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Abstract

The effects of membrane type, temperature and pH on the permeate flux and removal of soluble
solids from soybean curd whey by reverse osmosis were studied at recommended pressures for opti-
mum performance of the membranes. The fluxes obtained with HR 95 and HR 98 membranes at
60 bar were not lower than that with CA 930 membrane at 20 bar. Soluble solid content in the
permeate increased to 1.5 Brix after 90 min by CA 930 membrane, as opposed to 0 Brix with the
HR 95 and HR 98 membranes. Permeate flux was increased by 28.4% as operation temperature increa-
sed from 30T to 50C. COD of the whey was rejected up to 80.5%, 99.7% and 99.5% by using the
membranes of CA 930, HR 95 and HR 98, respectively. pH adjustment of the whey resulted in decrea-
sing membrane performance. But the rejection rate of COD in permeate with HR 98 membrane was
slightly increased to 99.9% when the pH was adjusted to 7.0.
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Fig. 1. Changes in permeate flux by membrane types
and temperature in reverse osmosis treatments of soy-
bean curd whey
O0—01; HR 95, &—
A—a; CA 930

O; HR 98, 30C, @—@; HR 98, 50T,

BOD) Z=X23

L2 FBEEE SRPE ST AEL W
%] A]7] % Phosphate +%-8-1(pH 7.2, KH,PO, 48.5¢g,
K.HPO, 21.75g, Na,HPO,-7TH,0 33.04g, NH,Cl 1.7g%&
118} Fwoel &3hA)zl &), 225% MgSO;-7H,0
sl 275% CaCl, £, 12)1 0025% FeCly-6H,0
SANE FHT I 1ml'>“ A7rete] HMpE A3
}. o] 5)* —)r\‘i o 5} wpE ol o] F st 7H7) 0.02
%9} 5%} H =2 3)Alsle] BODH (300 mi £3F) ) <
A8 A5 158 F L 20C 7)ol 547 AR
3 8&24 405 Winkler's azide ®i¥{e 2 ZA3lgich

CA=hg NaCle] Al7]&o] vl sgob 7]% o
S Aol 41 e Mol“ CA 930t £ s Ae
CAztyr} ofele) §&& i x|k NaCl A7 5o
& HR# 9}5- HRO59} HRO8HE o3 4k 2h o 7h7z}
‘J"#f’; % 30C oM 7t uhe) Hol&g sh(CAZ: 20

HR®} - 60 bar) & 7hsted odabfsiais ohe) F4
oﬂ w}—': g FAEE 9 A At at Fapele]
W8l 7R SrdEe) g eabsbaly v 1 Ak

-{o

Fig. 18- LA930 HR95 % HR98%}-& 77t AM8-31



308 FrAlEFetER] A 24 W A 4 3 (1992)

20

SOLUBLE SOLID { Brix )

0 20 40 60 80 100
OPERATION TIME ( min )

Fig. 2. Changes in soluble solid contents of permeate

and retentate by membrane types and temperature in

reverse osmosis treatments of soybean curd whey
O—"J; HR 95 Retentate, ©—; HR 98 Retentate, 30T,
©—@®; HR 98 Retentate, 50C , o-—a; CA 930 Retentate,
O-; HR 95 Permeate, - _; HR 98 Permeate, 30C,
©®-@®; HR 98 Permeate, 50C. a—a; CA 930 Per-
meate
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Fig. 3. Changes in permeate flux by pH of soybean
curd whey in reverse osmosis treatments
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Fig. 4. Changes in soluble solid contents of permeate
and retentate by pH of soybean curd whey in reverse
osmosis treatments
O—0; pH 4.0, Retentate, O—C; pH 5.7 Retentate, o —a;
pH 7.0 Retentate, ®—@; pH 10.0 Retentate, (1(J; pH 4.0
Permeate, O--O; pH5.7 Permeate, a—a; pH7.0 Per-
meate, @--@®; pH 10.0 Permeate

Table 1. Specifications of reverse osmosis membranes
used and operating conditions

Permeability Water Pressure
Membrane %, NaCl flux, 1/m pH ¢ bar
CA 930 66~74 >60 57 30 20
HR 95 <5 110 5.7 30 60

HR 98 <25 110 4.0~10.0 30,50 60
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Table 2. Effect of membrane type on reduction of COD
of soybean curd whey by reverse osmosis”

Sample COD Rejection rate
ppm of COD, %
Soybean curd whey 19,258(20,821)?
Permeate, CA 930 3,763 80.5
HR 95 64 99.7
HR 98 91(85) 95.5

UPressure at 20 bar for CA 930, 60 bar for HR 95 and
HR 98
YThe value in parenthesis is BOD

Table 3. Effect of pH adjustment of soybean curd whey
on COD of permeate by reverse osmosis"

Sample COD Rejection rate
ppm of COD, %
Soybean curd whey 18,657
Permeate, pH 4.0 56 99.7
5.7 88 99.5
7.0 15 99.9
10.0 77 99.6

UMembrane: HR 98, pressure: 60 bar

91ppm~ et on 8o ok £39e COD A#

22 72k 80.5%, 99.7% 12l 3 99.5% % HR3=He] COD
xﬂ H&o] CA® Hry A4 =gich

EY FREES 94T Fade] BODst CODE
H52sl7] 93 Ed3 A8 2 BODe CODE &H3) &
A} Table 2|4 Bz npe} o] A9 nld $3&
HeR gLt

Nakao 5¥-& =4 Az %X‘oﬂd FEHs T 5
Atadg A4HFste] Efe g BODE =AM <t
A4 BODE F&3] #H2A717]1 AAsiss CAE o9
MR AR Garrare] Abge] AapHd Aeletn
Bgk uf olek

(

ghH HRO98uHE AHgsto] 7hAd S1dE 3ol 21
Brixq! F#524 pHE geldix d4Faue o F
O

oo} COD$} 1 A A4 Table 33 2t} CODgE
S8 pHol et 228 Aol g HelEd) pHE 70
=439S 9 CODghe 15 ppmol 9w o] 4 5%l
S COD A7 &2 kAl 99.9%] Geloton of ghe
pHE 247 Wstg #Fur} oF} ok

2 ¢4

opege] gE M nyEe AAE S8 F
PEEs 2 gabrahe] Ao #491#(CA 930 © 20 bar,
HR95, HR98 : 60 bar) 3}ol| 4] 3 ArE2]2]2] HREute)
HEHE L CAgutel vls] Ao RAM}F TF oS
F218h51.0.5) HR981He] 79 o 4HF 2 2] 2 %7} 50T o



310

o) 30T ol A2} 73

a4

| Blsto} oo} vhesb 7} 284%

F7bstoinh. 29 pH 24o] B2 ofoje] ohEmsx
Al pHel weh 9fe) RS nE oha AjolE w

A=) Fka Q)
E3HE Wold] Ygkeh &S

SEReld g FFAEE oo
HEH 2HE Ferel 23

Brixyd = CA930, HR95 2 HR98%& §-3}3F ofof o

CODzr2
89 pHE 7008 2sle] G454

Z+z} 3,763 ppm, 64 ppm % 91 ppme) %l 2.
g %

COD 79 99.9%% AAAZD += AAck

10.

11

12.

& 8

. ANON: New concept for juice concentration useing

centrifugation and membrane filtration. Food Eng, 55,
153(1983)

. ANON: Reverse osmosis for juices. Food Eng Intl,

8, 44(1983)

. Baxter, A.G., Bednas, M.E., Matsuura, J. and Sorirajan,

S.: Reverse osmosis concentration of flavor compone-
nts in apple juice waters. Chem. Eng. Commun., 4,
471(1980)

: 717l§,]. !:1]-—542] 71£U} oclxl‘:ulrll o].g.fs‘_} }\].31}_?;*/:91

f= Bt e =)

¥ F5 ﬂj?*"‘»}éfh] ], 20, 419(1988)

. Agebevavi, T, Rouleau, D. and Mayer, R.: Production

and quality of cheddar cheese manufactured from
whole milk concentrated by reverse osmosis. J. Food
Sci, 48, 642(1983)

. Glover, F.A. and Brooker, BE.: The structure of the

deposit formed on the membrane during the concent-
ration of milk by reverse osmosis. /. Food Res, 41,
89(1974)

. Lee, Y.N, Wiely, R.C,, Sheu, M J. and Schlimme, D.V.:

Purification and concentration of betalaines by ultrafi-
Itration and reverse osmosis. J Food Sci, 47, 465
(1982)

. Philip, T.: Purification and concentration of natural

colorants by membranes. Food Technol, Dec., 107

(1984)

. Baloh, A.: Reverse osmosis in the sugar industry. Su-

gar J. 38, 19(1976)

Nielsen, C.E.: Low alcohol beer by the hyperfiltration
route. Brew. Distill. Inf, 12, 39(1982)

KPR, MR, (NERIE T 1 CBBSIZ LI SR
H. New Food Industry, 29, 41(1987)

Hiddink, J., Deboer, R. and Nooy, P.F.C.: Reverse Os-
mosis of dairy hquid. J Dairy Sci, 63, 204(1980)

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

E78k3)A) Al 24 W A 4 5 (1992)

Hiddik, J. and Van der Wall, M.].: Evaluation of hype-
rfiltration systems for sweet cheese whey. J. Food
Eng, 3, 225(1984)

Johnson, K.T., Hill, C.G. Jr. and Amundson, C.H.: Ele-
ctrodialysis of raw whey and whey fractionation by
reverse osmosis and ultrafiltration. /. Food Sct, 41,
770(1976)

Marshall, P.G., Dunkley, W.L. and Lowe, E.: Fractio-
nation and concentration of whey by reverse osmosis.
Food Technol, 22, 37(1968)

Morales, A., Amundson, C.H. and Hill, C.G.: Osmosis
membranes for processing dairy fluids. /. Food Proc.
and Pres, 14, 59(1990)

Nakao, S.I,, Yumoto, S., Watanabe, A. and Kimura, S.:
Performance of membranes during the treatment of
sovbean cooking drain from a Miso factory by ultrafil-
tration and reverse osmosis. Nippon Shokuhin Kogyo
Gakkaishi, 30, 442(1983)

Nakao, S.I, Yumoto, S., Watanabe, A. and Kimura, S.:
Characteristics of the gel layer during the treatment
of soybean cooking drain from Miso factory by ultrafi-
Itration and reverse osmosis. Nippon Shokumhin Ko-
gvo Gakkaishi, 30, 449(1983)

Madsen, R.F.: Hyperfiltration and Ultrafiltration in
Plate-and-Frame System. Elsevier Scientific Pub. Co.,
New York (1982)

Monge, LE.,, McCoy, BJ. and Merson, R.L.: Improved
reverse osmosis permeation by heating. /. Food Sci,
38, 633(1973)

o1, AFR, WAL VT T EE FiAR
ol ek A7 HAEIeEH 2, 22, 363(1990)

D.D.S.: Manual for Reverse Osmosis System (Lab.
Module 20 plate and frame Type), De Danske Sukke-
Jabrikker (1986)

Franson, M.A.H.: Standard Methods or the Examina-
tion of Water and Waste Water. American Public Hea-
Ith Assoctation. Washington. D.C (1981)

Lee, D.N. and Merson, R.L.: Chemical treatments of
cottage cheese whey to reduce fouling of ultrafiltra-
tion membranes. J. Food Sci, 41, 778(1976)

Kuo, K. and Cherran, M.: Ultrafiltration of acid whey
in a spiral-wound unit: Effect of operating parameters
on membrane fouling. J Food Sci, 48, 1113(1983)
Omosaiye, O., Cheryan, M. and Matthews, M.E.: Re-
moval of oligosaccharides from soybean water extracts
by ultrafiltration. J. Food Sci., 43, 354(1978)

(19911 11«4 13<d *‘d )



