168

1045.5209

674.4086

990.5645

809.4704

1098.5689

1324.7363

1437.8206

1693.9753

44.34

50.73

21.08

41.53

87.27

70.24

45.80

19.47

67.29

22.43

70.36

25.45

24.76

29.16

2.13

1.01

-0.29

1.12

1.85

-0.13

0.81

0.43

-0.79

0.18

1.00

0.24

0.42

1.04

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW



LKPTPEGDLEILLQKW

LLDAQSAPLRVYVEE

LNENKVLVLDTDYKKY

LSFNPTQLEEQCHI

LVLDTDYKKY

LVLDTDYKKYL

LVRTPEVDDEA

LVRTPEVDDEAL

LVRTPEVDDEALEK

SFNPTQLEEQ

SFNPTQLEEQCHI

SLAMAASDISLLDAQSAPLRVYVEELKPTPEGD

LEILL
VEELKPTPEGDLEIL

VEFKIDALNENKYV

B —Lactoglobulin.

B —Lactoglobulin.

A —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.
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1880.0541

1702.9025

1955.0533

1658.7854

1257.6713

1370.7552

1243.6163

1356.7061

1613.8409

1192.5503

1545.7021

4068.1490

1681.8898

1389.7747

74.64

81.24

121.29

56.87

70.36

85.25

73.10

23.86

130.02

49.87

50.75

107.76

56.13

87.67

0.67

0.83

2.47

0.67

—-0.99

-1.06

-0.23

4.05

1.66

1.84

1.17

0.67

0.16

0.72

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW



VLDTDYKKY
VLDTDYKKYL
VLVLDTDYKKY
VRTPEVDDEA
VRTPEVDDEALEK

VYVEELKPTPEGDLEIL

YVEELKPTPEGDLEILL

WPC 35, Trypsin

ALKALPMH

ALKALPMHIR
ALPMHIRLSFNPTQLEEQCHI
AMAASDISLLDAQSAPLR
DIQKVAGTWYSL

FNPTQLEEQCHI

B —Lactoglobulin.

B —Lactoglobulin.

A —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

A —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.
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1144.5896

1257.6727

1356.7391

1130.5320

1500.7568

1944.0239

19568.0383

880.5073

1149.6928

2477.2428

1829.9439

1380.7156

1458.6687

61.53

32.80

54.98

57.61

72.48

36.23

40.45

34.70

83.33

51.39

68.67

34.34

75.42

1.01

0.07

—1.42

—-0.39

1.77

1.32

0.67

—0.07

0.17

—0.03

0.66

—-0.16

0.35

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M4.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW



GLDIQKVAGTWY

GLDIQKVAGTWYS

GLDIQKVAGTWYSL

GLDIQKVAGTWYSLA

GLDIQKVAGTWYSLAMAASDISLLDAQSAPLR

IDALNENKV

[TAEKTKIPA

[TAEKTKIPAV

[TAEKTKIPAVF

ITAEKTKIPAVFK

LAMA

LDAQSAPLR

LIVTQT

LIVTQTMK

B —Lactoglobulin.

B —Lactoglobulin.

A —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.
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1350.7049

1437.7374

1550.8207

1621.8599

3361.7571

1015.5411

1083.6769

1182.7452

1329.8139

1457.9095

1943.0259

970.5287

674.4086

933.5436

41.89

78.11

50.71

55.14

82.49

597.49

88.18

71.87

61.96

96.36

62.54

18.10

25.95

64.99

—0.30

0.03

—0.42

0.87

3.22

—-0.83

—-0.33

—0.45

-0.17

0.26

-0.42

-3.09

0.34

—-0.26

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW



LIVTQTMKG

LIVTQTMKGLDIQK

LIVTQTMKGLDIQKVAGTWY

LIVTQTMKGLDIQKVAGTWYS

LIVTQTMKGLDIQKVAGTWYSL

LKALPMH

LKPTPEGDLEIL

LKPTPEGDLEILL

LSFNPTQLE

LSFNPTQLEE

LSFNPTQLEEQCHI

LVLDTDYKKY

LVRTPEVDDEA

LVRTPEVDDEALE

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

A —Lactoglobulin.

A —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.
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990.5645

15687.9151

2265.2309

2352.2635

2465.3510

809.4708

1324.7364

1437.8196

1048.5311

1177.5745

1658.7851

1257.6749

1243.6167

1485.7436

79.06

90.75

45.73

109.54

57.28

22.02

19.67

20.49

25.38

20.69

77.51

51.37

67.53

79.73

-0.79

0.73

-0.17

0.08

1.50

0.63

0.34

—0.26

0.13

0.74

0.45

1.82

0.17

0.25

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW



LVRTPEVDDEALEK

MKGLDIQK

SFNPTQLEEQCHI

SLAMAASDISLLDAQSAPLR

SLAMAASDISLLDAQSAPLRVY

TKIPAVFK

TPEVDDEALEKFDK

TPEVDDEALEKFDKALK

VAGTWYSLAMAASDISLLDAQSAPLR

VEELKPTPEGDLE

VEELKPTPEGDLEIL

VEELKPTPEGDLEILLQ

VEELKPTPEGDLEILLQK

VLDTDYKKY

B —Lactoglobulin.

B —Lactoglobulin.

A —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.

B —Lactoglobulin.
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1613.8370

932.5230

15645.7013

2030.0591

2292.1924

903.5660

1635.7743

1947.9910

2707.3736

1455.7221

1681.8901

1923.0331

2051.1251

1144.5884

143.31

35.54

32.67

70.12

56.04

31.34

84.27

122.61

65.97

41.75

39.20

66.79

50.18

67.88

-0.73

—0.46

0.69

0.17

0.83

-0.24

—-0.36

—-0.03

—-0.93

0.47

0.30

0.48

-1.01

—0.06

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW

M5.RAW



VRTPEVDDEA B8 —Lactoglobulin. 1130.5325 60.49 0.04 M5.RAW

VRTPEVDDEALEK B8 —Lactoglobulin. 1500.7542 70.41 0.06 M5.RAW
VYVEELKPTPEGDLEILLQK B8 —Lactoglobulin. 2313.2576 83.00 —0.57 M5.RAW
YVEELKPTPEGDLEIL B —Lactoglobulin. 1844.9543 52.27 0.76 M5.RAW
YVEELKPTPEGDLEILL B —Lactoglobulin. 1958.0398 54.56 1.48 M5.RAW

* No specific enzyme for the database search used : every amino acid can be a possible cleavage side
* Parameter ; Peptide probability (PP) : >10
Peptide confidence : high
Mass deviation : <5ppm
* PP . the probability that this peptide was identified by chance 10 is a suggestive value for the PP, the higher the value the better
* M4 : WPC hydrolisated by protease S
M5 : WPC hydrolisated by trypsin
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13) Jol2E ZAEA A2BA Feo|=ef A4t

\l

g FEAYASY S golRE frtE SWUEAA AP Ak Z
% 7oA EYALS ol &3 o o] Tk Es AAE.

258 1008]E1 ¢ HIST fAlgl7]elA 74C, 4637+ A 2H 7 lA
DSS Lab Unit M 20(Denmark) gH&jo#7]& o]&sto] WPC-35 & A=, ©] WPC-3
2 H¥H mixing unit< Fd &3 1,0008]69 AFeIANA 10% WP
% 1,0002] €] 2] H—JEZOM 37C, 3AZ TMEREE ANRS. BEEo
s ¥ 3 S=7F FAHAS. R 29 & Al ste] e s
U5 olstetd dAS Ak A3 AP Aabek fEfol=et U FHAS
st

o<1 3]

>
e

Ko
= .

14) T 2nlo|olg FAFe AEES nEdle] T2nlo|QE FAFS =
WPC 7t-2afl &2 AZTA HA3}

A7 %% ~E}lE lactobaciluus LA-5 ¢} Bifidobacterium BB-12(Ch. Hansen

Ltd.  Denmark)& HEFs v=2At  Eagk  wiFelA  wigd S,
Bidifobacterium BB-12 o] At 7|29 AL Agag el AFFPILE
ARgste] A .
o] ZEtE = ZlEae WPC o Az H7bHol B dxsol] AEES
AN S BRAZAT e Ha‘H bRl &S fluid bed FE7|OA HAZRE]
RS, BFAFEA 9F vp7A| 2 Bifidobacterium BB-12 2E}E &= 4, 5, 642 &3
593l Lactobaciluus LA-5 Al 4, 5, 6% = =¥ $F fulid bed?dZ7](GMP
Model...)olA Az, oju] outlet &%= 40C = FA . o|FA AT A|E
A Lactobaciluus LA-5 ¢} Bifidobacterium BB-129] AE ZAM .

Table 139 AZWHI ~ElH HIF | 9dFS w2 Lactobaciluus LA-5 ¢
Bifidobacterium BB-12 ¢ M&&L W& Lactobaciluus LA-5 ¢}
Bifidobacterium BB-12 9] AEEL HEoo] HUE A¢S x| gotoy) Az

HE AEEH fFost avs U B EAxH Lactobaciluus LA-5 o] M&ES

3R
mlo

Kel
b}E}Mu. Bifidobacterium BB-129] AE&HL EHFAZT ﬂwoﬂ/\i 4.18 log
cfu/g o] 31 fluid bed AZAEL 8.22 log cfu/g &

il
°
Auj
&
ulo

o] Adtol| A Hxo] FEHZAZ= Lactobaciluus LA-5 ¢} Bifidobacterium BB-12
o] AEHI EEI ZAE YIS, ol AR ZAF= Gardinen(2000)©]
=y
k=]

=
paracasei NFBC-338 ~E}E 9] EFAZNAE #=31L . o] A9 outlet 2%+



80-85TC oA ©A 49%2] =& W, Bifidobacterium & EFAZFA] oy Fo
TFE AAFESimpson(2005)¢] ZAlo| A= fluidbed A Fo] o] & EFEAX
S AA AR

o

Table 13. Effects of drying techniques on viability of probiotic cultrues

LA-5 BB-12

Culture level ) ) ) . . .
Spray dried Fluid bed dried Spray dried Fluid bed dried

(%)
Viability (logiocfu/g)
4 4.49 8.64 4.18 8.22
5 4.67 8.83 4.32 8.49
6 4.72 8.91 4.38 8.65
CD 0.09 0.12 0.14 0.178

LA : Lactobacillus acidophilus
BB : Bifidobacterium bifidum

2. 7154 FAbEY AAHAHIE, FAES o] 43 HEeloj= A, ZEtH o= 9]
7157

1) AR715A o] 43 Lactococcus lactis NK34 52 vlx] H = 3}

) A FF L wR

L. lactis NK34+= lactobacilli MRS ®JX], 35TCoA njgste] Ab
o] B 20% glycerolS ¥o] -70C deep freezerolA] H 3} 2.

ofo
Oft
o

A
=

b 259 54
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A FAE 0.1%(w/v) FEFE 1008 54
Aol 0.1 nl® E£58ke] =d

(colony forming unit)E =743}
©}) Lactococcus lactis NK342] v

L. lactis NK34%= MRS vi#], 35T, 1%(v/v) HA<E9]=2 300 mL =T}2~=] 200 mL
working volumel. = 16A17F vl USFR S, L. lactis NK342] AS=2r4& MRSHIA], 3
5C, AAMYo= njgstaion, o Zﬁoﬂ/ﬂb E7]ﬁ uf - Fol &g 4 gl
RO | AXNIA HFEFA71E HERAIL AL npx] 9t sampling ©HAIQ1 164
A AL w77 FAHAS (Fig. 6). U:}F/]r/ﬂ HHX HA s 918 et
HNAE HERH 9AHS 7] S 2 One factor-at-a time method@ A &3} .

o]
A —
Al

271

Log CFU/mL
& &
= n

-
)

7.0
0 3 6 9 12 15 18

Time {h}

Fig. 6. Growth of L. lactis NK34 in lactobacilli MRS medium.

2}) One factor-at-a time methodol] &3t B4 ¥, A, F71¥99 FH 3}

Akl el gAYE AAS 7] 98l glucose, fructose, lactose, sucrose,
glycerol, mannitol, maltoseES FAESII I, 1% BFr2rdol] 1% yeast extract@® HJA]
2 wtso] wjslg e, AR 1% BAaYol AAYOFE tryptone, yeast extract,
peptone, malt extract, beef extractE AESI . F7|Fo2E 0.299] v==2
NaCl, Tween 80, KHoPOs, MgSOs, KoHPOs;, sodium acetateE ©]-83}% 5.
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Log CFU/mL
|

89 -

88 -

8.7 -

86

85

84 | | | \ |

T
a b c d e f g

Fig. 7. Effect of carbon sources on cell growth of L. /actis NK34.
a, glucose; b, fructose; c, lactose; d, sucrose; e, glycerol; f, mannitol; g, maltose.

9.2

91 -

9
89 -
88
87 -
86 -
85
84 - T T T

a b c d e f

Fig. 8. Effect of nitrogen sources on cell growth of L. /actis NK34.
a, tryptone; b, yeast extract; c, peptone; d, malt extract; e, beef extract;
f, 0.5% tryptone+0.5% yeast extract.

Log CFU/mL

95
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Fig. 9. Effect of salt on cell growth of L. /lactis NK34.
a, NaCl; b, Tween 80;
c, KHoPOy4; d, MgSOy; e, KoHPOy; f, sodium acetate.
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L. lactis NK349] A+ @AYol A lactose > glucose > mannitol > sucrose
> maltose > glycerol > fructosed] <o|dom, AA UM+ malt extract >
tryptone > yeast extract > peptone > beef extract = ©]1t} (Fig. 7, 8). ¥ 7]
o] - sodium acetate > KoHPO, > MgSOs > NaCl > Tween 80 > KH:PO, = ©]%L
+ (Fig. 9). wepA, Fiktd o9 Fdads 7|22 67H4] 8=
sucrose, yeast extract, tryptone, Tween 80, NaCl, sodium acetateZ &3}

E'_L]_,
“’ZU%]:]]OH [e] /\-::Ioo
—U-‘L OL)'\:]]E ?Sgo)j\u-

2

a}) W EWEA AYAY
A A gay, Aad, T )

o7 FHo S4E HEE 6714 8%1S
2 fractional factorial designe ©|&3ste] AHAIAES FdsIAS. Z2AHE
sucrose (1-2%), tryptone (0.5-1.5%), vyeast extract (0.5-1%), Tween &0
(0.05-0.2%), sodium acetate (0.05-0.2%), NaCl (0.05-0.2%)E -1, 0, 19 A &
A2 F353} 39S (Table 14). W<+ fractional factorial designoll W&} 20
A2 FESIGeH, olF QWS Xn)ol 9os] &S we vikgHs (V)E
3 AEA ] ARESE . 3ROl gk REA 9] o Sof= SAS program©] ARg
=)

= .

Table 14. Levels of independent variables for experimental design

X Independent Levels
variables -1 0 1

X1 Sucrose (%) 1.00 1.50 2.00
Xo Tryptone (%) 0.50 1.00 1.50
X3 Yeast extract (%) 0.50 1.00 1.50
Xy Tween 80 (%) 0.05 0.10 0.20
Xs Sodium acetate (%) 0.05 0.10 0.20
X NaCl (%) 0.05 0.10 0.20

Sucrose (1.00-2.00%), tryptone (0.50-1.50%), yeast extract (0.50-1.50%),
Tween 80 (0.05-0.20%), sodium acetate (0.05-0.20%), NaCl (0.05-0.20%)E
fractional factorial designel W&}, 37} F=Fo 2 3to] AP, A2}
+ Table 159} #o] dojxlom, o] AE ol&sf SASE &3 IHALA A=
Table 169 YERHSS.
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Table 15. Experimental data for cell concentration under different conditions of

carbon, nitrogen, and salt

Medium composition (%)

Cell concentration

No Sucrose Tryptone ei::asit Tv;gen :::ti:z NaCl (Log CFU/mL)
1 1.0 0.5 0.5 0.05 0.05 0.05 9.08
2 2.0 0.5 0.5 0.05 0.2 0.2 9.05
3 1.0 1.5 0.5 0.05 0.2 0.05 9.31
4 2.0 1.5 0.5 0.05 0.05 0.2 9.29
5 1.0 0.5 1.5 0.05 0.2 0.2 9.29
6 2.0 0.5 1.5 0.05 0.05 0.05 9.29
7 1.0 1.5 1.5 0.05 0.05 0.2 9.33
3 2.0 1.5 1.5 0.05 0.2 0.05 9.50
9 1.0 0.5 0.5 0.2 0.05 0.2 9.23
10 2.0 0.5 0.5 0.2 0.2 0.05 9.29
11 1.0 1.5 1 0.2 0.2 0.2 9.39
12 2.0 1.5 0.5 0.2 0.05 0.05 9.38
13 1.0 0.5 1.5 0.2 0.2 0.05 9.35
14 2.0 0.5 1.5 0.2 0.05 0.2 9.37
15 1.0 1.5 1.5 0.2 0.05 0.05 9.39
16 2.0 1.5 1.5 0.2 0.2 0.2 9.50
17 1.5 1 1 0.1 0.1 0.1 9.34
18 1.5 1 1 0.1 0.1 0.1 9.34
19 1.5 1 1 0.1 0.1 0.1 9.30
20 1.5 1 1 0.1 0.1 0.1 9.36
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Table 16. Regression coefficients of the second order polynomials for cell

concentration of L. lactis NK34

Regression DF R—Square F Value Pr>F
Linear 6 0.7932 19.66 0.0062
Quadratic 2 0.0190 1.41 0.3431
Cross product 6 0.1609 3.99 0.1009
Total model 14 0.9731 10.34 0.0182

AN 7Hx] 2o SAAY WS W, L. lactis NK34°] A AAke] T3l w3
A4 e o33 29k, Cell concentration (Log CFU/mL)=9.9990+0.1400XX>

L. lactis NK349] 4] H%x 3929 AA R°E 0.97310)9 3, AARF] #
o18HE (Prof) 2 0.0182%2 0.058T #4 A2 o= wke B fods e
T UM Yy, A FNAT Fods BT 8 HEE 3s W,
tryptone, yeast extract®] folAlo] = ZHo= Yyehd. Ho ABAHES 1.96%
sucrose, 1.14% tryptone, 1.07% yeast extract, 0.14% Tween 80, 0.12% sodium
acetate, 0.12% NaCle] A&olA 15X 9.5 Log CFU/mL=Z YERE.

S

uh) JAZFZAdA AL AF
SAS programe E3 H1AES AU, FHAsE WA AFEH|EZE sucrose,

tryptone, yeast extract, Tween 80, sodium acetate, NaClS o]-&3}e] A]7bo] u}
2 752 Festg o, =29 uEIAE 9.5 Log CFU/mLE 9S + UL,
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Fig. 10. Production of L. /actis NK34 in optimized medium.

2) FAE S o] &3 WPCe AEAEo AT fAeto| =] B
7b) ACE A3) &3}
ACE oAl &4 4L Je et al. (2009M N?‘fmm% WEstel ARg-st

o] 0.1 g/mL ¢ F¥E= ?‘54_2“3}1, 4C°ﬂ’\1 247 ]J %?l Iéli% FEA S, ol AS
3,000 rpmel A 40+ b LA EEsto] I AeNE ACE 2EAE ARES)
2 hippuryl-L-histidyl-L-leucine (HHL)S 0.3 M NaCle] /¥ 0.1 M sodium
borate buffer (pH 8.3)°] =¢] 5 mM=E WEo] AE3S. HET= AEd4 0.1
M sodium borate buffer (pH 8.3)& A}&3.

0.1 M sodium borate buffer (pH 8.3) 100 pL, A& 50 pL, ACE &4 50 ulL
5 Tgste] 37CoA 5% FF ouE|ukg Al 3 hippuryl—L—histidyl—L—leucine
714 50 pLE 7Fste 377ColA 30&3F whgAZ . whg $ 1N HCl 250 puLE H7}
3ol HES-S- A X ]714_, ethyl acetate 1.5 mLE 7}3}e] 15% ZF uwksk 3
3,000 rpmell Al 20%7F AAEGAA FE 1 alEs FHAsAL. ] 4 NS 100To
A 7rdste] ebd AxA F SRS 3 nbe kel &siAl ¥, 2
FrE 545k ACE AfadE Abstal o, AMbA S tha3 2o

ACE AdlilE (%) = (x7 F3% - AR S35 X 100 / dxz7 S35
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k. 10% WPCel 49 g%
(121°C, 15 min)ste] AR&SIAS. w59 A= 249

2h) ARl mE ACE A3 ad

= 2795 oF
= 10% Skim milk, 5% WPC+ 5% Skim milkE o]-&
A= A A A LA .

T &

F3k 715 A4S el TCC-3, ABIF, L. lactis NK34

2} 5-
. 299 JAEVE agErsleon, HE o 10" CFU/mL

o] wjx|2 autoclave
171 918l pllE S A eSS

o A= 2.5

AL wet Ads A3, 10% skim milkeF 5% WPC+ 5% skim milkol A L.

lacits NK347} 45%¢] ACE A&l ax= el
NK347F 7Hd a4 o= AEHdsd s gdd -

Table 17. ACE inhibitory effect of probiotic strains

Table 179 A3}, L. lacits

olo] o
P .

ACE inhibitory effect (%) (pH)

Medi Incubation
edium )
i L. Iact
time  (h) actis TCC-3 ABTF
NK34
Control 15.03 (6.3) 15.03(6.3) 15.03 (6.3)
0 15.03 (6.2) 11.72 (6.16) 14.81 (4.15)
10% Skim milk
24 45.10 (b) 15.86 (3.97) 8.51 (3.94)
48 45.10 (4.7) 12.41 (3.83) 7.04 (3.89)
Control 7.58 (6.3) 7.58 (6.3) 7.58 (6.3)
5% WPC+5% 0 5.49 (6.2) 0 (6.14) 7.54 (6.10)
skim milk 24 36.86 (4.9) 0(4.03) 6.74 (4.15)
48 46.47 (4.6) 0(3.89) 4.37 (3.96)
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u}) HjR] FZAd w2 L. Jacits NK34¢] ACE A &) &7}

Table 18¥} #Fo] Hix] Z/del whe} ACE A =fax}

9%

1

d

. 5% WPCe} 5%

WPC+5% Skim milkoll A 7} =& 46% ACE AslEaE &elsh 4= S,
Table 18. ACE inhibitory effect of L. Jactis NK34 as medium
) ACE
. Incubation e
Medium . pH Log CFU/mL inhibitory
time (h)
effect (%)
Control 6.5 0.00 22.45
0 6.4 7.43 16.99
5% Skim milk 24 4.8 8.66 38.24
48 4.4 3.88 31.11
72 4.4 8.88 —6.01
Control 6.3 0.00 15.03
0 6.2 7.10 15.03
10% Skim milk 24 5 9.01 45.10
48 4.7 9.06 45.10
72 4.6 8.58 13.33
Control 6.3 0.00 -3.73
0 6.2 7.39 6.47
5% WPC 24 4.7 8.53 46.67
48 4.9 8.61 44.31
72 4.9 7.92 5.49
Control 6.3 0.00 7.58
0 6.2 7.41 5.49
5% WPC+5%
. . 24 4.9 791 36.86
skim milk
48 4.6 8.09 46.47
72 4.6 8.17 3.82
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9 327.5 mg= 7 A SAEAE. 5748¥ polyphenol Tl vl
flavonoid #¢ H&S HAER F4Hs
flavonoidi F=ol %= 7H¢ A 2 & + AN,
olelst A¥g nigo=m 4yt o

thiocyanate®, TBAH O 2 =A 3} L.
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DPPH #tHZ F2&s SHZAY, 43 s F5Eo] 44 F==o vls] ¢
149 =& F2A5S BYow (Table 19), X 29 ksl ArE njAyog =
A= FIC testHoll 9)gt dibsls SAHZAT, Als F3H7F 79 dee&e ukg

A5 FE At
s o]

Table 18. olekg, A5 22 13, 5 Tl 3% 2 F Sehiwols

@

Materials

Extraction

Solids contents

The ratio of total
flavonoid to total

(%) polyphenols content
(%)
Ethanol 4.46£0.2 49.38+2.13
Onion peels
Hot water 8.31£1.20 45.19£2.06
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Table 19. dl&&, @5 FEE&9 DPPH #HZ &A% 53

Materials Extraction DPPH radical scavenging activity (%)
BHT Positive control 89.72x2.03
Onion peels Ethanol 72.2512.74
(0.2 mg/mL) Hot water 49.68+1.55
07

Absorbance al 500 nm

m
E4

0 1 2 3 4
Incubation time (dav)

Fig. 11. FTC test¥ell 2Jst <3t FEE2 dAkst 5447, Methanol (@), BHT (),
ethanolic extraction (A), hot water extraction (O).
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Fig. 12. TBAYl o3t &3 F=2&° A3t 5443

v}, WPC 7}58AEY in vitro & in vivo 2EEL 53 nd8Y A &4 H7}

1) In vitro9] WPC 7FrE31 &9 ACE AEA &4

o8 74 &4E ol&ste WPCE 7lEsidt A 859 ACE (Angiotensin
converting enzyme) A& A AIE Fig 1o HeplAL 7HE £ &
e Yeld AS Protease S9F Pepsin®] 96%¢ oAEHE HPow Mol
89%, Alcalase®} Trypsin®] 22} 86%, 68% %= YEFGTE wafa B2 Agte] 2
¥ = WPC Zheitdl=olA ACE Asfj&Ado]l 50% o3l Aoz Yt
m, WPC 7hpasllEe] ¢ st ad4d o= At Hr].
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Fig. 1. ACE inhibitory activity of various WPC hydrolysates
Values with different superscript within a column are significantly different at p <0.05.

2) SIR REE o|§ WPC /M RalRe nAY Fotas
h AEZNY, AoliAZ, Holagdl WAL IF
AP F ASEAG 2 At ol ATH Holasel At FeHQ

2}ol & Ho|X| F9kth(Table 1).
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Table 1. Effects of various WPC hydrolysates on Body weight gains, Food
intake and FER in SHR rats

Body weight gain Food intake FER
(g) (g/day) (%)
WKYV" 131.3£9.0™Y 15.5+0.4" 0.11£0.03™

SHR 128.0£5.7 16.3£0.2 0.12+0.01
WPC 123.4+9.7 15.5+0.3 0.13+0.01
Protease M 123.4+6.4 15.4+0.2 0.13+0.01
Protease S 133.0£3.9 16.0£0.3 0.14£0.00
Trypsin 127.0+5.0 15.7%0.1 0.10+0.01

YWKY: Normal control group (Wistar kyoto rat), SHR: Hypertension group
(Spontaneous hypertension rat), WPC: SHR + WPC, Protease M: SHR +WPC
hydrolysates used protease M, Protease S: SHR + WPC hydrolysates used protease S,
Trypsin: SHR + WPC hydrolysates used trypsin

?)MeaniSE.

Yns: not significant

) A7 FA v G

Ag el AF7F SHRe) AlF 100g7¢ =4 o FAlOl mA= 9F Table 2
of eI 2, AV, A, diewe] FACAM e A 2 ke fe1A A

2 Yeh A Zkom | vl Ad = WKYtel Hlel SHRio] F-Al7F 9
° % Uelgton | Adaol2 BEAHE TodAE £94
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Table 2. Effects of various WPC hydrolysates liver, heart, spleen and

kidney in SHR rats

(g/100g B.W)

Liver Kidney Heart Aorta Spleen

WKY"”  8.00+0.66%™% 1.98+0.08™ 1.17+0.11"  0.09+0.01"™ 0.51%£0.03*"
SHR 8.48+0.20 1.81+0.23 1.16+0.02 0.13£0.02 0.58+0.01°
WPC 8.14£0.29 1.92+£0.09 1.14%+0.05 0.11£0.02 0.56+0.03
Protease ab
M 7.64%+0.21 1.82£0.05 1.11+0.04 0.10£0.02 0.56%0.03
Protease b
S 8.10+0.16 1.94+0.04 1.17£0.02 0.13%£0.01 0.55%+0.01
Trypsin 8.06£0.21 1.90£0.03 1.13%£0.02 0.14£0.02 0.54+0.01%
YWKY: Normal control group (Wistar kyoto rat), SHR: Hypertension group

(Spontaneous hypertension rat), WPC: SHR + WPC, Protease M: SHR +WPC
hydrolysates used protease M, Protease S: SHR + WPC hydrolysates used protease S,
Trypsin: SHR + WPC hydrolysates used trypsin

’Mean=* SE.
Yhs: not significant

YValues with different superscript within a column are significantly different at p

<0.05.

o) WPC 72 Eo] Eddstd wx= 9%

WPC 7t &2 BEA

o Aol AdF dell=
3

ot AYHolg nE

J

H
223.8 mmHg= <F 58% d<do] F73t vhH
34%, Protease Si*< 36%, Trypsinio]A
S & AFEI WPC AbAl S HEAH Huks WCE 7t

=

44% d LA+

of

ANE Fig. 29 JeERASA

wold ekgtort, 9F %

Zoll mlal] SHR< ol A=

S90S 29 Aol BEHQ ENE wolt o teku.
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Fig. 2. Effect of various WPC hydrolysates supplementation on systolic blood
pressure in SHR

WKY : Normal control group (Wistar kyoto rat, WKY)

SHR : Hypertension group (Spontaneous hypertension rat, SHR)

WPC: Hypertension + WPC

Protease M : Hypertension +WPC hydrolysates used protease M,
Protease S : Hypertension + WPC hydrolysates used protease S
Trypsin : Hypertension + WPC hydrolysates used trypsin

Values with different superscript within a column are significantly different
at p <0.05.

Zr7ko]l A7 Aol BE Foste Bt 157dd 3 WA d4S5H A94E
Fig 3o YelIAth. WKYOl A= 0FolA 45714 = F994 zolE& YERA
UL 8F A A 2572 Ml frolF o H2 ARE HOH 9FAb A
= TYH R HAshs AAE e, 2ol whel SHRr e A= 45 o] %
dstol Asste A HAow, 3FAdqAE A AR ETE AL
2 F7telg o 1 FEE 9FAt A A EHE Ao R Bhubyttl. WPCitol A
= 3Tk wlEf 45t A FoA o R sk AORE UER O 9FA
A AFaE detoll HlEl] Asete Ao R UEh AEAR] Fojol= a2t o
A e Aog Ve O Protease Mol A= 25 koA thh =718t
T AES By foHolA= gtom 3FAREH Fidste AFS B
o o]= 9FAHA AEHEH o R FAH= AEFS HIT. Protease SoA =
0Fke] Hl&] 4F2RH fFo]H oz FAdhe FoRE YUEIROH 95 ol A
2 #JI= 0FAf] Ml FojHow AAadtowA A3 gIE HIUH.
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Fig. 3. Change in systolic blood pressure of SHR after supplementation of
various WPC hydrolysates diet for 10 weeks.

: Normal control group (Wistar kyoto rat, WKY), WKY

Hypertension group (Spontaneous hypertension rat, SHR), SHR

Hypertension + WPC, WPC

Hypertension +WPC hydrolysates used protease M, Protease M

Hypertension + WPC hydrolysates used protease S, Protease S

Hypertension + WPC hydrolysates used trypsin, Trypsin

Values with different superscript within a column are significantly different at p
<0.05.

TmOowE

ub) WPC 7t & BSAFA7E 5 A2 s=d vX= 9%
O WPC ThrEdies B AAE SR T AR
of Yeldtl. 169 =+ WKYSF SHR Alolo] f2% Aol
Oh v A B om WPC, Protease M, Protease Sitell
o[ x] eFokth. ol wWha] Trypsinwt WKYwr 3 22 9]
¢} HDL, LDL Z#~HE9 %+ WKYo] H]3] SHRE H|%3 21 8] A o] 7 of| A
freldoz WA Yelgon Agae] HFAAFT 7o Aol gt (0T st
WKY<-oll H]3l] SHRu'olA oA oz w2 ANES Hom Protease SO Trypsini®
ol A WKYT ¥ 22 94 FTos IAAYE gEd adEs BTk GPTY 4
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=
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Aol A= fo Abol7h gl Ao vhehgn,

Table 3. Effects of various WPC hydrolysates on lipid profiles in SHR rats

TG T C HDL LDLY GOT GPT

(mg/dL)  (mg/dL) (mg/dL)  (mg/dL) (U/T) U/

WKYY 82.8 95.8 41.0 38.2 106.25 41.00
+7.67"  £6.9 +2.8" +7.0° +4.2° +2.9"Y

74.7 49.0 25.0 9.1 142.50 40.17

SHR " . . )

+4.3° +9.3° +1.6° +1.2° +11.5 +2.0

Wpe 78.9 49.6 25.4 8.4 134.60 43.80
+5.8" +5.42 +1.9° +3.3° +6.5" +3.6

Protease 82.0 48.2 22.4 9.4 122.10 45.40
M +5.4° +2.1° +0.9° +1.9° +9.9% +1.7
Protease 78.8 55.8 22.2 17.8 110.80 40.40
S +4 4P +6.7° +0.8° +6.8° +1.9° +0.7

. . 62.3 51.2 26.8 11.9 106.33 48.33
PYPSIL 4 5o +9.0° +1.7° +1.9° +3.70 +3.4

YWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
YMean*+SE.

PValues with different superscript within a column are significantly different at p
<0.05.

YNs means not significant

YLDL (Friedewald's analysis) = TC — (HDL + TG/5)

vh) WPC 7232 BE3AF7 85 A2t 2 F348LE9) vl 93
F4o] % &AH}4E(Conjugated Dienes, (D)} ZF34F3l (Total radical
trapping antioxidant potential, TRAP) #2 ZA¥}+= table 4o YERNRATE. TRAP

=ZAME g% Y a-tocopherol, ascorbate, urate, protein sulfhydryl groups
of tstAl = H3E S SHste 49 & FE7] 2 diste s *;ﬁ

She PHOR B ATNAEL 7 aEwe] fo04 AolE UEhhA egrh.
Wehd mEdAZR A% B W 27 s Jueld YYsE BARA OEY
AAprshgolth, ¥ Aol Avp At 7 gre] frelH Aold wolH ¥
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Table 4. Effects of various WPC hydrolysates on total antioxidant capacity
(TRAP) and lipid peroxidation (CD) status in SHR rats

TRAP (mM) CD (mM)
WKY" 1.21+0.007"% 4.02+0.38™
SHR 1.23%0.01 3.82%+0.08
WPC 1.06%0.14 4.38%+0.26
Protease M 1.02%+0.17 4.10*0.23
Protease S 1.20%£0.03 3.93+0.14
Trypsin 1.22£0.01 4.16=%£0.11

YWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
?)MeaniSE.

YNs means not significant

Ab)WPC 7R E BRSAFAE AET dstasdyd nxe 9%

2oz AASE datsAet vz Ao AU EASHE catalase9t GSH-Pxeb 72

aaAAlE AW s o H9ote Fad A & 5 Q.
wEkA] B A A= WPC ZheadlEe] BREAFAZE AW kst A Aol ojw e o
e mAE=A dotr ] 9stel A E 9] catalase®t GSH-Px #41& Al
t}.(Table 5) 423}, catalase F=oAE F9942 2po]S YyERNA Edt}.
GSH-Px =% WKY®} SHR, WPC, Protease S¥* Aole] 94 ztol7l gli= Aoz
UEFE S ™ | Protease M¥} Trypsinol 4l+= SHRw-ol] H]3l] Aoz S 34
7MA= Ao R YERT). o]& Protease M3 Trypsing o] 83+ PWC 7}-i8lE
Aol grtstEdo] 4bstA ~EHAE AHAO0R Wolshs 7|deR g o 3
stA Aol = G HAA B= ow AlERE

2 2L o
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Table 5. Effects of various WPC hydrolysates on erythrocyte antioxidant
enzyme status (catalase and GSH—Px) in SHR rats

Catalase (K/g Hb) GSH-Px (U/g Hb)
WKY" 1652.44+168.70%7 109.01+11.06™"
SHR 2095.26+181.53 143.34+11.86"
WPC 2064.46+245.04 142.14+17.12°
Protease M 1548.15%+179.27 94.20£8.77%
Protease S 2089.39+364.83 150.81+25.09"
Trypsin 1503.12+149.08 96.73+10.59"

DWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
YMean + SE.

YNs means not significant

YValues with different superscript within a column are significantly different at p
<0.05.

o}) WPC 7}-E81E 223 A7 BdT9 DNA E4% 0 v 3

9F%F 5% SHRO WPC 7FrE3lES BHE Fof Al fFAEA st ks o}
1H7] $138te] comet assaye ©o]&3te] MAFY DNA SHAAEE A3
6) Tail DNAx= WKYS} SHR Akeloll 912 Zpol7b vpepbubA] egkom WPCs M
WPC 7HritelEs He Fol Aok F94<¢ zpol& YEhA &t Tail
lengthol| Al = WKY< 3} SHRw- Afo]e] xpo]= Ho|X]| gkkom  SHRI 2§l 2o] 4
HATE AoloE fold zpolE YEA &gt 2#uh WKYSF Protease M3}
Protease S, Trypsini™ AfolellA o2 ZpolE HG oMW 1 5 WKY H] 3|
Protease M3} Protease S, TrypsiniwollA @& A3E HIT}H
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Table 6. Effects of various WPC hydrolysates on leukocytes DNA damage in

SHR rats
Tail DNA (%) Tail Moment Tail Length (mm)
WKY" 7.09£0.687% 1.48+0.23% 14.88+1.31°
SHR 7.42+0.23% 1.56+0.10% 12.42+0.32%°
WPC 8.06+0.73" 2.32+0.32° 13.96+0.97"
Protease M 7.30+0.65% 1.58+0.27" 12.24+1.08%
Protease S 7.02+0.46% 1.42+0.12% 11.66+0.58%
Trypsin 5.92+0.34° 0.92+0.06* 10.83+0.22°

DWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
?)MeaniSE.

PValues with different superscript within a column are significantly different at p
<0.05.

ulk o

i

O,

(
]

) WPC 7hrEsll & BSHF 7 A3 DNA &85 vA= 93F
ZFo] RAS (Rennin angiotensin system) 7]&ol o]&f <J3FS

ool AlFA Y MEok TS v H Ao AZE . b 2 A
g BAstelen, 1 A3%E Table 701 YeEbHATH

Tail DNAE WKYel ®l&] SHR-FolA fFozoz EMAAEs Frhetglon WeC,
Protease M, Protease S, Trypsinu oA} SHRE T} &SAALE7E 4oz 7448190
S W Protease S Trypsinwol A &A= 7 A& 102 YeHt. o 4
= tail moment®} tail lengtholl %= #2 AeS HFA O™ Trypsind-ol 4 DNA
&AL SHRel Hl&] feolFo® 7bd We ZAow yeEuwth. B AT AR
Trypsine ©]&3k WPC 7Fr&EaEe HaAF7E /A E B3k a35 yE

W Aow ek

t
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Table 7. Effects of various WPC hydrolysates on kidney tissue DNA damage
in SHR rats

Tail DNA (%) Tail Moment Tail Length (mm)
WKY" 13.57+2.232%9 12.05+2.64 55.02£9.54¢
SHR 18.35*1.08° 14.47+1.041 47.24+2.93
WPC 14.33+0.96" 8.93+1.45" 34.46+£5.40"
Protease M 12.50+0.68% 8.73+1.41" 38.34+4.59"
Protease S 10.17+1.36" 7.13+0.90% 33.99+3.89"
Trypsin 9.71%0.53* 3.79%0.52° 24.24+2.28°

YWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
?Mean+ SE.

PValues with different superscript within a column are significantly different at p
<0.05.

) A&
WPC 5 o8] 7H4] aag o83 WPC 7t dles ol&ste] d9idstayds &
A7) skl Alse] ACE AAES E4% A3}, FFEde W Protease MO

SAo) g B2 Aoz grgon, o
o2 YeTE. In vitro B2 A ACE &4 < = A
we g mael SRS o8] 1077 WEFelE AAsdrh, 1 A,
F 90 Aol afl At fold Aolsk glom, FATANAE o4 Aol
1A g, v1&e] Al A SHRu-AlA] Feld oz =& FX& B

o] = o]

]7(4 0/]}\-101 (2]

& QAT TAAE A
I

o] 5
o) FAe] AP MAE Aow AprEol A}, A
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11t
e
rQ Bl ooX o2 &

X 2
o
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oX,
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L
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ek

el o™ | WPC, Protease M, Protease S,
o8 W& FAE Eoﬂ‘:} ek obu e} WPC®

gom WKYH e FES dERdd. 4
gotol W E A% A, WKywolAs o4 Aol EO]X] g okot SHR ol
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Ae AR % A AFS 2w, ddHolE AFEE de dge
1A (WPC, Protease M)EAY Z3H(Protease S, Trypsin) ¥ & JeLJJrﬂ I A=
Uikttt % A B4 A, GOT =& WKyl vls] SHRw-ol Al f-2] 4
2 =8 A3E 1901 Protease S Trypsinw-oll A WKYT-3 2o Fol4 +F
Z AN E BYst g2 R, d5AE5Ae e Ax= A1#e] DNA &=
A= Aol A WKYoll Hlal SHRrol M S =7 ek vl A3 aolE H

SRR Padhe

_

WaA B Ao AT, WC AFEHES ol8d JsA SRl AnEgd B
43 A Fedel BAEY oY AU FRASHE 2AA dFL
Ao AmH
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2) &89 AxY3s WPC 35 &89 Ax3

walste 3500 WPC EgAl AARaEe o fEel wuddds
eRe Axgeel 44 GuAFLS 2. WhEe BadRs A% 7
3.

Ab ks, A4 9 4 ABT strains(Bifidobacterium longum, S. thermophilus
9} Lactobacillus acidophilus)e]$itt. WPC 7}FEE381 &3} ProbioticE -3+ =
t‘g-% %Et_l}/\i 047] _,46]- 7]-5151% _,,]PGQ- 0}03—9—

S|

3) 4 @A FHEY FHNA AxS Vs dASEY B4
7H 7 diE F5ES o83 Ve SRS fFHeRY 4

o

T

on

10 o

W) 8, & 1Y E (moisture & total solid), 3]¥#-(ash),
A.0.A.C(1990 1995) WHdl we} 433 .

t}h) @& (Crude protein) 42> A.0.A.C(1990) ®Hol w2} micro-Kjeldahl
Ho g oA sleks AE519S

Z}) NPN(Non Protein Nitrogen) & NPN< Lorry 5(1951)9 Hyol 9
a3l

vh) A (fat)e] 542 Rose-Gottlieb Wl wa} 2 A}

vl Zk(lactic acid)¥ Gasatose &S Boehringer Mannheim AF2] & 4% W
of ol AT

A Glucose &2 Glucose”} hexokinase 9 ATP| 23] Glucose-6-p & A
A Glucose-6-9 dehydrogenase ¢+ NAD o 93] gluconat-6-p = A3}
B gankged oA st AbEE

ob) A= (Titration Acidity test)« F34 gl o8] &35+

ZH pH =3 pH meter(Mettler-Toledo GmbH 8603 Schwerzenbach
Switzeland, Seven Easy, China)g& AF&3le] 543513 .

2P Bulk density 5742 Al=59 FAE F43 & v2=Addde FAE SAHS A

ol

f

|\
ol

58 Y1 A3
7 Hl% SAL HFS HTAE AEste] e o] AAISH S
) Ar= loanna 59 =  wgl  Brookfield Viscometer

(LVDV-II+ Brookfiled Eng Labs Inc.USA)Z =43} .

3}) Angiotensin Converting Enzyme A& & 3} (ACE-inhibitory activity) S48
Cushman¥ Cheung(1971)¢] W& W ste] th53 o] HAAEH3 5.

) FAFS 5742 Standard method(APHA, 1995)9] 2] Plate count agar
with bromo cresol purples AR5} S

sl) #5HAF (Sensory evaluation)= F7], U, A& dAAQ 7|5%9 4345&
Hrrstglor, 108 A= 1w W, 10009 £33 AFEstlS.

4) FAREA

FAEAS>  SAS program (Statistics Analytical System, USA, 1999)¢]

GLM(General Linear Model) procedureE &3lo] &A433ar, A&7+ HA 3t
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H = tE9] A4 (Duncan's multiple range test)S £3to] 94 AA
(p<0.05)<S AAIeH .
5) WPC % WPC 7liafi & tigh ACE 24 A8S A58+

6) WPC % WPC 7h-2alEel 3gstasns Agsh] 13 3e 374 39

i

7 In vitro EA A A7 YW A RS At 657 BEFY T AN
nom, s=9o N 4F g7
8) dF W AA B4 sty € T F
Z, LDL-F# 8%, GOT, GPTE 243192

0) FPolA FhetAd B FPUY 5L FHFAL

il
2
e

ol
ol

1) A8 W) bsas 24 B4 AA89e.

12) SPSS-PC+ packageE AFg3to] A Al 313

2T AN MY WeolSE FHE A0E e EJA A5RAES
(HWPC) 8 922 AHSArh ZHA2UNA ACE AsEst 9t Hetol=e)
eRiguE 2G5 A3 AepaaA ¢ b oA

= A= 5
T%. WPC 7S o] mighvdA S5& AxPs o @i 5 1.0 %
o235

WPC &= HWPCE AH, 74t &5, AAE Hrtste] Z3h¢ wisivl= Table
1 o el WPC-352 %78k Placebo?] wlgH](%)E= WPC, A&, Fa2
gz, A 7z 286, 69.4, 1.6, 0.2, 0.2%, 7l¢Ee @ W x7}gt
Sample 19 wl@H] (%)= WPC-35& 78t Placebo?] Higu|e}l sdsHA 31 S
H, WPCE 7lEsligt WPCE #H7balgls. 7Has] | WPCeF A, 44k, &
B, Aiol FAFS H7FE Sample 29 wigM (%)= 28.6, 69.3, 1.6, 0.2, 0.2,
0.1% AZ3}AHS.

A A
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g
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Table 1. Compositions of health beverage using whey protein

Sample 1 Sample 2

Placebo

0.0

0.0

28.6

WPC

0.0 28.6 28.6

HWPC

69.3

69.4

69.4

e

1.6

1.6

1.6

<

B

0.2

0.2

0.2

m

0.2

0.2

0.2

4

=z

0.1

0.0

0.0

iy
of

2 n}o

3

100.0
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2.0
+

15
0.5, 1.0, 1.5, 2.0%°]

Protein (%

1.0
o

Extent of sedimentation
=

Low sediment
FadllE

High and Medium sediment
Insignificant

05
WPC 7}

0.05
0.10
0.15

N
(1.5, 2.0%)3} 1|1 &}e]

o] 1.0%°)1 o= 7k uf

Ko
o .

Stabilizer (%)

Table 2. Effect of stabilizer on sedimentation of beverage prepared from
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level on acceptability of beverage

Table 3. Effect of different protein
prepared from Hydrolysed WPC

sample

Protein(%)

sweetness overall

Flavor

color

acceptability

&appearanc

7.790

7775
+0.007%

7.790 7775
+0.007"

+0.014"

0.5

+0.014°
7.845

7.805
+0.021°
7.735
+0.021™

7.830 7.865
+0.021°

+0.014%

1.0

+0.007
7.805

7.740
+0.014"

7.805

+0.007"

1.5

+0.007°
7.750

1775 7.710 7.710
+0.014°

+0.007"

2.0

+0.014°

+0.014°

of wel FRAG. kA ATl
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(Driessen 1990). o]
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2%E A7Vstal S8k

Dissolution of .
: 6% solution
whey powder
l
Pasteurization : 75°C for 10min
!
Cooling . room temperature
l
Centrifugation : 8000 RPM for 10min
l
Lactase 1.5%
Supernatant + Hydrololysate 1.0%
NK-34 0.5%
l
Incubation : 37.7C for 3 hr
l
Citric acid addition |: 509 solution, to pH 4.0
l
Centrifugation : 6000 RPM for 10min
l
Sweetener 1 2%
l
Packing

Fig.1 Flowchart for whey beverate manufacture
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Table.4 Compostion of health whey beverage(%)

FUYE 9.62
chal g 0.68
NPN 0.065
g 3.85
3] 0.82
M gZnHfo]| Qg 0.5

WPC hydrolysate 1.0

o #3 @9d F52E o8 589 o33 44

1) 28 E (moisture & total solid)®] w3}t
WPC-350] A 7k &w, MaZ #2748 Placebost WPC-35 7H B2
3 Ae FAA, Fn, AAE H7ESE Sample 1 183l WPC-35 7 &

A4C BFerel ALor] 63 ZoF BAS T 10% LMo 7hzt Bo| 3 A3
T 1P S 54 7S Table 6 o YERIUE.
]

| Aol we}t yebd & @ E S Placebos W2 A% Al
3414 9.945%7+A4 FFAskqlar, A2 A% Al 10.3590A41 9.945%7+A] 7FAsh
Ao, Sample 1S BFLE A% Al 10.50004 9.93%7+A] 7hAekqlar, AL A%

0
23lE A8ES H9l. Sample 25 WH2E A A

Al 10.50590 4 9.945% 7+ 7+ = ]|
10.436904 10.109%7}A] 7ZtAstgom, AL & A 10.436904 10.109%= 7F
Pagels
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Table 5. Total solid of

storage period.

health beverage using whey protein during the

storage Placebo samplel sample2
c o1 d Room c o1 d Room c o1 d Room
room room room
0 10.340 10.350 10.500 10.505 10.436 10.436
+0.014*  +0.014*  +0.014*  +0.007*  +0.001*°  +0.001°
2 10.280 10.260 10.365 10.355 10.256 10.256
+0.014>  £0.014>  +0.021°  +0.021°  +0.001"  +0.001"
4 10.255 10.255 10.085 10.100 10.115 10.115
+0.021°  £0.007°  £0.049°  £0.042°  £0.001°  +0.001°
6 9.945 9.945 9.930 9.945 10.109 10.109
+0.021°  £0.007°  +0.014%  +0.021¢  £0.001"  +0.001°
2) 3] &(ash)e] W3}
WPC-35¢ A", 74t &5, MAE #H7FsE Placebo®t WPC-35 7t i3l &3
Av FAAr g5, AAE HIFE Sample 1 28]al WPC-35 7F¢ Hej&3 A
g, 7AA, R, i Z2ulo] Q"€ A5 H7EE Sample 22 A|ERF ko] 4T
Yol A2l 65 wot Bydk ¥ 10% §HoR 77 wol 34 st

Lr
AU
=
32
o
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Table 6. Ash of health beverage using whey protein during the storage

period.
storage Placebo samplel sample2
c o1 d Room c o1l d Room c o1 d Room
room room room
0 0.05 0.05 0.06 0.05 0.05 0.06
+0.00" +0.000" +0.01° +0.00" +0.01° +0.01"
2 0.05 0.05 0.06 0.06 0.05 0.05
+0.00" +0.00* +0.01° +0.01* +0.00" +0.01°
4 0.06 0.06 0.05 0.05 0.06 0.06
+0.01° +0.01° +0.01° +0.00" +0.01° +0.01%
6 0.05 0.05 0.05 0.04 0.04 0.04

+0.01° +0.01° +0.01° +0.01° +0.00" +0.01°

3) 3 (actose)?] H3}

WPC-359 A%, 74, &5, 4425 #71s Placebo®t WPC-35 714 3l &34

A, FAA, Fs, MAE H7FS Sample 1 28|31 WPC-35 7h¢ wall=3 A

g Faal SE A Hlo] Q €l 22 F7}eE Sample 28 AxF 3dlo] 4T
6

X
T s B & 4 S 543 kS Table 8 o 4
[e]

e
KU o

W= Aol
B, 39 S placebo?t sample 1914 A7 7]3F &<k oz 7HA513]
ISample 201A4 = 659 AA 7|7 FoF & Eow APy WALEAAM=
5.0450014 6530l 1.855%74 AP HALdAME 5.05%04 1.635%7+4 7

XN & o
BRI

o

Table 7. Lactose of health beverage using whey protein during the storage

period.
storage Placebo samplel sample2
c o1l d Room c o1 d Room c ol d Room
room room room
0 4.855 4.855 5.335 5.34 5.045 5.05
+0.007" +0.007" +0.021° +0.014" +0.021° +0.014"
2 4.63 4615 5.31 5.255 3.085 3.07
+0.028" +0.021" 20014  £0.021"  +0.021"  +0.028"
4 4.56 4.47 5.25 479 2.235 2.185
+0.014° +0.014° +0.028" +0.014° +0.021° +0.021°
6 4.49 4.419 4.925 492 1.855 1.635

+0.014" +0.014" +0.035° +0.014" +0.021¢ +0.021¢
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4) A ¥}(fat)e] W3}

WPC-350] A%, 74k, &=, MAE H7Fek Placebo?t WPC-35 7 &8l &3
A7} Sample 1 18] WPC-35 7} Eaj&x A

23 Z2nlo] QA2 H7FE Sample 28 ANE3F dho] 4T

e oA 65 B¢ Bad ¥ 10% SN 747 =ol S4steq AW

}eko 5

[} -1
FHL S4T %2 Table 9 o UEHIQS. AP GBS BE AR PP 2
qeAF A gAReR 2 olF mold Bk

Table 8. Fat content of health beverage using whey protein during the
storage period.

storage Placebo samplel sample2
c ol d c ol d c ol d
Room Room Room
room room room
0 0.335 0.335 0.330 0.325 0.355 0.355
+0.021°  +0.021°  +0.000°  +0.007*  +0.007*  +0.007"
) 0.330 0.330 0.325 0.320 0.350 0.353
+0.014*  +0.014*  £0.007"  £0.014*  x0.014"  0.000™
A 0.335 0.335 0.315 0.310 0.348 0.349
+0.021°  +0.021°  +0.007°  +0.014*  +0.001"  £0.002"
6 0.330 0.330 0.300 0.295 0.345 0.341

+0.014" +0.014° +0.000° +0.007" +0.001° +0.002°

5) AAAFE(Titration Acidity test)e] W3}t
WPC-350 A&, a4 &5, MAE 713 Placebo?t WPC-35 7H+ w3 &3
Mgt sk &7, AMAE F7FEE Sample 1 28]l WPC-35 714 Eaj&3 A

T, FE, Hae] ZRulele B aE HUMeE Sample 22 AT she] 4T
Femel AeolA 65 Tt HEBTd F 10% Ao A7t Bl A5te] AA

sS4 G Table 10 o HeRASlS.

A== ¥ A Al Placebor 0.223, 0.225, 0.225, 0.2459] H]=3h gho =

fro A Apolg Helx] grgkom, A& A% Al 0.222, 0.225, 0.225, 0.245% <z}

Feehe g

e S, Sample 12 WY& A Al Z=7]9 0.25914 65 A%
0.256% Wslalm Fo4 zlolE Holx eFtow, AL A Al 0.24, 0.255,
0.275, 0.285%= A% Agto] Aol we} F7hets A2 K9, Sample 2 4%
A Al 0.2759014 65 AAF 0.2752 B3 S YEUALL, AL AF A
0.285°14 0.295% A7 Alto] Aol wel S7bshes 43S Bl
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Tabel 9. TA of health beverage using whey protein during the storage
period.
storage Placebo samplel sample2

c o 1 d Room c ol d Room c o1 d Room

room room room
0 0.223 0.222 0.25 0.24 0.27 0.265

+0.001" +0.001" +0.000" +0.014" +0.000" +0.007"
2 0.225 0.225 0.255 0.255 0.265 0.27

+0.007* +0.021° +0.007* +0.007* +0.007* +0.014°
4 0.225 0.225 0.255 0.275 0.26 0.28

+0.007" +0.021° +0.007" +0.021° +0.014" +0.014"
6 0.245 0.245 0.255 0.265 0.275 0.295

+0.007" +0.007" +0.007" +0.007" +0.007" +0.007"
6) ptel %3}
WPC-350 2%, 4k, 3=, MAE H7He Placebost WPC-35 7k 3l &34
Ag, il g8, MAaE H7Ee Sample 1 283l WPC-35 7k ®alEd A
g, FAA, FR, Mol Zzute]QYAE WM Sample 28 ARF ] 4T
g

IogkE B A Al 4.025004 3.9857b4] FHAs

3.9257HA A8 S
A, A A AL 4.0400914 4.090704 2

. Sample 19 3%

WA A4 Al 4.155900 4] 4.017+A] 7438

10% g0z Z+7y Eof 3]43te] pHE
=43k 212 Table 11 o YEUQUS. 65 SoF 7|7Fo] Aol wa} Placebool 2
, AR A Al 4.02500 4

A Al 4.1359014 4.0557HA 7438

A Fashs 3 e A
Sample 18T} ZZnlo] e EYxE 718 Sample 2014 714 & Fo2 4% A
o7 Hol H7lE Zgulo]QEl AV} pHE 7HAA 7= A8S 73
Renata(1999)¢] 3 dwWd= wjgtst 555 4T oA Algto] A&
45 pHe AMA8] Hhaske ¢ Alee A3s el
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Table 10. pH of health beverage using whey protein during the storage

period.
storage Placebo samplel sample?2
cold cold cold
Room Room Room
room room room
4.025 4.025 4.135 4.040 4.155 4.155
0 +0.007°  +0.007*  +0.007%  +0.000°  +0.007%  +0.007°
) 4.010 4.005 4.095 4.115 4.100 4.120
+0.014"  +0.014™  +0.007°  +0.007*  +0.000°  +0.000"
A 3.995 3.975 4.075 4115 4.045 4.090
+0.007*  £0.007""  +0.007™  +£0.007*  +0.007°  +0.000°
6 3.985 3.925 4.055 4.090 4.010 4.065

+0.007°  £0.007°  +£0.007°  +0.014°  +0.000¢  +0.007¢

7) Bulk density®] ¥H3}
WPC-35° A", 744k &5, MAE H7FSE Placebo®t WPC-35 74 &3ll& %
Ae a8 MAE H7ESE Sample 1 18]a2 WPC-35 7} Hsi&E3F A
g FAN &5, Mio ZTaulo)QEAE 73 Sample 28 A% dlo] 4T
Wzl Ao 0~65 & EAS F 10% §dqoz 747t Eo| 3|A sty
bulk densityE 43 gt= Table 12 o YEFIA S

65 w<eF 7]zto]l Aol wel Placebo® bulk density?l #< WH A A
1.034, 1.032, 1.033, 1.0325 uYEeERNAL, A A=A Al 1.034, 1.033, 1.032.
1.032¢] ztzt m]5=3 kS YeERdlS.  Sample 19 W4 A% A g2 1.018,
1.017, 1.017, 1.017% 4YepdSla, A2 A% Al g2 1.017, 1.017, 1.016,
1.0169 Zt7t w523 #S YERNLS. Sample 29 ¥4 AF Al & 1.015,
1.011, 1.012, 1.011& YeplAaL, A= A Al g2 1.010, 1.011, 1.011,
1.0129] 7tz w23k ghs YEhSl .

A2 o2 bulk density®] kol A Ao]E HolA| &S Placebo? ko]
Sample 13} Sample 28t} ¥ S YERA A WPC 714
Al BI7F 77 Wil Ao ® AR E. AxdE WPC &5

= A7l #AIglol AA7IZke] Adel wet bulk density®] w2 71¢] W3IE {1
= 492 YA, AxFE WPC SRE £%9 szke] Rujd 4 FA
= Ao Almw,
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Table 11. Bulk density of health beverage using whey protein during the

storage period.

storage Placebo samplel sample?2
cold cold cold
Room Room Room
room room room
1.034 1.034 1.018 1.017 1.015 1.010
+0.001*  £0.001"  £0.002"  +0.001*  £0.001*  +0.001"
5 1.032 1.033 1.017 1.017 1.011 1.011
+0.001*  £0.001*  +0.002*  +0.001*  +0.001*  +0.001%
4 1.033 1.032 1.017 1.016 1.012 1.011
+0.000*  +0.001*  +0.002*  +0.003"  +0.001*  +0.001"
6 1.032 1.032 1.017 1.016 1.011 1.012

+0.001"  +0.001*  £0.001*  £0.001°  +0.001*  +0.001"

8) v]lz< W3l
WPC-359] Mg F4k &5, MAE A7 Placebo9t WPC-35 715 #&) &)
ek FAA skg MAE H7EsE Sample 1 18] WPC-35 7 2al&3 A
= 713k Sample 22 A% o] 4T
W2 me} A2 0~6F Bk Badt T 10% SN0z 747t Eof 34sle] H
5 =43 kS Table 13 o] JEUAS.
6+ &<t 7|gte] Aol we} Placebo® WA A Al wlFe & Z2H7t 1.039,
1.038, 1.038, 1.038% YElAaL, A2 AF Al 1.039, 1.039, 1.038, 1.038<]
v =gk ks UERISlS. Sample 19 W A Al ke 72 1.039, 1.040,
1.039, 1.038% uYEeRAaL, A A Al 1.038, 1.039, 1.038, 1.0382] H]:3t
e YER S Sample 29 ¥ A% A e 747 1.038, 1.039, 1.038,
1.038% yYEuida, AL A3 Al 1.038, 1.039, 1.039, 1.0382] H|=3E S 4
B 5. P@Oi H % gholl & 2ol 7k flSl+.

A

A B WP SR 9 AR AE AL WAglel AF Sl Al
& uFe Ao Wt 9l AdE deEhlde. & AXFE WPC gRE 2E9)
o=

717ko]l &l ARl EAol= d&Fe A = Zﬂ Ats.
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Table 12. Gravity of health beverage using whey protein during the storage

period.
Placebo Sample 1 Sample 2
Storage

(Weeks) — ¢olq Cold Cold
Room Room Room

room room room
0 1.039 1.039 1.039 1.038 1.038 1.038
+0.000% +0.000% +0.000% +0.000% +0.000* +0.000%
5 1.038 1.039 1.040 1.039 1.039 1.039
+0.000° £0.000* +£0.000% £0.000° £0.000" £0.000°
4 1.038 1.038 1.039 1.038 1.038 1.039
+0.000% +0.000? +0.000? +0.000? +0.000" +£0.000"
5 1.038 1.038 1.038 1.038 1.038 1.038

+0.000" +(.000" +0.000" +0.000" +(.000" +0.000"

9) frakitel wg
E

WPC-35¢] A A2 H7}38E Placebo®t WPC-35 714 Hai&3}

A ;A
A, Az FE, AMAE H7ESE Sample 1 18]31 WPC-35 74 ®3l&d A
g, AL R, Ao ZRuole¥gxs H7MeE Sample 28 A|X3} dHe] 4T
WAemet A2olA 0~65 Bt By ¥ 10% §ho= 242 2o A5l
At E 548 %S Fig.2 o YeEhSS.

6 &<t 713kl Aol whel ko] k2 Placebo®t Sample 1= Z=njo]
SEAE H7RskA @gk7] wiol W A AL AF 25 09 #@s dEhgl
. Sample 29| ¥ AFL 7.69, 7.17, 6.94, 6.869 #< HElUIlar, A2 A
&2 7.44, 6.75, 6.49, 6.019] = HERHAE. A= A A BF AF A By
Aol whel Ak aEe] ghel 436 Ak A e UEhlE.

o AR AFLE} F5H 2w

_H
s
to
i}
[
=2
12
=
lo,
o2
o
l

A% 7)3ke] mz
upol @ € 0] gEol AW FFL WAL A0E ARE.

Renata(1999)8] #39ud= Mge SRS 4T A Azte] Adel weh 593
AS FARSE O gasts 43S wel A% v5d 23S el

>
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Fig 2. Lactic acid bacterial of health beverage using whey protein during the

storage period.

10) "o w3}

WPC-359 A%, 74, &5, Mg #H7Fs Placebo®t WPC-35 71 3l &2
e sk g8 MAE H7ESE Sample 1 18]l WPC-35 7 £

2 = H7}sk Sample 22 %3S 3o 10%
=43 7S Fig.3 o YERAS.

670¢] Sample EF RPMeo| 57}&5 cP #ho] #Hastes 4Es dHehds vl

E fA9 4% ehle

oft
-
re
2
ot
i
1=
F
-
(Kl
fu
jur]
B
to
iU
[>
I
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1.0 30 5.0 10 20 30
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Fig 3. Viscosity of health beverage using whey protein.

4- : refrigeration keeping
22— : room temperature keeping

11) NPN(Non Protein Nitrogen)2] =3}

WPC-35° A", 744k &5, MAE H7FsE Placebo®t WPC-35 74 #3ll= %
Avr FAA g, MAES H71sE Sample 1 18]32 WPC-35 7F¢ Eaj & A
g AL, g, Mio] Zgnlo]QEAE e Sample 28 A ZE o] 4T
W Eel Ao Bst & 10% §9o =z 7tz Eof g4ste] NPNS 743
< table. 14 o] YERIA S

653 B<tol 7)7ro]l Aol wil Placebo®l NPNe e WA A3 Al 0.543,
0.549, 0.589, 0.591¢] & YehdiAa, d2 A% Al 0.543, 0.563, 0.595,
0.6149] S Yebdl™ ot S7tete B &S WERNSlS. Sample 12 W8 A%
Al 0.734, 0.740, 0.752, 0.767°] #& WERAIL, A= A Al 0.733, 0.744,
0.769, 0.7759] #& YeERY Fo4 ztolE Holx] 3. Sample 2+ ¥ A
& Al 0.745, 0.752, 0.777, 0.789¢] #t= YWEWHAIL, A2 A A 0.745,
0.752, 0.770, 0.8649] k<= Y™ 2] ZpolE HolA] %+,

[e)

32

==
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Table 13. NPN content of health beverage using whey protein during

storage
storage Placebo samplel sample?2
cold cold cold
Room Room Room
room room room
0 0.543 0.543 0.734 0.733 0.745 0.745
+0.001°  +0.002¢  +0.001¢  +0.001¢  +0.001°  +0.001°
5 0.549 0.563 0.740 0.744 0.752 0.752
+0.001°  +0.001°  +0.001°  +0.001°  +0.001°  +0.001°
A 0.589 0.595 0.752 0.769 0.777 0.770
+0.001*  +0.001"  +0.001"  +0.001"  +0.002”  +0.003"
6 0.591 0.614 0.767 0.775 0.789 0.864

+0.001"  +0.001*  £0.001°  £0.001°  +0.002"  +0.003"

12) #5734} (Sensory evaluation)

WPC-35 7}rEsl &3 49, 74t &5, MAE H7MeE Placeboet WPC-35 7
TR e A g5, MA ProbioticsE A 7F3F Sample 2& A %% s
o] 6575 B & HSHAE A AH}E Table 15 o YERAS.
2]#(Appearance), A (Sourness), AA A EZE(Overall acceptability)dll A 65
Foto] MI L FoF AolE Holx ki, 7| (Sweetness)= Sample 20 A
oz fihshe 43S YeEldAdS. 9, 3], 2bnjel A gixl 4 2.2 Placebo
g g 53] AAH MEEA ProbioticsE 3
=2 HA4E WS, placebo9}t sample 1 & =Fo|7}
nzte] ke MAA Fe AR Y
FoF BEE Hol gHdME £ HFE HE
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Table 14. Sensory score of health beverage using whey protein during the

storage period.

storage sample Appearance sweetness flaver Overall

(Weeks acceptability

()) placebo 8.20+0.14" 7.75+0.21% 7.30+0.00° 777
sample2  8.30+0.14"  7.80+0.14" 7.25+0.07"  1.78

2 placebo  815+0.07"  7.40+0.14  7.35x0.07°  7.63
sample2  825+0.07"  7.75+0.07" 7.25+0.07"  1.75

4 placebo  7.90+0.00°  7.15+0.07" 765007  7.63
sample2  8.30+0.00" 7.30+0.00" 7.30+0.00" 763

6 placebo 7.75+0.07" 7.00+0.00° 7.95+0.07" 7.58

sample2  825+0.07%  7.25+0.07°  7.25+007° 757

13) Angiotensin Converting Enzyme # &l a3}

WPC-35 7FrEalled A%, +a, &8, M4E 37 Placebost WPC-35 7F
FwdlEy AY, FAA &8, M4 Probiotics® 7S Sample 22 A Z23 8}
o 65752 BHAd T 10%gdo R ZHZ; Eo 348lo] Angiotensin Converting
Enzyme As|lav& HAlste] ACE Asl&S AL 235 Table 16 o e

o] o
A .

Probiotics& 33 Sample 29 ACE A& © =4 vewth o e a3
= 659 AAVIIFse AEEHAS. o] Ay FAHEWM A ekt 435y dulE
AEr BEfEE5E ACE A4S gelst vy ZAyel X3t Mullallys, 1996).

Table 15. ACE-inhibitory of health beverage using whey protein during the
storage period. Unit: %

Storage

Placebo Sample 1
(Weeks)
0 60.15 68.39
2 61.79 70.22
4 61.80 70.55
6 61.78 70.56
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D g 9 F 18F (moisture & total solid)e] H s}

A del WPC-35 7hrislE, Zaule]e g de A E22LS ke §88
4T B 25t Ao 65 &t Bag & F 1S 543 @S talbe. 17
o Yetlile. A3 Yoo AA7IZhsete] WHatE B A 47|l A
ol whe} F ugEE 3g A A 9.620014 8.957H4 HAadE e yEHon
A2 A Al 7.4157HA4 Aasks e eSS 2 Alx A5 3 A%
Al Algok A2 A% A AR F9F 3s UERIIAT A 71Rko] Al w
ok A2 A% g AR FAaFo] o A YERE.

Table 16. Total solids content of health beverage using whey during the

storage period.

sample
storage
cold room Room
9.620 9.625
0 +0,028° 0,021
) 9.465 8.735
+0.021" +0.021"
A 9.010 7.620
+0.056° +0.028°
6 8.950 7.415
+0.014° +0.021¢

2) 3] &(ash)e] W3}

"
ol
ol
rlo
Hir
X
<
o
ST,

2 : ERES
S olojng Eatels ALgR A% SEFRS o %/ YebdUayaprakasha 5
1993.). & AFollA 3| &
Aol A9l 0.5~0.6%HT T WA Hil¥glS.

bl WPC-35 7}ritsllE, X 2ulo]oEx AR AE A
o ewel AoA 65 B HHI F FES 543 gk Table. 18

do
o,
iz
mlj
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Table 17. Ash content of health beverage using whey during the storage

period.
storage sample
cold room Room
0 0.817 0.820
+0.007* +0.000"
5 0.820 0.818
+0.014" +0.014"
4 0.820 0.820
+0.014" +0.014"
6 0.820 0.820
+0.000" +0.000"

3) 9 (actose)e] W3}

7hH SR 4ol FEdET

FHSE A5 G FS WPC-35 H7tel o) §@aeke] ZrtE o= Q5
A=A FEEFET %—%. 2 ATdAE IS Ayt AREE AR
Joll Al Rsrde oF 4,3% & HErHoY FREdaiet ZEuto] Q¥ fikat
of o]3} ko] *Mﬂ?izﬂ o]Ht} 3,85%% S (table 19). Table 1904 H:
o] 65 AF7IT F7IE ko] fREE EAP oY o= F ou AL o}

sk vl ezl o AEfAA Fae) vaAe g

SAsto] Rl eEsE SAAS. olv AN F oHE 11%°] =&shsdtt
ThEEA S SAIZES o= A o] . o] AAlE galatoseo] o3 Asjzm <13k
Aolgtal Ab g%, Lactase® F7bete] 3AIZF wi g5 R F 3.85%% 7HrEsl =
22%° =9 249 fFibts A H7HS W Vs Ee olmT Wk
ol frakatel o3 AdE AAte] pHE @37 Wi ZAo= Alsg. a4 ~
ElE o] #Eld7t e =2 VMR EE 23 Y
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Table 18. lactose content of health beverage using whey during the storage

period.

sample

storage

Room

cold room
3.850

3.855

+0.007"
3.435

+0.014°
3.760

+0.021"
3.345

+0.014"
3.650

+0.021°
2.875

+0.014°
3.995

+0.021¢

+0.0214

4) @A (Crude protein)¢] W3}

—_
file)

;ot

—_
o

0

TH

o

o))
il
il
ﬂo
»AO
o)

R
=

)

O

o
w
ze)
G
)

B AellA

(Adler—Nissen 1979).
2 A A A=

of WPC-35 7F+&3l =,

B ul
d

prs

[e)
T

table 20

ojn
%

0.68, 0.670, 0.640,

& Al

1

A

2}

3
A7 Al 0.678, 0.620, 0.60, 0.59¢] #< e

ol

)

fron!

0.625¢] & YERS]
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Table 19. Crude protein protein of health beverage using whey during the
storage period.

storage sample
cold room Room
0 0.680 0.678
+0.014° +0.021°
0.670 0.620
2 +0.014" +0.014"
A 0.640 0.600
+0.014™ +0.014"
0.625 0.590
6 +0.007° +0.014"
5)2 A A% (Titration Acidity test)e] W3}
FAE T WPC-35 7Fpie]E, Z2ulo]| Qe A A|EZAS H7}E 7] 54
SEE 4T ¥ 259 H2oA 65 Bk B & HGAEE F4% s %
21 o JeEigls
MRS dEE AMSPorng AREE ZEEC o3 §92 oW glucose 9
galactose = FEA o= FIHATE HA Abelx AT HFE FAHATOEA
0,47%% YEFA S
FAHEY AEs A7 < W EAA 0.47%1A4 0.550
% O.F RN AEAE. A2 0.66%7HA S AVIAE AR o
o] yeld. AF7ZFE wi$- §-9 A YElgth ool 2EFE Y] Zgof ]9
3 HiEE QS Fog Alsd
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Table 20. Titration Acidity of health beverage using whey during the

storage period.

sample

storage

Room

cold room
0.470

0.470

+0.014°
0.565

+0.000°
0.515

+0.021"
0.595

+0.007"
0.525

+0.021°
0.660

+0.007"
0.550

+0.014°

+0.014"

Fig 4. TA of health beverage using whey during the storage period.

6) pHe| W3}

o] WPC-35 7}

=
il

nze)
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table 22

KeN
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¥ A Al 3.99914

ojn
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T

713ko] Aol w2} pHel %k

3.91%

pH A

=
4o nRHoR R

3ol Fabete] dsow

A7 A

k)

A

B
4

TR

A E glucose W

]
=

A

d

=]
“

AAl g5 HErF sobd. whebA

Ao |
- =

SAZA] pH 4,00] %) A]

op

=
o

| 4.00]

A7l

Qg pHE SRS A2 W TSR pHrt 49

4,007l = =

412l (Trantik ¥} Krgew 1988, Holsinger 1974).
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Table 21. PH of health beverage using whey during the storage period.

sample
storage
cold room Room
0 3.990 3.985
+0.000" +0.007*
5 3.960 3.950
+0.000" +0.000"
4 3.935 3.935
+0.007° +0.007*
6 3.910 3.445
+0.014¢ +0.643"

7) NPN(Non Protein Nitrogen)2] 3}
FAR L] WPC-35 4R aE, Tavologs Ag NE2ie Al &
54T 9% 259 A4 657 < BHis $ NPNS SA ¢ ghs table 237
Fig.5 o Yets. AZ71st @x] ko] AdsH X b
3k Almo] NPN &2 20T A% =5

65 Fetel 7IZkol Aol whel widkEe) A4 ke W A Al 0.065%°14]
0.074%= <kt S7ksh= #s vehlglew, A= A% Al 0.076%7H4 S7tsk3l
. WA RS A2 AT AR & Aol AS5HA Fdw. NPN S7k= 74k
o a5 gdo] BajHo] EaljiESl ful ofalt B 7| nidwe d 43}
Fesol Adue]l dagEe Sl o3 Ao w Atsd

Table 22. NPN content of health beverage using whey during the storage

period.
storage sample
cold room Room
0 0.065 0.065
+0.001* +0.001*
2 0.067 0.066
+0.001° +0.001°
4 0.072 0.074
+0.000? +0.002°
6 0.074 0.076
+0.001° +0.001"
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Fig 5. NPN contents of health beverage using whey during the storage period.
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Fig. 6. Total cell number per mililiter of functional beverage using ABT strains
during storage. 4AC, Control stored at 4TC; 4A, ABT sample stored at 4TC; AC,
Control stored at room temperature; A, ABT sample stored at room temperature.
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2. ALA A+ (psychrotrophic bacterial count)e] 3}
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Fig. 7. Psychrotrophic bacterial count per mililiter of functional beverage using ABT
strains during storage. 4AC, Control stored at 4C; 4A, ABT sample stored at 47TC;
AC, Control stored at room temperature; A, ABT sample stored at room
temperature.
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Fig. 8. Lactic acid bacterial count per mililiter of functional beverage using ABT
strains during storage. 4AC, Control stored at 4C; 4A, ABT sample stored at 47TC;
AC, Control stored at room temperature; A, ABT sample stored at room
temperature.
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Fig. 9. Total cell number per mililiter of functional beverage using NK34 strains
during storage. 4NC, Control stored at 4C; 4N, NK34 sample stored at 4C; NC,
Control stored at room temperature; N, NK34 sample stored at room temperature.
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Fig. 10. Psychrotrophic bacterial count per mililiter of functional beverage using
NK34 strains during storage. 4NC, Control stored at 4C; 4N, NK34 sample stored
at 4C; NC, Control stored at room temperature; N, NK34 sample stored at room
temperature.
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Fig. 11. Lactic acid bacterial count per mililiter of functional beverage using NK34
strains during storage. 4NC, Control stored at 4TC; 4N, NK34 sample stored at 4T;

NC, Control stored at room temperature; N, NK34 sample stored at room
temperature.
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Table 23. The sensory evaluation score for whey beverages (0 weeks)

sample
storage

overall
appearance taste aroma .
acceptability

room 9.035 +0.021" 8125 +0.021° 7.990 +0.014" 8230 +0.028"

0
1d ) ) )
O 9035 +0021° 8130 00148 7995 +0.007° 8240 +0.014°
room
room 8955 +0.007" 2000 +0.014° 7965 +0.007" 8190 +0.014%
) .
cold b b ab a
8995 +0.007° 8065 *0.021° 7.980 +0.028" 8220 +0.000
room
room 8240 +0.014° 7.700 +0.014° 7.945 +0.007> 8050 +0.014"
4
cold . . b b
8930 +0.000° 7910 +0.014° 7.935 +0.021° 8160 =+0.014
room
room 7.950 +0.014° 7450 +0.0219 7.835 +0.021° 7.890 +0.014°
6
cold . 4 . .
8950 +0.014° 7.705 +0.007¢ 7.880 +0.014° 7.925 +0.021
room

FEdl= A8 AEE glucoses AFHIIEFS HaA7IE FHo] ot AF
A7t vAs A 7| BR §37eREE AREAE AlYIEd Asteg X
Z207F Fogel] uhel o]2HE doAE A FIPIAE Eolm WetozA
FHERFHTEE AXT A9 A duks dom ke Hdes dops
AL olel wet A AT F A ol ALRY AEFES HAAES A
SRy A¥x=g 8 A o] SRl CO2 = o]gdld NS ERE AxVIed
ANHA Q] EMFEE & olUX|shege] @A T o &Sy FASEE WA o
FFoE 9 v adsE Ued A2A% g5¢ WA S5 ASHAE AA
st A} AAAQ 715k WA= ke a7t oy diAE ¥g AGSd 58
of MEwrt 25 =U%S

ul. WPC 7}SEANEY in vitro & in vivo 2PEL T3 18 Y A3 &4 Hr}
1) In vitrod] WPC 7}E31E9 ACE As|&A E4

e 7HA] &EAE o]g3dte] WPCE 7I5E83 A59 ACE (Angiotensin
converting enzyme) A&|&A 4 AF}E Fig 1o YIS, 71 =2 4 &
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Fig. 12. ACE inhibitory activity of various WPC hydrolysates

Values with different superscript within a column are significantly different at p <0.05.
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Table 23. Effects of various WPC hydrolysates on Body weight gains, Food
intake and FER in SHR rats

Body weight gain Food intake FER
(g) (g/day) (%)
WKYV 131.3+£9.0"Y 15.5+0.4™ 0.11+0.03"

SHR 128.0x£5.7 16.3£0.2 0.12%0.01
WPC 123.4+9.7 15.5£0.3 0.13+0.01
Protease M 123.4£6.4 15.4£0.2 0.13£0.01
Protease S 133.0x3.9 16.0£0.3 0.14+0.00
Trypsin 127.0£5.0 15.7£0.1 0.10x0.01

YWKY: Normal control group (Wistar kyoto rat), SHR: Hypertension group
(Spontaneous hypertension rat), WPC: SHR + WPC, Protease M: SHR +WPC
hydrolysates used protease M, Protease S: SHR + WPC hydrolysates used protease S,
Trypsin: SHR + WPC hydrolysates used trypsin

?Mean +SE.

Yns: not significant

) A7) Aol ux= oddk
A g 2ol HdFH7F SHRE |
of YeliS. 2k, AF, A o
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Table 24. Effects of various WPC hydrolysates liver, heart, spleen and
kidney in SHR rats
(g/100g B.W)

Liver Kidney Heart Aorta Spleen

WKY"  8.00£0.667™% 1.98+0.08"  1.17£0.11™  0.09+0.01"™ 0.51£0.03*"

SHR 8.48%0.20 1.81+0.23 1.16+0.02 0.13£0.02 0.58+0.01"

WPC 8.14£0.29 1.92+0.09 1.14£0.05 0.11+0.02  0.56+0.03*

Protease ab
M 7.6410.21 1.82%0.05 1.11£0.04 0.10+0.02  0.56%0.03

Protease b
S 8.10x0.16 1.94£0.04 1.17£0.02 0.13£0.01 0.55£0.01

Trypsin 8.06£0.21 1.90£0.03 1.13£0.02 0.14+£0.02  0.54£0.01%

YWKY: Normal control group (Wistar kyoto rat), SHR: Hypertension group
(Spontaneous hypertension rat), WPC: SHR + WPC, Protease M: SHR +WPC
hydrolysates used protease M, Protease S: SHR + WPC hydrolysates used protease S,
Trypsin: SHR + WPC hydrolysates used trypsin

?Mean + SE.

Yhs: not significant

YValues with different superscript within a column are significantly different at p
<0.05.
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Fig. 13. Effect of various WPC hydrolysates supplementation on systolic blood
pressure in SHR

WKY : Normal control group (Wistar kyoto rat, WKY)

SHR : Hypertension group (Spontaneous hypertension rat, SHR)
WPC: Hypertension + WPC

Protease M : Hypertension + WPC hydrolysates used protease M,
Protease S : Hypertension + WPC hydrolysates used protease S
Trypsin : Hypertension + WPC hydrolysates used trypsin

Values with different superscript within a column are significantly different

at p <0.05.
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Fig 14. Change in systolic blood pressure of SHR after supplementation of various
WPC hydrolysates diet for 10 weeks.
A: Normal control group (Wistar kyoto rat, WKY), WKY
B: Hypertension group (Spontaneous hypertension rat, SHR), SHR
C: Hypertension + WPC, WPC
D: Hypertension +WPC hydrolysates used protease M, Protease M
E: Hypertension + WPC hydrolysates used protease S, Protease S
F: Hypertension + WPC hydrolysates used trypsin, Trypsin

Values with different superscript within a column are significantly different at p
<0.05.
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Table 25. Effects of various WPC hydrolysates on lipid profiles in SHR rats

TG T C HDL LDLY GOT GPT

(mg/dL) (mg/dL) (mg/dL) (mg/dL) U/ U/
WKY?V 82.8t7.67° 958+6.9° 41.0t2.8" 38.2+7.0° 106.25+4.2* 41.00+t2.9™Y
SHR 74.7+4.3"  49.0+2.3° 250*+1.6° 9.11+1.2° 14250*t11.5° 40.17+2.0
WPC 78.9+5.8"  49.6+54* 254+1.9° 84+3.3" 134.60£6.5° 43.80+3.6
Protease M 82.01t5.4"  48.2+21% 224+009*° 94+1.9° 122.10+9.9® 4540+1.7
Protease S 78.8+4.4° 558+6.7° 22.2+0.8° 17.8+6.8° 110.80+1.9° 40.40%+0.7
Trypsin 62.3+1.5° 51.2+2.0° 26.8+1.7° 11.9+1.2° 106.33+3.7* 48.33+3.4

DWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
YMean +SE.

PValues with different superscript within a column are significantly different at p
<0.05.

YNs means not significant

LDL (Friedewald's analysis) = TC — (HDL + TG/5)

vh) WPC 7+

BalE REHAF B3 AARNE L SRSl nAE G
g4 5

A A 438 (Conjugated Dienes, (D)9} F&4Fst= (Total radical
trapping antioxidant potential, TRAP) 4] ZA¥}+= table 49] YEFHNAS. TRAP

2 ¥ W a-tocopherol, ascorbate, urate, protein sulfhydryl groups ‘&
59 Bty A4S =45t dF9 & f87] £ P es =4

= WHozm B Ao A= 7+ 127k SoA o2 UEhR| oS, (DE
A A ~Eg Az old A U 27 ksl AH A AAEE A2 gz
A AdFAsEA. & Ao AelM = o 8 oA ApolE HolA fk=
ALZ YEbS
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Table 26. Effects of various WPC hydrolysates on total antioxidant
capacity (TRAP) and lipid peroxidation (CD) status in SHR rats

TRAP (mM) CD (mM)
WKY" 1.21+0.007"% 4.02+0.38™
SHR 1.23%0.01 3.82%+0.08
WPC 1.06%0.14 4.38%+0.26
Protease M 1.02%+0.17 4.10*0.23
Protease S 1.20%£0.03 3.93+0.14
Trypsin 1.22£0.01 4.16=%£0.11

YWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
Mean+SE
YNs means not significant

AP WPC 7hrisll= BREAF7E A8 akstasgdigde v 9

Aolz AdFes & Jﬁ} ok whF7FA AL Al S48k catalase®t GSH-Px$} 2
< @At aaAAlE AW ks 5 Feete Fad dAga & 5 ¢
A 2 Al A= WPC 7hrEit el = BSAF 7 Al kst A A ojw g o
e A=A dotrr] st A ET9] catalase$t GSH-Px #2415 A5k
& .(Table 5) &4}, catalase FZAAE FY942A0 zFolE YEMNA] kS,
GSH-Px &%= WKYSE SHR, WPC, Protease St Ako]o] fo]% zto]7} gliz Ao=
et o™ | Protease M# Trypsinwoll A= SHRwol] HI3| FojAo= v S4&
7 A= Ao w2 YEFYS-. o]+ Protease M¥} Trypsing ©]-&3F PWC 7}4-5-3] A}
Ao grtstEdo] 4stA ~EHAE AR WolshE 7|deR do ] Ak
AN dFE VIAA B AoR ALRH.

o)
o M
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Table 27. Effects of various WPC hydrolysates on erythrocyte antioxidant

enzyme status (catalase and GSH—Px) in SHR rats

Catalase (K/g Hb) GSH-Px (U/g Hb)
WKY" e 109.01£11.06™"
1652.44+168.70

SHR 2095.26+181.53 143.34+11.86"
WPC 2064.46+245.04 142.14+17.12°
Protease M 1548.151t179.27 94.20t8.77%
Protease S 2089.39+364.83 150.81+25.09"
Trypsin 1503.12+149.08 96.731+10.59°

DWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
“Mean*+ SE.

YNs means not significant

YValues with different superscript within a column are significantly different at p
<0.05.

o) WPC 7Fritall&E B F7F MEd -9 DNA &A= wX=

952t 5% SHRell WPC 7hpitelles B £ Al F35400 3
B7] 98kl comet assayES ©l-&ste] MU DNA ELAEE 463
6) Tail DNA= WKYS} SHR Alofoll %214 Zpo]7F vpepubA] edgkom WPC:&
WPC 7trdsles HE 7o Ald= F9420 AolE YeWA 2%s. Tail
lengthol A= WKYwr 3} SHR<: Abo]é] Zpol= Holx] e¥gkom, SHR:3 A4 o] 4
FAws Abolell o)A ApolE YERA %S, Lk WKYSF Protease M}
Protease S, Trypsini Afe]ollA]l o4 ApolE How 1 52 WKYA H] &)
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Table 28. Effects of various WPC hydrolysates on leukocytes DNA damage in
SHR rats

Tail DNA (%) Tail Moment Tail Length (mm)

WKY" 7.09£0.687% 1.48+0.23% 14.88+1.31°
SHR 7.42+0.23" 1.56+0.10% 12.42+0.32%°
WPC 8.06+0.73" 2.32+0.32° 13.96+0.97"
Protease M 7.30+0.65% 1.58+0.27" 12.24+1.08%
Protease S 7.02+0.46% 1.42+0.12% 11.66+0.58%
Trypsin 5.92+0.34° 0.92+0.06* 10.83+0.22°

DWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
?)MeaniSE.

PValues with different superscript within a column are significantly different at p
<0.05.

Zb) WPC 7hritall & B F 7 21789 DNA &7 ol mjx = 93
1¥ere Al#e]l RAS (Rennin angiotensin system) 7)ol ¢]a] <3S wrom
o= AlAZA Y MFoE S ujzH AoF AZEOR, wEA] EH A=
NFzA ] DNA E4AHEE EA9om, I 23S Table 7ol JERHAS. Tai
H3] SHRO A Freldow &34 wrt S71sksd o™ WPC, Protease
M, Protease S, TrypsiniolA SHRH T} £AAHE7} T,]xqoi 743 o
Protease St#} Trypsinwtoll A £AA =7} 714 A& Aoz yelwe. o Ays=
tail moment®} tail lengthollA%= S HAIFS HFOH Trypsm:rloﬂf\i DNA &4
L7F SHRell Hl&] fFoAow 7 e Fo® UetHS. & A9 23 Trypsin
= °o]&3 WPC 7hrdsl = REEFA7E FRd=dd gdd a34E Yedle A

OS2 e

—_

- 163 -



Table 29. Effects of various WPC hydrolysates on kidney tissue DNA damage
in SHR rats

Tail DNA (%) Tail Moment Tail Length (mm)
WKY" 13.57+2.232%9 12.05+2.64 55.02£9.54¢
SHR 18.35*1.08° 14.47+1.041 47.24+2.93
WPC 14.33+0.96" 8.93+1.45" 34.46+£5.40"
Protease M 12.50+0.68% 8.73+1.41" 38.34+4.59"
Protease S 10.17+1.36" 7.13+0.90% 33.99+3.89"
Trypsin 9.71%0.53* 3.79%0.52° 24.24+2.28°

YWKY: Normal control group (Wistar kyoto rat, WKY), SHR: Hypertension group
(Spontaneous hypertension rat, SHR), WPC: Hypertension + WPC, Protease M:
Hypertension +WPC hydrolysates used protease M, Protease S: Hypertension + WPC
hydrolysates used protease S, Trypsin: Hypertension + WPC hydrolysates used trypsin
?Mean+ SE.

PValues with different superscript within a column are significantly different at p
<0.05.
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WPC B o] 7hA] Eas Olﬁﬁi WPC 7hell & ©l8

Aal7] 9ste] Alge] ACE oA E l‘%’—‘i:} Ay, EFEdel Hdl Protease M
AAHo] 7H w2 Ao= ‘/}E]m\g“ﬂ Fo®

o2 e, In vitro 2 Al ACE &4 9111101] a7t e A
A nde Rl SHRE o] &3te] 1073t HEFAE ANsAS. L A, A
2 Aolg &= 7oA Aot gioen, %7]5"71101]’\15 oA Afol & Ho]
SUTE. Y FAA SHROlA FolAo® & FAE EJoL Aol
AT oAM= A Fodol jle A= L}E}% °

o N oofN i oW O M

T . ol 2tol
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Ag dtolA= o FojAo] gle Aoe= yehd vhA, wpx e Fgto| A= SHR
oA 7HY = XS YElle™, WPC, Protease M, Protease S, Trypsini*
o M= SHRurel Hlal FojHo= e F2& Kl ¥RF ofyg} WPCaro] I3 7}
FEdlEse] 2 5o WK 22 5 eSS, 7 gk wst
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7F Effects of processing parameters of spray drying on some of the quality
attributes of whey protein concentrate hydrolysates.

- A=A} S.H. Yoo, H.M. Jayaprakasha, S.Y.Lee, H.D.Paik and Y.C.Yoon

- &<=%9: Milchwissenschaft 64(1) sp.78-81

- A X 2009

1}) Cytotoxic effects of whey protein hydrolysates prepared by enzymatic
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- A2k G.H.Choi, S.H.Yoo, Y.C.Yoon and H.-D.Paik
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t}) Production of Ready-to-Reconstitute Functional Beverages by Utilizing
Whey Protein Hydrolysates and Probiotics
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v})  Angiotensin-converting enzyme inhibitory effects of whey protein
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7}. Angiotensin—-I-converting enzyme inhibitory activities of gastric and

pancreatic proteinase digests of whey proteins

1) A A} : Margaret M. Mullallya
2) A9 : National Dairy Products Research Centre
3) WA= 1 1997
4) Q.o
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SUMMARY

1. Title
Industrialization of internationally competitive fresh cheese and functional

whey beverage using cheese by-product

II. Objective and Importance of Research

The problem of korean cheese lies in low price competiveness and low
yvield against imported foreign cheese. To cope with this problem the
possiblity of unriped cheese produciton with improved yield and cost saving
method must be invstigated. The concentration of the materials by using
ultrafiltration gets the space-saving effect and easy management. As a
result the cheese of quality that is important in domestic dairy farming
industry will be able to develope with economic method. The usage of soy
an additive and WPC can also provide the possiblity to save raw material.
Production of WPC hydrolisates and functional investigation is currently
drawing an International attention. The selective production of bioactive
peptide with high functional characteristic can provide a possibility for
development of new type dairy products Manufacture of healthy beverage
mixture that contain physiological activity peptide and probiotics and
productive and store characteristic test of functional healthy beverage offer

the example of industrial application of bioactive peptide hydrolysate.

ITII. Research Development Contents and Scope.

>

Industrialization of internationally competitive fresh cheese

@)

Investigation on raw milk quality change during deep cooling and
produciton of unripend cheese

Possibility cheese prodution using cheese base and quality investigation
Production of WPC fortified unripened cheese

Addition of soy milk for the production of unripened cheese

Preparation of probiotic lactic acid starter

Investigation on Flavonoid that can enhance the unripeend cheese

Analysis of physiological characteristics and functionality of starter

O O OO0OO0OO0O0

Microbliological test for manufactured cheese
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O O O OO0OO0OO0O0

O

O O

O O OO ) O O O O

©)

Evaluation of cholesterol lowering activity of unripened cheese
probiotics

Experiment animal and diet

Measurement of blood serum and lipids

Measurement of liver,feces, lipids metabolism
Measurement of hydroperoxide in blood serum and tissen
Measurement of DNA damage in leukocyte

Analy sis of fatsoluble antioxidative vitamin in blood serum

Analysis of antioxidative enzyme activity in erythrocyte

Production of WPC hydrolysates and investigation on functionality

and

Seperation of WPC by using ultrafiltration

Selectie production of bioactive peptide and investigation on optimum
condition

Production of WPC and WPC hydrolysates

Investigation on physico—chemical charateristics and functionality of WPC
hydrolysate

Evaluation of ACE inhibitory activity

Investigation on flavonoid characteristics and functionality

Optimization of production of selected lactic acid bacteria

Production of peptide by biological inversion of WPC

Measurement of blood pressure lowering effcet of WPC hydrolysates

Evaluation of ACE inhibitory activity of WPC hydrolysates
Test for blood pressure lowering effect of WPC hydrolysates

Evaluation of blood lipid level for WPC hydrolysates supplementary diet

Evaluation of anti-oxidative system for WPC hydrolysates supplementary

diet
Evaluation of leukocyte and kidney cell DNA damage for
hydrolysates supplementary diet

WPC

Production of functional whey beverate by using ACE inhibitory peptide

Beverage formulation for ACE inhibitory peptide
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O OO O0O0

F.

Health beverage formulation that contain probiotics

Optimization of flavonoid production

Production of health beverage in laboratory and pilot plant

Production of instant heath beverage mix

Microbiological test and determination of shelf-life of functional whey

beverage

Evaluation of ACE inhibitory activity and hypertension suppressive acitive

of functional health beverage

O O OO0OO0OO0

=

Evaluation of ACE inhibitory activity of whey beverage

Experiment SHR and diet

Blood pressure measurement

Biochemical test

Measurement of ACE inhibitory activity for blood serum, aorta, kidney

Data analysis and preparation of report

. Result and Suggestion for Application

. Results of this research

General component content of raw milk (fat, protein, whey, total solids)
was decreased in proportion to the length of cold storage.

The pH of raw milk was decreased in according to the length of cold
storage. In electrophoresis images, [B-casein which was one of the
composition of raw milk was decreased as the period of cold storage
The content of Ca and P in the serum casein was increased in
accordance with the length of cold storage.

The yield of unripend cheese was decreased according to length of the
cold storage of raw milk. The curd of cheese which was made by
immediately after offering raw milk had the most excellent texture,
appearance, and hardness.

When the period of cold storage on raw milk was delayed, moisture
content would decreased ash, protein and fat contents was similar, water
soluble nitrogen compounds, total plate count, psychrotrophic bacteria
count tended to increase.

Springiness and Cohesiveness of cheese decreased as long as the length
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of raw milk storage.

Brittleness was increased. In SEM observation, each cheese which was
produced according to cold storage had a rough surface and diameter of
micelle was decreased.

WPC and probiotics containg diet showed positive results particularly in
terms of y-tocopherol in blood serum and lipids metabolism. Cheese
containing diet lead to decrease in DNA damage of erythrocyte.

As the hydrolysis is going on, the lower pH value was shown and density
increased up to almost 1.5 times after hydrolysis.

All the samples were shown increasing foaming capacity with the
hydrolyzed time.

Solubility showed the lowest value at pH 4.0

The HMF content does not show a regular change as hydrolysis—time goes
by.

The level of free SH group was sharply decreased for half hour and gently
decreased thereafter.

The level of NPN was steadily increased as the time passed by.

In SDS-PAGE patterns, the bands of relatively large molecular weight
became weak or were disappeared and the new bands of molecular weight
of less than 6kDa appeared.

Bitterness score was increased by hydrolysis Especially, that of hydrolysate
by Alcalase was very strong

WPC hydrolysate supplementary diet showed positive result in terms of
blood pressure lowering effect.

Trypsin was selected to produce the health beverage.

Whey beverages were prepared with hydrolysis WPC, sweeterner, citric
acid, flavor and probiotics. The samples were stored at 4C or 22C for 6
weeks.

The pH-values reduced from all sample and acidities incresed at room
temperature

The specific gravity and bulk density of whey beverages did not receive
a remarkable effect in sample during storage.

The probiotics of whey beverages showed more reduced count in room
temperature than in refrigeration storage.

The viscosity of whey beverages were reduced from all sample.

Non protein nitrogen content of beverages were incresed during the

storage period.
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Beverage produced by WPC hydrolysate showed blood pressure lowering
effect in SHR model.

. Suggestion for application of result

The imported cheese comprise 90% of domestic market. The necessity to
retain the competitiveness is now actual. The result of this study can
contribute to manufacture the unripened cheese with competitiveness.
Thus, the milk consumption can be enhanced and chees with high quality
can contribute the nation's health.

The unripened cheese that was developed in this study can be ideal
model to develop the cheese with price and quality competitiveness.

The concentration of the materials by using ultrafiltration gets the
space-saving effect and easy management. As a result the cheese of
quality that is important in domestic dairy farming industry will be able
to develop with economic method.

The selective production of bioactive peptide will be able to contribute
the development of milk beverages that competes with a carbonated
drink and a soft drink.

Consequently there is a possibility becoming the contribution in income
of the livestock raising farmhouse. Supply of functional milk beverages of
a higher value will be able to contribute public health.

The whey protein hydrolysates which is developed from our researches
will be used with the materials of the soybean curd, the noodles, the
instant noodle, the ham and the sports beverage etc. Also the whey
protein hydrolysates which i1s competitive will use from the foodstuffs
industry. So, it will increase a productivity.

Our research provides healthy beverage development technique to the
domestic beverage industry. Tthe domestic beverage Industries can apply

this method to diversify and upgrade of the product.
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