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Drying of Isoflavone and Oligosaccharides Retentates Separated by
Membrane Filtration from Tofu Sunmul
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Abstract

Several drying methods and conditions of UF(ultrafiltlation) and NF(nanofiltration) retentates from tofu
sunmul, the tofu whey produced during pressing for tofu formation, were investigated. Spray drying
method was used for UF retentate and oven, vacuum and freeze drying methods for NF retentate. The
dried powders were analyzed for isoflavone and oligosaccharides contents and other physical properties.
Addition of 20% dextrin to concentrated UF retentate and outlet temperature of 95°C for spray drying
were found as a proper conditions in terms of moisture contents and particle size. The oven drying
caused a significant reduction in oligosacchrides and darkish brown color of the powder. Vacuum drying
was rather recommended for NF retentate because of minimum changes in isoflavone and oligosaccha-
rides contents, less color changes and drying cost, compared to other oven and freeze drying methods.
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Kim, 1996). ©1& 7154 £33 # isoflavone, &3]
daidzein#} genistein & aglyconeaEHﬂ estrogen
hormone® -F-AMSE 22 ZFw Qow {HkeH A
Pk, g 59 °=ﬂ“04 T8 A & &'
#7b v B =o} Ati(Fotsis et al., 1993;
Thomas et al., 1995; Atostino et al., 1995). <&
SRR 30~40% FHEHA e &gl
stachyose®} raffinose= ™AW Bifidobacteria® A5
< EANH Ze] Ao ool Wy F oup
A THKim, 1995; Im, 1995; Kim er al., 2001).

A FAA A9 e Ve dA|AFe] T
2 A, A FAE = AU EE2RE vlci*é-"'i*
o] ¥ 9 ¥ o]&=o] SITHANON, 1983;
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Az AZA FAAER AAEE N2 wheyZ FE
7V AFEY FA w9 {f3e g
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(Mok et al., 1995; Kim et al, 1992). FZol<=
=9 isoflavones}t &e]a e & 3 39
of el Vo] AL ZAG A £F°
isoflavone® &e]1FS 7+7t ok 93%, 90%7} 3¢
& & ok I THKim, 2004). FHH, £EA
317¥ isoflavoned S| NFE 4F9] 7T &
M2 g3t gk - Zﬂi‘ﬂom‘u"ﬂ st A+
= A9 Base] gA &) dubyo g el F
4L A=A feiMe v‘i'— Az %@Zﬂz‘—
AFA H
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ATHBoatright, 1995; Somogyi®} Luh, 1975).
wEbA B Aol Ae gke)o I (ultrafiltration; UF)

9} Vo FH(nanofiltration; NFH-S AM-8le] &

E9] isoflavoned} -%ﬂll‘%g 1m(2004)°] A At

& ARSI, CaSO,8F CaCle] -3}
£33t Y ARE 9 T
A FE G T DA s FAe ARSI &
Eo vy w58 9% =hiel $57)= Millipore
Corp. (USA) AFEOZ () Puretech P&TAH %, 5&
S)eIA ddiste] ARSI ARl AE siME
pore size7} 5pum@¢l depth typeel wlo]l=L g oz}
(microfiltration, MF)E A}-3l93, UF= 10k
dalton?] 0.1 m™2h& A3t} NFE salt rejection
65%°]2 Bt o] 04 m? WAEH Q] millipore
nanomax-50-2 AM&-siTh
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FES MFY F3A1712 MF o:]htou
= F%o1%oW, UF oo e

sys tem—i B NF 28-S dck UFSk NF &
SEHlEE Kim(2004)0] AAE o] F22 &9
9, % FQ} NF Tamg =AsY AzZAS

dryer(EYELA N-N Serise, TOKYO RIKAKIKAL
Co. LTD, Japan)Z ZF i’“’\]ﬁ‘:} ojmj Ah-g-gt
UFe] Z271e ¢#E89 &% 33-34°C, UF system®]
TMP(trans -membrance pressure)= 2.3~2.4 bar¢|%l

, NFi= UF ofsfele] 2w3 30-33°C, ¢4 190~
195 psigdll A 2HEE] .

Ol&EIE £N B

UF$t NF &899 HAxe 3= (Digital
Viscometer model DV-II, Broofield Engineering
Labs., USA)E ZAstHTE Alge] &x& 20+1°C
2 3%, spindle=1S AME-3ted RPM 50904 4
=5 459t des FHAN2, No.676061,
Atago, Japan)yE ARS3le] °BrixZ &It A%
= AAA(CR-300, Minolta Inc., Japan)S ARE-5}od
@LJ&I‘E(L), 79'&]15(3) al %—/\ﬂt(b) ke 2435k
ojuf A FFET MwE Byl 73% L : 95.10,
a : 03126, b : 031912127, AAY A L : 100.00,
a : 03101, b : 03162 oo, 33 %Zéﬁi 5
HEHeZ el UF Eeldg B8 Az
o] Y EEE YEEA71(CILAS, CILAS1064,
France)® 92} 37] € £ EEE 33] &3l 10,
TR A

o,

50, 90%9<] RaI =
A=
UF 229 &5 Hdxe =% 7IFS=2 DE

ol 1290 dextring 0, 20, 40% FHrlsle] BERAz
7}(Nitro Atomizer Pilot, Niroso, Denmark)S A}&
st Az AFHY. A2d 28] IFHE e
40 °Brix® AP o 7227 £5(nley2 =
160°C, ®iF(outlet) % 80, 95, 110°C, atomizer
speed 15,000 rpmo]lt}. NF &Egdle] EEAZz=
Azx7Ie] 7 e ddos ERAz) o
2 Ak Z(oven drying; OD), Z&7Z(vacuum
drying; VD), 47 Z(freeze drying; FD)Z 2]
<+ 223} st A WES NF 29 100
mLE 80°Ce] ¥FAZ7|(HB-502M, HAN BAEK
Sci. Co., Korea)oll A A7 = oujAdzx AlZl &
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105°C2] dry oven(O-Sung Sci. Co., Korea)*] %
2N ZHEQE Ax AT A3ARE AgEFL)
(EYELA N-N Serise, TOKYO RIKAKIKAL Co.
LTD., Japan)E AHE-3td &% 100 mLE 70°C
A O3AIZE AERAZ Y, sEAxE FEART
(FD5505, 1I-Sin Eng. Co., Korea)ys AHEsle] Ax
EiS=

Isoflavone 249

UF, NF 28] &9 29| isoflavoned] £4-2
60 mesh A& F43 BT 1 goll 80% ethanol 20
mLE %ol Z&#A2]7](5210R-DTH, Branson
ultrasonics Co., USA)E S0°ColA] 60&7F F&3)
g &4 %87 (Hanil centrifuge Co., Korea)Z
10,000 x goll A 2087 YAEE| st e e Het
Atk AN syringe filter(0.22 um, Waters Co.,
USA)Z o33k 5 HPLC(Waters Co., USA)I 20
uL F¢3l] Waters 486 absorbance detectorg Ab
43te] 254 nmol| A isoflavoneS FA5lG T B4
Z712 Wang er al(1990)2] S HIANA &4
stk #4521 mLminol A2, Ao A&
columnS WatersA}2] XTerra TM RP18 column(5
um, 4.6 x 250 mm)yS ARESE T, mobile phase:
acetic acid 0.1%% Z}z} -8 33 FRT(EMHA)
9} acetonitrile(£ | BYS AMRslion, SvjA: 2B
= 85:152 AFFsted 4080 77:23, 708 73:27,
85%-oll 65:35, 90%-oll= 60:402] ¥I&E A Hel
gradient system& AMS-3}TE E2]8 isoflavone
genistein, genistin, daidzein, daidzin, glycitein,
glycitin®] 3L A F5F ol& e 67HA] XEEH
(Sigma Chemical Co., USA)2] F%oll thdh peakH
Aol R4 orHE AislET). Isoflavone
o Ay AEHF 7FmgglE Fsien 3
HhE Zdae] Hao g A
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UF¥E NF £2] 559 2% 1 gl 10% oL
L& 10mLE o ZS 332 7|(5210R-DTH,
Branson ultrasonics Co., USAYNA 6087+ F323
v &A% 7](Hanil centrifuge Co., Korea)E.
10,000 x gollM 2087 YHEE sI¥Th A5 0.5
mLE F3td ZFFF 0.5 mLeb 10% 2 &
0.5 mLE H7F8l3 vortex mixer® EFA|Z ohE
PR IR 10,000 x goll A 587 AR
5 dede FRshe 2ibd 9 10% A4

€ 05 mLE F7tete] FAHAZ FH syringe filter
2 o3}slal HPLCO 20 uLFdste] 22
Mok er al.(1995)%] WS Hste] A4t &
Al AFEE column® WatersAbe]  carbohydrate
analysis column(3.9 x 300 mm)°] 0.5, o] &}
65% acetonitrileS AFHE-3I9 Y %4 1.3 mL/min
ol EHI 2 IFE sucrose, raffinose,
stachyose©|2 3L 015 ke SigmarlolA 2UE 3
7HA9] E5E2(Sigma Chemical Co., USA)Y] &
Tol th3l peakdH o] FEAHFFHMoRRE AHat
st &Elade] dae AEF VIE(geeE &
el em 3utE SAste] H@o R AsAth

AesHes A8t 519 UF 2 NF 27
FE5Y 1.0 °Brix®t 5.0 °Brixol|A 40.0 °Brix7}A]
ANEFE ANFTh o] FAoA 9 FHoie] W
k= Table 134 2l F50] WAHHEXA UF £
FEYe] FZE 1040 cpollA] 328.00 cpR AA T
7Fgk Wk, NF #8]ele] F=w= 730 cpollAl 24.40
cpE AZF FUtslATE UF R-eldle] Hicel viwd
W NF &zjefe] dxs] ¢ He 452 UF %
Felol efste] ehiidolt A dF3 e Ao

Hw2 & AJEEc] UF #HEgd] st v5 A

Table 1. Changes in pH, viscosity, and color of UF
retentate and NF retentate of Sunmul during vacuum
concentration at 70°C

“Brix Viscosity Color
(cp) L a b

1.0 10.40 43.49 1.62 9.01

E 10.0 22.90 13.35 1.53 6.05

UE 200 5800 830 330 502
retentate

30.0 150.00 5.07 4.31 3.29

40.0 328.00 3.57 4.62 2.34

5.0 7.30 95.72 -1.20 11.26

NF 10.0 8.12 91.53 -7.11 10.01

20.0 9.00 14.99 1.12 8.32
retentate

30.0 10.80 9.23 3.16 5.84
40.0 24.40 5.93 4.44 3.98

UF : Ultrafiltlation NF : Nanofiltration
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AEo], NF 2z]ldjol= & EA3Fe Edo] 79
EAEA] ol HAES] dFo] UF we|drct gt
A Aolgt AzHEc). UF 5599 ML L(lightness)
%AL4 Fae AN w5AET w599 &Y

= S7PF 938 FUo et YA aredness)
W 1.62901A4 4622 5715 WHH b(yellowness)dk
st o] Hojxg HATh NF oS
EEAZ 7F 200 Brixdll =2 IS e B3
Holl A wle] FAE Aol Tz 13}3}?}‘:}.
]

rlo

AF I F Lk wE=2A ] AR agh
Z7kel7] Azl en bk ZhAEkRTh Lkl
A3 A s e JAE File] H o)lf=E

B2 X 2| el 9 =2 gt

UF s&deo BFE AXE AR ed, B4
ZE 93 A7k F3A9 o miEere] gk
S ZA} KT Table 2+ E94% £22 wjZ2
Tt SUVEeE, Y AEY Hlge] Bi4E 4
Bahepo] ZHAEd) vlF&x 95°CY] AS
sheke dl2xEd 0% A$ 8.25%, 20%= 6.05%,

4% 422%2 H2ER Wbt BeSE R
o] A Yolxit). oEbr HAaEHS Hrle 7
ZEulo] SB3lEo] 6% A2 wol dliED 20%
A7teb WF2E 95°Ce] ARF Aol HAG Aoz
HetE Q)

Table 2. Effects of outlet temperature of spray drying and
dextrin addition on moisture contents of spray dried UF
retentate of Sunmul (unit : % H,0)

Dextrin addition

Outlet temp.

0% 20% 40%
80°C 15.38 13.42 11.02
95°C 8.25 6.05 422
110°C 3.52 3.20 3.02

UF : Ultrafiltlation

5 ZAxH UF 5592 Table 3J+ 7L01 =
EY HA7HET ded 9% eS¢+ A
AT FAHEQ)] 10%L -5 ﬂéE%—a« 0%}
20% H7FkS ® ZH2E 1.99 um, 2.09 pmZ H]S:
RO 40% H7HA] 261 umE AR 50%2F
90%<] Q3NME H2EY 0%} 20%= HS3 A
71909 40% H7HA A SIFEEATE A B
FAMT AR A Bo] 92E7 0% 20%
£ 3800 umAEolR o 40% HAEH Hi e
141.70 ym= FFAZR 229 AAo] ¢ 3.7 =
7ystdch Wb BEAZRE 93 daed Hob
E YAAE FE o 0% Ee 20% H7E A

dstatt.

e

=1
B
Z isoflavones} £
= Table 49} 2 7154

3 9= daidzein, daidzin, genistein, genistin
Z isoflavone?] 2F 90% A== Jelytth &3] 7]
SA1o] Hold genistein? genistin® A <k 50%
E A Yot T3 isoflavoned] 1A ) &
T&0] £& aglycone FHEN= daidzein®] F 12%,
genistein®] F 4% Hx 5] Ut UF T
o] H-‘nj* AzxA d2EAS HrlslA] k& A
20% 2 40% H7}st UF £8oliM el & isoflavone
o] 3HF Aol HrbehA of g} HlwA] zhzt
19% % 41% d=2 HNAEJHsiEE Ao e
73 Ve

HEEIS 20%S 40% H7HeE UF li—%loﬂ A&
glage] e isoflavoned] H$-9} %
dah gk Eejage] & A9 At A
Bifidobacteria®] 47 W Ao §23} raffinose2}
stachyose= AA 22139 oF 56% FEo|Arh.

Table 3. Particle size distribution of spray dried UF retentate of Sunmul with addition of dextrin (unit: um)

Dextrin addition

Parameter % 20% 40%
Diameter at 10% cumulation 1.9940.17* 2.0910.10 2611025
Diameter at 50% cumulation 16.391+0.84 16.2610.38 48.411£8.43
Diameter at 90% cumulation 113.8312.44 108.63%+1.81 422.09£11.44
Mean diameter 39.46%1.41 37.78%0.70 141.68+14.49

UF : Ultrafiltlation
*Means and standard deviations of three replicatons
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Table 4. Isoflavone and oligosaccharides contents of
spray dried UF retentate of Sunmul with addition of
dextrin for spray drying

Dextrin addition

0% 20% 40%
Isoflavone (mg/g)
Daidzein 0.144 0.120 0.084
Daidzin 0.350 0.315 0.225
Genistein 0.044 0.038 0.029
Genistin 0.576 0.420 0.308
Glycitein 0.025 0.021 0.015
Glycitin 0.104 0.094 0.068
Total 1.243 1.008 0.729
Oligosaccharides (g/g)
Sucrose 0.103 0.085 0.056
Raffinose 0.048 0.034 0.032
Stachyose 0.085 0.066 0.044
Total 0.236 0.185 0.132

UF : Ultrafiltlation

Sucrose$} raffinose, stachyose2| & W= 4.3:2.0

3608 VERoH, BF AR & &g ¥
22 23.6%°] AT}

NF 22ef A4

F=&9 NF 22l 9] 358 NF 229
AR BAFo] vR ol £Fzxr] Wi
B 2R95°Co1 Pl 850 ERAx 71
B @4 dAgess EudHzE 347t 27
T stk 2Eiste] NF 2ol Rz 99
A

FHAZ (oven drying; OD), 2371 (vacuum drying;
VD), 54 % (freeze drying; FD'E¥ S H| w3 Th
T3 NF 2g9S 400 Brix® A3 55 AAS
o Aol FHEo] dAE oAE AT
(supernatant; SPT)¥ 34 & (precipitant; PPT)E 2
3tal o)& zhzh Ax3 the Bdel A 5A4& Y

[

Table 5. Color and AE of concentrated NFV retentate,
methods

T8 =B9| isoflavoned} 28317 FEAe Ax 85

23 A= Table 59 7.

Az g Be] MEiatole NF A4 &
9] FD £%3 VD £2-& ko @ & Ao
7} ek z2Ed oD B2 AS- Lk dA 3§
Tt T aghe oM wgte . molEomn

)
HAAH] MR AES FD &
£9| NF A3 w5434 45
3 3452 AEatol7h AL vk, Aize 242t
2332, 24385 @A 2jo)rt 9l

Azxe] e A% F 52 2571 NF
kS ol dozly] wEdl 2o Avkdn

i

Nl
i)
o

I
2
M
=t
rlo
N
N
=
~

NF 22| isoflavone®t =2| 0% EH2f v
NF 2918 400 Briv/hd AZ 53238 ohe B
z

< #4938 = Table 634 ZTh NF HA] 554
o 100mLY] AFE FAE sA7RAA 41.400
g, AFAZANM 34550 g, FLAZANA 27.130 g0l
SR 3z Fgazse] 1 @R 7A
o ZaE g2 20X /MR dF AFE
a3 HSU7] wEo® 7P ofdt H3S NF
A Feldl A5da AAENE FAFS
Al UERTE NF 599 &3] & isoflavone
Sheko. FD 2ol 2.665mg/g, VD 20| 3.185
mg/g, OD EB¢o] 5204mg/g?2 OD EETe
isoflavone®o] FD E¢HT} oF 28] = =4 =
AU} of A= ODAM =2 2= 7HEA
22 acetyl”l*} malonyl”] 7} $JE  isoflavone<]
isomers°] isoflavone® g WU} Wol AHF Q7] of

SPT?, and its PPT? power of Sunmul with different drying

Conc. NF retentate SPT PPT
FD4) VD5) 0D6) FD VD OD FD VD oD
L 82.29 82.13 60.17 81.29 83.35 58.39 93.14 94.47 94.25
a -1.09 -0.44 5.14 -1.17 -0.34 522 -0.07 0.02 -0.36
b 17.25 15.94 13.27 17.56 14.92 12.17 2.53 2.45 342
AE? - 1.47 23.32 - 3.45 24.38 - 1.34 145

»: Nanofiltration ?: Supernatant *: Precipitant ¥ : Freeze drying ¥ : Vacuum drying ® : Oven drying ? : Total color difference = (AL? +

Az + AbY)"?



86 RINEZS A 94 A 23 (20054 59)

Table 6. Contents of isoflavone and oligosaccharides in concentrated NF retentate, SPT, and PPT of Sunmul power dried

by different drying methods

Conc. NF retentate SPT PPT
FD"  vD?  oD” FD VD oD FD VD oD

Total solid (g)” 41.400 34550 27.130 33.100 28300 21.730 6.730 5.760 4330
Isoflavone (mg/g)

Daidzein 0.049 0.074 0.483 0.064 0.089 0646 9 0.010 0.011 0.001

Daidzin 0.633 0.848 2.166 0.730 1.016 2.648 0.031 0.044 0.027

Genistein 0.016 0.019 0.076 0.006 0.008 0.079 0.074 0.093 0.068

Genistin 1.738 2.010 1.923 2.014 2.428 2.361 0.154 0.175 0.069

Glycitein 0.001 0.001 0.035 0.001 0.002 0.045 0.005 0.005 0.004

Glycitin 0.229 0.233 0.521 0.252 0.300 0.646 0.007 0.008 0.005

Total 2.665 3.185 5.204 3.067 3.843 6.425 0.281 0.336 0.174
Total isoflavone (mg/100 mL) 110.350 110.042 141.185  101.518 108.757 139.615 1.891 1.935 0.753
Oligosaccharide (g/g)

Sucrose 0.190 0.208 0.103 0.241 0.252 0.105 ND ND ND

Raffinose 0.032 0.050 0.028 0.043 0.070 0.043 ND ND ND

Stachyose 0.132 0.131 0.019 0.149 0.161 0.053 ND ND ND

Total 0.354 0.389 0.150 0.433 0.482 0.201 ND ND ND
Total oligosaccharide (g/100 mL)  14.656 13440  4.070 14332 13.641 4368 ND ND ND

Y': Freeze drying, ? : Vacuum drying, ¥ : Oven drying, ¥ The weight of solids and isoflavone and oligosaccharides were measured on

the basis of 100 mL of conc. NF retentate
ND : not detected NF, SPT, PPT: refers to Table 5.

oz Az, o3 Ay FEY &98 7 }
gx2)stde o isoflavone?] ko]
Cho(2000)°] A2} HAFSHATE

NF ## F2ode] £18 100 mLE 75T
OD EZo)A 9] isoflavone©] 141.185 mg &7 %/ o]
T2 Azvbdol FD 2 VD 2ol 9F 110 mg
Hop A3 o Witk olzdt A sl
T Ao, AMEE 1 o] YR Fo}
vlwslr] ojesi, =3 A5 F isoflavone &
2o FD EZo] 101.518 mg, VD £l 108.757
mg, OD E2o] 139.615 mge& NF %N 7k
£ Hr) o7k vlt). el NF AA 58 4
S99 AHdEZ Y AFE 9 AY =RE
isoflavone®] A-solio] AFEN-S-S ¢ 5 U

NF AA &R L33 §%S FD F29
AET2] 354%, VD ETe] 5 38.9%, OD
ro] A 15.0%8 =2 2}*?4"13} NF #A &
H9E 100 mLE 39S A & iﬂl“
29 14656g, VD %}%} 13.440g, OD &
070 g&, FD &3} vlaste] VD E2olre=
ok ek 105°Ce) €2 718 A% OD &
A oF 70% ol gl Sulnge] 7‘*0}051"
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