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DH, BWRKSKRFAFEA -7 —Thb, T2 TR, F—AHUELF=—-0OBML Bith
FHRER) X, BER BT CRABETCEE STV, Coh=—BRARIbK, §
RARERIAANLMAMERBDORERHCHAIhTW5%, 4H, MEEOF-ATHT
LEIhDA=—Th-Th, LBEMOHKRA LX), AEFAOMESENYPETE
HRHCH 1 DEBLORD LT HND, EEDLIX, H=—-1ChTh, 06~09% &
hbz v 78%, AALBBROREL v Ar7BHEHE LT, FIAT 5 o 0 XKBHRE
ELT, BEEATOFA=—ZHEL, TIhbhz—2 Vv 2B EY (whey protein
concentrates Lk, WPC LF75,) 5B L, Thithom#ds, Aot
WEERTT -1,

HHEHBMNEXUERSG &
1. WPCpoRAR
HHArz— (98—, F28— A VE—ABLIFITVR—NDEF—Xh=—)
LBA=— (97— ORIV ) S ADKF—Ak=—) i3, WIhdRETL (75°C,
58 2HCEE) X VBELT, A=—%HR LA, ik, 7V-—-2sF-X1,
85°C, 30 DB, 20°C TI8HH], REX Ttz —% L, ZhbDk=—

CHEESE WHEY

CLARIFICATION
l IWAI,AMC-1300,
CONCENTRATION
l IWALU-1,
PRECIPITATION .
CENTRIFUGATION
‘,/” \\‘\‘
PRECIPITATION SUPERNATANT

(FAT,CASEIN, ETC., (WHEY PROTEIN CONCENTRATES)
DIALIZATION

|
FREEZE DRYING

*ROBBINS ET AL.

Fig. 1. Procedure of whey protein preparation in cheese whey.
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13, cream separator CRiflg & MMl — X — F&EREL, ultra-filtration IWAI-U-1)
T, 920 B EWmEEIT, D, Robbins H® O v = v A X DB R
O—WEHALT WPC #5BEL, FENOHK, HRERELTVERAME L, (Fig.1)
—F, a-3 7 v 7 A7 v (LM, a-A LEFRTD,) BXKE-F27 e Ty v (L
B-G LWFiT5,) 12 Robbins® HLOJkCRBETT -z, Na- % ¥4 Vi3, F3.% 3,000
r.p.m. T, 2ERLASEYT, 7Y —2BEBREL, BEAZHERL, ZhiclN, HC
EEML, »€4 vEREEMS (pH46~47) CIHLB oML, Bohir €1 v, 1N,
NaOH CHMEL, Na- 7 ¥4 v & L, BHROE, BELRLTVWRERRE L, ik,
OB, HEIhikz—RiBA=—T, £OF—X+=—L, [ UCARKETRRARO
RAMEIT - T,
2. WPC Ottt (MMEEBERRR) OAE

WPC O #Z&E AL, ABOMBMEL LB T 51, ERLICHOT, ROEEBRC LD,
BERTT -1, Fig. 2 0%ER, FBRECKTBEFOERAELTI> HOTH S,
AEBOMET, RELEBRTHILDOERRY S, BEBR (F7rvF 2—7) RR
b5y 7, BEMERY-IAXx—, 7)) vERHE 0~100°C) LHRET (BE & HE)
BIOKFER (7r—wr) OFBHD, BRI T3, ok, AL, BEOCLF
CEdnoT, WMELHMURBCEETS, PHURENHE TS LBE R, TH
w5, BEO LRBBE L EECHE L0 P A (middle point, °C) # MBARE
BEBRASE L, AB0x v 7T, £T025% CRELL,

OPTICAL UNIT

:ll

RECORDER

HEAT EXCHANGER UNIT

AIR TRAP AND THERMAL SENSE

GLYCERIN BATH

Fig. 2. Scheme on recording system of changing turbidity at
different temperature.
3. WPCoOsUNRIRER
WPC D2 v 7BSEIY, HEETHAHFrALF—AEY (Nx638) Ltaly MEWT
EREZT-7,
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4. Polyacryamide gel disc BRE kM (PAG)

WPCi2, 005M F VA7 3722 v—004M 7Y v vEEEK pH8S6) wEMLAL
BER T -BRENELT 9 KCBRBRETO2ZMB- Arh T v=8/ —1, 075M > 3
BRIVUCASMERYMEIABE Lic, RBIRFIRO L ICTo7, 45MREE ST
8.0% polyacrylamide gel #{FR L, WiEHCIE, ABOBHCHAWLBEREZH®/L, &
BRESVIRCHE, 2nARXBEL, RBHRTRIEDK1IZ 7IF7552710BT
5oL, TOK 7% EEBER CREETE, REBLYTT -7, Gel 13, Isco-Gelscanner
(model 1310) iz X h & ¥ A D a-A & -G B EXHIE
Lz, &

5. WPC m¥{tgEh e /
ELECTRODES

WPC D FALEEDRTE L, Webb® &, Satterlée® \TE

5, XU Cante® LOAALENRAEELE XS E KRB

OIL DELIVERY TUBE

PRELTERB L, (Fig-3) ZBoMLHKIX, AHE
80mm, EX 100mm, [@#% K40 mm, [E#HK 2,000
r.p.m BEMERE (&% &) 30mm, 7k, B
B, EEEZBc X I0VEMELYE, AHo -
ZvAs7BRER, 0025% PH?® Lith X 51M -
NaCl THM L, RFHCE M, KZa#&iH (B

EREEEASE) 2 HCEEE (3.4 ml/min) i3, - g <— ROTARY -~
BLENDER

VAZARY T THBET -, AR ADOHEZ, . A )
Fig. 3. Scheme of emulsion
BEEBHIPBRCEELICRESAEZRELL, TZF _ forming apparatus
and electrical resist-

5l EES S blank (1M NaCl, 100ml) © #H % ance senser.
BR#£ETIE, FALENE L, : ”
6. a-SHOMTNTIVEB-TRTVIDI I N FRBRRE

a-A & B-G X chymotrypsin, trypsin, 36 LU pepsin Zf L Anson? HDFEI X h 4

E%ﬁo f‘:o

ERERLER

1. WPCop¥9noEER

Robbins® LD H EDO—REE A LAM LI WPC D 2 v 2 2B E% (Table 1) 1
AL, ThLRVWThIZEY RO v I7EABTHY, ThEhOREIR = —
628%), H=vR—NF—Xhx— (6272%), F=z—F—F—Xk=— (15.68%), 27V
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Table 1. Effect of protein content in whey protein concentrats

Protein source % of dry basis
a-lactalbumin . 88.02
B-lactoglobulin 99.02
Casein ' 92.76
Acid whey =~ 62.81
Camembert cheese whey 62.72
Cheddar cheese whey 75.68
Cream cheese whey 82.76
Emmental cheese whey 69.84
Gouda cheese whey 75.89

A Rkm (B276%), EA Y E—AF— Kkm— (60.84%) WLV T K —F — Ak
= — (1589%) Thote, WPC OB G EAA—KFHTH - bbb T 7)) — 4
F—Rh=—DH83% HBEEE LT, BREOEMA=—, H~vvX—AF-—Xk=—0DK
63% L ERNTEDLNI, DI EE, 7V —aF— AR BT S EHROSRRE
NBLABER F - 2 LOEBHORME WO FRRF - ABREORBC I VEESh
fok= =TIt D F— bR E L WPC LB L, BB A% — & —ichXkT
HEVAISBERCIVSBINZENREL, sV /7HEEE (ENEX638) KR
PFOETIZSE WS, L L, BEXEKBOKE Fig. 4 203Hbki oK, a-ARX
U B-G O BEMHRADOI D Ehb, LHT L, native /e & Y 7HLIXE W H
 , BETHED, BEXES4=—0BET b bIAREEOERS, WPC O N{LE
MOERRE L b h b5 LRI RS, ’

2. WPCORZ—Y YRR

Fig. 413, &Mk =—nb0M LI WPC D PAGRRLE, ZhHPAGDH v 7
BEZETBCAR LKBYT-ERTHS, i, #EHE WPC © PAG T,
LD - RABLILN, thb—2%a-A L BGD2ESTKHLEERNZ
Fot, Bie, 7)) —2F—Rhz—hbyE LI WPCOVY -7 246*¥BETH L,
DWPCOE—7Lkbsv s BERRALTHHIOHEbLT, SBMCNIVT LR
bhht, ¥, a-Av—2LBGrE—sotilor—7 A LBEMoY—7 B, fi
DOWPC L hERIELHBLTED, 20O —7 A 2OWTil, Hanziker® b D #&
whbaAlpBOMBEEKLEEIRS, ¥, ¥—7BronTik, flitHlES
ERRELR=—THBHEIAND, acsAR IV BGCHEDIHL v 7 AN, ABER
HETH2 VA7 BERCLY, Tritd—R, X7+ vREDEFFHRCTEER
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CASEIN A~ LACTALBUMIN A3- LACTOGLOBULIN
LMA + U/\—\A-r M/l\“+
ACID WHEY CAMEMBERT CHEESE WHEY CHEDDAR CHEESE WHEY

PEAK A
PEAK_B
+ + +

CREAM CHEESE WHEY  EMMENTAL CHEESE WHEY  GOUDA CHEESE WHEY

Fig. 4. Densitogram of whey protein concentrats by PAG.

Table 2. Percentage of a-lactalbumin and fS-lactoglobulin
in different whey protein concentrats

Protein Source a-lactalbumin (%) B-lactoglobulin (%)
a-lactalbumin 70.25 29.75
B-lactoglobulin 7.21 92.75
Acid whey 27.39 72.61
Camembert cheese whey 1253 87.47
Cheddar cheese whey 19.65 80.35
Cream cheese whey 28.77 71.23
Emmental cheese whey 25.85 74.15
Gouda cheese whey 23.16 76.84

Teo, ©—7 BHBLIcLHEIRS, RCZhH WPCDOPAGR¥VARAF v F — 1T
I a-ABESE BCGHE,OBEHRKYEHL, Table 2 @iRLi, & WPC D a-A FEHy
L BGESOERIIFNFh, Bh=— (27.39% % 7261%), »~v-~<—1 (1253% %t
8747%), F = #— (19.65% x+80.35%), 7V —x (2877% % 71.23%), =x v & —n
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(25.85% %} 74.15%) 35 X "= ¥ — (23.16% % 76.84%) L It o, —HIC, a-A k23~
27%, B-Gi173~76% L3N TEY, ThrbREBRY, h=vX—-n, F24—-0Da-A
gL, 72V — A TREWERELh,

3. WPComRlE MRBRETEERFR)

HREA= LA L WPC DT, a-AES L -G ESDEFLENRMOMEIC
T H e F e ARk 2 TDRIED 7 ) — b F — K= — 8 X R IEELD T
LA =—DREAR 3L control &£ LT, a-A & -G DEAM: A (middle point,
°C) % Table 3 iz Lz, FhEhD pH iz BT 5 BMOIEFX, pH45 T2 ) — a5
— Rz — (11°C)> B+ = — (68°C)> 4 —F — X =— (64°C), pH55 Tit7 Y — 4
F—Rhkx— 85°C)> a4 —F—Rbx— (82°C)>f+=— (78°C) B3 XV pH 65X 7 )
— A F—Rhxz— (78C)> 2 ¥ —F — Xk = — (15°C)> W+ = — (68°C) &L 1r - Tk b pH
45 % E, F— Ak —bFHE L WPCt pH55, 65 THRUCHBMYE L THE
D, TOMEEIL, 72V —2F—-Rh=—REINTVS L HHEETH -, Hidalgo?
Bz, WPCoO F ) 7y VB X WY BREREZEDHEXADTE DY, IFERLE
PAG b, 7V —aF—Xbh=—i, flié €~ 27BREBR Y, kBEEOR€~27 B
(Fr7At—R, X7t VESEBEEIRD,) ORDEMBHEDOR -G EH DO LRIE
RZDTEN, 7V —LF—Rb=—DOfifMER LR IR L $F 2 B 5D, native 7
Bh=—Xbh, F—RAhk=—DFBMREI DR, ABECILRERO X v 745
RIFACEBD L ZANKREVEHE SRS, —T, pH55 Tk, WThoRk &b, fitk
o pH X hEWIHEME /R Lichd, ToMc LT, Bsckd s 8%eEds pH o
BfRiC oW TiE, FeBHIhTorRFhiEhbihwifEEE 2%, UL, w=—
235 WPC s+ 5wl U, NEU EOMBIEEEDY 0BT 2EL C Enabh
TWbZ &nb, pH 45, 70°C AUSARLERTH b, #ic, WPC D 2RIMTCEEL,
BRI CNBLET 5123, pH 55 MUOREBYERT A LRI VENEET S =

Table 3. - Effect of heat stability (Middle point, °C) from
whey protein concentrats

Middle point (°C)

Control
pH 45 pH 55 pH 6.5
a-A 60°C 67°C 72°C 60°C
B-G 75°C 83°C 91°c . - 78°C
Acid 53°C 68°C 78°C 68°C
Gouda 64°C 64°C 82°C 75°C

Cream 53°C 71°C 85°C 78°C
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Table 4. Emulsifying capacity of whey protein concentrates

Protein source Qil (g)/Protein (mg)
a-lactalbumin 3.4299
B-lactoglobulin 3.1963
Casein 2.4519
Acid whey 3.3268
Camembert whey ) 2.7147
Cheddar cheese whey 2.7257
Cream cheese whey » 0.5400
Emmental cheese whey 3.2328
Gouda cheese whey 2.4374

ERTEBLDEEL B,

4. WPC p¥{LEER

EEA= LR/ WPC DA ENE 2 v 7B 1lmg A LichoBRTH L
TeDh, Tabled THB, KWBOFALLABLL a-A, -CBIVBA=—1bO
WPCi3, D F—Xh=—pbRmMU LA WPC X h BWALENRBD LR, X&D
Table 2 /R L7c& & WPC O a-A Ei5r L B-GES O ILEY Table 4 DR X ¥ T
5L, a-ABEZDE - WPCIZ, AAENEBCEEAZRADL, 2O L3, Ak, A
LENIECHPBECALETHHEVIRALXEL, SRAEYE LI+ =— & EALD
BN ERTRELTWS, HiIK7 ) —a2F —Xk=—0 WPC RRECHLIER L
2, WEEom S LABEC LS 5 VA ByBERCL, BEMBAEH,
AN~ 1 2ABR @ LA, EREZ 2 Hhb, Kuehler'™ 513, %# WPC,
Imgid299g DMEFHEETHERELTWBH, WPCoOpMk LR kb h=—D
B X > THAANCEZRVRET S L0 L HEEINAD, £ T, pH L MBBEYE 2 18
DHANDOHEEBRAB K OO B E, control LRI TERYRAAL, Fig.5

2 [ OA- LACTALBUMIN
CONTROL

@ ,5- LACTOGLOBULIN
/ 0-0—0—0,

~~—— ; - CHEDDAR CHEESE WHEY

- CREAM CHEESE WHEY

RATIO

M'—
0 253 4 5 6 7 (PH)
Fig. 5. effect of pH of emulsifying capacity in a-lactalbumin,
B-lactoglobulin, cheddar cheese whey and creamc cheese
whey.
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R g v B OB & ARG T 2R

. O &~ LACTALBUMIN
@8- LACTOGLOBULIN

’/CONTROL
~——e—8—80—
P

70 80 90 @©

RATIO: HEAT TREATMENT/ UNHEAT.

Fig. 6. Effect of pH 7 after heating of emulsifying capacity

RATIO

0

RATIO

RATIO

0

in a-lactalbumin and B-lactoglobulin.

CHYMOTRYPSIN
OO- LACTALBUMIN
CONTROL ® 5 LACTOGLOBULIN
) 0] O

\. -
LA

’ 30 60 90 (mIn)
REACTION TIME

TRYPSIN
O&- LACTALBUMIN
/CONTROL ®,G- LACTOGLOBULIN
o]
—9——3

30 60 90 (MIN)
REACTION TIME

PEPSIN
O~ LACTALBUMIN
CONTROL ®,5- LACTOGLOBULIN
/g o

T30 60 90 (MIN)
REACTION TIME

RATIO: ENZYME TREATMENT/ UNTREATMENT.

Fig. 7. Effect of emulsifying capacity of a-lactalbumin and

B-lactoglobulin after enzyme treatment.
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%, pH OB TH 50, pH25~5 0TI, a-Ad&@m Ahz, ¥, -G T,
a-A Lo FERAAED LRI, UL, pH6 H5W L7 TiE, a-A, -G &£ LI, control
MU LIHAL I E R L, RemBOEETHHH, “hik, Fig.6 KRl a-A,
B-G &Lt 80°C iz % &, T control X b, AALNORBBRETHELE Db,
% 7z, chymotorypsin, trypsin 38 L O pepsin UEBHE DO AALINL, Fig. 7R L1z, a-A,
B-G & LIt RISEROEBIC & gy, £TOEFELD, BTOHERRDLRIH,
B f-GREETH T, ZDHIRDOWTIL, Kuehler'® B3, BFKic X Bk m &N
BT THEAAENPMET Lics &b, AL, FIEOD F9 1 XOLERDD &
BELTWS, EELOBEYHVWEERLO S, BERAUEAZED S Z ENTEL,
—iic, 2 vArBERBEOANBET b LHEMERZ, B FRSEEOLTHY
TELHDOTIEL, Bz, V VIBESERHE L7 IV BRPRELOHKS, 0
B, FC 2B A v, FETHEACHELLT ( VBEBERBATHELI X
51z, BMLKHEFRARI VR TWAHIERMBR TS, FHEL DT - AR,
WPC 0 F LB OMMA B Tk ic L O TR HIBR+52, il dtd, w=—-0D%
1A 7ThbLIABTREROMEE L WPC 0 rBL&HEOHEN, WPCOALE NicERY
blebT o LR, Bt ¥, F-Xhk=—T%, 7)) —LaF—-Xh=z—D}
SIHBED BEY B ZT L DOnbD WPCIE, FALBISEM & LCUIFE Lyt
SWEWS, WA B LTWBEZANRD, 5 v 7BbRREM R ECERTHON
¥ LWFIAEE V2 L9,

B #

WPC (Whey Protein Concentrates) FALBFHORE % v 7 EFEM & LTHBT 3
THDOEBER L LT, EfA=—20RE L2 WPC DIAfLEED L BRE/IT VT
BB EZT -1,

1. WPCoEMcksitss v rBaFRI, FThXfhE+t=— 6281%), < v~
— N F—Xkx— (6272%), F= X —F—Xi+=— (7568%), =2 vV Z—LF—RAk=x—
69.84%), =X —F—Ah=x— (1589%) BLV 7 ) — £ F— Xk x— (8276%) TH -1,

2. WPCOa-3 7 v 7A7 3 vESFEL-F27 707 vEFOREKIZ ThE
h, Mek=— (27.39% %4 7261%), »~ v X—nAF—Xk=— (1253% %} 8747%), F =
F—F— k= — (1965% %t 80.35%), 7V — 4£F— Ah=— (28.77% % 71.32%), =+
VR —LF— A= — (2585% % T4.15%) B L VO T ¥ —F — Xk =— (23.16% %} 76.84%)
TH -1,
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3. WPC 0 #%& & (middle point, °C) 13, pH R#AE T, =& —F — X4 =— (64°C)
>WA=— (63°C), 7V —sr5F—Ask=— (63°C), pH45 Tl¥, 7V —2aF—AHr=-—
(11°C)> Wk = — (68°C)> = & —F — Xk = — (85°C)> 2 & —F — Xk = — (82°C)> M +
=— (78C) K LU pHBST I, 7 ) — & F — Ak =— (18°C)> = § — F — Xk = — (715°C)
>k = — (68°C) Thbh, F¥—As=—nbHg Lic WPCIL, i, Bk 8- 7,

4. WPCoAfLEEYR, 2 v <7 Blmg LIEETHMOBTERDLT &, Bk =— (3.3268
Q> = A VA —NF—Rhxz— (32328g)>F = F —F —Ahx— 27267g)> 2 & —F —
Rz — (24374g)> 7V — 2 F— Xk = — (05400 g) TH bh, WPC Dt 2k & HABEN
X, R=—DFA T IV ERLDBEBHEBLI LRSI,

E i
woehich, FHAEKRRSH, BFHER/LLOC, SHFBRRITEKASHCKE
w0 THRBH LET T

X ik
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Summary

In order to best utilize the whey protein concentrates (WPC) as an alternate protein
source for dairy products. The emulsifying capacity and heat stability of the whey protein
concentrates of various kinds of cheese whey (acid whey, camembert cheese whey, cheddar
cheese whey, emmental cheese whey, gouda cheese whey and cream cheese why) were
investigated. The results are as follows:

1. The crude protein contents (W/V, %) of dry WPC’s were: acid whey (62.81),
camembert (62,72), cheddar (75,68), emmental (69,84), gouda (75,89) and cream cheese
(82,76).

2. The weight percent ratio of a-lactalbumin and B-lactoglobulin in the WPC’s were :
acid whey (27,39:72,61), camembert (12.53:87,47), cheddar (19,65:80,35), emmental
(25.85: 74.15), gouda (23.16 : 76.84) and cream cheese (28.77:71.23).

3. The middle point temperatures (°C) at heat stability of WPC’s were : 64°C (gouda)
and 53°C (acid whey and cream cheese) for unadjusted pH samples; 68°C (acid whey),
64°C (gouda), 71°C (cream cheese) for pH 4.5 samples; 78°C (Acid whey), 82°C (Gouda)
and 85°C (cream cheese) for pH 5.5 samples; and 68°C (acid whey), 75°C (gouda) and
78°C (cream) for pH 6.5 samples. In general, heat resistance of the WPC’s of cheese
whey was greater than that of acid whey.

4. The emulsifying capacities (Combined oil (G)/protein (mg)) were : acid whey (3.3268
g), camembert (2.7147 g), cheddar (2.7257 g), emmental (3.2328g), gouda (2.4374g) and
cream cheese (0.5400 g).
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