Application of Membrane Separation for
the Development of Milk Products
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o} %2 (microfiltration membrane), 3%} o} 7= (ultrafiltration membrane), i o 3=}
(nanofiltration membrane) B2 94HF"H(reverse osmosis membrane)©] 1t (Table 1, Fig.
D). 2o Ao ZAMIERZQ A(cellulose acetate)d] MK, polysulfone, &% A4
(zirconium oxide, stainless steel, alumina) % 2}7] &2 st gioh. 2] Fejo wht
H4 (tubular), TR (hollow fiber), #4H3 (spiral wound) ¥ 43 (plate and

frame)o] Ath. o] T FE oJaae] A o7 Yol o] &1 vt (Fig. 2; Fig. 3).
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Table 1. Characteristics of membrane separation

Properties Reverse osmosis Nanofiltration Ultrafiltration Microfiltration
Pore size <0.001p¢m -0.02~0.0005#m 0.7~0.002 gm 10~0.5¢m
L HMWC, LMwe,  IMWC, mono=,  yy i (Protein, .
Rejection . . di—, and oligo— . Particles, clay,
sodium chloride, ) polysachharide) .
of . . saccharide, ) bacteria
glucose, amino acids . Virus
polyvalent anion
Ceramics,
polysulfone, Ceramics,
Membrane Cellulose acetate, Cellulose acetate, polyvinylidenedi— polysulfone,
. . e polysulfone, . . .
materials Thin film . fluoride, Cellulose polyvinyllidene
Thin film . .
acetate difluoride
Thin film
Operating 45406 o 5~35 bar 1~10 bar <2 bar
pressure

HMWC: High molecular weight component.
LMWC: Low molecular weight component.

apgelel ER

% 2YE AR B1E(pore)d] A7) 3 £ HE EF9 37|71 AR HY o] wat o
A5 (reverse osmosis), Y= o 3} (nanofiltration), ¥ o 3} (ultrafiltration), Y oI} (mi—
crofiltration) 2 7-# €t} (Table 1, Fig. 1). H4%F = 7P X123 & o] &5t @ £8 34
ojty. Z|EH o2 Exte] JiFTS T § glon BE £33 wAEL vF5EY% Ux
o Fute why o] A7t AAFETR G 39 AEE /X3 QE g AHE g Yo o7 9f
3 TEF Fol AA= Y Fadel2 Qate) 23 2 vyt So]Eo] FHHT. AU|HeR
TAY AEAZE 7] SFEEL 7] € Fulo) we 2gn Y dndte] Fi{) we £
BaAY sHEd 499 A4E 9l o2 0~50%7F &9 §9 ot o) o
A3 e A A ZL JAEL FE5HE 93 F, 1B F, &, ohvixA}, 714, #7
A EE ¢ATY § EE AEAF L g 533 BF 9 A7)0 & g% &9
opete] glof dwidst g2 3R EHEL BAFY we ¥ £ vk AW 9Rge
A3 Ze Bad 4RSS w538y g2 533t (Wagner, 2001).

ol

F7hB0lA ot 22le| 38

i

e d3te {F7FFd JoAM I dy /\}%51% 2 Bgjojt}. e Aol o3 ¢f{ul X
LR ‘?l““’é*]’ A 7 A2 S 2L FEHY FE g2y FE2E, §9 2 Helo
& v E3 vdg A B33 B]E}‘ﬂ Z A4 v e 7 vitamin B2} folic acid

.

17

&
=



Membrane Separations
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Fig. 1. Schematic presentation of membrane separation technologies.
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Fig. 2. Spiral wound element type of filtration membrane
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Fig. 3. Cross—section of spiral wound element type.

&), T $FE (2~6X), IE HHE (7x) o] At} $2FE o] F7 8] uiat A
=9 A 9 3ol A YA T 80 F2P) Feta, HISA 43 = @ Fdo] 4 (=
9] 34 Azl ol &5t} (Henning ef al, 2006).

2. @9 A3 g o] 4T FEuAY £y
FH R AR FaUd S vEste AEHERA o £38%tH(Renner and Abd

Ei—Salam, 1991; Huffman and Harper, 1999). #9982 gz o o] 1 7154 0]
St dofgt Wigog SRRy Balso] AF Ao ZEEUL AP oz ParE

Skim Milk
Acid . Rennet Milk Protein Milk Protein
Casein Casein Concentrate Isolate
Caseinate Whey a4 Cheese  $——————Whole Mitk
Whey Protein Whey Protein N
Concentrate Isolate Lactalbumin

Fig. 4. Protein ingredients manufactured from skim or whole milk.
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Xﬂ%"ﬂ% &% ¥ (milk protein concentrate), ¥ 2 f ¢ (milk protein isolate), &%
whey protein concentrate), ¥ 3 @9 (whey protein isolate), & #3}E,
%‘4"“ 8ol Itk (Fig. 4). 5% oz 2 f9E A7) Aste §9 o

o] &5 31 JtH(Fig. 5).

sk
<
Orr‘
‘—‘ ‘r‘ /-\

3. A4 e} 39 g o] §F frok N2 FA FF

& AFAE AMRE S Ul HAE, X9 2 aidoe] £EdE FHRE 120TA 5&
7+ gt 37— H9 oA} B§3te] 62Tl A 3083 st Az +77F AFAd ol +
13} H(Kosikowski and Mistry, 1990). 1131‘4 Az AZo 71437 ZAHA
.34 ctM—s— ol g3t} AP BAFEZ B F AYL 115~120TA 3237 UHT %
St 9 99.6% Y Mol AAE AFe} 4 F 7E, AL A, 3AE AN $HE X
b Al 23 tH(Fig. 6). °] SHE 8CAM 16~204 AXAEE FAT F AT FAE &
qog AdE $HE 5% F29 XN=2E AN F Ut o3 Fele Clostridium
tyrobutyricum® Bacillus cereus 9 o] L AR Al £A71 99.99% AA = Tt

OJJONF‘:{J_Q—D‘G&
}I
}:l

4. U A3 388 ARLAF EZ Y AA

U o3t Gatge) 3h9) o ho] FE7ro)] Y x| sh= gk A (molecular weight cut—off)
ZHA A ok Y A ehe §35 S50 3] e g 3&F 5 Ut v o3
o]-83te] 39 H NG FHEH Nagt K9 & Fol2& gEANZE T oy fel &
Atk BastdtH(Jelen, 1991; Guu, 1992). Sarney 5(2000)2 B—galactosidase 2 A
& 9oz RE Y A7}E o] &ste T3} galactoseZ A A ST oligosaccharide® &
g 5 AT
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Fig. 5. Manufacture of milk protein concentrate and milk protein isolate.
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Unprocessed mitk
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N /
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|
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Fig. 6. Process for producing milk with extended shelf life.

B—Casein 8 &] /8 EAF0] 300~1,0002 peptideE Y= ooz £ad o
FE5E+ peptide®] A3}, pH 2 o] 27 50 93 948S vty B 29U H Garem, 1998).
Ui o3 E o] &3t §4 dulde] a4 JMFEAES BEIA 75T AESES FUA
71€ 477t R 15 QT (Gauthier and Pouliot, 2003). o] 3}ute] HE|=o] g AeAo] pH
9.0914 7H¢ Ekom 0.5 M9 NaClg #7138l peptide?] FAAE F7HAZ F AU
Peptide®] Z 3t} 230l i o Fute] MelAdeo] J3FE v X7 peptide 2+ A5 AF
o) B2t g E A 3 HEl = 435 242 pH, o] E ¥ & -3 AT
T AR

5. 4HAFE o] 8% £/ 5%

AT FEUE AASHE Wolu fRd dAZ SEHA &kt 8 AYTFE I
T 34 s 2AZH |, AR-E A3 AL st frgEo] d5H F2o] Eof
Ach. =& 558 2 f3o] 2AskH] AL 5 de THF AR Utk (Walstra
et al, 1999). §3| 7tg =7t wow Add 7 ZA o) 71A FFA F7t & F 3
o FEEe 7he AR A4S A% 2 £ 2H0l MEHA Y AAA o8 A} o
AFE ol 83 $FF RAFL AT FH J3te] Azd FAFS AEF 5o 2EHL
2 Fden. ‘
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6. &9 A3} U g o] & Ay {7 £ ¢/ A=

F2 43 Felrl e AARE Hetd 9 B 24 £ 133 3 23 a4E ¢RE
sty RS TEGH ZHELAE BHAA AZT §3 3 /71 /s o Fasn
JtH(Kohler et al, 1994). 23U #3 £ ¢/t T=2% ZRELAE /3 FRE
o} ©to] Zatm w2 714G A2 go] 23wkl X F 3 ALAF Fo]
3t T3 AHEqto] Fol 23 o] HA3EkR ghol An7h FZHA K3t ot

& 39 oI (ultrafiltration) P2 st ¥ F25 Al * E& 7hslko #
AN F 72 B3 5242 A2} 3 £3) $7(Lange, 2005; Tossavainen and Sahlstein,
2003)E /ME=EAen 200139 Valio LtdlM A& 22 A3l th(Mattila—Sandholm
and Saarela, 2003). Lange (2005)& $#& $%§0] 2.210] A &9 dAstoq F3& o34
AL 3 REHo2 AL s A st A AFIE FBE F7 B ax
2 AYsta] steReste FF AEFEL AXS D (Fig. 7). Tossavain? Sahlstein (2003)2
SHE 39 dnste] AAE ARAE A Yieojniel AAES AHEEt 3 e £9
S AAS L @S AEHo g FEete] 39 o] FH A AUl AY e HEY i ¢
€ FFd Hrsted dof &2 & HA3 T (Fig. 8).
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Fig. 7. Process for producing lactose—free milk by Lange (2005).

— 27_



TollA 40X ¥H-&AIA 3ol o

2 AGANAE S0l 0.1%9) lactase® H7He Fol 4
BE EHE £T B $HE AR AZT 47 Bl S48 7302 LY F 45T

BAAN7IA Yooz F&HEo] 1.60] HA F
3 7tdste] Adsgg(Fig. 9). o] AF3

%3 ¥ S 7teto @ddAFen 65T
30 A=
o Zg TE7 98 ¢/ 96%° o231,

e SRS HAR 2HE D AN

g B

% 2ol 47HEO Ao} % ANE AR AL ek AFHA FAF HF Py AHL
Aste] $88 5 Ye B B A% 7154 FAFS BT 15 AR Lot

STANDARDIZED MILK

A

PASTEURIZATION

v
ULTRAFILTRATION (UF) UF PERMEATE
A v
UF RETENTATE NANOFILTRATION (NF) »| NF RETENTATE (iactose)
\4
NF PERMEATE
(sait)
L
REVERSE OSMOSIS (RO) RO PERMEATE
v
LOWLACTOSE MILK |
PRODUCT RO RETENTATE o mmmmmmmmmemman .
L S JADDITION OF WHEY SALT!
B e e o o o ] ¥
A i e
ADDITION OF LACTASE
HYDROLYSIS s
ADDITION OF WATER
A
ESL TREATMENT AND
PACKAGING

Fig. 8. Process for producing lactose—free milk by Tossavainen and Sahistein(2003).
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Fig. 9. Process for producing low—lactose milk.
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