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SUMMARY

Research 1. Optimal separation conditions of functional
compounds from sunmul by membrane process

Sunmul, the tofu whey produced after coagulation of protein and pressing
for tofu formation, has been regarded as a serious water contaminants in tofu
industry. The solid in sunmul is 2~3% and contains small molecular weight
materials such as peptides, oligosaccharides and some functional compounds
along with uncoagulable protein. In this study, conditions of UF and NF for
separation and concentration of isoflavone and oligosaccharides from sunmul
were investigated. The conditions studied were the effects of operation
pressure and temperature on fouling and permeate flux. The separation
efficiency of isoflavone and oligosaccharides were also studied. Additionally,
COD, BOD, and SS of UF and NF permeate were measured.

The optimal operation conditions for UF were founded to be 30~32TC of
sunmul temperature and 2.3~2.4bar of TMP based on minimal fouling and
maximal flux. The recovery yields of isoflavone and oligosaccharides in UF
retentate were in the range of 11.49%~2816% and 12.77~27.57%,
respectively. The 6.0 VCF of UF process was selected as a economical
process. And also addition of 20% dextrin into UF retentate was
recommended for spray drying.

The optimal NF operating conditions were found to be 190~195 psig of
operating pressure at 30~32C. The fouling formation on the surface of
membrane can be reduced effectively at higher than 25C during NF process.
The recovered yields of isoflavone and oligosaccharides from sunmul were
steadily decreased as the VCF increased. Therefore, the concentration factor

of 6.0 VCF for NF was recommended based on recovery yields of those
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functional compounds. The total isoflavone and oligosaccharides recovered in
UF and NF retentate were about 93% and 90% of sunmul, respectively. For
drying NF retentate, vacuum drying was recommended rather than spray,
freeze, and oven drying because of color change and functional contents in
the dried powder.

The COD and BOD were reduced by more than 98% after NF. SS material
was not detected after UF and NF. These values after NF were comparable
to the allowance level of water pollution standard in Korea. Therefore,
membrane filtration was not only useful for separation of isoflavone and
oligosaccharides from sunmul but also effective for reduction of water

contaminants.

Research 2. Functional compounds and properties of  sunmul
powder separated by UF and NF

This study was carried out in order to investigate the feasibility of utilizing
concentrates of sunmul, the by-product waste during tofu processing, as
functional food ingredients. The levels of biologically active compounds, such
as isoflavones, saponins, oligosaccharides, and phytate in the sunmul powder
separated by UF and NF were determined and its functional properties were
investigated.

The total isoflavone content of UF powder was 437.41mg%, which
corresponds to four—fifth of sunmul. On th other hand, the total isoflavone
content of NF powder was two times higher than that of UF powder.
However, UF powder was significantly higher than NF powder in genistein
and acetylgenistin contents. The total oligosaccharide contents of UF powder
was 19.29+1.92%(dry basis) and was 1.5 times lower than sunmul (30.69

+£0.31%). Stachyose contents of sunmul and UF powder were almost similar,
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but sucrose and raffinose content in UF powder were lower than in sunmul.
The total oligosaccharide contents of NF powder was 39.95+1.20%(dry basis)
and was significantly higher than UF powder(19.29+1.92%).

The phytate contents of UF and NF powder were 0.06+.01 and 0.09+0.01%6,
respectively, which were significantly lower than sunmul. In the contents of
saponin, UF powder and sunmul were similar, but NF powder contained a
relatively low amount of saponin. In total free amino acid contents, UF
powder contained about 1.3 times higher amount than sunmul. Particularly,
glutamic acid and lysine content in UF powder were significantly higher than
in sunmul. In contrast, NF powder contained about 21 times total free amino
acid(2,110.10 mg%) as compared to that of sunmul powder. Solubility in water
was over 90% in all types of powder except the isolated soy protein. Protein
solubility in all types of powder was minimum at pH 4.0, but increased at
more acidic or alkaline conditions. Oil adsorption capacity of UF powder was
similar to that of ISP and higher than that of sunmul, but water holding
capacity of UF powder was lower than that of ISP.

In the case of NF powder, oil adsorption capacity was lower than UF and
ISP and water holding capacity could not measured due to complete
solubilization, Emelsifying activity indexes of UF powder at pH 2~10 ranges
were not influenced by pH, but in case of NF powder, emulsifying activity
index was significantly lower than UF powder. On the other hand,
emulsifying stability was increased in comparison with UF powder. Foaming
capacities of sunmul and UF powder were best at pH 4~6 however NF
powder failed to make foaming.

The results of SDS-PAGE of proteins showed that UF powder exhibited
major bands that were estimated to be f—conglycinin(58kd) and acidic subunit
of glycinin(38kd). In contrast, NF powder showed broad bands where that

molecular weights were below 20kd. Total amino acid contents of protein in
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sunmul, UF and NF power were 86.83, 196.69, 30.02 mg%, respectively and
content UF powder showed especially high lysine content. Rapid viscosity
analysis of dough added with UF and NF powder showed that all of the final
viscosity decreased as compared with control, but in the case of 5% UF
added to the flour, the extent of decrease in the final viscosity was alleviated
by the addition of 3% salt. In contrast, the final viscosity of 5% NF added

flour was not recovered even when 3% salt was added.

Research 3. Prevention of sunmul spoilage before membrane

process

An investigation was performed to prevent the spoilage of sunmul. The
microorganisms in sunmul were able to grow at the temperature range of
between 12 and 45C. The microorganisms were able to grow in both aerobic
and anaerobic conditions. When the representative bacterium found in sunmul
at 30C for 24 hr, it reached the total viable number of 22 - 86 x 108
CFU/mL. Nineteen bacteria were isolated from sunmul and classified into 4
groups depending on the morphological characteristics and finally identified by
16S rRNA gene sequence analysis.

The major spoilage bacterium was identified as Leuconostoc citrium, an
heterofermentative lactic acid bacterium. The latter three were not able to
grow in sunmul which means that they were only happened to be there as
contaminants. Spoilage bacteria could grow very slowly at low temperature
(4C) to show any turbidity after 6 days, but not grow at 50°C. Therefore it
was recommended to store sunmul for membrane separation at 50C or a
little bit higher temperature. sunmul spoilage bacteria (isolate S1) was found

to be able to degrade isoflavone in sunmul.
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Research 4. Development of functional products using UF and NF
retentate powder from sunmul

This study was conducted to develop products using UF and NF retentate
powder from sunmul which contains functional components such as
isoflavones, oligosaccharides, phytic acids and saponin.

Yogurt, muffin, noodles and Jeung-Pyun(Korean rice cake) were prepared
with different levels of UF and NF retentate powder and their
physicochemical and sensory properties were investigated for the purpose of
improving functionality.

Yogurt prepared with UF powder stimulated the acid production and
propagation of lactic acid bacteria. Viscosity of yogurt decreased with the
increasing UF content. Gas chromatographic analysis showed that more
volatile compounds such as acetaldehyde, diacetyl, ethanol and 2-heptanone
were detected in yogurt prepared with UF powder, but much less with the
NF powder than control. The sensory evaluation showed that yogurt
containing UF powder was evaluated better than ones prepared with NF
powder.

Muffin was prepared with the addition of UF and NF powder and the
quality  was investigated. Volume, height and specific volume of muffin
decreased with the increasing UF and NF powder content. The incorporation
of powder in the product lowered lightness(L) and increased redness(a).
Texture parameters such as hardness, gumminess and brittleness increased
with the increasing powder levels. Surface structure by SEM showed that air
cell size was increased and the number of cells was decreased in samples
with UF and NF powder compared to control, which may account for
decreased muffin height. Sensory analysis showed that muffin prepared with
up to 7% UF or NF powder was considered to be as acceptable as control.

Noodles containing UF and NF powder decreased peak, trough and final
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viscosity. The addition of UF and NF powder lowered values in cooked
noodle weight, volume and water absorption. The turbidity of noodle soup
was increased as the adding ratio was increased, indicating higher cooking
loss. The yellowness(b) of cooked noodle decreased as more wheat flour was
substituted with UF and NF powder. Hardness, gumminess and brittleness
decreased while cohesiveness and springiness increased as the substitution
ratio of powder increased. Sensory evaluation indicated that noodle added with
3% of UF and NF powder was acceptable as much as wheat flour noodle.
Jeung-Pyun prepared with UF and NF powder had decreased weight and
increased specific volume as the powder adding ratio was increased. Hardness
was significantly lower in Jeung-Pyun with UF and NF powder and the
results of sensory evaluation showed that Jeung-Pyun containing more than
2% UF and NF powder had noticeable sour taste which affected the overall
desirability and therefore, levels below 2% could be substituted for rice

powder without seriously depressing Jeung-Pyun quality.

_15_



CONTENTS

I . Introduction and Objectives ........................................ 31
1. Introduction ....................................................................................... 31
1) Research background ................................................................ 31

2) Functional Compounds ln Sunmul ........................................ 32

3) Membrane processing technique .......................................... 36

4) Utlllzatlon Of fOOdS .................................................................... 38

5) Objective ........................................................................................ 38

2. Research Contents and Scope ............................................ 40
II. Research status of domestic and abroad - 42
]I[. Methods and Results ........................................................... 44

Research 1. Optimal separation conditions of functional

compounds from sunmul by membrane process

I . Materials and Methods « s A4
1. Materials ......................................................................................... 44
2. Membrane Separation proceSSing ......................................... 44

1) Separation and concentration by UF «eeeeseeeeceseeseeenns: 44
(1) Optimal conditions of lab scale UF rweeressereeseeness 44
(2) Separation in pilot-plant scale UF -eeeeerseessceess 48
(3) Spray drying of UF retentate - smssssssees 49

_16_



2) Separation and concentration by NF :eoeeceeecneneinnnne 49

(1) Optlmal condltlons of NF ................................................ 49
(2) Separation on pilot-plant scale NF -ceeeeeeeeenicnscnnne 51
(3) Dl"yil’lg Of NF retentate .................................................... 51

3. Membrane processing conditions and physicochemical

properties of permeate and retentate - eemseeee 59
1) Membrane CONAITION rrerrrrrererrmrerermerensenniriimiiiieaoniteeiiiieicienronee 52
2) Physicochemical prOpertieS ................................................... 53
3) COD’ BOD and S8 crereeeeerceenemtniniiiiiiiiiiiiiiiien. 54

4. Analysis of functional COl’npOlll’ldS ......................................... 56
1) ISOT1aAVONIE srrerererrrrereresrmeeereertiieeeiteeteteieteneteneieteetenentenettnentnenaens 56
2) OligoSACCRATIAES «+r-vesrrreressseresssssssesmsssesesmssssisssssssssssssssssssseen 57

. Results and DiSCUSSION - wrrrrmrrmrrssessssssessessssssessesasanas 58

1. Conditions for separation and concentration by UF - 58

1) Effects of TMP and temperature on permeate flux - 58
2) Optlmal COl’lditiOl’lS by RSM ................................................. 59

3) Effects of temperature and time on fouling index ---- 60

4) Isoflavone and oligosaccharides of UF retentate - 61
5) Physicochemical properties ................................................... 64
2. Conditions for separation and concentration by NF - 66

1) Effects of pressure and temperature on permeate flux

2) Optlmal conditions by RSM ................................................. 68

3) Effects of temperature and time on fouling index - 69

_17_



4) Isoflavone and oligosaccharides of NF retentate - 70

5) Physicochemical properties ................................................... 73
3. Drying method and CONditions - - eesmmesessmsssssesssssnscces 74
1) Spray dry1ng Of UF Tetentate wowrrerrreeeerrrreserenintieiiiii.. ’74
2) Drylng Of NF retentate «-orrreerreeereerrreeererereneieieni e, 79
4, COD, BOD and SS of UF and NF permeate ---eeseeeee 86

Research 2. Functional compounds and properties of
sunmul powder separated by UF and NF
I. Materials and Methods ............................................................ 88

1. Materials and Reagents .............................................................. 88

2. Proximate analyses and quantitative analyses of

functional compounds in UF and NF .................................. 88

3. Measurement of functional properties -eeeemeemermermeeee 90
1) SOIUDILILY iN WALET - ereseseeesssseeresssseesssssessssssrisssssssessssesssnasses 90
2) Oil adsorption and water holding capacities === 91
3) Protein SOIUblhty ........................................................................ 91
4) Emulsifying activity index and emulsion stability - 92
5) Foaming capacity and foaming stability :-:eeeeeeeseeseeseeees 92
6) EleCtrOphOfeSiS ............................................................................. 93
7) Analysis of amino acid contents in protein eseeeeeeees 94
4‘ Rapld ViSCOSity analysis .............................................................. 94
II. Results and DiSCUSSIOI werrrerereermrmmmrsmsessmssssssesssssssssssssassssssens 95
1. Proximate and functional compounds of UF and NF ----- 95

_18_



1) PrOXimate compounds ................................................................. 95

2) Functional compounds ................................................................ 96
(1) ISOLLAVONE weerrrsrrssssssssssssssssssssssssssssssssssssssassissssssssssissssssssssissssnnss 96
(2) Oligosaccharides, saponin and phytate =« eweeeeeeees 98
(3) Free amino acid ..................................................................... 101

2. Functional properties of UF and NF powder - eeeeveeeee 102

1) SOIUblhty in WALET rorevererrerererenesertrencsintonniniitaioienensistcncsiseencnes 102

2) Oil adsorption and water holding capacities = weeeeeee 103

3) Protein SOIUBILILY - wssseressssecesssseresmsseseesssesimmssenissssrsesssesssneseacs 105

4) Emulsifying activity index and emulsion stability - 110

5) Foaming capacity and foaming stability «eeeeeeeeeeeeeeees 114

6) Electrophoresis Of DIOLEin - wsssercrssssssessssssssssssesssssessacs 120

7) Amino aCid contents in protein ............................................ 121

3. Dough properties added with UF and NF powder by RVA
............................................................................................................... 123

Research 3. Prevention of sunmul spoilage before membrane

process
I. Materials and Methods e 129
1. Materials ......................................................................................... 129
2. Bacterial strain and culture conditions w::eeeeeeesseceneeseses 129
3. Measurement of total sunmul bacteria «::eeeeeeeeseesneseraees 130
4. Isolation of sunmul putrefying bacteria -« eweerereeseneenes 130
5. Identification of sunmul putrefying bacteria -« -«ssse=e- 130

_19_



6. Aerobic, anaerobic culture of sunmul putrefying bacteria

9. Isoflavone decomposition analysis of sunmul putrefying

bacteria ........................................................................................... 132

I. Results and diSCUSSION wrrrrererererermereesreresssssssssessnsssssesnns 132
1. Isolation characterization and putrefying prevention
temperature measurement of sunmul putrefying
bacteria ......................................................................................... 132

2. Growth characterization of sunmul putrefying bacteria

............................................................................................................. 133
3. Isolation of sunmul putrefying bacteria - wemeeeeseeseeeees 134
1) 16S rRNA gene sequence analysis ................................. 134
2) Sugar fermentabﬂity analysis ........................................... 136

4. f-glucosidase activity test of sunmul putrefying bacteria

5. Isoflavone decomposition analysis of sunmul putrefying

bacteria ........................................................................................... 1 37

Research 4. Development of functional products using UF

and NF retentate powder from sunmul

I . Materials and methods .......................................................... 138

_20_



1. Materials ......................................................................................... 138

2. Product development containing UF and NF retentate

POWET sressesssssssssssssssrsssssssasssssssesssssssasssssssesmossossasssssssssmosssssasssssass 138
1) Yogurt prepared with UF and NF powder - eeeeeeees 138
(1) Yogurt preparation ............................................................... 138
(2) pH and titratable acidity measurement - -weweeeseees 138
(3) Viscosity MEASUTEIMNENT wooerrerrrresserrersasenserresirenonieniieens 139
(4) Color MeaSUTEIMENT wr-wrerrerrrreererrerttnttatniietienieiuiien. 139
(5) Microbial analysis - wsseessessessmssssessssessmmssessssssessenaseaes 139

(6) Analysis of volatile compounds adsorbed in solid

phase microextraction(SPME) ......................................... 139
(7) SENSOTrY eVAlUAtiOn - wssssreressseressssseresssssessssssssssssssssssasseces 140
2) Muffin prepared with UF and NF powder e 140
(1) Muffln preparation ............................................................... 140

(2) Weight, volume, height and specific volume

MEASUTEINEIT *roeorrreeesereresssstonctctnrttiiiiemriniiteiiiteiiieeiin. 141
(3) Color measurement .............................................................. 141
(4) TeXture MeEaSUIrEINENt w--+sesseeresesesssarsarsersiiarassieiaiasenneeias 141

(5) Surface structure by scanning election microscope

(SEIVL) weeeeeereessessersseresssesssssssssesssssssssessssssssessssssssssssssssssesssssssses 142
(6) SENSOTY eVAlUALiOn = wwssesssssesssssssssssinissistisiassssiassasisssnens 142
3) Noodles prepared with UF and NF powder - eeeeee 142
(1) NOOdIE Preparation - wsrsrssssrssrsssssssssssssssssssssssssanes 142
(2) Rapid visco analySiS(RVA) eemerssssssssssssssanssisssssannanna. 143
(3) Measurement of cooking properties -« eereresesseeacs 143

_21_



(4) COIOI' MEASUTEINENT *rresereererrrersersnrasstacssstnnictieniatoaonioninsene 144

(5) Texture MEASUTEIMNETNL wwrrerreesrrrererrsrrernserenrtuoteeiionetteciannnees 144
(6) SENSOrY eVAlUALION - wwssssreressseressssserissussessssssssssssssssssasseces 145
4) Jeung-Pyun prepared with UF and NF powder - 145
(1) Jeung_Pyun preparation ..................................................... 145
(2) pH measurement of Jeung—-Pyun batters - eeeeeeeee 145
(3) Volume measurement of Jeung-Pyun batters - 146

(4) Weight, volume and specific volume measurement 146

(5) COLOT TNEASULEIMIENE w++rsrrrsrsersssssssssssssssassssssssssssssssessesssasseanes 146
(6) TEeXLULE MEASULEIIENT wwrrrrsrrsrrssersssssesssessssssssssssssssssssssases 147
(7) SENSOTY eValtation - s rwsssererssssererssssssesmssssessssssseasasseses 147

I. Results and DiSCUSSION wwwrerrersmrersmsissaressasesasessasesasesses 148

1. Yogurt prepared with UF and NF powder = eeeeeeeeeeese: 148

1) pH and titratable acidity «sseessseeemsmsesemsmssseessssneneens 148
D) VISCOSILY weresoreessssssessesssismassssanassssesssssssssssssssmassssansssssesssssssssssasssnass 151
3) COLOT wrerresrressrsssmsssesssassssssssssssssssssssssssssssssssssssssesssassssssssssssssasssasssass 152
4) Microbial analysis s wssseeeermseemmmsseressssesemssssesssssisesssenes 153

5) Analysis of volatile compounds adsorbed in SPME - 155

6) Sensory evaltuation « s, 158
2. Muffin prepared with UF and NF powder ---=seeeeeeeeeees 159
1) Weight, volume, height and specific volume == 159
2) COIOI' ............................................................................................... 162
3) TexXture Profile wrwrwwemerrsssrsrssssstisesssssssssseenes 163

4) Surface structure by scanning electron microscope

_22_



5) Sensory evaluation =rwerrrrerererrrerererrererenrnieeteietente et 165
3. Noddles prepared with UF and NF powder «eeeeeeseee 168
1) RV A crreeeeerteenitteniiiniiiiiiiiiiiieiitiiiiiieiitieeiitesieeriisteeriisteninseeses 168
2) COOking prOpertieS ................................................................... 172
3) COLOT weerresrrssrmsssmssssssssssssssssssssssssssssssssssssssnsssnssssssssssssssssssssssssassssnnss 173
4) TEXLUTE ererrrererrrreserencctstnneteteiiiiueaiatuerintteniiireistenrinitonistsenctes 175
5) Sensory evaluation =rwerrrereerrrererereererentninttic ettt 177
4. Jeung-Pyun prepared with UF and NF powder - 178
1) pH of Jeung_Pyun batters ................................................... 178
2) Volume of Jeung_Pyun batters .......................................... 179
3) Weight, volume and specific volume - ememssussesseses: 181
4) COIOI' ............................................................................................... 183
5) T EXEUTE rorrrrrerrrerrreererereneneerartuieeenituietenetuetteeetenstneeteretnassenenannane 184
6) Sensory evaluation swesererererereeresererenentiiemeiiitiiiiiiiiieiiiiiiiiiienen. 186

IV. Achievement rate of goal and contribution

to the related fleld .............................................................. 188
V. Application p]_an ...................................................................... 195
VI. ReferenCes s 197

_28_



Al 1A AFMNL ALY T QA s 31

T TS [ RO 31

= e - B OSSOSO 31

2. B T]EA] AT e ensens 32

3, TFELE] J] € coomernmimmunmtusstussssssssssussssessssssussssssasssassisssssssassisssiasssssoss 36

4, AT O] O] & rrrrrersssssssssssssssssssssssssssssssssssssssssssssssssssssssssss s 38

5. ST B A e 38

A2 A AFWE D HY s, 40

A2 F FWY 7E MY BI i 2

A3 A ATFALEE W D B I i 44
MELR 1. ==9 =2 38 H FH=AEE

T, A2 Z HFE] cmmmmmmmmmssssmsssssssssssssssssssssssssssssssssassssssssssssssins 44

1. FY B ceereerererrrerserseesensensses st s 44

Ba o3t D EBHFH s 44

1) UF d3o] 93t 2 @ B Z7 FA} e 44

(1) UF A3} @ 5290 HHZZA AR oo 44

(2) Pilot plantol] €] UF BHE ] creerrermmeremmmimcseseeens 48

(3) UF 5209 BEEAZ HFH e, 49

2) NF Ao 23 2 D Bg] ZA ZA} woreveveveseseeenne 49

_24_



(1) NF J3 2 FT=9 HFZZA AR ooeeremenreninennnnn: 49

(2) Pilot planto] &8 NF BHE ] crereeeermmcermsmesmcreseeens 51

(3) NF 200 ZAZ HFH covvrrrsrremmennnsssssssssssssssssessssssssssssses 51

3. 5 R Ao AE D o] A EA A i 59
1) B} BLE] AL AJE oo 59
9) BHEE] T0] O] BFBHA B A corrrroserneeesneneessmsnesesisssess s 53
3) COD, BOD, SS 28 wmerrereeressssssssssssssssmsssssessssssssssssssssseens 54
4, BRE 220 J|5A AR BA 56
1) ISOFlavone BEA] wereesressssssssssssssssssssssssssssssssssssssssssssssssss 56
2) OGO T ELA] rerererrssssssssssssssssssssmsssssssssssssssssssssssssssssss s 57
LG T I N 58
1. UF o3 o] 93t 22 @ B Rz ZAF oo 58
1) TMPS €5 o] WE =3} fluxe] W3} cereeeemsrmserrrereeerens 58
2) RSM9] 93t H A FZ A A cerererernnmnininnie, 59
3) 229 A|zbo] WE fouling index W B} s 60
4) UF &% 99 isoflavone™} oligo @ & B IL -weeeeeeeeeee 61
5 2L WE 0]3 A EA i, 64
9. NF o] 93t B2 8 B Rz FAF comrereemeeeeeessesssisssinn 66
1) 483 2% W8 FE flux] W} oo, 66
9) RSMO| S8k H A ZZ A A oo 63
3) 229 A|ZFo] WE fouling index W8} s 69
4) NF &% 99 isoflavone®} oligo B & HJIL weeeeeeeeeeens 70
5 E2AAL WE 0]F A EA i 73
3. UEE EZHO AZZEZ BAF e 74

_25_



1) UF %%gﬂlg] .‘_,1:_1__\"—’_ 73__7,\__7,\_5 ................................................... 74
=

2) NF 52N ZIRZZ] corrrrrssssemssssssssesssssssssssssssssssssssssssssssans 79

4, 23} QA COD, BOD, SS H| I wereeressssesssersssseenens 36
N5FoA 2. 7led 4224 & 7IsHd A

T AIE E HFH] et sssss s ssssss s 38

1. AIE Z A QF ceererererermertt 88

2. UF ¥ NF 5829 A& 2 75 A& ZA} - 88

3. UF @ NF 228259 7|58 EA ZA} crrmeesssssssssnnnn 90

1) BEIE X s 90

2) SR 2 FE FTH5EFH ZA e, 91

3) THHlE BHE Z A s 91

4) 438 B 838 FHA ZA e 92

5) AZ HFAE @ QFAA Z A s 92

6) THEIE O] ] 7] QI wrevserremersrnssssssssssessssssssssssss s 93

7) B OFT] m Ab B A] coreerssnneres s sensss s 94

4 RVASL O3t 3 EFTEL FAF comveeressssmmorressissmsssssssssssssesssssssosees 94

= T = L I SR 95

1. UF @ NF 228220 ot @ 754 AL o, 95

1) DHFA B corvrieenessssssseensssssssssesssssssssse s ssssssss s ssssss s sssssss e 95

2) F]HA] A B oo 9

(1) TSOFIAVONE wwrerrrressserssssmssssssressssssssssssnssssssssssssssssssssnsssssssssnses 96

(2) Oligo 3, saponin E phytate - eeersesrceresescnsecnne: 98

(3) €3] OFTAFE] BT B A woomrrremereeenrressnesesinens 101

_26_



3.

UF @ NF 2510 7|58 EA . 102
1) UF @ NF 28220 2o that S5 rrmrrmmrsrensenns 102
2) €A B B BIE s 103
3) THHIA QB IR et 105
4) G @ GB} QEAA e 110
5) AT HAE W QPR A creeermmeesmseisssssseississssesssssssssss s 114
R B R R K IR 120
7) DA O T I AF AL e 121
RVAS] 9% UF @ NF £% A7} #%9 539d - 123

T, A E B HFE] e ssssssses s ssssesses s sssssnes 129
L A B coremmmmmmmsmssmsmssssssssssessss st 129
D, TETE corereeieeieis s 129
3. &89 F 5 (total aerobic plate count)Z A wwweeeeerereeess 130
4. 8 B AT BT s 130
5. B B A TY B cmmsssssseerereseesessssssssssssssssssssssssseeee 130
R P SR PR DA It R S—— 131
7. 28 WA A SEATO MG coormmrerereesmrreresssmsnssessssseseiees 131
8. =E By AT P-glucosidase TA A| & werrerrmmserrsimseen 131
9. 28 Hu a7 isoflavone B I B A werommeerimmnens 132

L = T = L I SO 132
1. 22 B 254 O Bix] &% s 132
9. B B AT ALEA s 133

_27_



3. 8 BIA M TY T A e 134

1) 16S TRNA gene sequence E-A] wermmrmmmseerinnnne 134

2) T HFEE A BLA] st 136
4. =8 B AT B-glucosidased] BA ZA e 136
5. & BT isoflavone BB B A e 137

N52A 4. UF, NF EE2|dF2| o|8dH A

. A8 B HFE s 138
T S 138
2. UFS} NF B2 H7Fg AT FRHE cverereeeenerenssensensenns 138
1) UFS NF B 2L H7}3E Q T EE cernienienssenenn: 138
(1) QTEE Y] A Z creremeersersersesesssessessesssessesssssesssesssassesnss 138
(2) DH @ A AAE 2 v 138
(3) AT 2 crrvvvvvvississesssssssssssssssssssssss s 139
(4) AT 2R e 139
(B5) AL ZBH vt e 139
(6) SPMES o] &3} 3 A 7| AR BA e 139
(7) TS FAAF vererererseerserseemserisesissessenssssass s enssesisessssesssesasses 140
2) UF9 NF BT HIF8 T T e 140
(1) T T R IR oeeerererseersenssesisesise st ssssesiss st 140
(@ WA FA, 2o, @He o] % $HYE 34 - 141
(8) A I e 141
(4) ZAZE B E et e 141
(5) FALARAEA U A 3 FTH T FF e 142
(B) T FIA serereermeermserseesseesersessesstiss st 142

_28_



3) UF$ NF B2 FH7FGE 4 o, 142

(1) TR A Z oreerrerersmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 142
(2) NERAET ZAA 0] & S EA ZAb cveemerrennnenns 143
(3) F0] ZFEA ZE e 143
(4) AT ZE e 144
(5) R R ZE A coerereeesrmeeiiseiss st et 144
(6) THEE A} oreeeermerermseessssesesssessssssesssssssessssssssssssssssss e sssssssesens 145
4) UF9 NF BZS HIF8E 2T o 145
(1) T A Z ooeeeeremesesmsessssssssssssssss s sasss s ess st 145
(2) ZH GEZ O] PH E R reorverermeesrmmsesmssssesssssssssssssessenss 145
(3) ZW W] BT ZH e 146
(4) 27 T, 23 B SAYE 2R 146
(5) AT Z3] e s 146
) R B S [ 147
(7) THIS FIAP sooeremmeesssssssssssssssssssss s ssssesssssssssss s sns s 147
M. A3 T T s 148
1. UFS NF 228 H7E8 QT EE e 148
1) pH 2 HA AL BB} correrermiessisssimiessssssessssissnes 148
D) T IR ceereeresueeees et R 151
3) A IE crererrrerssenss sttt 152
4) /%]ﬁ-_/r_ ........................................................................................... 153
5) SPMES o] £3F 3 @A 7|5 BEA e 155
I ol [ OO 158
2. UFSt NF B2 H7}F BT oeeeemnensemnieniesienieniseniens 159

_29_



- 159

1
el
"

oo

=K

D #A9 FA,

162

- 163

N

—

Nd

165
165
168
168
172
173

s

N

BEHT

s

4) FARAA R Aol 9

5 &

LS
(¢}

- 175

N1

—

Nd

177
178
178

5 #%

- 179

5) &%

2
-
o
NI
st

on
Nlo

181
183
184
186

=i}
=

3 FHY A, #9

pul

JJo
oy

188

195

197

_80_



MAQ IR

F

ol

et 27
A &

7C<>|-

A1

ol 4

A4 (well-being)&3F7F = A A

Ast

A1 4
SRR

1.

M

(issue) 2 =] #o}l 7}

=0l A5

]

Kl

IR
aho] zulAhe] palo] ol

[¢)

-

< °F 30%¢<1 118

tH, o= 7]

)

=]

ST
ST

}
2001l 1,463% =olal 1

o]

R

.

o 2

=

=3

22X 7 v AR ool

o

Aol weh A g3e] 2u7t F7)
?ute}

IR

e
Exia]

A
bk

Hir

—

<
;Q,..m
Gl

olo
0

Ho
N

23

e
oF

TR

foF sh= AbEA

43

[e]
S

W

——
o

F
e

]

of

To

!

ol
<
Mo
Ho
()
=

w

ol

Nfo

o Ae] 27 Areh

9

o)

shol ool

5

H]

of B 43l

ﬂ
b
H

il
=K

il

~

;OL
i
il

A g A Folt)

o

—

<

W
o

TioR

3} 3

1

10019 &

ok

24 ol w23 &7

o] 42~52%1 a1k

R

o FEgare] 80~85%,

55%, FHeol 15% W=
2t

[e}
P

a1

o

2

=
T

|

FA A,

o

A Z

Ty =
T =

&}

o

_31_

&}

d 713

%
™

ol gusA 2

=

=

of 8L

[e)

‘IT



Fhee] oF 50%7

= A

I

Z

3 2

T dEFs A

A

W
oF

;OU

1

o} w] Al 80~85%

713l uheh

10]

iR

)
5

A3

1

9
yul

AeHgol Fof FgAe glo] Atz WAL

weq Rs 2

WA F Al A

q_él).

¥ BOD

o

3}
=

il

0

e

*1}: 2’“3%94

o

st COD7} 7tz 20,821ppm3% 19,258ppmg =& H s o] glo]? o

axn

[e]

FA421"e1 BOD 60~80ppm, COD 70~90ppm-<

=

At

qdi ]

JJo

o)
A
A

o] 0.43%,

1

23}

gHFE raffinoset} stachyose

Fol 112% sl A,

peptides =,

o

=

!
or

ool

o)
)

—

(Table 1).

4
o

-—

o

ol
A

TR

i

4

3

T
Gt

isoflavone, phytate, saponins¢] 7]

function of

g]

hya
fn i

2 oA ek,

and their bioactive
A &

ol
=2

§l.

3} o ", LDL-cholesterol 324,

T8
73
_32_

i

Tyrosine protein kinase(<t A
o
]

=
<]

compounds

Genistein
Genistin

Functional
soybean

1.

Isoflavone
(M.W. 500~600)

Table




HDL-cholesterol Z7H?

FohEE o

Daidzein
&F&T A3
Daidzin
$EF FAY AFAREELE A
FNEEANA
Oligosaccharide

(M.W. 504~666)

Phytic acid kel 2 3 Rere] A A
(M.W. 660) A4 e gapd
] &3 cholesterol 725~
Saponin 20)
gdey AdFH gAY
g, dudetd, dEHAEA
Peptides ) ) . )
Angiotensin Converting Enzyme(ACE) A 3f
d7sta v
Pinitol ) "
¥ % cholesterol 74
5o 78 7|5A E4 £ isoflavone genistin, daidzin, glycitin®} 20|
¥rdo] AgdH FHEE [-glucoside®, H|FA FHEfQl genistein, daidzein,

glycitein®  aglycone®. & ®F3tt T3 malonyl® acetyl”]7} A gHH
isoflavone f-=A17F $a)J o2 F 12719 isoflavone o] A7} &EA] s},

o] 23t isoflavoned] A &A 7|To2E ANEY AAF FHd JIgFe Fo

12
o

Wz 2 x5 &7 9loew, oA hormone$! estrogen¥ FAFE EA
zr3 9l7] W&o ol2] hormoneZl A3 o)A estrogen antagonist®%E, estrogen
agonist2 = #Z&3tt= warh o A4 isoflavoned estrogen?] 1/1000~
1/10000 &4< Yel™, d7] o] F estrogen®] %3t ool Al Ve E 7
W7 ol 9 w o] YA &3 Atold ol A A= wHEs oAWE {

3 3 W o g F9 daidzein genistein 59 isoflavone AFH 7} T3 oW

_33_



osty wow fFE L grhY opxol AlgRTh B HAFol 3~dv) we
Aol Al BREAL i FABA WA 4~5u ¥ AL ool APHol
Folut FAFHEFS AHOoR wol 4/ wRolgy deiA Aok wH

Sl

EED
stachyose 52 & o|F o] X raffinose®} stachyosei=
2ol o a7t HA Aoz A%

S agd2 A Bifidobacteria®}

30~40% 3=

2

2~
=

o) 1=
5

[e)
e

Hol sk At 24l
glow] Age] o 70%]

solel -Ad Tol w2

2HE
&= =
o7 oy

froba @ FEE So] dg o] &

2

Phytic acidi= cyclohexane®] 624t ~HZRZ HE 3

se] BgARA WAL gFE Be

Q1 phytic acid”}
stA 0 7 o] 85 A t}. Phytatex= 27}
Fe”', Fe’) 53 Agste] B84 3=
A &l gkt 3}915}29).

%3 phytate= T A3} 283} o]

a7 =

phosphorous®] F24

[S1 A=
o

G4 sto] ol

=

= 7} 3 pepsing]
ovalbumin®} elastin®] pepsinel| <2
&S v Ay Aol g

Loy Aol

el 0.2%

==

% 1.0% ol%

Attty G A

of AZ=RFgoz &4
&l
ol AW Fall ATl Clostridium perfringens %2

R

A"k phytate?] <l

AN
o =

3 st=s A

astargo] A E
o5t duj= A
5o

o]# A phytatex w3

237t ey w8 A

waEo] glep

T2 sucrose, raffinose,

i

grol SAAIRE Q1A &

FEATEY FH 9

22

ion (Zn*, Ca”, Mg2+,
= T71&9 A

_‘é‘_
=]

ZFg-ol

s108



e ganEE 3 F

lo

&3, Graf 9 Eaton™<& phytate7} 271 %ol Z#olE AL oz
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e 2 AFARSEAE B53E, fEos 52wy
34 So] &4&#A At} Saponine wiHA| 3HgHEo 3§
U2 steroid =& triterpenoidell 17§ o9 @827 A%d FxE A 9
om oF 50001F°] Aol AxUS FHEa i oew dHARY. Fox
o] /59 AtEdo] EAE=1] aglyconed}t o] 7)o & ©o] 7o} S uw}

@A group A AFEW 8% (Aa, Ab, Ac, Ad, Ae, Af, Ag, Ah), group B A}EY

fo
o

5% (I, O, m, IV, V), group E AF¥Y 2% (Bd, Bc) 2183 DDMP
(2,3-dihydro-2,5-dihydroxy-6 -methyl-4H-pyran-4-one) 5% (ag, (g, fa, 1g, 1T
Do BEE 2 ol i)

F AFEUL C-3 YA glucuronic acid’7} H-2HE o] &= 7182 22 Ay
g H, C-22 YA9 sugar chainol Wt A, B, E9 A 7=
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k
o
2
o,
o

c

ojf

APEW Tl C-22 agel DDMP7F #2Eo] 9l T/FE e ZAo= e
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B2y o] ZHE 71Fe =)o wgl AL o e (microfiltration, MF), 3]

=1]
=

o

o] 3} 2} (ultrafiltration, UF), 9452 (reverse osmosis, RO)5 o2 JE ¥t}

o BEte 0.02~2.0mm, 9L 0.002~0.2um, GAFEL 5x10 1 ~15%10 Ym

o 7189 A7NE HAY gEe 7T A7)7 Fe5E ag?,
Aol ek(MF)S 23 200,000 dalton °]/de] EZES Agxoz FEI s

<l &% s4e=mA HE Ty AR 22 10~100psig= Al =

Fet7] wiEel Hlgo] At w=o FFE Jde A FAES AAG]

913 prefiltration®] 4o 2 Abg= 5 Y

gl B UF) 10~200A o]e 275 zte Hd 1&2A4 ZAd=3

o

j=y

(proteins, starch, gums)olt} ZFZo]l=A EAMEAE(pigments, paints, clays,
latex particle)S EZ3e FHZA] ol EUd ANEZAY EAFH
H$= 5000~1,00,000 daltonell 3 F=m™ 9ol -85+ 4 10~100psig= A
Ak Aol o] & & AvkeE FAol Ak AT e EAdE Ay
d& YEr = isoflavoneol v &g 22 754 Ao ARl °F 1000
dalton °o]steiAx] 1 3]¢7F of g Aol AUtk

AMFHE AFEASIE R 1ve &A% Gt Ak &9 Fo=
!

2+ dewatering techniqueE 9AHF(RO)E L 3t} o] AL o] I HExzlo

S MW o g3tel SIS AW S RE HE BASS A
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2717F 10Aw o] &
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e vkl §5& fAsk7] 918 200~1000psigE frAlEfoF sk A AA Q&

(nanofiltration, NF)2 28] 54374 steloyatz AAihFube] &
A oA o 2 A salt rejection©] °F 65% o]AFolth. vpi-o wpute o AFE )

o] A5 ARt =ds EHsty] A vo] AYAA == dHs
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I. A5 % T4

B AHo] AFR3F =5 (Sunmul, soybean curd whey)S (F) F£&(&d, d4h)

oA TR AzA TAHE £8S APAE ASFAT. FiA

i
do
=
oHl

o
£

=

2 FYdFmashol A A= CaS049 CaClye] E3H-g-3A] o]}, g
e TR AFA T 4§ T HAAS gt
Isoflavone?] $FaF 240 AL8H EF A eFS 2 genistein(4’,5,7-trihydroxy
isoflavone),genistin(4’ 5,7-trihydroxyisoflavone-7-glucoside), daidzein(4',7-
dihydroxyisoflavone)< SigmaA}(Sigma Chemical Co., St. Louis, MO, USA)e|
A FYste] AMgsEl e daidzin(4',7-dihydroxyisoflavone-7-glucoside)
WakoAHWako Chemical Co., Osaka, Japan)ollA T3 L glycitin®} glycitein

£ FujiccorHFujicco Chemical Co., Japan)oll Al T8+ th. Oligo 29 &

1%

A=4e]

of Alg¥ FFAI2S sucrose, raffinose, stachyose® ©]52 SigmarH(Sigma
Chemical Co., St. Louis, MO, USA)olA F43s}e] ALEstath. 2w 5 2
o] 54 &ul 2= acetonitrile, ethanol(Fisher Sci., Phillipsburg, PA, USA), acetic

acid(J.T.Baker, Inc., Phillipsburg, USA)& HPLCE& &S A}-83F4th.

2. 9&y o3 4 54
1) UF o3 9% 55 2 £ =23 A}
(1) UF 943 2 59 A =3 43

TEY iy 55 st AHEE wEE w571+ Millipore Corp.(USA)
A% 2 Millipore Korea Bioprocess Division¢! (5) Puretech P&T(M &, 5=
Bl A Adiste] AFE3EA U Prefiltrations 913t pore sizeZ} 5um<l depth
type®  microfiltration(MF)E  AF&3t%1 3L, ultrafiltration(UF)S 13t +=

lab-scale 10k dalton®] 50cm® UF2t#} pilot plant 10k dalton ¢ 0.1m’*2t< A&
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Microfiltration(MF) Lab-Scale Ultrafiltration(UF)

Pilot-Plant Ultrafiltration(UF) Pilot-Plant Nanofiltration(NF)

Fig. 1. The photograph of Membrane unit for MF, UF and NF
filtration.
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Table 2. Specifications of the membrane

and nanofiltration(NF) system

module used in this microfiltration(MF), ultrafiltration(UF)

Membrane MF UF(Lab-Scale) UF (Pilot-Plant) NF (Pilot-Plant)
Model Econo—Klean Biomax-10 Biomax-10 Nanomax-50
Molecular Weight Cut-Off 1~40microns 10k dalton 10k dalton Salt rejection 65%
Material Cellulose Polyethersulfone Polyethersulfone Polyamide thin film
Module Size(em) Depth type Cassette type Cassette type Spiral type
(6.1 x 24.8) (3.0 x 18.8) (5.6 x 21.0) (4.6 x 30.5)
Effective Area(m’) - 0.005 0.1 0.4
Temperature Range(C) 121 4~50 4~50 4~50
pH Range(25T) 1~14 1~14 1~14 4~10
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3T o] RS cassette type®l  polyethersulfone(PES)A & o] th(Fig. 1,
Table 2).

sRo ofyl=  prefiltrationMMF)3 |  ultrafiltration(UF)E 33l oH

B A Eewe LYAAE skl MF

2 A8 HT. UFs 942 E0A cross flow rate( £/min), A3 cross flow
rated] A9 &
TMP(trans-membrane pressure)E& WA 7| HA 2iEg] 555 stk olu A}
43 UF o2 10k dalton®] 50cm” @ o] ich.

cE59 UF B4 =29 259 2Sskel TMPO HAx1& XA 918t
of RSMWo e ARG 8 e FF2E AFEdlo] 10T, 25T,
40CZ 243 TMPE 15, 20, 25 barZ 4#HS ZHsle] oJzqe fluxW

k5 At e EAWE fl8) Table 33 o] &%, TMPe] + 7}

prefiltration2 FF223 B84 &4,

a8z dAR %= cross flow rateol A

il

A x=1& AAs7] flste]l A AW (central composite design) ] g
aAWEE AdANG elato] LEg TMPE 38A% $3538 AL 53} flux
& FTHEUFY)E sty 1 A%E(Table 4) 27 37 2P 2 & ALgste] whg
FEHEA(RSM)Z S A (contour map) & EAIEAoH 23 3|7 HA A

bedrh oot R e

ol A FRAFRIE Aetan HH 208 AA

ol

Y = B+ BX o+ BXy o+ BoXX + BuXd + EeX
A7IM, Y FH5HUE e dAATIH, X;, X SHHSEE et

Table 3. Levels of flux conditions in experimental design for UF

system
Levels
Xi Flux conditions
-1 0 +]1
X Temperature(C) 10 25 40
Xy TMP 15 2.0 2.5
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Table 4. Central composite design for the optimization of flux for UF

Operation conditions

Experiment number

TMP(bar) Temp.(C)
1 1.5(-1) 10(-1)
2 1.5(-1) 25( 0)
3 1.5(-1) 40(+1)
4 2.0 0) 10(-1)
5 2.0 0) 25( 0)
6 2.0 0) 40(+1)
7 2.5(+1) 10(-1)
8 2.5(+1) 25( 0)
9 2.5(+1) 40(+1)
10 2.0 0) 25( 0)

(2) Pilot plantdl ¢ 3 UF %&37
u ®gl= Fig 29 #2& dAHozw £&55
systemo 2 Hujo] <re] AgA RN MAH UF o3 2 I 55270

=
%2 UF systems Z&AA AL 4& FAA7|HA dates shuld= 559
s

=

Foll %327 permeatex= UF

retentates FASFIL ol HAoA A FHAS FAAZS BF AXE
A ozl B2 Ve AR B4l AMEE AT ¥ & UF systeme oF

5L SR BEES AZSn UF ool s o98ds
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TE5ET 5 UF 5599 5 dxe AEFH 7|22 DE o] 1291
dextring 0, 20, 40% 7 7}3sFe] Nitro Atomizer Pilot(Niroso, Denmark) & A}-&3}

o Bz AAY. AxW wEele nPE FEE 4 Brixz 2Adgon Az

BN
B
flo

+3Z(Inlet) =% 160C, ®Z(Outlet) =% 95T, atomizer speed

15,000rpm, &% 140mmH20 ©] %t}

2) NF o3 o3 w5 2 &8 =4 =4
(1) NF 43 2 %9 H3x3 44
Nanofiltation(NF)& $]38lo] AMgg &8 UFAA AME3 &E3 Zon,
NFgs B2 & fete A& 2 EHAFAX= UF 499 22 Millipore
Corp.(USA) AlEelglth. NFY2 salt rejection®] 65%°]i @ zo] 0.4m’¢l
spiral type?] millipore nanomax-502 A}-&3%tH(Fig. 1, Table 2).

NFE 93 59 o3+ prefiltration®} UF filterS %33+ o] 3} 9 (permeate)
& AHEetdom UFe =72 Soa AAE Als2% 32T TMP 2.4barel A
ANt NF o#A] AES 2712 UF 9#de] 229 NF Fx9 4
(psig)e] #HA ] NF of3tol] dwpu} Gaks v A=A Ldotr trt. webA UF o
ool &= 10T, 25C, 40CE 2-slar 922 150, 180, 210psig® 43}

o olwtele] %3} flux WEE SASAL oF T AN xAe Sguie ¥



B

Hzol fluxE U ¥ (Table 5)9F #o] W3lA|# RSMEH oz HE FEA35
t}.
RSM WHo=

32

B
)
BN
A
o
X
o
ol
N
do
ol
s
fo
r'O
rE
&
rr
rlo
k1
1o,
2
B
)
2

3
Gl

SHAZ B33 39 T fluxE TH5HEF(Y)E 3F] Table 63 22 AT
AAZ 8 1 AZ 23 39 ZFAE AFEEe] M-SR AEA(RSM) I B
I EA (contour map) 2 E =ASP I 22 3|7 Aol o8] AAA A

RHE Axsta A4 218 A48

Table 5. Levels of flux conditions in experimental design for NF

system
Levels
Xi Flux conditions
-1 0 +1
X4 Temperature(C) 10 25 40
Xy Pressure(psig) 150 180 210

Table 6. Central composite design for the optimization of flux for NF

Operation conditions

Experiment number

Pressure(psig) Temp.(C)
1 150(-1) 10(-1)
2 150(-1) 25( 0)
3 150(-1) 40(+1)
4 180( 0) 10(-1)
5 180( 0) 25( 0)
6 180( 0) 40(+1)
7 210(+1) 10(-1)
8 210(+1) 25( 0
9 210(+1) 40(+1)
10 180( 0) 25( 0)
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(2) Pilot planto] &% NF 2 &g

o E2= Fig. 3% 2 AAHow £5& MFI E3AA permeatet= 29
AN HAFd HA UF o3t e8] $Fx102=2 UF systemes 2&A At
o]} UF permeates NF system©C 2 KU o] AAE NF 9 #g zdo=

Al F5ste] dete F5watA AS WS SHAATY. TiEE $ NF
system< ¢F 4L9] EFFE E¢E S A7s e NF 99 foulings 23 2
=45 0IN NaOH= 303t Al# 3k & oA S772 NF ofaele] pH7t 54

2
il

o] & wj7}x] F&3] AASAT. F5E retentater= FASIY AXAIN F
oAl FE2 7T AR A ARSI olul NF uhtglel ofs] ofztd
permeate:= COD$%} BOD, SS &2id] Al-&5 At}

AF 55 NF 5599 7

AZE gstel FAAx, AFAZ, FAARYG P
o)

N

S WYPow FHAE 23} . Addx WS NF 5595 80Ce
FAZ7](HAD BAEK Sci. Co. Korea)olA du|zAAz Azl & 105TC< dry
oven(O-Sung Sci. Co., Korea)oll o] Ax Attt A& A%

vacuum evaporator(EYELA Co., Japan)< Al&3le] 70CoA AZAFHoH, &
AAZE NF 55942 -70CANA 2443 5 5Z2AZ 3 freeze dryer(Il-Sin
Eng. Co., Korea)& Alg&3tith %3 NF 2228 60meshd] A= HA A|52

AFg-3h9)
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3.5 BEAY 44 R o5ty 54 Y
TR A HE

(1) UF &A¢ TMP =74

UF Aol & feed solution®] &E-S ZH(membrane)¥} H3 A FA3toz
A o]EHo] uho] %o oEzA Ge AFES FHA3IE7] Y3 tangentional
flow filtration(TFF)2] o3 WHS Adzx 3t wf m#Fofof s L4 e
TMP(trans-membrane pressure)©] t}.
TMP(Trans—membrane pressure)= %< Alolo] Fi1 ZgE= AU (pressure
drop) &= th Al olal Altts

Pin + P out

TMP = - permeate pressure
2

P in ! Inlet feed pressure, P out : Outlet retentate pressure
o] 714 permeate pressuret™= W7]¢tS 2u|sln uwhElA permeate pressure =

0o] Ho] TMPE P in®# P outd] i go®E Axkslsich

(2) Average flux
Average flux:= AFEE he] S A (m?) 3 @A 7Hhrs)d o B s = it
e eko g AAsle )

o] 53] (ml)

Average flux =

T A (m?)x o] 7] 2k (hrs)

(3) &= (VCF)

2

=& FI(V initia)E
ct.

524 5= (volunetric concentration factor):= o]}

o] 5 o]l retentate®] #3(V fina)= = gka At of

32
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V intial
VCF =
V final

(4) Fouling index(b)

92 semi-empirical model(¥+

o2
tjo
4>
1
o
fr
=5
o
ol
s
)
o
L
oy
ot
i

Agstath. AHEE &5 (power law)d Bl 2

b Jv i SAAZ (2ol Aol T3 flux(£/m’ - hr)

AJZE 18 A 9] 3} flux( £ /m” - hr)

b : fouling index

G2e F9 o5E 54

(1) , DH O-—‘- _l@
=3 HEd §F UFe NF 5599 HA=& FAs7] 98t M=

58 3380k

= =
s 54

(Digital Viscometer model DV-1I, USA)E A}-&3lo] A8 #H

Alge] &%+ 201 CE 393, spindle=1S AFE-3te] RPM 50914 A=

Ao =3 =99 pHE pH meter(Beckman, USA)E AlE3te] Ala+ 7}

o

53 3 J)EE AAG T A5 pHE =438, B EE refractometer

(Atago, Japan)E AF-83}o] °Brix® & 743}t

(2) Az A= A
TEI FEd aga ofgAe] ML color difference meter(CR-200, Minolta

Inc., Japan)E AF&3te] EAAS Hunter &% L, a, b2 SA3G . olu] A&

& mEde] MEE 2wd A9 L9510, a: 03126, b : 031910101, A
o A% L : 10000, a : 03101, b : 03162014tk M= 33 A F =Agh

_(’)_
o Hugtez el

& B = (turbidity)= Al &E 600nmol A spectrophotometer(Bechman, DU650,
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A\

USA)E AM&3te] FA 3T
3) 9= &3

UF £8 H=9HS rotary vacuum dryer® 353 AlA E5 Ax3 2o
IEE 33 =43t cumulation value 10, 50, 90%<] YAt mean

diameter®] Z A HF S AL

3) COD, BOD, SS &4

COD(3}eH4 At 97 H)e 759 F7les g om Asd o any=

B rdede FAANANT Eatel A om o5 ghe ey st

3 0
$i 60~80CE FAI8tHA 0.025N-#F Mk 25& 4 AbEste] o2 24
UERd w7hx] AR stk SH 100mlE AFSSte] 22 2Ho R uEAY

shel CODgHE the Aol oJste] Axtataich

o

o

1000
COD(mg/¢) = (b - a)xfx ————x0.2
A%
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a: AFRAIE A Aol AnjE 0.026N-g 7k 4 (ml)

FE&
b AR HAH| AulE 0.025N-Z G758 (ml)
f: 0.0256N-2 4722549 A 7 H(factor)
\%

SENLTE EEHES SHRFE TR ARbE WAAD F 2 19 o
ate] phosphate $h%-&<(pH 7.2, K:HPO,s ¢ 21.75g, KHoPO, @ 85g, Na:HPO, -
12H,0 : 44.6g, NH(Cl : 1.7g& 129 S/l &A1z &), 2.25% MgSOs -
TH:0 &9, 275% CaCla &9, 0.025% FeCly - 6H,O &S SHF 149 1ml
# A7rekel 44 AlzskdTh

AellA wEE sA g E=d HFEF ofdS 50ml ¥ tha 371 300ml-&
oA 20T o] F& el 5A3F wl kst
Akt A32 DO#E 5 v kgt
= Fokdde AT WA Ao =H-H BODE thaAel oste] ALt
& At
BOD(mg/#¢) = (D1 - D) x P

AW
=)
N
S
ok
flo
[S—
al
Az
-~
o%
i’l
o
w
O
)
tlo
Ao

D ¢ SA(EAS PN e 1587 WA Fe] DO (mg/¢)
D, 5U WE Teel 84 @A) Ao R)e] DO BEA (me/ )

P SAAR F AR SANFGEIAAR / ARD)

fr AAE 106~110TAAN AxAA FA()E SAskaL
ol ofrlel FHA g ARE o7l FAsEA FA AR F e
AT oIAE 105~110T 9] Ax7|oA AxAA FAIME S48t vha2el 9
3 Alxkst .

_55_



1000
S Stmg/#¢) = (b - a)x
v

a: A8 e At A FAl(mg)
Alg oo FeAfr oA FA(mg)
Vi AEY %F(me)

4. &Y w599 7154 A& 4

1) Isoflavone #4

UF, NF 259 229 jsoflavoned 4 60 mesh AS =33 2
1goll 80% ethanol 20mlE o] ultrasonicatoroll A 50CelA 60%7F F%3F &
AEAANEZ 7| (HMR-2201V, Hanil centrifuge CO., Inchon, Korea)® 12000rpm
oA 2087 YA EHsIY] FEEAY. FENL syringe filter(0.22um, Waters
Co., Milford, Massachusetts, USA)E o35t nAEAS AAST v&
HPLC(Waters Co., Milford, Massachusetts, USA)ol 20t Y 3te] Waters 486
absorbance detector® 254nmol Al 1ml/min9] flow rate=® isoflavones 23}
t}.

EAo AFEE columne WaterAH(Waters Co., Milford, Massachusetts, USA)
o] XTerra ™ RPjg 5mm 4.6x250mm columne AF83$131, mobile phase:=
acetic acid 0.1%& 27 gk 34 SHF(E&A)S} acetonitrile(-&-mIB) AF-&-3f
dom, gradient= &mA @ &vIB = 8 : 152 Al&sle] 958 F 22 W &R
kAt 283 isoflavones genistein, genistin, daidzein, daidzin, glycitein,
glycitine] a1 ol5 e 67142 X+ EZ9 FZd thdl peak® o] EF
A &2 A (standard calibration curve) 2 ZH-E  AXFESi T Isoflavone 2] =

AEF 71E(mg/g) o & SAetg on 39tE = A9 FHHo =z AAeradh

Fl
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2) Oligo B3 #4

Oligo ¥ +4& #3% UF, NF 5599 A Heles &% 1gdd 10% ethanol
10mlE  ¥°] ultrasonicatorel A 60&3F  FEI oo AEHEIARE T
(HMR-2201V, Hanil centrifuge Co., Inchon, Korea)® 12000rpmol A 20%7F <
AP skt AEd 05mE A FHT 05mlet 10% lead acetate
05meA H7bel Zu&HAA R 712 12000xgol A 5%3F AR s, e
= FHdto] WFete lead acetateE A A7 9131 10% oxalic acids % 7}stho]
A A Zl F syringe filter (0.22um, Waters Co., Milford, Massachusetts, USA)

Ll
N
N
N
N

g SHAA "A=EEE AAS o|AE& HPLC(Waters Co., Milford,
Massachusetts, USA)ol 205 3te] oligo BS 2 5% w s 54 welst
o2 A5

A AFEE columne WatersAHUSA) 9]  carbohydrate analysis column

Fir

(3.

o

x300 mm, Waters)e]1 o, o544 7|3k 65% acetonitriles AF-&3F L

by

< 1.3ml/mine] A tF. £ 3k oligo B2 sucrose, raffinose, stachyose©] )il
shaFe 371 xEEAE ] FEo tdt peakWH o kA A (standard
calibration curve) . Z5-E AALst . Oligosaccharide®] A3 = AEH 7]+

(g/g)o =2 $itetglon 3uts SAH A e Hitow ALteiv

[e]
e

il

o]
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o. 23 9 xz

1. UF 93 9% 55 #
1) TMP¢} &% @& T3 flux9
o] UFeHEe 34 5 TMP7F 73 fluxell vA= 93 24 23

fu

rl

Fig. 49} 2t} oy &5 &%+ 25To|em TMP+ 05~2.8bare] S
th. 1 A% TMP7} 059014 24bar7h A S 7FebHA] T3 fluxs 79 AdA o=
S7betAtzE ool TMPel M= S7ket# &3kth. TMP7F 1.0bard w2
fluxE 25.0 ¢ /m’hr, 2.0bar® wol= 41.0 2 /m*hro] 910w 2.4barell A 44.0 ¢ /m’hr
2 Adge Bo)F Utk 1 o]4e] TMPS 2.8bardl M 44.0 ¢ /m*hr2 2.4bar
of #H} Ao EAuTh wbA £E UF 9WFEHE 93 #d3g TMPE= 20~

2.5bare] WA UFE #sshs 2ol aa4dS & 4 A

50 4

40

30 4

Flux(/m?hr)

20 +

0.0 0.5 1.0 1.5 2.0 25 3.0
TMP(bar)

Fig. 4. Effects of TMP on permeate flux of sunmul during UF

filtration at 20C.

Fig. 5= #%9 UF ¥el 344 5 #89 257} %3} fluxel mAe e
HME  Qom AwMHoR fEel SR WELE fuxE AAsAL R

Azl RelA WA Fb fluxrb ARGk B AN 1R Fo 27 fluxE
401

10T A 32024 /mhr, 25Cl A 42.0 ¢ /m*hr, 4



1_4

ek @AZ Apolzh AL ol 27] fluxs= AlFke] kgl weh A&
227k 9lo} 0.33A17F Fell = zhzh 24.0, 34.0, 46.0 ¢ /m*hr& 728k Th.
o] A3t ==o] UFZel= 40Tl ofstst= 2ol 7Hg adesde & 5 3
Ak 2y 2 Aol AFEF UFTe] Aol 7145 olo]A 40T ol dell A=

oo Aol m&dAE B4 Qo] 1 olstel emlA 2@k

—e— 10°C
—O— 25°C

il —v— 40°C
50 |
40 4 &\ﬂ\‘o\o\o
30 ‘\\*\.\.

20 +

Flux(/m?hr)

10 4

0 T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Time(hrs)

Fig. 5. Changes in permeate flux of sunmul during UF filtration at

2.0bar of TMP and different temperature.

UF "iels 913 TMPS =% H4 =15 AAsH] flste] o] &9
7Zh 27108 B fluxe] FE S5t vexdEA WHERSM)e 2 A% A
Fig. 67} 2. olw} TMPE= 15, 20, 25 barst A 2&== 10, 25 40C2 3
Atk HAsE AR AAS FEHEWF(permeate flux)el tgh = H¥HEF(TMP2}
=)o Wt ok 7)o A= thad 2k

rr

Y = -32555556 + 50.452381X; - 0.112698X; + 0.233333X;X; - 10.571429X” +
0.008254X;”
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al
d=xg 2% A3 S84 (contour map)olA TMP 2.1bar, Al 2<% 40C T
ol Ao F3} flux(554 /m’hr) Fzrol ek dhAuk 40Tol ko] 27t UF 2o
HAAZ Aol ol iy 3} F 27 5~7C AsES 11 o TMP 2.

3~24bar, AR5 30~32TE HAoxE dAsIArt

Flux(/m*hr)

o
Qo
a 25
- 20 IS
—E o
= 40 =
=)
= 60 20

\\
\\\\
\ S
\\\

TMP(bar)

Fig. 6. Response surface and contour map for the effects of

temperature and TMP on permeate flux by UF filtration.

3) A7k W& fouling index H 3+
UF 922 & A& A9 T 2 dio] dojuA sHA F34 flux ZFol

Ho] x| A ¥+ A foulingo] dojUA Ft}l =59 UF 93 A] fouling index=
SEZ 10, 25, 40C= 2 sto] o3}
Al Zbe] WE 254 fouling indexE A4He 23 & Fig. 73 2t}

71 A fouling index= g AlZ 5% Folli= 0.0303~0.0444 H 91 H o
B A|7bo] Ayl HH FUtedth A5 229 fouling indexe 22 20
4% F 10T7F 0.0996, 25TC7F 0.0721, 40C7F 0.07050.2 25C<F 40T <
fouling index’} 9] H|&hAl wrokth Wb Alg2% 10ColA+= fouling
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index®] Z7}7F Bt} & 259 AErt dA A F7tE AS 2 4+ Yk
et UF =Eeds Als2k 25Celde 22 fXsh= slo] UF =

fouling B85 HAagow AAst=d 2347 A= & AT
=k
=

diAo, g 7 A¥}E et

ARZEE 30~32CTE 243 UF system® TMPE 23~24bar® FHsh=
Aol 7V AAH el a&oleta Hers )
0.14
N 10°C
0.12 = 25°%C
. 40°C
0.10
3
T 0.08
2
S 0.06 1
I
0.04 -|
0.02 4
0.00 -
0 5 10 15 20 25
Time(min)

Fig. 7. Changes in fouling index during UF filtration at different

temperature and TMP 2.0 bar from sunmul.

4) UF £ 99 isoflavone® oligo B &% H|al
MFE S3% &5 UF 9%2 ¥ 233 sFd(retentate) S 5412
=4 5 A= Table 79 2¢th 1

B ?;Sj]—\%lr_‘% 104/0]9/4\1: 740]

>

_11)1

73 nFE T isoflavone THEHS
3 F #H9 cheese cloths® A7l &9 13

I F w0l JAAHAA Fy) o FHu(VCF)7F 6.04 = 1.60%,
APHAEA F27F mobxlah. T F

ofll

o

H

o
=

c

2

F
0.0¥ W& 1.80%= F7Hsle] F3ol
]
< TEo 1671.80ug/g FfrElel AW Aol VCF 4.09 UFs=o ¥ Ed=

—
o
)

A 329l isoflavoned &3 UFs=dS w3t 23} total isoflavone

o R

fo
N

olf

1340.89ug/ge1 A3 VCF 8.0 4= 1153.58ug/g, VCF 10.00 A= 1090.11xg/g 2
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YolA Y =847t Zol WA isoflavone] ko] ol AL isoflavonel)

wahare] 6000]8ke] A UFUHS Sahstis ool @obslv] witelet 4zhect,

Table 7. Total solid and isoflavone contents and isoflavone yield of

sunmul and retentate separated by UF

UF retentate(VCF)

Sunmul
4.0 6.0 8.0 10.0

Volume(mnt) 100 25.00 16.67 12,50 10.00
Total solids(%) 1.04 1.46 1.60 176 1.80
Isoflavone(ug/g)"

Daidzein 81.42 64.56 76.06 75.42 75.90

Daidzin 55163 422.36 368.68 337.10 323.68

Genistein 71.34 45.80 48.64 53.22 58.46

Genistin 76290  654.31 577.26 547.56 505.69

Glycitein 33.41 21.68 23.04 23.76 23.82

Glycitin 17110 13218 12458 11652 102,56

Total 1671.80 134089 121826 115358  1090.11
Tlﬁt*fe tlesr?tfiz(og)m 1.74 0.49 0.32 0.25 0.20
Total isoflavone 28.16" 18.39" 14.94 11.49¢

yield(%)”

b, g of isoflavone / g of total solids

?: Total isoflavone(ug/g) * total solids(%)/100 x retentate volume(md)

) Total isoflavone in UF retentate
o x100
Total isoflavone in sunmul

a, b, ¢

Mean value with a row followed by the different letters are significantly different at 1%

level by Duncan’s multiple range tests

oA 3gE FFAS £5 100mlE 7|27 o u F=uj(VCF)7}F
40 ¢ w 25ml 100 ¢ w= 10mlo]ojA =44 isoflavones &% F3](ml)

oF mHE (%) o= AASE total isoflavoned FHE £E 100mle) A
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isoflavone2 1.74mg, VCF 4.09] UF5=92 0.49mgeol 3l VCF 6.0 0.32mg,
VCF 8.0 0.25mg, VCF 10.02 0.20mgel1tt. UFs 399 isoflavone 348
< F5(VCF)7F S7kstd Al wolx] VCE7F 409 28.16%, 6.0€ o 18.39%,
0w 14.94%, 10.0¢® 11.49d =o] At}
T3t oligo B2 Foll AdHF i

o]
10%4 =ol™ 8ol FRAZA Tl ol e} ¥

71 EA4F9 dyolt} AW HTolE= oligo B AEEA 7]Fe] g4t
= RaP 00 G AWA 7% AR Zawa gtk Zole F2oo]dH

@
°
%0
o

sucrose, 92 raffinose, At F¢! stachyoseZ 743
Table 82 =& UF FFd%o A8t oligo ¥ s 43 2ol

2= oligo o] AEFZFOZ 354%2 AW, oligo T A HES

off

sucrose : raffinose : stachyose’} 4.4 : 2.0 : 3628 &%= AL &4 & UdA

o} olgl st A= o]V wEW 50 : 1.0 : 4002 1 H] K= k7 2olvt )

= Ao Yeygtoy o] o] A= TAdAH
UF gEgoA 339 5=29S % 100mlS 7=z & o & oligo 99
Zoe &5 100mle] 4§ 0.368¢, VCF 4.09 UF =92 0.101g, VCF 6.0

0.066g, VCF 802 0.055g, VCF 10.0% 0.047go.2 w50l 1PL5S £8%50
9 oligo ¥ UFZe o] @Wel ¥4sta lee & F Agleh =3 UF ¥
S oo A 9] oligo B9 B 4&E 27.57~12.77%=, o] isoflavone?] Ao} FA}
skt
weka =B EA8E AFHY isoflavoned oligo ¥ UFHS F3}&to]
o]

UF o 3}l (permeate)ol]l 23] Slof o5& 3+d + = NFZ

.-

i

isoflavone®} oligo

e
ko
il
tlo
s
s
N
R
39
a2 2
o,
=)
(@)
-
=)
ME
L)
=2,
>
N
ol
oL
ox,
e
r o

£ vl VCF 10082 &=3l= # o] isoflavone¥} oligo
FZoldo] HA2d ZFEA i NF systemeZ 7Hg w@ol
£ Eo7HA sh=d 7B a3™ et a8y UF systeme 5474 AJtel
w2 UF99] fouling Aoy 55 At 58 2H T 9 isoflavone?] 3] 5& 0]

8.39%, oligo @ 3]4&0°] 17.93% %% VCF 6.02% UF system& ZEsl= A

—_

_63_



o] 714 ZAAHele Azt Beh

Table 8. Total solid and oligosaccharide contents and oligosaccharide

yield of sunmul and UF retentate separated by UF

UF retentate(VCF)

Sunmul

40 6.0 8.0 10.0
Volume(mf) 100 25.00 16.67 12,50 10.00
Total solids(%) 1.04 1.46 1.60 1.76 1.80

Oligosaccharide(g/g)"
Sucrose 0.157 0.122 0.099 0.099 0.100
Raffinose 0.071 0.024 0.022 0.023 0.028
Stachyose 0.126 0.132 0.127 0.128 0.134
Total 0.354 0.278 0.248 0.250 0.262
Total oligosaccharide ) 50 0.101 0.066 0.055 0.047

in retentate(g)?

Total oligosaccharide

a b bc C
vield(%)” 27.57 17.93 14.95 12.77

b g of oligosaccharide / g of total solids

?: Total oligosaccharide(g/g) x total solids(%)/100 x retentate volume(mé)

Total oligosaccharide in UF retentate
o x100
Total oligosaccharide in sunmul

a, b, ¢

Mean value with a row followed by the different letters are significantly different at 19

level by Duncan’s multiple range tests

b) A X We o33 54

=9 MF oatea UF &5 w2 44 $ w545 mE pH, “Brix,
viscosity, absorption 123 colord W& =438 A= Table 99 2t} &
=9 pH 534914 MF o]3} §- 53002 °ofzt ZAaskld Aol UF 29k &=
o] AFEHA B 723dle] VCF 6.09 A9 UF 5390 471, o7& 474



o]
=)

b

r

o
o
S
1o
3

1

=<
-
£
i)
i
o
SN
S
o
fr
A
L
A,
i_

c
s,
off
A
2
1o
o
o

VCEF7F S7bgtel wel F7bshsieh. o3 o A= MFe} UFS#A] 242 050
‘Brix¢} 04 °Brix2 #Zastglon UFo#Hol = s5Amel daglol vkt
Viscosity ¢} absorption H3F °“Brixe} wl$- A4S AdS RAFIT dEHE
(600nmeoll A ¢ FF =)A= MF $ 05164 0412 FFAsd L

MM F7Fe vk o3l oA = 0012 A sk

o7

Table 9. Changes in pH, refractive concentration, viscosity, absorption

and color of UF retentate and permeate of sunmul as affected

by VCF
pH °Brix Viscosity Absorption Color
(cp) L a b

Sunmul 534  0.60 8.20 0.51 65.13 0.46 8.81
MF-P 530 050 7.20 0.40 66.05  0.40 8.45
UF-P(VCF)

1.25 516  0.40 7.30 0.01 966 -056 213

1.67 5,09 0.40 8.00 0.01 9951 -013 1.71

2.50 496  0.40 8.00 0.01 99.39 -0.04 167

6.00 474  0.40 7.70 0.01 99.40 -0.14 1.87
UF-R”(VCF)

1.25 5.09 0.60 9.20 0.41 64.65 1.24 8.52

1.67 5.06  0.60 9.90 0.44 61.96 1.58 8.72

2.50 495 0.80 9.90 0.65 56.70  1.60 9.00

6.00 471  0.90 10.40 1.01 4349 162 9.01

b permeate

?: retentate

65139141 66055
tha E7hEA o, ash bgte 046914 040, 881914 8452 #Asgth ol
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Aqgol uhek UF 55909 Ae Lol @A st on, ash bake oh
ket A Bt £ UF ogboe 79 Lo tha 24390 age
Zhstd o bake Fash old @ FEHY AW @S FHol AYg
of wel UPRHe whd uex 23 n¥a 2459 vE7 FHodAE 7}
ShaL ofubel ol Ha FPAAS HuA Ao wWast Jojub: @ieletu A
75},

2. NF o3 g% 75 R £8 23 A
1) ¢ (psig)d 2o W& T3 fluxe ¥
w29 UF 9 £ & o33 UF permeateE NFZ tA] &2 - 53
o] NF 429 48 (psig)ol T3 fluxel v As JFS AR 23t Fig.

83} 2t

50

40

30

Flux(I/m?hr)

20 4

T T T T T T
0 50 100 150 200 250 300 350

Pressure(psig)
Fig. 8. Effects of pressure(psig) on permeate flux of UF permeate

during NF filtration at 20C.
o]t} ¢] UF permeate? &%+ 20CE dASA FAstg o™, NF 2o of=

2 0~270psig® W3IE Fo T3 fluxS SAHsF Y. 2 237 =8-S 150psig7t
A F7INAS W 53 fluxs AL AAAHoR FIEATIE, ool bE
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A grkel 343 F7hE Bk b o] 150psig dwie] 3 fluxs 3157
/m’hr, 210psig® W= 39.0 ¢ /m*hrol itk =& steEle] 2403 270psigolAlE 2zt
7} 413 ¢ /m*hr, 425¢ /m*hr2 A fluxzks BAAT, Ee] 27t nlE R}

—

fluxe] S7h= @A Fad A& @ 5 S B9 NF filtration g3 9] 4
g 200psig ol o ® SUMAAE wf w2 skl 9% NFuhe 43 A<

Botgom o]as oy Al 4 907] wiol] UF permeate®] NFY #2129

v

g A3 S 150~200psige] WA NF Al 2€lS 2Eshs Ao &34

UF permeate®] NFZ 22 34 = A8 227} 53 fluxel RlxE I3FS

vl gk A3 Fig 99F 2t

50
—e— 10°C

o
04 —0— 25°C
—v— 40°C

N ’\\‘\.

Flux(/m?hr)

T T T T T
0.00 0.05 0.10 0.15 0.20 0.25
Time(hrs)

Fig. 9. Changes in permeate flux of UF permeate during NF filtration

at 150psig of pressure and different temperatrue.

olmjo] ¢F=2 150psig= HUASA FAAHALH 25+ 10, 25, 40C=E =43}
Gt 227 10CY ol dAASA ¢ fluxs Egoy, Huy = 2
5C¢ 40TCoAAE Z &ol7F A 40ToAA 718 =& fluxE ey o

rlo
rlo
b

B3l A 1850 27] fluxE 10ColA 2252 /m’hr, 25Col A 36.0 ¢ /m*hr, 4
0Ce A 375¢/m’hr& %o wet £ fluxelEs 2 o7 AP E3] ot

o}

2 4= AU I 27 flux

tlo
X2

L 2% 10CAA flux7t 7FE 2A #ZA2eae
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2) RSMd & HA =1 AA

UF systemol A ¥o]Z UF permeate®] NF H&EZE AA5A Y o]y NF
o] A= = (psig)¥ UF permeate &%9 HZ A4S AAs7] 98t o
59 74 21 53 flux®] s S5t g xR THERSM) 2 A
gt A3 Fig. 103 #Zoh NF X9 ¢bel2 150, 180, 210psiget UF permeate
=5E 10, 25 40C= F=AsAY. HAF A= A4St FE5H S (permeate
flux)oll tigh SHAF(FH A 25%) Hste] o3 3729 Ayt a3 2o

Y = -29511905 + 0.403571X; + 1.221419X; + 0.000833XX; - 0.000774X: -
0.018095X;”

At olxFrR FAE Zzhe] A AdFAE A A SR
(contour map)ollA] 4&-& 185psigo] A, 25+ 25T olAY o Ho 3 flux
45.0 ¢ /m’hr FZFel itk olw] NFuh =9 A ¢+l 200psiget el 344

w7 5~7C Asste] NFoe] ®iA7bsdol e 40Colde 255 est
of B o HA AL ¢#H 190~195psig® UF permeate &% 30~32T <&
AR sk
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Fig. 10. Response surface and contour map for the effects of
temperature and pressure on permeate flux by NF

filtration.

3) <X 9 A|3te] WE fouling index H3}

NF9 285 A5E 45 5734 flux@Fs ZaA71= 29 fouling Aol
olt} Fig. 11> NF o34l UF permeate®] %% 10, 25, 40C=2 Zul3}e]
oA gk wE &% W fouling indexE AlAFE Ajolt), = R Al T 5E
o= fouling index”} 0.0253~0.0425¢] W= wtom 2EHEE= 40T<25T
<10C +#2&, 2271 10CY W 7F¢ =A vekwoh olefd A Agte] 4
Fsto] wret ®Hod FEo] ey e 157 Fol&= 10T7F 0.1490, 25C7F 0.0857,
40C7F 008212.%= 10Ce B¢ 2 F7FFo] AA3 F7letidas HoFAnh
HbH o 25C 9} 40TCe] A$oll+= A7t 58 AF F9 fouling index®] =}ol7F tf
2 = JEhR e 158 A3 & ool A9 H]$:23k fouling index XS YE
Wtk weba UF of o] 255 25T fAsh= 3ol adAolgts A&

O~
& AT

e

Anpdoz <o) 7 AxE Hud ol UF oo &% 30~32TE FHAH o
2 AAsPg o NF system? ¢4EE 190~19%psig® A8t Ao] whitg] A

3t fouling AR S HAT AaAE F s AS & 5 UM
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Fig. 11. Changes in fouling index during NF filtration at different

temperature and 150psig of pressure from UF permeate.

4) NF 5% 99| isoflavone® oligo ¥ 3% vl
29 UF system &g %o VCF 6022 ¥33 UF 53 9 (retentate)
o FA8, UFHS 5343 UF o 3o &8 isoflavones 3]5:3817] $13
o] 23424 e 7 NF “Ee2S A8tk Table 102 NF #H&g F Zzld NF
FEASE 54 AxA7a 1P R T isoflavoned FHS 43 Aot}
o FEo] nPR TS 1.04%, UFTel & 6.0v2 FFE UF 539
& 1.60%0°]90aL, UF of3ojo] NF o o&] A&HAoz F3Ho 3
FH WA NF 5359 5(VCF)7F 4.0, 6.0, 80, 10022 Z7}3el| wpe} ndE 3
2 2.80%, 4.12%, 4.74%, 4.81% % ol th.
¥ UF 59 a2l NF 5599 7154 A4 &2 isoflavoned] &2 H|

=
o] B A} total isoflavoned % 13 2o 1671.80ug/g, VCF7} 6.0¢1 UF

by

Fool A= 121826pg/g= ¥l ™ Zol NF g9 VCF7t 409
2o = 2372.98ug/e, VCF 10021 2152514g/g 0.2 UEbgth NF 39
il FA8HE isoflavone®] o] =& UF w5 Hl&| =4 Jephd
& Bapako]l 6000]3+9] isoflavone®] salt rejection 65%<1 NF =g % 313}%

B3 NF 55A&e] frie] AFHASS & 5 AT

P

ot



GRgolM 34E AL £5 100mE 7=z & 49 VCF 6022 3
% 1667mle] UF w343 73.33mle] UF ojztdoz Hg wuh
7ol AE-E NF systemoZ Hja NF ol 93] s35= o7 2y
= VCF7} 409w 20.83ml, 602w 13.89ml, 8.0¥ W 10.42ml, 10.0¥ v 8.33mlI%l
. 4% isoflavoned FFN9 FI(mhet nPE (%) oz AL total

isoflavone®] Z %<& 77t 1.38mg, 1.33mg, 1.10mg, 0.86mg°] A t}.

Table 10. Total solid and isoflavone contents and isoflavone yield of

sunmul and NF retentate separated by NF system

UF NF retentate(VCF)
Sunmul
6.0 40 6.0 8.0 10.0
Volume(mt) 100 16.67 2083 1389 1042 833
Total solids(%)  1.04 1.60 2.80 4.12 474 481
Isoflavone(ug/g)"
Daidzein 8142 76.06 11884 11577 10100 10346
Daidzin 55163 368.68 67027 64332 59219  552.96
Genistein 7134 4864 1024 9.80 9.10 6.68
Genistin 76290  577.26 126002 124770 125397 122764
Glycitein 3341 2304 3549 3507 3018  32.33
Glycitin 17110 12458 27812 26655 23840 22944
Total 1671.80 121826 237298 231821 222484 215251
Eloﬁgifiz(vn?;i 1.74 0.32 1.38 1.33 1.10 0.86
Total isoflavone 18.39 7931°  7644°  63.22° 4943

yield(%)”

b g of isoflavone / g of total solids

9: Total isoflavone(ug/g) x total solids(%)/100 x retentate volume(md)

Total isoflavone in UF and NF retentate

%100
Total isoflavone in sunmul

» > ¢ Mean value with a row followed by the different letters are significantly different at 1%

level by Duncan’s multiple range tests.
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Table 11 NF T
NF "ol o&) 344

Aol oligo B THS AEFoR

SHrEel 9= oligo B9 ¥EE FHT Aol
g vekd Aot 2 1x3d NF 5=

VCE7} 409 o 45%° 4] VCF 10.0¢ o
Hl3] oF 40% S7FESleH, o= UF whieled o8 ¢=%
10,000 dalton ©]4+¢] &

!

O F2 & uEHE

of EATYE

Table 11. Total solid and oligosaccharide contents and oligosaccharide

yield of sunmul and NF retentate separated by NF system

UF NF retentate(VCF)
Sunmul
6.0 40 60 80 100
Volume(mnt) 100 1667 2083 1389 1042 833
Total solids(%) 1.04 1.60 280 412 474 481
Oligosaccharide(g/g)"
Sucrose 0157 0099 0236 0232 0239 0251
Raffinose 0071 0022 0076 0081 0083  0.092
Stachyose 0126 0127 0145 0148 0164 0.157
Total 0354 0248 0457 0461 048 0500
gloiltefifes(agc)?a“de 0368 0066 0267 0264 0240  0.200
Total oligosaccharide 1793 7243" 7169 6523 54.44°

yield(%)”

1.

g of oligosaccharide / g of total solids

?: Total oligosaccharide(g/g) x total solids(%)/100 x retentate volume(m{)

Total oligosaccharide in UF and NF retentate

3).

Total oligosaccharide in sunmul

a, b, c

level by Duncan’s multiple range tests.
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A NF 5549 3762 555 (VCF)7F S7Fshel wheh Hasislom,
olu] VCF 4.0 6.09] 7% isoflavone Z+7} 79.31%9} 76.44% =, oligo 32 7}
7y 7243%°F 71.69%= 7P 3a&o] wehow I Aol AA Gtk AR
NF g5l AdzaAele] ugs d3s 1 45 VCF 6022 NFY &
g5 At Zlo] A ole} AZtH

A o7 £5S& UFY NF systemo® 9ty & #9 z+z VCF 600 =
T2l Aol 714 Aggslw olwl9 isoflavoned 3 F&E £E9 < 93%,

oligo F9 34F&e ok 900% A% 34 715 & Aol

5 ALY wE o|g3ty 54

TEY NF 5% &g #4 5 55 Z=o W& NF 55943 oo pH,
°Brix, viscosity, absorption L8] 1L colore] 54 W3lE =43 A= Table 12
o 2l &9 pH 53404 NFe whitel7F @i pH7F A
VCF 80% wl NF o #2470, 55N 482 7Fastdrh °Brixe] 4%
9] £E9o] NF o3 % 05002 #A3AT7F NFUS 533 NF o g oo A=
e SAHA B2 WA NF s5d= w50 A& ol wet a4 S7tst
o] NF 225 98 39S w 46002 £ERT; o 78] o4 HolATh &8

of molgldl 84 AR BA 5L Nl olste] Ao mE 599

fop
S

oo
o

Hy
2

F o34 9] viscosity= FF 7 F#glo] AL W7t g1l NF &

o= okt SISkt AEZ(600nmol A FF =)A= °Brixet A9
3 AFgS Kol NF o9 mF 0012 dgxe Wt gllov, NF 5592
T5o] age wel F7kste] VCF 80014 % 12302 FEHt} o 2u] o]4

>~
=

o] Z71= Btk NF ojyoo] Mo s=Awo| wel Loa b gt =5 100.03~
100.10, -0.11~-0.40, 0.05~0.07 B = & Me] W3l glo] T Ewa Ae o
H NF =92 NF 2287 989 VCF 80914 E Lit# bt =4

Zy7y 65.13, 8B1ZFEH Z+7Z} 9572, 11.262 S7FsF9 L agk2 046904 -12080=2
Zrashel o,
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Table 12. Changes in pH, refractive concentration, viscosity, absorption
and color of NF retentate and permeate of sunmul as

affected by VCF

pH  °Brix Viscosity Absorption Color
(cp) L a b

Sunmul 5.34 0.60 8.20 0.51 65.13 046 881
MF-PV 5.30 0.50 7.20 0.40 66.06 040 845
NF-P(VCF)

1.33 494 0.00 6.10 0.01 100.03 -0.11 0.07

2.00 4.80 0.00 6.30 0.01 100.10 -0.12 0.06

4.00 4.71 0.00 6.30 0.01 100.10 -0.12 0.05

8.00 4.70 0.00 6.30 0.01 100.06 -0.14 0.06
NF-R”(VCF)

1.33 5.04 0.60 6.60 0.02 99.30 -0.39 258

2.00 492 0.90 6.70 0.02 98.92 -048 3.37

4.00 4.89 2.10 6.80 0.04 98.14 -0.76 6.13

8.00 4.85 4.60 7.30 1.23 95.72 -1.20 11.26

v permeate

?: retentate

upeba] ol gk BE olskety 54 Wl NF w5o] I3 g uet «

EASE Qe 4R B4 Fol NF % Bushd Raha F 9%

of

=

d

A

gul

=

u

I

™
1

Hu oLl NF 4 03 & Qi S Fe Ba4z o Folnl 4

3. 9Ed 599 dxxd 24
1) UF %99 dzza

(1) UF %99 355 T 54 g
Pilot plantel A1¢] UF ¥ %9 8% %% VCF 602w 160%0] o] A

BRAZE 93 O 55 ok sy W] AFEHS AASHAL FHAE



0 °Brix31a °]E 40.0
Brix7HA A&55 AFT o] R A Fole] SRSt Table 133 2
o sFo] Y HEA pHE #ALste] pH 471914 pH 4
10.40cpol A 328.00cp® =7}t T 600nmel A =33 S r =4 =713

Table 13. Changes in pH, viscosity and color of UF retentate during

vacuum concentration at 70C

°Brix pH Visé?jity Ab(S ><0 fojg:)ion L Coior b
1.0 4.71 10.40 0.01 43.49 1.62 9.01
10.0 4.39 22.90 0.18 13.35 1.53 6.05
20.0 4.36 58.00 0.37 3.30 3.30 5.02
30.0 4.33 150.00 0.54 5.07 4.31 3.29
40.0 4.31 328.00 0.82 3.57 4.62 2.34

e
kl

(2) 57 Az 2729 4= R & FF v

FEAS ARAZN7] s o JHA Y 5l

& A BAAE e vhdel o9 AW WS glod, dxRAte] -

I Hge] wol Bz el glo Aol A Ee] dxuyor i A
B

o Aol et 7
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M
=)
A
o,
=,
=)
rr

F FFE A SHA T

N == Table 149 Zo] dextrin(DE=16) H7F7}F ]
o S WHSS 4 4 Atk Cumulative value(Q®) 10%9¢1 7% 0%t
20% dextrin® 7F+= 27 1.99um, 2.09um=Z W] =38 21} 40% dextrin 2.61um= 7
ATk 50%9F 90%°] QoA E dextrin 0%9 20%E HIZ=d 7P oL} 40%=
A F7rstdw. AA gl A= FAREE d3¥FS Kol dextrin 0% 20%+<
BmAEolR oy} 40% dextrin 7+ 141.7m=E EFAZR

lo

27 o] o
378 Frhekdch wEkd BEREAZRE 913 dextrin FUMeE JAAVE FHauE u

0%EE 20% 4717k A A sk,

Table 14. Particle size distribution of spray dried UF retentate with

addition of dextrin

(unit: gm)
Dextrin addition
Parameter
0% 20% 40%
Diameter at 1096 cumulation 1.99+0.17 2.09+0.10 2.61+0.25

Diameter at 50% cumulation 16.39+0.84 16.26+0.38 48.41£8.43
Diameter at 90% cumulation 113.83+2.44 108.63+1.81 422.09+£11.44
Mean diameter 39.46+1.41 37.78%0.70 141.68+14.49

=
>
o
3}
rr
i
-
ad
BN
g
e
e
&
g
o
ol
o
it
of
rfo
H
N

A9 dextrin 0%+ 8.25% HOG oy 40% dextrine 4.22% H QR GFE3F#o]
g&s] Golx Hdx +29 HFHE A 93te] dextrin 20%E bt &
F2EE= 160TC, viE2% 9B5TCoA AFxA7]= Aol AH3 Aoz FAy ).
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Table 15. Effects of outlet temperature and dextrin addition on

moisture contents of spray dried UF retentate

Dextrin addition

Outlet Temp

0% 20% 40%
80C 15.38 13.42 11.02
95T 8.25 6.05 4.22
110C 3.52 3.20 3.02

(3) UF 599 dextrin F7l'8 EF7AZX £29 isoflavone¥} oligo 7
&F v

UF 9 #go 9ajr E&¥ UF »=9(retentate)S 571 % (spray

drying) A1 Z2 W] &< dextrin H7F% ¥WZ isoflavone $% H|alE= Table 16

¥ Zoh 7)eAS ZEa Y& daidzein, daidzin, genistein, genisting

isoflavone®] ¢F 90% AX ol omn E3] 7]5Ao] Hold genistein® genistin

2 AA oF 50%E AASFAL ArE E3E isoflavone?] UA FU FFEo] F&

aglycone @B+ daidzein®] ¢F 1296, genistein®] ¢F 4% A% 3o Ao &

<

T A% BEo E isoflavoned 0.12% %2 %9 0.17% Hrt}l ol o] Akl

isoflavonee] UF & S¥#45l7] witox A€t UF w599 &5 dAxA

dextring #H7}shA &2 AT 20%, 40% ¥ 7Fs UF &AM 9 % isoflavone?)

ek aboli= Z47F 20%, 41%9] 4R UF w5 9ol dextrin #7FE7 Ao 22
LER T

Table 17€ dextrin A7} oligo B9 &% xfo]= el ZAlolt}. dextrin

-5(’)]:

o

o

tlo

S 20%9 40% H7FE UF 2o A oligo B9 &2 isoflavones] A-$-9F 2
o] dextrin® #43F oligo B9 *S A kvl FU Bifidobacteria®l 37

H2]o] <93k raffinose®t stachyoser A oligo B °F 56% AHE o]t}

)
e

Sucrose$} raffinose, stachyose®] &3 W= 43 : 2.0 : 3622, o] H| &L
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oA el oligo & EAH&(Table )3} ¢ 22 AFS veblleh £33 &7 A=

N7 F oligo & TS 236%0]014 29| 354%¢F Hlmet w] s 7had

d

o o] oligo T wAFol Yol 1 d¥7F UF

o,

Fe Egy] wEole Az

J

Table 16. Isoflavone contents of spray dried UF retentate of sunmul

with addition of dextrin for spray drying

UF(SD)" added dextrin

0% 20% 40%

Isoflavone(ug/g)

Daidzein 144.45 119.85 83.98

Daidzin 349.87 314.75 224.70

Genistein 44.47 37.73 29.28

Genistin 576.33 420.38 308.10

Glycitein 25.10 20.80 15.26

Glycitin 104.30 93.98 68.40
Total isoflavone 1244.52 1007.49 7129.72

USD: Spray drying

Table 17. Oligosaccharide contents of spray dried UF retentate of

sunmul with addition of dextrin for spray drying

UF(SD)" added dextrin

0% 20% 40%

Oligosaccharide(g/g)
Sucrose 0.103 0.085 0.056
Raffinose 0.048 0.034 0.032
Stachyose 0.085 0.066 0.044
Total isoflavone 0.236 0.185 0.132
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Table 18. Changes in pH, viscosity and color of conc. NF retentate

during vacuum concentration at 70C

*Brix oI Vis((;)jity Ab(s:lré)(;c)ion - Coior -
5.0 4.85 7.30 0.010 95.72 -1.20 11.26
10.0 4.58 8.12 0.019 91.53 =711 10.01
20.0 4.40 9.00 0.026 14.99 1.12 8.32
30.0 4.21 10.80 0.043 9.23 3.16 5.84
40.0 4.14 24.40 0.063 5.93 4.44 3.98

(2) Az T BE M= HN

NF %= (retentate)S 40.0°Brix® AF H= A|AS uf wAo A HEo

fl

A g o] o] AL ASH(supernatant ; SPT)¥ 2 A & (precipitant ; PPT)Z &g
stal AW ZX(FD), JFAXR(VD), Fddx=OD)FHoe s Axst Fde A

EAS =A% ZyE= Table 199 2t}

o] Z§ -agte] ©l wrobx il bgkel kgt ¥ =tk AA A0 MA AEE FD#
Dyl Hwe u] AFAZe NFEE%(conc. retentate)@} A5 HN(SPT)EH 74

1.47, 3452 ¥wA A A zpolE Hl Wk AP xeE 77 2332,
24.38% @A G ztol7F ATk ol AUz Ades Ax F =S 257 NF
TZ N (conc. retentate)o] ZWRHS-S wWol HPAIF Y] wFol}

al
A= T4, AF, FdAZXA blueberry] L, a, b#ks vl alsh w] AFQFHA Zof A

B Awsyl dojtths Yang¥ Atallah®] B ™ol §A1d AdE mAT
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Table 19. Color and AE of conc. NF retentate, SPTY and PPT? powder with different drying
method
Conc. NF retentate SPT PPT

FD” VD" FD VD OD FD VD OD
L 82.29+0.56 82.13+055 60.17+0.82  81.29+£0.22 83.35+0.20 58.39£0.88  93.14+0.32 94.47+0.13 94.25+0.69
a -1.09+0.02 -0.44+0.09 5.14+0.34 -1.17+0.10 -0.340.02 5.22+0.42 -0.07+0.05 0.02£0.01 -0.36+0.07
b 17252056 1594+0.61 13.27+£0.15  17.56+0.18 14.92+0.22 12.17+0.31 2.53+0.15  2.45+0.05 3.42+0.33
AEY - 1.47 - 345 24.38 - 1.34 1.45

v Supernatant D Precipitant

Y. Freeze drying " : Vacuum drying ° : Oven drying

% . Total color difference = (AL? + Aa’ + ABY)

1/2
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(3) Azl W& isoflavoned oligo 3¢ F nlu

40.0°Brix7t Al & F55FE NF &= (conc. retentate)oll Al #2l¥ J5
SPD)E HAEPPD)S 2R, AF3Ax, HAgazxs = AxdZ9
isoflavone $F#S #4133 A¥t= Table 202 2Tl NFE 3 (conc. retentate)2]

100mle] P& FA= 54

Y
BN
=
o
N
=
N
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']
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=
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1
©

o
A
Y
BN
=
2

2
r o
o
ojf
2
w
o)
=
=)
)
2
i
=)
ao]
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2
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=8
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>
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=)
)
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fuj
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off
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2
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=}
o

retentate)2] A& Ho] w2 isoflavone &> FDEY, VD&, ODE oA 7}
7} 2665.46u8/g, 3186.24ug/g, 5203.22ug/g= ODZHolA FDE® Kok of 28] 4
T =4 SA4HAY. 7FE A2 Ql8le] isoflavone?] isomerE©] isoflavone o 2
Agko]l Bk o & s o] isoflavone ol =A Uetd Zo® AT o]
213 At FEE 842 7HEAY sdE W isoflavone®] ol SrbeAt
' x| Ao} HAargitt.

NF &3 9 (cone. retentate)?] 3 100mle 7]Fo2 & 4§ ODIETolA] 9]

isoflavonee 141.46mgo. & t}&

e

ZHHel FD, VDEEo| A2 ¢F 110mg Xt
A3 F7E AT, A5 A= NF 55 Y (conc. retentate.)d A3 A eS
Bol vt AAE(PPT)OIA 9 isoflavone & #& A5 A (SPT)oly, NF 5=
17F At

e A HA(SPT)el % isoflavone 3#-e FDETo] 101.53mg, VDI 2o]

o
=)

(conc. retentate.) Bt} YF Zro} o]# 3 vluE= & ¢

108.74mg, OD¥Zo] 139.62mgl = NF %3%(conc. retentate)®] #E =t}

12

e}

Foskokth, WFEEe NF 53 9 (conc. retentate) FDiE22] isoflavone &%
10002 stls Wl AxHel] e 3482 WFAx27F 99.76%°1H,
© 127.92% 0.2 hx ol oa] ofF 28%9] isoflavone®] F7FE Btk A
SH(SPT)ol A = isoflavone #ol X3E =3 NF w59 s FAFSHAA
W AR EPPDAA = of 2% wvke] ¢ e 34ES dEdllth mebs, NF
EZ Y (conc. retentate)oll EA|5F= isoflavones 5 H(SPT)Z 3% & (PPT)

g AAS W A BF AFASPDHURE JFFASS & F AdTh

BN

f
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Table 20. Contents of isoflavone in conc. NF retentate, SPT and PPT powder with different drying

methods
Conc. NF retentate SPT PPT
FD" vD” OoD” FD VD oD FD VD oD
Total solid(g)” 41.40 34.55 27.13 33.10 28.30 21.73 6.73 5.76 4.33
Isoflavone(ug/g)
Daidzein 48.52 74.42 483.16 64.24 38.64 646.36 9 9.88 10.98 0.10
Daidzin 633.10 348.00 2165.62 729.70 1016.20 2648.14 31.18 43.72 26.80
Genistein 16.40 18.90 76.02 6.15 7.50 78.70 73.90 92.56 67.60
Genistin 1737.58 2010.10 1922.56 2014.25 2428.14 2360.90 153.84 174.56 68.52
Glycitein 1.30 1.36 34.98 0.81 2.02 45.36 494 5.38 3.62
Glycitin 228.56 233.46 520.88 252.24 300.06 645.94 7.32 8.16 5.00
Total 2665.46 3186.24 5203.22 3067.39 3842.56 6425.40 281.06 335.36 171.64
Total isoflavone
. 110.35 110.08 141.16 101.53 108.74 139.62 1.89 1.93 0.74
in 100ml(mg)
Total isoflavone
. 100.00 99.76 12792 8 92.01 98.54 126.52 1.71 1.75 0.67
yield(%)
V' Freeze drying  ? : Vacuum drying P Oven drying

Y The weight of solids and isoflavone were measured on the basis of 100ml of conc. NF retentate
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Table 21. Contents of oligosaccharide in conc. NF retentate, SPT and PPT powder with different

drying methods

Conc. NF retentate SPT PPT
FD" vD? oD” FD VD OD FD VD OD
Total solid(g)4) 41.40 34.55 27.13 33.10 28.30 21.73 6.73 5.76 4.33
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 in
14.66 13.44 4.07 14.33 13.64 4.37 ND ND ND
100ml(g)
Total oligosaccharides
) 100.00 91.68 27.76 97.75 93.04 29.81 ND ND ND
yield(%)
Y. Freeze drying 2 Vacuum drying P Oven drying

Y The weight of solids and oligosaccharide were measured on the basis of 100ml of conc. NF retentate

ND : not detected
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o7l =40l 1ldppmo = 98%°]% AAES & + AT BODA = COD
o} &2l MFF UF o 3kA] 90%0°] 42l BOD 2 agle]l Al AU NF o3 F
o= 77ppmo. = COD9F 22 98%0°]3o AAZIN7E AATH ole} e A=
SS(HEH=4)8 49 tS dAGe] MF ogwtozr SS7F tiE A7

UF$} NF o] 3}gk o do A= SA A ot o] diE SSEZHo] MFRo 2%

=)
AA 2 g s 2] & 242 i dA4H dEe HoF dn W
o)

Table 22. COD, BOD and SS of permeate obtained after MF, UF and

NF filtration of sunmul

(unit: ppm)
Permeate
Sunmul
MF UF NF
COD 8,419 7,428 5,292 114
BOD 4,090 2,600 398 77
S S 1,833 174 ND ND

ND : not detected
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At A= =29 UF 55 FFAQ0 dextring 7]
ZF 0, 20 B 40% H7bete] EFaxgh S A&t Isoflavone A #Fol] AL
€9 standard A 2F2 WakoA} (Osaka, Japan)$t FujiccoAl (Kobe, Japan)®%-E
T3] Ag3l9dom, oligosaccharide 2 phytate %8 standard A 2F&
Sigmarh(St. Louis, MO, USA)Z5-¥ 943} th Phytate A&l AR&¥ &0
< 1 3F2] = Bio-radAH(Hercules, CA, USA)9] AG 1-X8 resin®] %11, saponin
standard= WakoA} (Osaka, Japan)9] #|&& AF&3slsich whalzd Bz
3t7] 93 standards+ Bio-radAH(St. Louis, MO, USA) #|%S Al&3t o 7]

B Agel AgE AFES BT SFA0ke gt

|

tlo
Ao
o2l

AL micro-Kjeldahld, ZA %< Soxhlet
LA ST BEsHES ARl e, A, 2l gl o] S wA
A2k, Bl ek e A 2 (non-protein nitrogen, NPN):= Bertola £°V¢] w4
of wz} trichloroacetic acid® ©WAS HAIZ 3, o] 3}ato] o] 3o F&
AAES A2AA micro-Kjeldahl'| 0.2 23S Aatete] sawdsas =

go zuugEel ] Sund g3 wA Astss.

ol
ol
ol
38
r“
Z,
e
Z.,
o

2) Isoflavone &4

HPLCE o] §3te] Al ubal 13 B9& oz #asqr
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3) Oligosaccharides 4]

A8 1go 10% ethanol 10mlE ¥ il sonicatoroll A 6087 F&3+ the,

N

3,000xgol A 103+ dAEgste] 1 s 056mE AT F FFT
acetate® Z+Z} 05ml® H7Fsl oAl 12,000xgol A 10837 LA 22314
A5 dS H3to] syringe filter (0.45um, Whatman International Ltd., Kent, UK)
2 EA7 3 20 E HPLCOl F93le] oligosaccharideE &3kt 4
o] AF&3F columne carbohydrate analysis column (3.9 x 300 mm, Waters Co.,
Milford, MA, USA) o]l o, o]54L2 656% acetonitrile (in water, v/v)E& A&
k. Zb oligosaccharide®] ¥3-2 HPLC +24 43

& EEAFIA A gatel BEHY

o
;8‘
H
Ho
b
rlo
—_
3%
&
s

5

o,

4) Saponin ¥4
4¥38 n-butanol FEWHPo T A ZTZRE saponing FF, I T,
HPLC=Z 1 358 EA5tt. A& 1go] 80% methanol (in water, v/v) 50 m{

£ 7F8kar 80TColA 14

Y
rlet
Hu
4o
e
rob
o
rN
el
rﬂ{
o
iu)
>
B
X
8
D
=
2
o

gtk BEX %74 Shiraiwa %86)9] WS WM& sl Nova-pak Cigcolumn (3.9 x
300 mm, Waters Co., Milford, MA, USA)S A4S =2 acetonitrile : 1-propanol
s water : acetic acid (32.3:4.2:634:0.1, v/v) 84S o]l5HFo =R sto] FF3FAT}.
Saponine UV detectorE o] &3+ 205nmel A #A=3s9 1, olweo #4& 05
m¢/min, =Y FL 200 A T}
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5) Phytate &4

Phytate 3#e Latta®'e] golens AzZnE 189 H S A3t =43}
Rtk AR 1gol 24 % HCl 100 mE 7hste] 2A17F &b ngkgk 5 12,000xgell A
158 %9 ARy sty A=HS Whatman filter paper No.lo 2 o 339t}
Glass columnol] S9o]2 WUEFA 1gS FHAA 0,7/M NaCl 15ml= AL, 33t
STHTE Clol&o] A&FHA F& W7hA S Ao FATH el F=ug
ZHe 16m ¥o FEA7IAL, Al S5 20 mE Alal 0.05M NaCl &<}
5 mlE Aol T 0.7M NaCl €4 15 mE phytateE FEA474 89S A%

o 2 &9 3 mle] wade A1F 1 mE €] wAAZ F 500nmell A spectro-

4

0N

photometer(Beckman DU Series 600, Beckman Instrument Inc., Fullerton, CA,
USA)Z F3=E =AU Wade Aok ferric chloride 0.03g¥ sulfo-

salicylic acid 0.3g= S/ 100 méoll =< HEAT}.

frefobr At B4 Herbert 5% W& wgste] Agaldth A= 05g
of Z=H<4 5mlE H7Fske] 30%7F sonicationAl 7! F, 0.45mm syringe filter (2}
Sep—pak Cig (Waters Co., Milford, MA, USA) 7IEZAE EFHAZ Al5d3
ortho—phthaldialdehyde reagentE #-& $oz ZTgste]l f=Alst Al oh2,
UV detectors AF&3te] 338nmoll A AZE3A . Columne Pico-Tag column
(3.9x150mm, Waters Co., Milford, MA, USA)& A3, oA oz=
solvent AT 0.04M NaH.POs(pH 7.8)&, solvent Bf acetonitrile : methanol :
water(45:45: 10, v/v/v)E AF&3 o™ gradient 71> Table 12 2t} {4

< 1ml/min, T F2 20 AT}

3. UF % NF $5&%9 7|54 §4 =4
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a1 FAE F7gske] Adtstsivh

Table 1. Gradient condition of mobile phase for analysis of free amino

acid
Time (min) Solvent A (%) Solvent B (%)

0 100 0

1.9 100 0
18.1 43 57
18.6 0 100
22.3 0 100
23.2 100 0
26.0 100 0

F7 % FREFS Lin 599 9ue wFstel S4sh A8 10g2
AR e F, KA FAAY A9 FASADAD), FE FHY

AEE 7 20mE 7tete] A2oA 1A]7F B¢ vortex mixer® 15%7kt} 10

EGNA(SP), UF 9 NF 55829 pH % NaCl &
=5 FAsG AR 01g o F/FF, 0.IM E£ 05M NaCl &9 10mlg 7}
3to] 58-7F A4 WHEY] (magnetic sttier)E o] &3te] E4F Azl & AN NaOH
4N HCIS o]&3sle pH 2, 4 6, 8 10, 12 & pHE ZA3ste] 25T shaking
water bathollA 3 AlZF F<F wH¥HAIA 15000rpm &2 156%7F A EE 4

WA G5 59%nmollA F3 =5 S48 en, §a== pH 12 oA &3

TE 100%2 Axtstsd

_91_



4) w338 R 73 A4
92)

(sunmul)@} UF, NF 29 #3158 2 {3} kg4 F4L Casella &

J
b

TE
o] W wel 4.0% % 6.0% AEEHe] pHE 20, 40, 6.0, 8.0 % 100 o=
Z-3e] 6mA FH3aL of7|o] FVEAHLAD) 4mE FH713Ee] New Hartford

Abe] Waring blender® 243 fF-3tA A A E 73 €9 0.lmlE 0.1% SDS

Saom 2508 343 F Beckman vis/uv spectrophotometerS Al-83}o]
FEEE A s9d ogA SAHY STHE==EFYH Emulsifying

o

500nmel] A1
Activity Index(EADE th&o] 2ol <3l Al4tetATt.

EAI = 2T/lic

T = 8% = 2.3xA/I (A=500nmelA 9] FF =, =49 F37Zo] m)

Bge] 92804,
1}

c=TM Ao T =49%(6%)

o9& ¥Eo] BT 2 A

&

Emulsion stability(%) = (EAluax—EAlgoc / EAlLax)x100

s}, EAIyc=80C, 30239 32

0.1mE 0.1% SDSEHo = 2508] s]Algh <,

o] FF=ZHE F3etdA (emulsion

5) A% 349 ¢ <4AA
A% P49 Sathest Salunkheo] WHE™S wWFslo] Rl Fohw A (ISP)
WA(SP), UF % NF 5289 AFEAS SA4stAt &5 a4
i pHE 2.0,

(@]
[
0Q
=3
N
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40, 6.0, 80 2 1002 =x2A3% % Waring blender® i11&£0 7 587 AES g
AAZ1 100 FEAdY

=
ARES AR v,

-z
A=)
"
ot
il
_11)1
Fy
s
ul
oo
1>
o
Fu
X
>
QL
2
)

volume increase(%)=

Volume after whipping(ml) = before whipping( ml)

. X 100
Volume before whipping( mf)

6) WA AVYS
Laemmlig™’e #Fasle] EadiFaul(ISP)3 2% 3=52(SPC) ¥ UF,
=]

NF sEEwel wwa Pad REE Jelnud Ar9Ee AAsd

Sh

Vertical slab instrument(Amersham Bioscience, Hoefer SE 260 series)E A}-&
AL 04%9 sodium dodecyl sulfate(SDS)E -3+ 12.5% polyacrylamide
gel(12 x 10cm)™ 3% stacking gelS AF-&3dte] 24184},

zy7ko]l Al& 1g o 0.IM phosphate buffer(pH 7.0) 14mZ o] 30CE A H
shaking water batholA] 100rpmo 2 4A|7F &<+ J&3 F 14500rpmoil 4] 155
7F dAEgsl] 9 A A 400ul= Eppendorf Al el ¥e & Iml sample
buffer , 100ul 2-mercaptoethanol & F7Fste] 987100TC oA 55t 7FLE 1<
g ak the stacking geldl A& wello] ¥& & SDSE E &3 Tris—glycine

buffer(pH 83)2 /&2 3lo] 15mAolA 4417k <t Aslstdth. Sample

B

buffer+= 1.0ml 0.5M Tris-HCl (pH 6.8), 0.8ml glycerol, 1.6ml 10% SDS, 0.4ml
2-mercaptoethanol, 0.2ml 0.1% bromophenol blue ¢} 4.0ml H.OS &35t A
Z3k k. AANF 20% trichloroacetic acid & oAl 1A1Hs<t A3 HAS A
1 % Coomassie blue R-250 0.01% ¥ %% <l methanol @ acetic acid :

water (5:1:4) &38&Ho] F7F 1241 9A4& Azl F methanol : acetic acid
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D water (5:1:4) EFEAoA 24417 EAA A, Tl d Fx}gF

ftlo
A\
ol
ol
ol
N
o

3l marker®+ Bio-rad AHSt. Louis, MO, USA)A %S A-&3}4 .

7) 2 F o4l B

A& 1gel 6N-HCI 156mle #H7bstel w71 AAsta A& A9 110T
heating blockell Al 24417+ AT o] ZE 3000xgel A 2027 HAlwte] &
T JAs 60u] B|AEte] 045mm ZE 9 Sep-pak Cis FIEZAE FHAIA
ortho-phthaldialdehyde® %A} A7l & felopu| =t B4 22 o =s

LT

EEY, UFRZS £33 53 safus d54
E=A(RVA, Rapid Visco Analyser-4D, Newport Co., Australia)E AF-&3Fo] ICC
g2l wat Z2AsAch. WoE 30g(A B )T} FHF 25mlE RVAE

71 @i, 50CoA 1&3F #4 F 12C/min® 7tEE=8 95C7HA 7t skaL

BTA 25&3F FAT 5 12C/min®] W2&== 50C7HA ¥2hA1 713 50T

aL
oA 2&3F A stlth. RVA viscograme 258 Hiudw HAHE HFTH
%, setback % peak time(min), pasting temperature® TF3F3 o, HEd9l+=

rapid visco unit(RVU)E F A3} th

_94_



m. 2= € 1%

1. UF ¥ NF 52929 d
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Table 2. Proximate composition of sunmul powder before and after

concentrating by a ultrafiltration and nanofiltration

%)

(Unit :

5.63%0.11

UFZ)
10.08+0.25
12.88£1.16

SPl)
7.87x£1.08
24.18%+1.16

Mositure
Ash

17.5%0.37
0.62+0.11
5.23+0.08
(5.084)0.01
71.256+0.37

0.94£0.09
30.06x1.41
(20.04%1.04)

2.60£0.11
15.53+£0.71
(8.02+0.75)

Crude fat

Crude protein

(NPN?)
Carbohydrate

v sp

45.59+0.71

50.24+1.46

: sunmul powder

ultrafiltration concentrate powder of soybean curd whey
: nanofiltration concentrate powder of soybean curd whey

? UFC :
¥ NFC
Y NPN :

non-protein nitrogen

*mean value of triplicates
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2) 7158 B
(1) Isoflavone
Fol vxHel AESty IFAMERRE Ld#Z isoflavoned oA T EEQ
il

estrogen¥ FAFSE EAS 7HAH, dF 24

isoflavone & Fo| FF3 AW HA web b zbolrh s BRE ol
AGatEe] wet 12714 isoflavones =5 EE3le] total isoflavone ¥OZ H
AP A AR aEA g A9t A divgeln® g E FdEed w
g 2 #% o7} A Eldridgest Kwolek™e 4

isoflavone &S A& 2 Ay FF7H+= 116~309mg/ge] THEE xfol=
Ry Rusdi, Kodou SPe  Feo  FEAEE isoflavone &
malonylgenistein®} malonyldaidzin®] 27 275.5mg/100g2} 251.0mg/100go. 2 A
A isoflavone®] 66%E 2}A]3}H, daidzin (129.4mg/100g)e] I tf2-o 2 W o
S At Rustdrh. =3 Kodou £ A% 9 isoflavone patterne 4]
3t A3, AF o= manonyl form¥ glucoside® & ]9 isoflavoneo] Tt o],
aglycone©| 1} acetyl form isoflavone 415 #] ¢Foktlta W 1319t}

T 2 AAE AAs] BRue T

protein), ¥ o] tFe FElE JtyEHo AnHeH, F5 JtEdts H4
ZF oA isoflavonee &4 E& WEHEAT. 53] FH9 He= F A isoflavone
o] 33% AL=rte] 2
w2 67%7F WA YUrE Ao e AAolth wEkA, & 9 isoflavone ¥
T B 1 o]&rtsAdes HESH] #8, «E3% &£ UF % NF #5%29
isoflavone #/d 7 &S wluLs] & A3 (Table 3), UF wFEE] 45 H

al
B2kFo] & malonyl isoflvaonedo] A$+E AdaFo] IFw whd, xR
A~
U

T8, F7HF, ISP(solated  soy

isoflavone® &< 1 St&fFo] sE o) Hla] w3k F isoflavone &<

o] 453 %] Pt 437.41mg% Uth. A, NF HELS UFZo| &)
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cut-off EAFFe] o v = jsoflavone] 3| © frElste] UF &5l v
3 2u) A% = %9 isoflavoned FHHatth ol A= 3 5%
=52 UF¢ NF2 534171 % isoflavone %S =43 A3 UF+ H
IE HolX AT NFE o] &8 A$ 2u9 isoflavone &5 &35 YEIA

= 2t AT 23y genistein® acetyl genisteine UF &3 & o]

NF Fs=EEdHT ¢ e U5 IdFsn AUt o|AL  genisteind
acetylgenistin®] UF9ell Z#x&= wulds} e AR uRxi sy Agslo]
UFdol] Zo] Aex]7] wjitel Aoz AyzreEch

Table 3. The composition of isoflavone as malonyl, acetyl, glucoside
and aglycone types in Sunmul, UF and NF
(Unit mg%)

Isoflavones Sunmul UF NF
Daidzin 146.25 218.78 396.24
Malonyl Glycitin 32.34 24.63 56.08
Genistin 208.11 105.68 388.40
Daidzin 1.19 N.D.” 2.96
Acetyl Glycitin 0.88 0.24 8.54
Genistin 10.59 7.92 1.06
Daidzin 50.88 36.87 62.23
Glucoside  Glycitin 15.78 12.46 25.70
Genistin 8.82 6.94 15.21
Daidzein 35.35 18.45 32.27
Aglycone Glycitein 0.58 0.58 0.57
Genistein 7.84 4.86 0.82
Total 518.61 437.41 990.08

“ N.D. : not detected.

96

7 =9 M EAGE isoflavoned A E o], AlFo] X3 isoflavone
o FFet Fol S3 2SS Husgdtt. Malonyldaidzein, 137.40mg%;
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acetylglycitin, 19.50mg%; acetylgenistin, 1.70mg%; daidzin, 26.03mg%, glycitin,
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0.29mg%, genistin, 39.26mg%,; daidzein, 0.75mg%; glycitein, 0.20mg%;

genistein, 0.84mg%; total isoflavone, 398.50mg%. ©]&1%F AF 2] isoflavone

patterns E Aol B3 ¢=&E3 UF ¥ NF 5379 isoflavone pattern
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Table 4. The composition of oligosaccharides and the contents of
saponins and phytate in sunmul powder before and after
concentration by ultrafiltration and nanofiltration

(Unit : %, dry basis)

Sunmul UF NF
Oligosaccharides

Sucrose 12.85+0.51 3.61x£1.31 15.62+1.02

Raffinose 6.03£0.06 4.19£1.61 5.24%0.16

Stachyose 11.81+0.15 11.60+2.21 19.39+1.95

Total 30.69£0.31 19.29+£1.92 39.95+1.20
Saponins 0.097+0.003 0.095+0.001 0.024%0.002

Phytate 0.2310.01 0.06%£0.01 0.09£0.01

“mean value of triplicates
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ek @9, Ku §'%e a82 2Ed qFAENS UFY o375 o &3l
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Okubo 5'”& phytatedtafo] W ZuhulsZ8(SPC)E Al %2317 98, MW
cut— off7} 30,0009 98 A}g3Fe] ultrafiltration A3 A3} 98% o] A9

phytate® AAsAT L Bausilc, & Ao dany 34so] ¢ =2 A

- 100 -



= AH8S UF9e]l MW cut-offe] zko] wiizdl Aoz Azherh E3 Shallo &
W UFere o] 43l SPCE A %3 ul, pectinase 29} ultrafiltrations Wk
EH AANGgozH HF SPCA Ff¥ol = phytatee] Fol 0.02%= oz

phytate @] oF 1% Aol sfFsl= Fwoletal Bastsl

@
E
I
=
%
oY
L
ﬂ
oft
g

gl
7 UF 2 NFZ 28 553te] 6424 B 25 dAxs 229 {7 ofv
AP 245 HPLCE #4413 A3+ Table 59 2t} =29 % glutamic acid
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Z fEolu At e 99.07Tmg% Atk ¥, UFZR w53 Ede 7

o
glutamic acid7} 4557mg% = 7F¢ 2ol FHHYD I thE&o] lysinel®E
24.32mg% At & frejobr] At e 131.95mg% R o NF= w523k 4
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Table 5. The composition of free amino acids in sunmul powder before
and after concentration by a ultrafiltration and nanofiltratio

(Unit : mg%)

Amino acid Sunmul UFC NFC
Aspartic acid 5.34 7.21 61.08
Glutamic acid 27.33 45.57 54.37
Serine 6.96 1.50 7.04
Histidine 14.13 6.05 27.03
Threonine 2.88 6.45 854.81
Alanine 6.74 6.87 20.14
Arginine 12.59 7.99 486.25
Tyrosine 3.28 3.58 372.84
Glycine 2.21 2.88 104.97
Cysteine 0.64 1.96 -

Valine 3.41 2.16 7.94
Methionine 1.97 3.77 29.15
Phenylalanine 0.81 5.19 27.36
Isoleucine 0.84 2.57 14.51
Leucine 1.08 3.88 1.91
Lysine 8.86 24.32 40.70
Total 99.07 131.95 2,110.10

2. UF ¥ NF $5E29 7|54 54 ZA
2 NF #5229 Ed A3 &=

T=% £ UF 3 NF s52%29 = g &al=s A 23 (Fig.
1), =% dextrine] H7Fe A & UF % NF #5329 &ales A= FAF
st om, dextrin®] ¥ol F7tE4%E UF wFE29 §3l%7t F7138ke] dextrin
o] 40% H7Id A9 &%+ 93.3% vt whA ISP(solated soy protein) 2]

A9 S3wst 302 AEE 493 warh o Avks ISP FORYE wY
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Fig. 9. Effects of pH on the foaming capacity(%) of Sunmul and

UF spray dried with various concentrations of dextrin.
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Fig. 10. Foaming stability of ISP
(A), Sunmul(B), UF60(C),
UF80(D) and UF100(E) in
water at different pH

values.
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Fig. 11. Foaming stability of ISP
(A), Sunmul(B), UF60(C),
UF80(D) and UF100(E) in
0.IM NaCl at different
pH values.
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6) ©WA9 AV|FF

o @A FZE, ISP, ¢&¥% UF % NF FF&%e @9z subunit
patterns %olx 7] 98, SDS-PAGEE 33 A Fig. 13%
PAGE profiles 2%t} Fling¥} Gregerson'”e Z
o] glycinin (11S)3} B-conglycinin (7S)¢1H], glycinin& A4 subunits (38kd)
¢} 93714 subunits (20kd)E FAHO] i, B-conglycining a‘(58kd), a
(57kd), B (42kd) subunits© 2 o]Folx Jdttn H P, B AP E
T FEE 9AY] 49 FAE A719F patterns AT F YAoH, 1 9
of 66kd ©]/F<l @A band®t 24kd 71| @A bandw #ET F U
t}.

97kd

66kd

45kd

31kd

22kd

line

Fig. 13. SDS-PAGE profile of soybean protein extract, ISP, sunmul, UF
and NF.

Lane 1, MW standards; lane 2, soybean protein extract;
lane 3, ISP; lane 4, UF; lane 5, NF.
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ISPe] A7) patterne THMA] pattern? Ao, ISPE] A5 B
-conglycinin® a‘®} a subunite] TEFHA] FUTh £EQ HF+= 38kdd AHA
subnunit band7} 93] IveA vt F3 ISPelA #EEH= A
66kd ol’del Wi== & 70kdol siFat= dhte] bandwhe] #zeof Fekwid

B ga Aol YA oA e BAe] 2 Fo| gupy BIo] TR Az ¥
W F ERR WA 9 TR oldyy] Wi Aow AzHd.
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ghoh, wgk oo vl H7]9ds patternoll A HEEE Aol 2wl
A band7b EEAAME HFEA FRomw FE Az Al EAF] AL
subunit¥te] &R olFdia BaF ol Ve Axelw AAF. UF
ZE TS B-conglycinin® o subunit (58kd)e.E FAHHEH+E band@t glycining
3 subunit (38kd) o2 FHE = band7b FW|SHA #HEEHQ I NF wF g9
wAE 20kd  ©]8ke] band®te] WEERIGE. o] A2 UFHHE] Ak
cut-off7b NFeFwth Z17] wiol] UF sHE 2ol = vas £x%Fo] & band

7b BEE Zeolal NF sFE&dolMs AEA dild #£99] bandite] wzd

>

oM,
o
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SEE WM E opvleite] G 7447k 9145 o] Xanthan gum'®
142 Agsol guh 83 £%e UF 2

=z
NF F5igol rHo] v dd AE59] obvedt 245 HPLCE 24
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o] At TR £Ed A olvwate EAE 3 V3 Wang #
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2 glutamic acid, aspartic acid, lysine, histidine®] <o]lo® NF FEEES

tyrosines 7} %ol /3l I t}L-9] glutamic acid, histidine =22 4
bt @A ol Folw| At sheFe UF %229 49 196.69mg/gl =2 &
9] 86.83mg/g¥ NF 8¢9 30.02mg/gxtt z+zt 238 % 65 A E =A o
el =d, ol Kjeldahl'H &2 2wz ghaks 4% Aol A8kt
244 obm At (Ala, Val, Met, Ile, Leu, Phe)= UF &5 &2o] 43.16mg/g
o2 &9 2107mg/g I NF sFHEZ 6.7/mg/g Rt} =kth Katos}

Nakai'We @3S o] 88 AFAE A dde] Aswol f3tade A}

ofof frolA<l A Avha Busgh 2 A A UF w529 L5=7t
B 2FERT =9 f3ddE 94 =9k a8y Acki §F @
o FolgAdHEe el XA Atole] W o Edttal sF o il d o
2ol Frhetta fstgAdgol FUketAl= ¥vnhal Stk

Wang?} Cavins'™< 204 lysine?] 38&e =991} phenylalanine

th B AR £E lysine TS ¥ A Eohor) thE Fgon ikl
phenylalanine, isoleucine, leucine®] ¥z b

o Axet dAEUT. AA opmmAte]l g A ofn w4k B &S FEO|
29.3%, UF 9 NF T&&%o] Z+7h 27.81%, 23.25% =2 YEY & Zol& HolA
% Skt

L
o

&2
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Table 6. The composition of free amino acids in sunmul powder
before and after concentration by a ultrafiltration

(Unit : mg/g)

Amino acid ISP Sunmul UF NF

Aspartic acid 26.61 11.98 27.62 2.14
Glutamic acid 86.92 20.42 43.02 4.86
Serine 16.7 5.27 12.08 0.3

Histidine 56.63 5.5 14.23 2.77
Threonine 98.15 5.5 11.42 trace
Alanine 18.35 5.25 13.17 0.73
Arginine 22.74 3.82 7.8 0.27
Tyrosine 77.44 1.2 9.0 9.61
Glycine 12.2 trace trace trace
Cystine trace 2.45 3.65 2.36
Valine 28.45 5.22 11.87 0.88
Methionine 8.2 2.6 6.51 0.24
Phenylalanine 48.55 2.62 4.32 2.16
Isoleucine 25.91 1.99 2.62 2.3

Leucine trace 3.39 4.67 0.46
Lysine 24.97 9.62 24.71 0.94
Total 551.82 86.83 196.69 30.02

RVAE @75y Ao 3548 54387 18te] amylograph® t4lst
of Zojxar glom AL o] ARE AHEE = dal 7A #E AlRbe] whETh
= olHs 7HAAL vk =EEEY UF s582S 237 49 1, 3 2 5% A

il

32 RVAZ =A3 A3+ Fig. 14 9 Table 73 2t}
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Fig. 14. Viscograms of wheat flour with various concentrations of SP,

— UF-100 — UF-80 ——UF-60
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Table 7. Effects of addition of ISP, summul and UF on RVA

viscogram properties

Amount of addition Peak Trough Final viscosity Peak.time
RVU) RVU) (RVU) (min)
Control (0%) 180.42 111.67 208.33 5.67
ISP 176.25 104.75 197.67 5.60
SP 170.58 103.92 197.92 5.67
1% UF-100" 162.17 98.17 192.42 5.53
UF-80? 169.33 103.25 196.17 5.67
UF-607 169.50 101.75 196.33 5.73
ISP 170.00 104.42 198.83 5.67
SP 166.92 102.17 194.92 5.60
3 % UF-100 165.25 97.83 191.83 5.53
UF-80 162.25 97.58 190.92 5.60
UF-60 158.25 95.50 185.92 5.60
ISP 167.92 103.25 188.17 5.47
SP 162.75 96.25 182.08 5.53
5 % UF-100 153.67 90.75 178.33 5.53
UF-80 152.17 90.08 177.33 5.53
UF-60 152.92 91.92 179.25 5.47
- ISP 178.25 103.17 191.08 5.67
+ SP 170.83 98.92 186.92 5.60
3 % UF-100 164.58 93.75 181.75 5.67
salt UF-80 165.25 94.92 184.08 5.60
UF-60 165.50 92.83 179.75 5.60

YUF-100 : spray dried with UF only
PUFR-80 : spray dried with 20% dextrin
YUF-60 : spray dried with 40% dextrin
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FEED H7HE dextrin®e] JFL A Gt 53], 4 A8 592 U}
Foll WA Aol A=7t /P ol gadga, UF £ 5%5 @71
A7 A%, gz AuHEros o 20% A%, HFHERGE o 10%
A% Zrastelch. webd] UF 352 37 A Jehdis 329 7148 nes)

sto] Z3tofRl S ARG A¥, gz Hus AUAT HaH =T 1% A=t
T-9F wl=s Al F7ksl it

NF s5E2S U473 1, 3, 2 5% #71ste] 239 s #48 das
Fig. 159} Table 8o Yelfdtl NF sFE4S H7kek 49-%= UF 5%

& HA7F Ag-ok vRRVHA R, O ATVl SUtE s HuEY HEHE B

T rAasder. ey, UF 375 5% UF 532w HI7EE <ls) wAss=
AL A8 3% 27 #A7tgozy o= AL &3 A = AT, NF

=
WATE 283% Whsea FEe) 8%l o Fol4 Yok ol UF 55

Ao ol ZylE= 4 6, 8, 10 @ 12% R Wr}FEo| H7}sle] RVAR &

soRle wastgsd, gob 74T §Fol BobdsE, AnAE, AAHE

#H7F VEbg Al BarstelE
0% o] W bR wiEo] w2 R B4 nAE AFS delsty] 98 Aot
F %9 1.7%° sl &

-graph % amylograph® HI1FEF v, 7 A3 A 2 Ao 4
Feb mpRHA R A H7MT gluten S SN OEZA HRS deadt

= deEtliitka B aaglch
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Fig. 15. Viscograms of wheat flour of ISP, sunmul, NF by RVA
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Table 8 . Effects of addition of ISP, summul and NFC on RVA

viscogram properties

Control (0%) 154.75 98.50 185.33 5.93
ISP 148.83 104.08 185.75 6.00

1 % SP 146.88 104.25 185.42 6.07
NF 146.42 93.17 173.08 5.87

ISP 149.17 103.54 187.59 6.04

3% SP 143.17 93.58 174.00 5.93
NF 147.25 90.25 174.09 5.80

ISP 140.96 97.00 174.63 5.93

5 % SP 137.54 89.30 167.29 5.93
NF 135.08 82.04 161.96 5.77

5 % ISP 143.42 83.29 158.71 5.77
3+% SP 136.04 79.96 160.80 5.84
salt NF 134.96 78.84 161.08 5.84
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w Al AR T=2 (F)FE (T4, dibdAM = (FF ARA A

st o5 f5 AxA HAstE o8 AFESATE T w ekl AMES
tryptic soy broth®} MRS broth+ Difco A} (Detroit, MI, USA) #| % & AF&3}

I 16S rRNA sequence #Aol& CEQ DTCS-Quick Start Kit (Beckmann
Coulter) & AFE3tH 1 g EAol= API 50 CHL system (bioMerieux sa,
Marcy-1Etoile, France)S A}&3t9th f-glucosidase &4 Al &ol| A& pNPG
(p—nitrophenyl-fi-D-glucopyranoside) = Sigma A} (St. Louis, MO, USA) A&
= Ab&skdt

2.

AN

=1
SN

® F2 AV83  Escherichia coli B34, Staphylococcus aureus B33,
Bacillus subtilis B17 + Fleming, H.P. (Food Fermentation Laboratory,
USDA/ARS, North Carolina State University) &2 X-5 E wko} AL-g3}c)
Lactococcus lactis  subsp. lactis KCTC3124¢} Leuconostoc —argentinum
KCTC3773, Leuconostoc mesenteroides subsp. mesneteroides KCTC3505+ A
W 3e A4 (Korean collection for type culture, ™ Z)ol A EoFukol A8+
31 Saccharomyces cerevisiae ATCC41269 Leuconostoc citreum ATCC49370-2
ATCC (American type culture collection, Manassas, Virginia, USA)Z 5 ¥ &
& wrol AFdistal AEFEstyelA 4 BATd ¥*FE AHESESIH

Z AT lactobacilli MRS agar (MRSA; Difco Laboratories, Detroit, MI,
USA)ol dukAT+S tryptic soy agar (TSA; Difco Laboratories) ¥ 3ujj=]ol
streaking 3to] 30TColA] 48A17F v F3k 5 of7]o A & B xo YEhd colony
£ 77 Aet® MRSBeF TSB wj Aol HF ko] 20413 &<k Aui g 3 A2 A

& THor sv. Tt Ao dEuiAelA wier] FRbzbA] A uf <
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o] ARl #A 16%9) glycerolo] e 2H7ke] AeuiAE H7}stol
-64C2 WEao] AAsAA AL-g3H9 )

3. £29 FT+ (total aerobic plate count) &3

T 542 £ UYH (standard plate count method)S AF-&3}3 2
v A d3] FAe =% 1mLE PCA (plate count agar; Difco Laboratories)®l %]
o] 714 (pour plate method) 0.2 HE3d 5 30Tl A 24~48A17F E<t uj
st T YERE colony 5 AlFste] CFU/mLE 3EAI8FS

4. €& FIHATY 29
TEZEYH S 237 st F5 AxA 2AEE ' (FRY &
) Aiwel AAshe] WAL EolM nuSHUA RojFFe 2o %
oh #5390 2= PCA 9 TSAe ZH7t HE3sko] 30Tl 48413t
il

2
A o #ere g 2L 422 BRSdT

5. % AT 5P
1) 16S rRNA gene sequence ¥4
16S tRNA gene (B35 97]) AE EAS U2 DSMZ (Deutsche
Sammlung von Mikoorganismen und Zellkulturen Gmbh, Braunschweig,
Germany) 7]#el oj&ste] dAsqdet. 4] DNA F=, 16S rDNA9 5
%, PCRE "W Rainey 59 Wil w2t ettt CEQTMDTCS-Quick
Start Kit (Beckmann Coulter)S AF&-3l% 31 sequence= CEQTMSE000 Genetic
analysis system= AF&3lo] AAgAT. 7|4 ES GenBank (national center
for biotechnology information, Bethesda, US.A)Z%E 2 165 rRNA

sequenceE ©]-&-3lo] FH3FS

g wEgA AP API 50CHL system (bioMerieux sa, Marcy-1Etoile,
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France) & o] &3l At A1d #F3E= MRS 94 A S o] &3le] 30T
A& Holx API 50CHL Hi A

=2
R
DO
N
R
r\l
O
=
o
ol
o
32
ki
e
o,
M
L)
=2
1o,
=
£l
Xl

A gxg g3t 7S BfFAIZl API 50CHL wWiAl= 2EH
o] 7F FHo FF%lal SRFE ol Fus AASES vE] FHlElE tray
C

Col A 24217F o wjeFetm A A7)

6. =& FoATY 373, ¥714 %

5 FoiATe 5714 8 tryptic soy broth®t MRS brotholl Z+zF g%
gko] 30T oA 24~4841%F &<k widstHA AFeAT & FaATEY d714
Hj %S Bactron anaerobic chamber (Sheldon manufacturing, Inc.)olA 3}<it}.
TEAA EEe M-S Y 24412 Aol v #@UA dHdA WAE E
TSB9 MRSBell H&3ke] 30Tl A 24~48A17 S mjgFalar #as),

7., €& WAAM cEATY BS

o

QA2 7] (HMR-2201V, Hanil Centrifuge Co., ¢13)olA 15,000

=]
=

o

pm 02 20 ¢ dAEE S T FSHS membrane filter (0.45um pore size,
25 mm diameter, Gelman Sciences, Ann Arbor, MI, USA)Z o3} A|1t35}e] Hj
A2 AREsEATh =R sEAdA e Ald, kAl ikt &

P

7] HEIS7F 14%10° CFU/mLE =2 HE3 & 30T A 24417 E<QF n)jok

rﬂ

% gpiral autoplate system (Autoplate 4000, Spiral Biotech, USA)E o] &3}

AFFE AT T3 2T 2R HFEI T A tFow 24
A7k %9 spiral autoplate systeme 2 #4E ZAste] AE5FAS YERAAT

8. €& FH AT p-glucosidase A Al E

sEA 2 Bl (S13 52)2 TSB SmLell 30Tl A 24413 vl g5k
5wkl 5mLo] 50mM pNPG (100 mM phosphate buffer (pH 7.0)) 1 mLZ
A7l th 37 Col A 3083 60% A3 5o spectrophotometerE ©]-&3}o] 420
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nmell A O. D.& =A3}3it)

9. & BIATY isoflavone 3o A

&5 FIlA 7Y isoflavonewdAFE-E ZHH3517] Hste] £EAA] B g A
T %  [B-glucosidase®] Aol ¥& S1S UFS NFAZE &8 F=dq HFE
ste] 30TCoNA 24417 wjksla At & FAAZXE o] HPLCE ©]-&3}9]

isoflavone?] =S 4314}

1. €8 FHATY 254 2 FHEA 2=

5 FaiAde 8= PCA agar®t tryptic soy agarol 2+ HE3ske] 30T

N

oA 4843t Bk wjFetHA 1 tEre] gH) R 2SRt o= F

il

T2 24392 W 68x10'~34x10° W9 5L 52 LTS Feldt
Atk olwl, pH W= 52~53 v ¥ ¢& F =
AVA] 2F o2 VYAt (Table 1). 28 Il 4757 £3892H, colony:=
Zhar v o] M-S vpebE, gk FAS UERATE o] gl Fshe o T
= 12~37C ®Wele 2xoA Aol ZFestd o 40T o] 2xoA= A
F3hA] HFAAL 4ToA = 69 ol Foll XA 3] AFsh= Ao AFEHJY 1F
Il &ste 9+ a7 FAH ¢ JHE YEFA AL colonye] FE7F 1
[ Akl dAls yetdie Aol gle FHE YERI oY 40TelA A
Fol 7hEalda TSBelA Al pH7E 5.2~5302 YEth  T1F M <3}
e AS Jepdiglen 4L gl v FEHE YEd 178d
3& UHEdAT S5 12Tt A A&3HA Kol ou 45ToAAE A
Fo] 7hestdth a5 Vel F3te 29 5E =3AS veEhdy "Aol e
colony®] HE|2 TgdAde] bt FEE YERYATE S 25 12~30TelA
A5kt

rr
S

Al

o
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Table 1. Characteristics of sunmul isolates

Cluster Colony Gram Growth at (C)
( No. of strain) Color mucoid Cell stain 4 12 30 40 45 50
I (4) White - Coccus + % o+ o+ - -
I (9) White - Coccus + -+t -
1T (4) Creamy - Coccus + - -4+ s
IV (2) Yellow + Rod n 4y -

* . Growth after 6 days

2. €F FHAMTY AKEX

TEA REle FAlATe @714 2A9% 5718 Z2HdA BF ASEA
3, FEATS SE A HES 2447 B9 3AZ AR ASAESE S
Aatgdth 2E1T 29 AT S13 28 wEoA F waste 74z 82x10°
CFU/mL¥} 26x10°CFU/mL 2 Yelgrow ¥ aFo] £89 T23 FiAwe
2 JAAHAJL 37 4775 MA o] FEA Fol 8% &= FHAto] obd

= & 7 UAgH(Fig. 1)

Log CFU/mL

. . . . . .
] 3 6 9 12 15 18 21 24 27
Time (hr)

Fig. 1. Growth of sunmul isolates in sunmul at 30C.

FES M2 s mgslgS  uwl, Escherichia coli B34%  6.2x10°

Staphylococcus aureus B33+ 3.3X107, Lactococcus lactis subsp. lactis
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KCTC3124%= 1.3x107, Leuconostoc citreum ATCC49370% 1.8x10", Leuconostoc
argentinum KCTC3773+ 1.5X107, Leuconostoc  mesenteroides  subsp.
mesneteroides KCTC3505% 1.4x107, Saccharomyces cerevisiae ATCC4126=
1.6x10", Bacillus subtilis B17¥ 84x10° 502 UERTH o] AL £EoA &y
b4l e AwkAlT 2 Rkt 52 62 x10° T 33x10'CFU/mS YEo] &%

oA Fd] A5FskA xoh= Aoz YERstH(Table 2).

A

Table 2. Growth of sunmul isolates in comparison with other

microorgarnisms in sunmul at 30C

Microorganisms Log CFU/mL

S1 8.9
S2 8.4
S3 7.4
S4 6.4
Escherichia coli B34 6.7
Staphylococcus aureus B33 75
Bacillus subtilis B17 6.9
Leuconostoc mesenteroides subsp. mesneteroides 71
KCTC3505

Leuconostoc argentinum KCTC3773 7.2
Leuconostoc citreum ATCC49370 7.3
Saccharomyces cerevisiae ATCC4126 7.2
Lactococcus lactis subsp. lactis KCTC3124 7.1

3. £& FATY 53

1) 16S rRNA gene sequence &4

TEAA EeE AT 1972 FEEtA] Bl o 4aFor EFeaL
16S rRNA gene sequence +21 (%7] 50047)Ax & 12 Leuconostoc
citreum (F+AFA 100%), 1§ 11+ Lactococcus lactis subsp. lactis (A

99.6%), M Kocuria kristinae (A4  993%)¢9F 2% Ve
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Microbacterium hominis (A4 99.1%)% FA %A H(Table 3). 1F19 S1&

Leuconostoc citreum KCTC3526" 9} 100% SAH3S UElUQ=d o)A %7]

500 97] A ¥Eo] 4Hd UXFFE AHO=E  GenBank (national center for

biotechnology information, Bethesda, U.S.A.)¢] BLAST program< ©]&3}¢] S1

3} Leuconostoc citreum ATCC49370" ¥} blastd} S vl Fig. 29 #Zo] <% 3}

v oz yeiwgrh tE aFd Fihv vF ATE FAM O]l 99%0]d o2

= YERstT

Table 3. 16S rRNA gene sequence similarity values for sunmul isolates

and related taxa based on partial sequence comparison

Strains Similarity (%)

S1
S2
S3
S4

Leuconostoc citreum KCTC3526" 100
Lactococcus lactis subsp. lactis NCDO2118" 99.6
Kocuria kristinae DSM20032" 99.3
Microbacterium hominis TFO15708" 99.1

Le
5l
Le
5l
Le
5l
Le
5l
Le
5l
Le
5l

Fig. 2.

ool

101

Z0l

301

401

50l

gatyaacyot gyogyogtyootast acatgoaadt cgaACCYTAYCYAgAYYt goht gratohtt AaagC gAYt gy o JAAC I gt JAdt AaCACH T HYA

caacctgoctoaaggot gyyyatsacatttygaaacagat ot astaccyaat assacttagt atograt gatatcasgttaasaggogotacyyogtoa

crtagagatggatoogoggt goattagttagtt gyt gyygt aaagyott accaagacyat gat goat ayoc gagttyagagact yatcgyocacat b ygy

act.gagactogyoccaaact cobacgyyagyctgragt agyyast cttooacaat ggyCgraayoot gat gyagc aac goo ot gtyt gat gaayyott

togggtogt aaagoactgttgtatyyyaagaastyotaaast aygyast gattttagtttgac gyt accat accagaasgyyacyyctasatacgtyoca

gragoogoggtaatangtatgtooogagogttatoogyattt att gygogt aaagogagogragangytt gatt aagt ctyatyt gassgoc cygayete

Comparison of 165 rRNA gene sequence of S1 in cluster I with
Leuconostoc citreum. Lc, Leuc. citreum ATCC4937OT, Start mark

indicates identical base.
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2) 3EEAR 4
Tl e FHAte deEA EHAES c=ddlA Fo FejAlt

o2 Y 2513 29 #52 S13 S20] ths A Ask ) 242 2 (Table 4)

= o} vl tt 1& 19 &3t S12 galactose, maltose,
ribose= BT FA oz UEEI lactose, melibiose, raffinose= 24 o % UE}
U 2EgstA Ei= Adow yehgt ZF7F2 Leu. citreum ATCC49370T £}
Hl 3] B EFFFE lactose, melibiose, raffinose”t <A eld Hl8] S1& &4

o7 yeigtl 2§ 29 &3l S2% galactose, lactose, maltose, ribose: %

Ao 2 e AL melibiose, raffinoses &4 o2 e} @ Fsx] i o=
vhebet
Table 4. Comparisons of fermentation responses of sunmul isolates
(S1 and S2)
Strains Acid from
Gal Lac Mal Mel Raf Rib
S1 + - + - - T
S2 + * + - - T
Leuc. citreum ATCC49370" + + + + + -
Lactococcus lactis” + + + - - +
4. T EFH AT p-glucosidased &4 &3
5o Fo3 BodFE JUehd S13 S25 o] £3)o] fi-glucosidase?] &4
= 45t tH(Table 5). &1 &3k S19 4% O.D. el ¥Wstrt 60+ 43
%o 050262 [i-glucosidase®] &Aool J+ ALZ Yyt oy 7 20 &3}

T S2% 60 A Folx 0.1607= YERY Sleof &A1= AelE YERYATE
o] AP Z Hol BEH#F S1& [i-glucosidase AFS Ealld 4+ U walba )

FA F2E 2 isoflavones 7R TS F e AoeE AESIU
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Table 5. p-glucosidase activity of sunmul isolates(S1 and S2)

sunmul O. D. (420nm)

Isolates 30 min 60 min
S1 0.3134 0.5026
S2 0.1566 0.1607

5. € EFH M T isoflavone &3 o F 4

TEAA BT M S1e £EUF 5994 NF sFH)ol n) sl
HPLCE AF&3te] isoflavone?] WS i+ gk A3} (Table 6
A B4 isoflavone®] E3lEE AHS o F
ZA K %7] isoflavonedt#o] BSo|x E43lal Sl 93 isoflavones] &=

7 =% ol NFsFodd Al

=Y

S
o} Alxtel AL} isoflavone #3 & A<l f-glucosidase?] #H|7F 7] wWjEo=

Table 6. Isoflavone of UF and NF filtration of sunmul after incubation

for 24hr by sunmul isolates

UF retentate” NF retentate"
Control S1 Control S1
Isoﬂavone(mg)g) 0.932 0.635 2.450 0.429

V"8 VCF (volume concentration factor)

? TIsoflavone : daidzin + glycitin +genistin + daidzein + glycitein + genistein
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Al 4 4 UF, NF 22 AF9 o]&Wy =A
L A5 3% 3

1. A=

STEE Axdd AEHE AME #F= H O AbA EFF(Lactobacillus
acidophilus 3X108/g, Lactobacillus bulgaricus 5X108/g, Lactobacillus yogurti
2x10%/g, Streptococcus thermophilus 1x10°/g)E F93te] ALE3t9la w3 A=
o= HHES, IFAzds FHES AR e 1 9 1, A9, #EH, A
g ool 9 % AF(FAA) T ATl duiEE AFES FHA A

=2

ok FANFY Az AFH B AWNF g,
&

il

>~
>
ofo

ol
o,
2
=
S
1%
=

>~
>

o == 2~
= o TIr T

Al

o,

oy

1o,

>

12

flo ¢
>

=

oo

ofs

oL

32

SUR O

2. UF$} NF 2% & o] &3 AF AL
1) UFs} NF 2%¢ A7s 27 =2E
(1) 8 TFE2EY A=
g 7IHEAN AR Sfell GAEF 4% (W/V)E FH7tE

Z7IA7]32L UF E+ NF 225 g@x359] 6.25%, 125% L

0P Fge

o 9

o hand mixer® 1%#3F w233k g 60~65TAA 2083 st} e

(2) pH 3 A= 53

UF % NF &% #H7

fo
-
il
[m
1
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0.1 N NaOH &E% x 0.1 N NaOH factor x 0.9
A (%) = X 100

3) A= =34

UF B NF 2% #7F 87289 Hk ¥she 2ady 59 87288
AIZFE 2 dAT FHe & 4T YFe B
AW o] viscometer(Viscostar L, Spain) 3" spindle2 AF&3le] 20 rpmoll A 13#
A FHE 30% HFo2 3E7A HEE =43 33 ol whE e

o},

4) A= &34
UF =+ NF % #H7F 94 2ES A xsto] AAAJX 777. Juki, Japan)&
o]-83}] L(lightness), a(redness), b(yellowness) #< SA3A L Al 79 A&

E ¢ Al8T 103 vbE S48k FbA 2 YERf )l

5) BE+ &4
ey T AAAQ) A dskE S467] fdll AR 1ge {8

0.85% saline solutione] 10®] 3AHo =

ot

2% & BCP plate count
agar(Eiken Chemical Co., Japan) 3 ¥tu)j#|¢]] =gk 9 37Co| A 24~74A17F Y
ksl Uetd A conolyd] = A43ste] CFU(colony forming unit)/mlE
e AT

(6) SPMEE °]&3% 3uy Fr|dE £4
UF E= NF 2% 3d7F 27259 i &7 d&9 +42 SPME ¥
o7 AANAY. ST EZE 10gS #H39 30ml headspace glass vialol il
septum (Supelco, USA)2.2 &3} of7]o] SPME fiberg o} lem ==
AlA vialg& 60T water batholl A 203t 334 AES FHAZACY. SPME
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fibere] AEE&  dquAAS  Fstol M dwletAl wSAdSE Tom
carboxen—polydimethylsiloxane(CAR/PDMS)S  A}&3}31 o™ fiberg  GC
injection portell =&EA]A 2837 2FZAZT. GC B4 FID(flame ionzed
detector)7}  F=®  Hewlett  Packard  Model 6890  Plus  Gas
Chromatograph(Hewlett Packard Co., USA)E A}&3lo] AAjstgdct. A
HP-5 (25m x 0.32mm ID.)E A&l 94719 2%+ 220CE stloen o
B 25T 40TAA 283 548 v 120C7HA 6TC/min=, 220C 7k 8C/min
2 ASAATY IEd AEY E

Packard Co., USA)E o]&3l9 GCe w43 o=z FAsgon ALgH
library= Wiley 7n.1 o] 1t}

W

48 Hewlett Packard GC-MS (Hewlett

S
o)
or

s A

ek g5 SFEEC 10% (w/w)ell ddste AeS Hrbste] W3
ANA FAZE g § AsHANE AAEAT. B RS M(color), WA
(odor), ©Ut(taste), ZZ Zr(mouthfeel), 3 Sr(aftertaste) = AAZ<Q nlE= A

(overall desirability)ol] tale] zt s+=d g2 97 =W o2 H7slg]

2) UF¢t NF £2¢& #7138 o7
(1) 939 A=

H
Jt
=
Q
=
(o
=
X
@]
=
!
—
Me
)
rII.
AN
o
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Table 2. Formula for muffin prepared with different levels of UF(NF)

powder
Ingredient(g)
Groups :
flour UF(NF) milk sugar butter egg salt baking
powder
UF(NF)-0 90.0 0 45 45 45 45 0.2 3

UF(NF)-3 873 2.7 45 45 45 45 0.2 3
UF(NF)-5 855 45 45 45 45 45 0.2 3

UF(NF)-7 837 6.3 45 45 45 45 0.2 3

UF(NF)-0 : ultrafiltered(nanofiltered) powder—0%
UF(NF)-3 : ultrafiltered(nanofiltered) powder-3%
UF(NF)-5 : ultrafiltered(nanofiltered) powder-5%
UF(NF)-7 : ultrafiltered(nanofiltered) powder-7%

2) Mol B, B3, R o] L §HUE 54
We] Rue FAABYon

ox
ol
2
=
ofo
iy
i)
=
S
=
rlr
4z
&
il
d
)
it

W
-r
2
-
ol
32
o
A
an
(2
lo
Hir
o
rir
=y
53]
tlo
do
=2
R
o
&
Fu
=
(o]
!
i)
i)
B
K
Hir
o

HHAeo A7 =4S rheometer(Compac—100, Sun Scientific Co., Japan)Z
AL-8-3Fe] masticability test® A3 7 E(hardness), <A (cohesiveness),

EHA (springiness), 74 (gumminess) 52 ZAFSIATH 3 H2ldtd 3712 AlgE
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o] &3t 77y 33 W&
S Table 29 #t}.

Table 2. Operating conditions of rheometer for texture analysis

Parameter Condition

Test type mastication

Adaptor type
Load cell (max)
Table speed
Sample height

circle (diameter 10 mm)
2 kg
120 mm/min

20 mm

) } A 2@ ") A (scanning electon microscope, SEM)d| ¢
Hiel 7FAEHE #AE7] st AARE BRAHY} A=A
S Ff3 AEE 30kV 7HS skl A AR

& 1] 7 (Philips, XL30 ESEM, Netherlands)®. 2 #3231

kel A 508, 1 torr

g rtasel ool ANtk WY

123 WA (odor), Ht(taste),

=

)
CEEIEEEREE SERE

A (surface color), W4 (interior color),
22 A (overall desirability) %

Z A ZFmouthfeel), B 9t (aftertaste) = A A 2l npz=

of vste] 7 FEEw 98 Amyom Pl

(

3. UF$ NF #£2< #H71s =5

1) F59 A=
U7FE AL 0, 15, 3, 5, 7% S UF(NF) ¢ stz A =g =
=& o H7Fsle] Table 33 Z& &2 YRS &3

Fol 3%l dFste L9

skl wHE7](K5SS, Kitchenaid, USA)lA 1083+ ¥H53 th& polyethylene 9}
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o Yol 20C S EoA 24|7F EoF HlES A
FAZ7](A-Ryuk, Korea)E Al-&3te] & 714 3
A 7b7} 284 sheetingdte] HUIE HAsdon FEHOoRE 15 x 40mm #

710l WS A Zdo] A BR AFEFY T

2
=
— >
oX,
)
rE
Ay
rlo
N
ol
ofo
(2 Hl

Table 3. Formula for the addition of UF(NF) to noodle preparation

Ingredient(g)
Groups
flour(g) UF(NF)(g) salt(g) water(ml)
UF(NF)-0 100 0 3 45
UF(NF)-1.5 98.5 15 3 45
UF(NF)-3.5 97 3.0 3 45
UF(NF)-5.0 95 5.0 3 45
UF(NF)-7.0 93 7.0 3 45

UF(NF)-0 : ultrafiltered(nanofiltered) powder—0%

UF(NF)-1.5 : ultrafiltered(nanofiltered) powder-1.5%
UF(NF)-3 : ultrafiltered(nanofiltered) powder-3%
UF(NF)-5 : ulltrafiltered(nanofiltered) powder-5%
UF(NF)-7 : ultrafiltered(nanofiltered) powder-7%

2) AEHE SAZA A g3 w5 5 A

UF %98 0, 15, 3, 5, 7%% A7k Bai A7 wsbs mze] sas4e
A&EHE SHA(Rapid visco analyzer, RVA, Newport, Australia)g ©]-&3}o]
SA AT

3) H59) 254 24
AZE AW 209 Somle] BE Bol Wa 4R £F F a5 PA, ¥

¥, zglde] g ZFAAT A 52 Wgel 3027 ¥AA o

- 143 -



g A= AA 53 A2 WAGHEA EV|E AAG

3
= 500ml Hl=A-He] 200mle] FRTE AL ¥ AU =
2

Sl Ams AWy xewe] g9 A=E AMAAJX 777, Juki, Japan)E
AF-&3Fe] L(lightness), a(redness), b(yellowness)#< A3 on 3 g+

3ol Al5E ol&ste] 103 wtE=7gste] A= YEbl )l

) 242 53
49 A Z4H-S rheometer(Compac—-100, Sun Scientific Co., Japan)Z&

Ab&3te] mastication test® AA SR 7 % (hardness), 23 A (cohesiveness),
g4 (springiness), 74 (gumminess)s S SA3ATh 3 A 3709 ARE
o] &3sto] 7tz 33] wbE FA4ste] FA R BASRSH SAHA ALEH 2L

=

Table 49} 2t}

Table 4. Operating condition of rheometer for texture analysis

Parameter Condition

Test type mastication
Adaptor Round(Diameter 10mm)

Table speed 120 mm/min
Lodecell 2kg

Set Value 10mm
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1
Alslel AA s T HEES M(color), WAl (odor), F=2& A X (softness),

718k A % (stickiness), A& 21 wigk# A (overall desirability) So tisle] Zt

1) $H9 Az

AL FAEte] Ao A (5417 A F oAl A 1A et
2718 AAT te AEsAT AR bRE AE FHA T oud 9o
250gX o} &71% F WRsle] 20T WE o] BastiaA ALEsh A7t
Fol| diste] UFINF) #2& 0%, 05%, 1%, 2%, 3%= #H7lsta & A8s

Table 59 22 v &2 Frtsle] WHES A2 F 308 &) o} AL A
3 35T 7]l A 4A 7 et 12 B gAY 15 2E $o 30x <k
Wate] 7hAE AAST ZAE(FZ 60mm x Eo] 25mm)dl Fa g B =

UF e Hrtgs desle] A8gE £33 SHNSS 447 5o waA
7IHA 1AIZE 3PA o2 pHE S48 &, W5 5g¥ S 2H7F Fete] 25mle]
SHTE 7t ddstA EAHAIZ o pH meter(level 10, inolLab, Germany)
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Table 5. Formula for Jeung-Pyun prepared with different levels of
UF(NF) powder

Rice  UR(NF)

Sugar Salt Takju  Water
Groups powder powder

@ (@) (g) (g) (ml) (ml)
UF(NF)-0 100 0 21 1 15 45
UF(NF)-0.5 99.5 0.5 21 1 15 45
UF(NF)-1.0 99 1.0 21 1 15 45
UF(NF)-2.0 98 2.0 21 1 15 45
UF(NF)-3.0 97 3.0 21 1 15 45

UF(NF)-0 : ultrafiltered(nanofiltered) powder—0%

UF(NF)-0.5 : ultrafiltered(nanofiltered) powder-0.5%
UF(NF)-1.0 : ultrafiltered(nanofiltered) powder—1.0%
UF(NF)-2.0 : ultrafiltered(nanofiltered) powder-2.0%
UF(NF)-3.0 : ultrafiltered(nanofiltered) powder-3.0%

)
=3 e Wty T Yy WIS dolr 7] $935t9] mess cylinderd] HFES

50ml® =i 35T &-27]o] 4A7F Fok L EA7IEA 308 FFo 7 Fy o

(R

)
ZHe Az MAAJX 777. Juki, Japan)E ©]&3Fe] L(ightness),
a(redness), b(yellowness) #t< Z43A 3 Al 719 A& 3 Al5T 103 HHE

zgete] F#A 2 e

- 146 -



!

=
=

6) A7

3 Rheometer(Compac-100, Sun Scientific Co.,

371 )

e

=
=
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II. 45 & 3
1. UFst NF 2% 3719 27 2E
1) pH ¥ A A Al%(titratable acidity)e] W3}t

UFst NF #% 37F av2Ee ¢y 5 pHSE 4h= Wk Table 6~9
s} 2tk UF % #7F 87 2E°] 4% 4§ pHiE 606~653.2 UF 4 3
7heke] Skl wet pHrE AstE U pHe RE 12A0744] 543 Holthrk
T Fols gwrs] Asteta 7 Almzrel pH AL FejEo] WA 244 ¥ 4

% pHE tlxito] 368 UF #% H7bwo] 367~37002 Alg7be] fe49l 2

N

o7} Attt AAgaEe] A, HET AFolE= 020~028%= UF & 37kt
ol mlste] Fodow wgkm BE 1247 F AAANEE 095~1.02%%
HA38 Frhslded olgd AN pH7F AstHe Ay dAse Aae &
Uk 1 olF AL L= gnte] Frhste] WE 24A17F F 2.01~2.06% 2%
7} Alm7bell Abol7h Qle Ao YEhETh

NF &% 37l @7 2E% UF &% 7t 7 2ES v A%S vy o]
%7] pHE 6.23~6532%2 NF &% 7 AlsolA feojHoz v SAH AL
wg Algbo]l Al A& Astsle] WE 2441 F pHE 367~3.692 UERSE
o} AlZ7te] Zol7b Uitk NF £9% H7h L7 2E9 HAQAEE @ %7
0.20~0.22%% YEPH I TE 244 3F Foll= 2.02~2.05%2 AA3] AeE Ao
A B ol gle Aoz Yeyt eF2ES A pH W E 3.27~453
oW AMAEE 095~1.20%8 = AR B Age ARE naste] B
pHE dAZ dXste 43S ey AAEE =4 dew o]z

AFFucts EFTS AV MECE Az @

&

N
—~

=
Tukel FubS Avbsle] aFEES ARG A9, E 24A7 F9 pHe 417~
B 1205~0002%°1 Q" e drte 34 LT=2E

N
[\)
a1
2
o
2
!
fol

24X & pHE 393~453, AANEE 085~1.23%= Hu¥stoan B 2
o) Zsurh pHE EA Yehgy APAEE WA dehds ke 249 R

of el H% pHet MR P wEThe AL ¢ & vk



Table 6. Changes in pH during fermentation of yogurt added with

differnet levels of UF powder

Incubation time (hour)

Groups
0 6 12 18 24

UF-0 6.563+£0.03" 4.61+£0.29  3.89£0.01 3.75£0.00  3.68%0.00
UF-6.25 6.42+0.04°  4.54+0.21 3.91+0.02  3.77£0.01 3.70+0.01
UF-12.5 6.29+0.06"  4.49+0.15  3.91+£0.03  3.78+0.03  3.70+0.03

UF-25.0 6.06£0.06° 4.46+£0.13  3.91+£0.02  3.75+£0.00  3.67+0.02

"Means with different letters within a column are significantly different from each other at 1=0.05

as determined by Duncan’s multiple range test.

Table 7. Changes in titratable acidity(%) during feremtation of yogurt
added with different levels of UF powder

Incubation time (hour)

Groups
0 6 12 18 24

UF-0 0.20+£0.01*  0.95+0.14 1.55+0.02 1.84+£0.06  2.02%+0.05
UF-6.25 0.21+£0.01*  1.00%0.84 1.53+0.07 1.79+£0.04  2.01%+0.06
UF-12.5 0.24+0.01"  1.02+0.04 1.52+0.04 1.77£0.00  2.06+0.07

UF-25.0 0.28+0.01°  1.01£0.07 1.54+0.06 1.86+£0.03  2.06%+0.06

UMeans with different letters within a column are significantly different from each other at n=0.05

as determined by Duncan’s multiple range test.
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Table 8. Changes in pH during fermentation of yogurt added with

different levels of NF powder

Incubation time (hour)

Groups
0 6 12 18 24
NF-0 6.563+£0.03"  4.61£0.29 3.89x0.01 3.75£0.00  3.68%0.01
NF-6.25 6.40+£0.02"  4.27+0.16 3.87+0.02 3.75+0.04 3.6710.04
NF-12.5 6.33+0.01"  4.25+0.17 3.88+0.04 3.75%+0.03 3.69£0.04
NF-25.0 6.23+£0.04° 4.24+0.16 3.86%+0.00 3.73£0.01 3.67£0.01

"Means with different letters within a column are significantly different from each other at 1=0.05

as determined by Duncan’s multiple range test.

Table 9. Changes in titratable acidity(%) during fermentation of yogurt
added with different levels of NF powder

Incubation time (hour)

Groups
0 6 12 18 24
NF-0 0.20x0.01 0.95+0.14 1.55+£0.02 1.84£0.06 2.02%+0.05
NF-6.25 0.20%+0.00 1.16+0.17 1.59+0.02 1.84£0.00 2.05+0.04
NF-12.5 0.21+0.00 1.18+0.17 1.57+0.09 1.81+£0.03 2.02£0.02
NF-25.0 0.22+0.01 1.14+0.12 1.62+0.01 1.86+0.05 2.03£0.04
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Table 10. Changes in viscosity of yogurt added with different levels of
UF and NF powder dutin fermentation at 37T

(unit : centipoise, cps)

Incubation time (hour)

Groups
0 6 12 18 24

UF-0 9.75 620.50 2453.50 3366.25 3196.34
UF-6.25 10.00 592.67 2344.92 3209.75 3189.75
UF-12.5 10.33 548.42 2273.09 3041.42 2965.75
UF-25.0 10.04 432.84 1912.34 2624.25 2623.00
NF-0 9.75 620.50 2453.50 3366.25 3196.34
NF-6.25 9.27 434.84 2392.17 3062.09 3574.92
NF-12.5 10.09 541.92 2334.92 2963.09 3456.34
NF-25.0 9.45 530.00 2193.84 2750.67 3097.25
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Table 11. Hunter Lab value of yogurt added with different levels of UF

and NF powder

Color value

Groups
L a b
UF-0 77.69%0.08° -0.1240.92° 5.814+0.39°
UF-6.25 77.47+0.01° -0.11+0.86" 6.08+0.28°
UF-12.5 77.37+0.27° -0.05+0.75" 6.45+0.57"
UF-25.0 76.95+0.23° -0.12+0.59° 6.82+0.57"
NF-0 77.69+0.08° -0.12+0.92° 5.81+0.39°
NF-6.25 77.70+0.17° -0.05%+1.05° 6.58+0.14"
NF-12.5 77.56+0.01%" -0.05+1.12 6.88+0.23"
NF-25.0 77.30+0.01° -0.06+1.16° 7.48+0.11¢

"Means with different letters within a column are significantly different from each other at 1=0.05

as determined by Duncan’s multiple range test.
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Fig. 1. Changes of viable cell counts in yogurt added with defferent

levels off UF powder during fermentation.
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Fig. 2. Changes of viable cell counts in yogurt added with different

levels of NF powder during fermentation.
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a)

b)

c)

Fig. 3. Gas chromatogram of volatile compounds in yogurt prepared
with different levels of UF and NF powder a) control, b)

yogurt with UF powder, c) yogurt with NF powder.
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Table 12. Volatile compounds in yogurt

Peak|Peak|R.T. A;:a Compounds Peak| R.T. A;Oea Compounds
1 |1.95| 1.40 |ethylene diamine 10 | 7.93 | 0.40 |2-heptanone
C 2 |2.38| 2.74 |1-butanol 11 |10.84|18.73 |hexanoic acid
o) 3 12.55] 4.68 |acetaldehyde 12 |12.90| 0.48 |cylcotissoloxane
n 4 13.48]18.91acetic acid 13 |13.36| 2.77 |undecane
t 5 14.27(16.83|1,4-dioxane 14 |15.45] 7.02 |benzoic acid
r 6 15.06] 0.23 |2-butenal 15 [18.63| 1.63 |cyclotetrasiloxane
o) 7 15.85[12.89|butanoic acid 16 [21.73| 0.84 |cyclopentasiloxane
I | 8 [6.02]6.08 |butanoic acid 17 |25.92| 0.47 |2 amino-z-oxo-acet
9 |7.63| 3.89 |2-heptanone
1 11.94] 1.15 |diethyl oxide 12 | 8.07 | 0.99 |2-heptanone
U 2 12.35] 2.87 |diacetyl 13 | 8.17 | 0.79 |2-heptanone
F 3 12.52]| 3.98 |EtoH acetaldehyde| 14 | 8.28 | 0.61 |2-heptanone
4 13.45]15.83|acetic acid 15 |10.96|19.04 |hexanoic acid
2 5 14.25[15.53|1,4-dioxane 16 |13.35] 2.48 |dihexyl
5 6 |5.05|0.24 |2-butenal 17 |15.46| 7.70 |benzoic acid
% 7 15.80[11.77|butanoic acid 18 |18.63]| 1.48 |cyclotetrasiloxane
8 |7.10| 1.43 |hexanoic acid 19 [19.74] 0.18 |decanoic acid
9 17.40] 0.24 |1-hexanol 20 21.73| 0.67 |cyclopentasiloxane
10 |7.63| 4.70 |2-heptanone 21 |25.92 0.33 |2 amino=2-oxoacet
11 |7.90| 1.62 |2-heptanone
1 [1.94| 1.02 |diethyl oxide 11 | 7.62 | 7.72 |2-heptanone
N 2 12.38| 3.41 |1-butanol 12 | 8.12 | 0.94 |2-heptanone
F 3 12.52] 4.05 |acetaldehyde 13 | 8.17 | 0.72 |2-heptanone
4 |3.35|17.46|hydrazine 14 | 8.25 | 1.20 |2-heptanone
5 13.60| 0.62 |butylamine 15 [10.99|20.69 |hexanoic acid
6 [4.13[13.23|diethylene ether 16 [13.35| 2.99 |2—-nonanone
% 7 |5.72| 7.48 |butanoic acid 17 |15.45]10.24 |benzoic acid
8 15.89] 5.95 |butanoic acid 18 |18.63| 0.64 |cyclotetrasiloxane
9 |7.01} 0.72 |furfuryl alcohol 19 [21.73] 0.29 |cyclopentasiloxane
10 [7.11| 0.62 |cyclopentane
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Table 13. Sensory scores of yogurt added with different levels of UF
and NF powder

Groups Color Odor  Sour taste Mouthfeel Aftertaste de(z;,r?lﬁgty
UF

UF-0 4.75° 4.50° 5.44" 4.88° 1.38° 4.94°
UF-6.25 4.81° 4.69° 5.25° 4.94° 1.38° 5.13"
UF-12.5 4.75° 4.75° 5.31° 4.94° 1.57° 4.88°
UF-25 4.94° 4.69° 5.81° 4.75° 2.19" 4.59°
NF

NF-0 4.56° 4.75° 5.06" 4.75° 1.44° 5.38°
NF-6.25 4.75% 4.70° 5.25% 4.81° 1.56° 5.06"
NF-12.5 4.81° 5.30° 5.63" 5.00° 1.69° 4.75°
NF-25 5.19" 5.29° 6.06" 5.06° 2.31° 4.00°

"Means with different letters within a column are significantly different from each other at n=0.05

as determined by Duncan’s multiple range test.
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Fig. 4. Weight and Volume of muffin prepared with different levels of

UF powder.
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Fig. 5. Height and specific volume of muffin prepared with different

levels of UF powder.
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Fig. 6. Weight and volume of muffin prepared with different levels of

NF powder.
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Fig. 7. Height and specific volume of muffin prepared with different

levels of NF powder.
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Table 14. Hunter Lab value of muffin prepared with different levels of

UF and NF powder

Color value

Groups
L a b

UF

UF-0 69.22+2.94" 0.44+0.37" 26.14+0.28*
UF-3 68.49+0.64" 0.75+0.18" 27.48+0.45"
UF-5 67.96+2.46" 0.61+0.23" 26.63+0.21°
UF-7 64.58+1.81" 0.36+0.28" 26.35+0.50"
NF

NF-0 68.22+2.24% 0.39+0.26" 27.42+0.72°
NF-3 61.86+3.19" 0.79+0.41" 27.92+0.99"
NF-5 64.83+4.11%" 0.76£0.41° 28.17+0.87°
NF-7 61.50+2.81" 0.83£0.27" 27.34+1.13"

UMeans with different letters within a column are significantly different from each other at ©=0.05

as determined by Duncan’s multiple range test.
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Table 15. Texture value of muffin prepared with different levels of UF

and NF powder

Brittleness

(g)

Gumminess

(g)

Cohesiveness Springiness

(%) (%)

G Hardness
Troups
(g/cm’)

UF
UF-0
UF-3
UF-5
UF-7
NF
NF-0

NF-3

NF-5

NF-7

551.65"
838.32"
786.85
781.90

43.29°
41.49°
41.83°
39.81°

62.91°
89.62"
83.00
7719°

48.93°
70.53"
65.22°"
59.00°

77.39%
7795
76.63"
75.67°

487.64°
684.62"
829.65°
857.69°

47.21°
50.77°
54.32°
63.94

76.18"
81.34
84.48"
87.64°

53.96"
60.98"
85.60°
89.13"

41.37°
49.78"
72.96"
78.30

"Means with different letters within a column are significantly different from each other at 1=0.05

as determined by Duncan’s multiple range test.
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Fig. 8. Scanning electron micrographs(SEM) of muffin prepared with
different level of UF(a) and NF(b) powder.
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Table 16. Sensory scores of muffin prepared with UF and NF powder

Groups Surface Interior Odor Sweet A1r‘ cell Aftertaste O‘vera‘lly
color color taste size desirability

UF-0 4137 4.00° 3.75% 4.69° 3.63 1.81° 5.19°
UF-3 4.88 4.44° 456° 5.25° 475° 2.19% 6.25°
UF-5 5.19° 550" 475° 481 481" 2.19% 5.69%
UF-7 456° 5.69 494° 5.19° 519" 263" 5.63®
NF-0 5.81% 481 4.95° 4.44° 463° 1.50° 4.81°
NF-3 5.31° 493° 4757 5.25° 5.06° 1.44 5.00%
NF-5 431° 5.00° 4.88° 5.25 5.06 1.31° 5.19°
NF-7 4.06° 5.25° 4.88° 4.88° 5.56° 1.75% 4.69°

"Means with different letters within a column are significantly different from each other at n=0.05

as determined by Duncan’s multiple range test.
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Table 17. Effects of addition of UF and NF flour on RVA viscogram properties without salt addition

Added amount Peak Trough Breakdown ¢ Final Visc. Setback @ Peak.time
(RVU) (RVU) (RVU) (RVU) (RVU) (min)
Wheat 124.5+0.82 85.54+0.41 38.96+0.41 168.71+0.06 83.17+0.35 5.87+0.0
UF
1.5% 118.46+0.53 79.67+1.06 38.80+0.53 157.79+0.06 78.13+1.12 5.73+0.0
3.0% 116.38+0.18 77.17+0.71 39.21+0.88 152.71+1.00 75.54+0.30 5.74+0.09
5.0% 112.21+0.30 74.46+0.18 37.75+0.47 147.30£0.18 72.83+0.0 5.77+0.05
7.0% 105.13+0.06 69.50+0.35 35.63+0.42 137.25+0.47 67.75+0.82 5.70+0.04
NF
1.0% 120.33+0.0 82.96+0.18 37.38+.018 164.13+1.00 81.17+0.83 5.87+0.0
1.5% 117.59+0.12 80.38+0.29 37.21+0.18 158.71+0.30 78.34+0.59 5.80+0.0
3.0% 115.63+0.53 78.96+0.18 36.67+0.35 156.71+0.30 77.75+0.11 5.77+0.05
5.0% 111.00+0.43 74.03+0.90 36.97+0.72 148.03+1.61 74.00+0.72 5.67+0.0
7.0% 106.38+0.42 68.42+0.23 37.96+0.18 139.29+0.41 70.88+0.64 5.67+0.0

(1) Breakdown : peak - trough
(2) Setback : final visc. - trough
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Table 18. Effects of addition of UF and NF flour on RVA viscogram properties with 3% salt addition

Added amount Peak Trough Breakdown Final Visc. Setback Peak .time
(RVU) (RVU) (RVU) (RVU) (RVU) (min)
Wheat 130.29+0.06 86.92+0.83 43.38+0.88 166.63+0.29 79.71+0.53 5.80+0.00
UF
1.5% 128.08+0.71 81.21+0.88 46.88+0.18 160.71+0.06 79.50+0.82 5.80+0.00
3.0% 124.21+0.18 77.50£0.24 46.71+0.41 154.83+0.35 77.34+0.59 5.77+0.05
5.0% 117.25+0.47 72.38+0.77 44.88+1.24 143.59+0.23 71.21+0.53 5.73+0.00
7.0% 109.84+1.18 66.92+0.83 42.92+0.35 134.38+0.06 67.46+0.88 5.67+0.06
NF
1.0% 128.04+0.76 81.04£1.12 47.00+0.35 159.67+1.65 78.63+0.53 5.80+0.00
1.5% 125.25+0.00 79.71+0.30 45.54+0.30 159.34+0.23 79.63+0.06 5.80+0.00
3.0% 120.83+1.06 75.92+0.47 44.92+0.59 152.88+1.00 76.96+0.53 5.80+0.00
5.0% 114.13+0.18 71.25+0.00 42.88+0.18 145.96+1.00 74.71£1.00 5.80+0.00
7.0% 109.29+0.04 67.29+0.04 42.00£0.08 139.54+0.04 72.25+0.00 5.74+0.07
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NF(3% salt) UF(3% salt)

180 180

160 160

Viscosity(RVU)

Viscosity(RVU)

Time(mins) Time(mins)

Fig. 9. Effect of addition of UF and NF on RVA viscogram of wheat flour.

UF(w/o salt) NF(w/o salt)

180 180

160 160

Viscosity(RVU)
Viscosity(RVU)

0 2 5 7 9 12 0 2 5
Time(mins)

7 9 12
Time(mins)

Fig. 10. Effect of addition of UF and NF on RVA viscogram of wheat

flour and 3% salt.
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Table 19. Cooking properties of noodles containing UF, NF powder

Groups Cooked wt(g) Wate-r Volume(ml) -Volume Turbidity
absorption increase of soup
raw  cooked (%) raw cooked (%) Agrs
UF-0 20 40.99 105.00 16 37 131.30 0.404
UF-15 20 39.79 98.95 16 36 125.00 0.454
UF-3.0 20 38.74 93.70 16 34 112.50 0.473
UF-5.0 20 38.08 90.40 16 34 112.50 0.506
UF-7.0 20 35.30 76.50 16 31 93.80 0.613
NF-0 20 37.61 88.05 16 33 106.25 0.341
NF-15 20 37.78 88.90 16 33 106.25 0.412
NF-3.0 20 38.11 90.55 16 34 112.50 0.401
NF-5.0 20 40.67 103.35 16 37 131.25 0.560
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Table 20. Hunter Lab value of noodle prepared with different levels of
UF and NF powder

raw noodle cooked noodle
Groups
L a b L a b
UF-0 74.92° -2.85° 15.12° 66.42° -2.21° 8.09°
UF-15 77.09° -2.61" 15.68% 66.79° -2.04° 9.85"
UF-3.0 76.24° -2.64°" 16.86" 64.24° -2.19% 9.85°
UF-5.0 75.79° -2.27" 17.06% 62.07° -1.92° 9.08"
UF-7.0 75.68° -197° 18.28¢ 61.06° -1.92° 11.54%
NF-0 74.01° -2.64 14.91° 65.87" -2.10" 8.02
NF-1.5 74.85° -2.85 16.98" 66.78" -2.35 859
NF-3.0 75.84°  -3.02° 17.49° 66.94 -2.37 9.00
NF-5.0 7575 =3.00° 18.17 65.00° -2.35 8.87

UMeans with different letters within a column are significantly different from each other at ©=0.05

as determined by Duncan’s multiple range test.
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Table 21. Texture value of noodles prepared with different levels of UF

powder
Groups Hardneéss Cohesiveness Springiness Gumminess Brittleness
(g/cm”) (%) (%) (g) (g)
UF-0 972.06° 33.63° 50.90° 61.94° 31.60°
I UF-15 614.92° 43.98% 54.88" 49.29° 27.95°
W UF-3.0 524.52° 48.35" 58.42° 46.48° 27.31°
UF-5.0 538.08" 47.21° 56.95° 47.70° 27.25°
UF-7.0 468.95" 53.01° 62.69° 46.03° 29.16°
UF-0 1019.99 57.82° 88.03" 114.14° 100.66°
¢ UF-15 886.93° 63.86° 85.57° 108.49° 94.09°
P UF-3.0 831.48° 61.85° 86.88° 94.31° 85.59°
4 UF-5.0 644.87° 64.47° 84.40° 79.54° 67.41°
UF-7.0 710.00° 65.82° 87.06° 90.70° 79.51°

"Means with different letters within a column are significantly different from each other at 1=0.05

as determined by Duncan’s multiple range test.

Table 22. Texture value of noodles prepared with different levels of NF

powder
Groups Hardmzss Cohesiveness Springiness Gumminess Brittleness
(g/cm”) (%) (%) (g) (g)
NF-0 1065.08* 35.86° 52.58° 69.23° 37.25°
. NF-15  1108.03" 41.00* 54.69° 80.47° 44.34°
W NF-3.0 812.43° 44.40° 56.28" 68.30° 38.86°
NF-5.0 713.07¢ 40.52° 52.33° 54.16" 28.59°
NF-0 977.91° 62.51° 90.47° 110.29° 100.08*
o NF-15 847.17° 63.17° 86.87% 99.29" 86.30"
E NF-3.0 743.46° 63.28" 82.25" 91.23" 74.95
¢ NF50  586.25° 62.09° 81.00" 66.95° 54.28°

"Means with different letters within a column are significantly different from each other at n=0.05

as determined by Duncan’s multiple range test.
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Table 23. Sensory scores of noodles prepared with different levels of

UF and NF powder

L Overall
Groups Color Odor Softness  Stickiness L
desirability

UF-0 3.69° 3.81° 4.44° 4.06° 5.63%
UF-1.5 4.81° 4.38" 4.88% 5.00° 5.19°
UF-3.0 5.62° 5.25"¢ 5.50" 5.19° 5.44%
UF-5.0 6.56¢ 6.63¢ 5.81¢ 5.75 4.19°
UF-7.0 7.38° 7.25¢ 5.75° 6.06° 3.63¢
NF-0 4.06° 4.50° 5.00° 4.13° 5.38%
NF-1.5 5.25" 4.88" 5.31° 4.81° 5.56°
NF-3.0 5.56° 5.75 4,94 5.00° 5.88%
NF-5.0 6.62° 6.56° 4.81% 5.38" 4.06"

"Means with different letters within a column are significantly different from each other at 1=0.05

as determined by Duncan’s multiple range test.
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Table 24. Changes in pH of Jeung-Pyun batter prepared with different
levels of UF and NF powder

Time(hour)
Groups
0 1 2 3 4

UF-0 5.69° 5.49% 5.45% 5.16° 5.03
UF-05 5.39° 5.32 5.30 498" 4,92
UF-1.0 5.13° 487 5.04¢ 4.82° 4.74°
UF-2.0 4.76° 4.70° 4.73¢ 457 451¢
UF-3.0 457 4.57° 4.54° 4.44° 4.38°
NF-0 5.78" 5.38" 5.11° 5.01° 477
NF-0.5 5.76° 5.42° 5.14° 5.04% 4.84%
NF-1.0 5.73" 547 518 507 490"
NF-2.0 5.69" 549 5.20° 5.11° 495
NF-3.0 5.64% 5.44° 519" 5.10° 4,98

UMeans with different letters within a column are significantly different from each

other at 1=0.05 as determined by Duncan’s multiple range test.
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= U718k 3% H7bete] 1475mlE U =2 £XE YElW L 271899 13

0~190%°] Z7F&S YeEr Ak (Fig.11).
=W A$ wF 2547 FolE= 775~825mlE %7] ¥ HEY
% By 115ml~1475ml= =7] Wk

NF 232 37}
46~55%7F =7Vetda HE 4A7 Fo HF
= 2ylo 140~160%< Z=714< UEUQEY E3F NF 22 1% H7bol
130mlZ 7bg o] Z7tata 2, 3% Arbrol A A gass Aoz vehd

UF &% A7FAjek o3t b2 dds detli v (Fig. 12).
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Fig. 11. Changes in volume of Jeung-Pyun batter prepared with
different levels UF powder.
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Fig. 13. Weight, volume and specific volume of Jeung-Pyun prepared

with different levels of UF powder.
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Fig. 14. Weight, volume and specific volume of Jeung-Pyun prepared

with different levels of NF powder.
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Table 25. Hunter Lab value of Jeung-Pyun prepared with different

levels of UF and NF poder

Color value

Groups
L a b
UF-0 61.21° 0.04 3.16
UF-0.5 58.94° 0.33" 4.14°
UF-1.0 57.25" 0.53¢ 4.94°
UF-2.0 56.85™ 0.68° 5.66°
UF-3.0 54.78° 0.94¢ 6.95°
NF-0 67.79° -0.07" 3.24°
NF-0.5 68.32° -051° 447"
NF-1.0 67.83" -0.56° 5.43°
NF-2.0 67.74° -1.07° 7.30¢

"Means with different letters within a column are significantly different

from each other at 1=0.05 as determined by Duncan’s multiple range test.
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Table 26. Texture value of Jeung-Pyun prepared with different levels

of UF and NF powder

Hardness Cohesiveness Springiness Gumminess Brittleness

Groups (g/crd) (%) (%) (g) (g

UF-0 669.10° 81.56" 89.99" 148.04° 133.45°
UF-05 523.99" 80.76" 86.88" 115.03" 104.81°
UF-1.0 518.20 82.80° 88.37" 11257 85.49™
UF-2.0 440.04° 81.91° 86.54° 100.11° 86.67™
UF-3.0 424.44° 81.46" 87.43" 95.26° 82.08°
NF-0 287.339" 76.405° 78.489° 59.719° 46.971°
NF-0.5 281.523° 77.640° 79.441° 59.160° 47.038°
NF-1.0 262.422° 77501° 79.452° 54.878" 43.683"
NF-2.0 249.591° 78.619° 78.926° 53.468" 42.321°
NF-3.0 251,537 78.649° 77517 53.265" 41.230

UMeans with different letters within a column are significantly different from each other at n=0.05

as determined by Duncan’s multiple range test.
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Table 27. Sensory scores of Jeung-Pyun prepared with different levels

of UF and NF powder

Takju sweet Sour . Air cell Overall
Groups Moistness . . L
odor taste taste uniformity desirability

UF-0 3.38° 3.88° 1.06° 5.13 3.81% 5.50°%
UF-05 3.63 4.00° 1.13° 4.88° 3.63° 5.19°
UF-1.0 3.69 4.00° 1.13° 5.00° 3.87%¢ 5.25"
UF-2.0 450 3.75° 1.88" 5.06° 4.95° 5.19°
UF-3.0 4.94° 3.69° 2.95° 5.25% 413 4.94°
NF-0 3.43 3.93° 1.29° 4.50° 3.43° 4.64°
NF-05 3.71° 4.00° 157° 4.36 3.36" 4.50°
NF-1.0 4.00® 3.64° 1.71° 4.00° 5.14% 4.43°
NF-2.0 450° 3.64° 2.14% 3.93 407 4.00
NF-3.0 5.14° 357 2.86" 3.86 2.93 3.29°

UMeans with different letters within a column are significantly different from each other at ©=0.05

as determined by Duncan’s multiple range test.
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