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SUMMARY

In this study, we aimed to develop a bio—material for decreasing or maintaining
body weight from kale byproduct and onion skin. We first evaluated the capability
of the extracts from kale byproducts and onion skin to induce digestive lipase
inhibition. We then tested the inhibitory effect of fat absorption by the extracts
and weight-decreasing or maintaining effect in vivo. Finally, the manufacturing

process was established.
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S FE OAIE AR dE A Ydrt. MF ¥4 93 wet#d e reverse osmosis

(RO)Y nanofiltration (NF) &g xtt &AL grolA(10~100psi), ROY NF &4 Ht} 9t

MF 29t 34 48 Rofe] AgFRE Regy Hof F /M4 2n A, o
2FATAANA o= gk elefEele] A4S MF 49 FH A%l
W owaA BAwre] Am Ao Wzke FAA, PAl, kwkg AA, FAe A,
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o2 AEgto] viy] wjito] e AW ¢HS Few 4 gevh. UF FHAAE

B A B2 #F(molecular weight cut-off, MWCO)9] 7ido] SQ23 HeHyR 2835+
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FHe SAHAE o o) w4
o2 flux7hk 7k @ Aol vhehhed, fluxvt ol HE negor Ftal

= F& pressure controlled region®]ghil shal, A-E<9tE o] F7H7F o] o] flux

ST 2 9SS FX EoeE HES mass-transfer controlled region¢]gtil &

Az glom, AYHor A %Yg dPe AFT W Folsor T AFold

UF 3404 fluxe] et 2 feed 8ol 2Awsie vdd o Q3ay

pus

e

(membrane fouling)¥ &%= ®= & (concentration polarization) W&o A5t ot

2o flux® AAIE Fo 2ol gulh t3Ae] @eolRne F3e

= Hagen-Poiseuille B3&& W22 2 13 50| F3%W feedd ATt U=Vt A5
stal Aty faste] ER U fluxE UERTH TR @42 oA 3
& FEA FRo=EHoY HY AERe A FUAZEQO A9 o B 9o

HAstH olE EZES 9 xHd HAe] v A S (gelatinous-type layer)s 34

e

o v mwel gde) wEsl HRAom bW ARdel A4 Ase] 7
%9 (driving force = APt - Am, APt = transmembrane pressure, Al= osmotic

pressure of retained solutes)¢] o1&l ZA3H o2 flux7} Aacy. HE x7]9
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ulg A Foli(50mg/kg BW), Quercetiny (6mg/kg BW), Orlstate(0.1mg/kg BW)
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2,500rpmol A 10859 AR & dFS AJr. AR 20T A 23S

o8 FAAW GWe Gawel 9% B4 JIE gl 339
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® 1243 58 4ol =4
4= 27 (g) FE2E FoE(g)

Casein 200 200

Cellulose 50 50

Choline bitartrate 2 2

Corn oil 50 50

Lard 100 100

Corn starch 350 300

Methionine 3 3

Mineral mixture 35 35

Sucrose 200 200

Vitamin mixture 10 10

Kale or onion extract - 50

BHT 0.003 0.003

Total 1000 1000

2) Al=AH 2 A

A At dol] A5 ES ether® v AZ] $ heparinized tubed] EHE& =
o} 2,000rpmell A 103+ A8t E4S Hst 418 AlE= A& Al
g & ZA] 7}3} paramaterial adipose tissueZ F &3t $AEZ A 43 7+ 2
adipose tissue:™= A& wj7lx] -20Co] HASAC. EHE A7) A 48K 5
o mel zzshe] -20Tol wEatHt FAAEAN F, Bue FALZ ZAste]
AzxZFZor st9oh

3 AZWstY L Aol 4 Y

Aol A S dFdod F W dAE Azt A 15Y G2 7 19 3
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Al

e
o
N
)
[o
il

60% ethanols F& &2 st 2A13F &<t FEAH. F
sampling 3}l FZ&E 9| flavonoid A& & 2474 =AY
2) Trap Filter
1R AAE el AFEF trap filter (Pall-Filtron, U.S.A)¢] pore size:x= 5mo]
H, 4L 700 ml/min ©] %t}

3) Microfiltration 2 Ultrafiltration (MF/UF) System

oft
L)

ME/UF system< Al&2E I3 AREA, G227 dod & s F

:

of
o
BN
i)

= A

ot
ol

7 Bz, AA g7t dojus gkelof 3 module, 953
3t valve, Al&7F AYrl= 27 H+ pipe 522 FAHY o (Fig. 1)
retentate®] flow rate= <4 (NF10-TTN, Aichi Tokei Co., Ltd., Japan)E A}-&3}

FA Tt

ol

ol 574

4) MF/UF Membrane
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skeloj ke PallAlb (Pall corp, New York, U.S.A)9 cassette type TFF
(Tangential Flow Filtration)Z4 #8& 4% 300 kDa membrane MF A2 4], 30
kDa membrane UF A glA] AF&3tg o 2L polyethersulfone o]l of 3} W
e 1 ft* o]tk

5 UF s4=x1

AA3 cross flow rate (CFR)IA permeate fluxs H=2 3AA  FA ol

it

transmembrae pressure difference (TMP)E F A2 & 7oz HAFH TMP
AAsG T UFe E8EAEo] 300 kDa®l membranes AM&3Fe] TMP7} 15 psi,
cross flow rate (CFR)7} 14 /mingl &7 sl A A Al sk T

6) MF &4z

Y72 30 kDa%l membranes AFE3le] 47 CFROlA permeate fluxE Ul
2 A TMPE HAE dhs 73bs dAsko] oled st A3

7) grejofmukel Al

skejojzpuke]  MlH2 02N NaOHE A}E3F]  pw/Powe (30~40psi/20~30psi),
retentate flow rate 2.0~4.0 #¢/minZ 4583 F3IAFHoW FHFE AFESY
permeate fluxg S7A3te] Aol 4EHASFE A5t

8) Reverse Osmosis System

RO system (DDS Filtration, Denmark)S UF system¥ 5AFS Fejz A=A

o

o} UFe] 4§mtt ustel A 2557 0] pumpingd AR €% 45 o
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T RS duarh A

D

Feo] AT (Fig. 2). # AFod A A}&¥ membrane
(HR95PP, DOW Co. Ltd., Denmark) pore size®] salt rejection®©°] 95%°|1om A
AL polypropylene©] 9131, o] B H AL 0018 m*/sheetz £ AFAE 1048 F=

stol ALg3He

Spray dryer (Eyela SD-1000, Japan)E 30&7F warm-up AlZl ¥ F59L Fo

gto] AzxsYr. Ax =710E feed rate 10 m¢/min, air flow rate 0.54 m’/min, inlet

air temperature 180°C, atomizing pressure 1.5x10° Pa o]glom HREAZz7} 29 &

10) Pilot Plant A&

& BT 5 kgs 60% ethanol 1004 2 F55 st § U] 22 - 55F 34
T35t

11) &A1A Az

AR A s BEAY AAEta e (F)ASFATE ] 2AA Alx
T4 AvE olgste] et 2ol Az F 29k 22 wjgnlel ojAste

oAl 2083 RH. = 99%) dA e & Wzstdon FALAA Y AxAldE 4
g Aol FAAMA LA (50TA 1655), Ax (BITA 18%), £ (65TNA

30%) HAE Frhw AA AL
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M 2. Formula for sausage manufacture

Ingredient Amount (kg)
Lean pork 3.10
Pork fat 0.90
Ice 1.00
Salt 0.09
Sugar 0.04
Phosphate 0.01
Spices 0.06
12) TBA 7k

AAA AR Fo] AAEE Z2AHS BHor Witte 579 wel uwhel
thiobarbituric acid (TBA) #< =434}

13) 5 AAt
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A== Minolta 24 (Model CR300, Japan)=S AF-&3}e] Hunter "L"3k, “a”

& ez Sgsdh WA Amel Aol UEl: AE e

V(L—L)'+ (a—a)’+ (b—b)? ol oate] Tatant?
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Agel FH R FAREA AgRYE 25
BRIt 60% methanolell 9@ FF F&o] AU 63%°H FHF WAk F&E
10.6%°1 e, Fab fAA o F&2 89%, FE2 25%0IAth. AL 7heafol ¢

sto] F&o] 7t glycosides®] #&Fo] 2 ZAO0E AlsHw AUjH oz b=

U

glycosides®] &aFo] G2 Fo = Atz E)

Mg AgxEd TheRE oF FE 2% FF 28%)
AL Whole kale - 21.0 6.30
+ 32.9 9.88
= - 65.0 395
+ 84.2 4.21
225 a4 - %45 106
+ 453 18.1
&t e - 89 8.9
+ 11.9 11.9
42 - 25.2 252
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+ 21.7 217

bEAAzE AREEE ol

= FEEY v&(w/w, %)
“Fresh weightZ%-H oA & =%

£ Bl &(w/w, %)

AL flavonoidsE aglycone(free form) % monoglycosides®] FEejzZ = 3stH
(Hertog et al., 1992), %3}2] flavonoids aglycone, monoglycosides, diglycosides?]
ez EAGTH(Patil et al, 1995). ¥ AFelA AREF HCl  wEolA
monoglycosides= aglycone® & 99% 7}=+&] ¥ ¥, diglycosidesi= monoglycosides<}
aglycone©. = 7hrEE el g S €Qlat it

2o AT A et AYE vdSd flavonoidsE  FretH, Yue FE
quercetine 73ttt Ao+ quercetin®] aglycone®] FHE|EZ 3.22mg/100g,
glycosides 9] FH = 12.98mg/100g e o FQ3 glycosides+
arabinoglucoside(peltatoside)©] 1t} A A& 25F3HH  flavonoidst FHEHUE AL
F2 AR E 4, 5). AL+ kaempferol, myricetin, morin, apigenin 5°] F&2
glycosides® Sta¥E e (¥ 5), kaempferolo] algyconel ® 2.23mg/100g,
glycosides® 3.07mg/100g EFEHAHE 5). 43 Ao+ quercetin®] aglycone?]
e 2 1012mg/100g, glycosides?] HEJZ 477mg/100g &% o] & quercetin 332
68.0%7} aglyconel & ZA3tFtHE 4). 43 A2 quercetin glycosidese] T2 & )

£ rhamnoside (quercitrin) 2 ¥ glycosides®] 68%E& =}A| 3t tHE 5).
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¥ 4. Aglycone, glycosides and total contents of quercetin in kale and onion.

Samples Quercetin (mg/100g dry weight)
Rutinoside | Rhamnoside | Arabinoglucoside . o
Aglycone . L . Diglycosides Total
(Rutin) (Quercitrin) (Peltatoside)
A
2z A 3.22+0.07 2.18%£1.09 3.79+0.98 7.02+0.45 - 16.21£2.30
= 2.10£0.33 1.81+0.09 0.79+0.08 4.11£0.23 - 881+1.11
2= A | 5431017 3.51£2.11 5.79+0.69 10.3+0.81 - 25.0+2.40
oz}
A 1012+7.33 11.23+2.45 324.4+5.38 14.60+1.21 127.0+1.23 1489+3.54
4 2.48+0.10 2.98+0.34 0.04+0.07 1.02+0.40 2.08+0.78 8.60+0.78
ND, not detected
Th4238 A3 aglycone ¥ glycosides 33 zfo] 2 H¥ 2+&3F 7t
3f 5. Aglycone and total flavonoid contents of kale and onion.
Flavonoids (mg/100g dry weight)
Samples
Kaempferol Myricetin Morin Apigenin
Aglycone] Total® Aglycone Total Aglycone Total Aglycone Total
A
25 A | 2.23+0.14 | 5.30+1.35 | 4.00+0.09 | 10.6+0.31 | 4.23£0.45 | 5.77+0.84 | 0.16+0.09 | 1.90+0.61
= 1.11£0.04 | 3.95+0.35 | 1.90+0.02 | 2.98+1.13 ND ND 0.02+0.05 | 0.98+0.61
-5 A | 8.22+0.23 | 10.9£2.82 | 5.00+0.23 | 13.1+3.41 | 6.50+0.57 | 8.43+0.89 | 1.23+0.12 | 4.90+0.72
oz}
K 3.21+x1.25 | 12.3x1.25 ND ND ND ND ND ND
4 0.29+0.01 | 0.46+0.02 | 0.08+0.01 | 1.72+0.01 | 0.18+0.06 | 0.46+0.04 ND 0.37+0.04
ND, not detected; '7h=¥-8l de] &k ke Fof &
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A2 Fy= FHER #9359 flavonoidsE 43}

A

rlo
2
)

o = quercetin®| aglycone® 3.22mg/100g, glycosides® 12.98mg/100g &= 2.
F 23} glycosidest arabinoglucoside(peltatoside)o] 1 &, %3} 7 Z ol &= quercetin
o] aglycone® 2 1012mg/100g, glycosides® 477mg/100g &% o] Fquercetin 3%
9] 68%7} aglyconel.Z EA|ES A5ttt AL+ kaempferol, myricetin, mori
n, apigenin 5 ©%¥3 F7F9 flavonoids7t ¥ Qo Ao = quercetin®] F&E

=l AT

ha]

2. AY 2 FIte lipase A a2 HAF

o

7}. Bioflavonoids®] lipase #] 3] & 3}

AL 2 FoEHFE gastrointestinal lipases Aoz HHT Ao AstE
FEEE U5 AFE 22T £ AE 2AE ANEstua 1A A L guto] &
Aty AFZEdEaH7F dAE = bioflavonoids(3E2) 2] lipase A &3= H=3A
Z pancreatic lipase”’} tributyring E33t= £%== 0.2-0.3 umol fatty acids/min per
mlo] <= A fatty acidsell €8l pH7} stobAl= A whE 3 7Fe 50mM NaOH
o] Hy 25 ¥ pancreatic lipased #A4S Tt ow, flavonoids H7HA|¢] & o=
FH AAES FeAvH(E6). 1 23 A3 flavonols ¥ flavoness kaempferol 2]
IC5°] 25uMZEA 74 &Ao] Eokom, UmAE2 6.0-9.8uM= H 523k FFo AT

Glycosides:= aglyconesel B]sl] &4 o] wkqkct,

¥ 6. Flavonoids®] lipase A 3} &7}
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Flavonoids ICso (uM)?
Flavonols
Quercetin 9.8 £ 0.24
Kaempferol 25 = 011
Myricetin 8.0 £ 0.50
Isorhamnetin 6.0 £ 0.34
Morin 7.1 £ 051
Flavones
Apigenin 85 + 0.33
Luteolin 7.1 £ 0.09
Flavonol glycosides
Rutin 5 £ 1.3
Quercitrin 60 = 15
Peltatoside 37 + 2.1
Isorhamnetin 3-glucoside 42 £ 0.8
Isoquercitrin 25 + 1.8

"Flavonoids # 7}A1 9] lipase activityS TS Ao o8] Ftsle] iz 7} v)asle] A
e T3

Mean+S.D. from 3 determinations.

U AL 2 Fu F=ZFE9] lipase A3 234

AL = Futo]l 60% methanol FEE9 lipase Aala3S HAE3 A3 gy 74

9] ICx°] 0.76mg/ml=A 7Fg¢ &37F =dth o]+ Y3y A =2 quercetin

A
oy

3F2E(1489mg/100g)el  7]¢lelE Aoew FAdyw  duzde  querceting FE

1age ad FhsA e

ol

aglyconeo. & Eajsl7] wjZol| 7FFEEE T = A

(ICs 0.69mg/ml). AL ko] Hlsto]= lipase A& o] srak=tl ol= A& &4

o] 7bg =2 flavonoids®! kaempferol 3ol Ao =7]+= 3HARF flavonoids & &

2
OO
o
f
i)
AL
flo
=
N,
ro,
P‘ﬂ,
rir

Aoz oAZI.

F 7. AL 2 F AE FE =9 lipase Al &3t
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Samples Hydrolysis of glycosides ICs (mg/ml)
Al A
227 - 458 + 0.04
+ 3.21 £ 0.13
= - 6.04 + 0.03
+ 5.02 = 0.10
=% A} - 376 + 09
+ 193 + 0.2
s
7 A - 0.76 + 0.05
+ 0.69 = 0.02
= - 5.01 + 0.70
+ 556 + 0.35

Mean+S.D. from 3 determinations.

o,

g 5EE 249 lipase A3 &

o

¥ %9 249 lipasse A8l L Cxol AR7HE

o

RO % UF =45 AA

2

ey

b

A 1.89 mg/ml, ¥ AE LA 055 mg/mlo|ATHE 8). AA7F&FH

4z

e

2AE FE=EY lipase Al &d7F FosA @dey d Ad 2A= FE

o

B} A& gHs 20% sk

=5

8 w9 A2A9 lipase Al &3t
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| <

7]

bo Fof

PSS wf tHxel g

3|

7 ol

bt Fol 42

5|

3)

S/ A S 38%, 39% A

s

FATH (£ 9).

5|

Al

o]
S

EEEE

7y 95%, 27%

5 om
e 4

el

<A

No

(& Plasma TG, mg/dL)
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AL | FAFIARE| 2 ARE 3 A%k 4 A3k Rk

o) 2 97.6+47.8 | 271470.2 | 422+108° 422+168" 1001+196°
7 99.8+23.7 | 222460.6 | 254466.6° | 260%70.1° 7504108"
v}t 124421.6 | 234477.6 | 245%75.6° | 256484.7 7314188"
A" 86.3t41.8 | 246189.1 | 224483.0 1754106 643+238"

S ~HET| 72.4430.6 172483 .4 101441.2¢ 30.1452.6° 360+137°

Significance p<0.001 p<0.001 p<0.001

Fach value represents meantSEM(n=10).
Means with different letters(a,b,c) within a column are significantly

different from each other at a =0.05 as determined by Duncan's multiple range
test(a>b>c)

4. AL7FeFAs R G Ao A7 Forh AH AT Aol vA

rr
2
)

o) AFe 2hzt 29%, 25% (F 100 WhAde 30%, 34% (& 117 2F S
FEE 19%, 21%; @% FH2HE FREE 15%, 19% A9AE 1%, 17% (F 12);

foldon paAAT AAATRAE D FRAd FE2EE 24 5, alkaline
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i} z7] AF 1) As A sl 2 o] A 3 &
e
(g) (g) (g/wk) (g/day)
o) 2+ 22.73£1.28 27.90£2.62 0.69+0.18° 3.35+£0.45
AL+ 2255+1.11 26.50+£1.88 0.49+0.10" 3.57+0.40
&3} 22.68+1.30 26.94+1.93 0.53+0.15" 3.79+0.56

Each value represents meantSEM(n=10).

a =0.05 by Duncan's multiple range test.

Means with different letters within a column are significantly different at

1

A Fo7F ICR mice? &7 A n A= &k

E 1 ALEFAE 2 g &
Liver Parametrial adipose tissue Fecal dry weight
Groups (2/100g BI) (2/100g BW) (g/day)
=t 3.5610.24 1.9940.85% 0.26%0.06
7L 3.4510.17 1.4040.51 0.2940.09
Fopr 3.5410.27 1.3240.61° 0.35%0.11
Fach value represents meantSEM(n=10).
Means with different letters within a column are significantly different at
a =0.05 by Duncan's multiple range test.

¥ 12, AL7FERAE 2 Fagd 24 Fol7F ICR mice 83 T4 AW, Zu2H
=, @Al A= dE
Triglyceride Cholesterol Glucose
Groups
(mg/dl) (mg/dl) (mg/dl)
= 85.32+19.02° 153.43429.61° 80.65+25.95%
A+ 69.5046. 44 130.42+20.54" 71.78+10.46"
OF 67.7645.43" 124.42+17.48" 67.63£11.67"
Each value represents meantSEM(n=10).
Means with different letters within a column are significantly different at
a =0.05 by Duncan's multiple range test.

E 130 AYrtERAE 2 49
phosphatase, ZL#|o}E] W F o WA

e

o2

3.

o - [}

- 51

aA Felzt A4

.,.‘.4

S =]
ag @,

alkaline



Albumin Alkaline phosphatase Creatinine
Group ..
(g/dL) activity (U/L) (mg/dL)
= 4.1440.71 32.38+8.17 0.5510.10
AL T 4.091+0.22 37.6619.01 0.5940.1
it 4.28+0.36 38.70+10.53 0.60£0.09

Fach value represents meantSEM(n=10).

F 14 A7 FAAE B e d A ol AF 3 F4AE, EdsHE v

of mA e

=

Liver Triglyceride Cholesterol
Group
(g/100g BW) (mg/g) (mg/g)

= 3.5610.24 23.06%3.72 4.31+0.78
At 3.491+0.17 20.1145.78 4.20%+0.50

OF b+ 3.5440.27 21.36%7.89 4.23+0.82

Fach value represents meantSEM(n=10).
® 16 Ad7tERAE 2 g E A4 o AF S S, S A F ]
Ax g

G Fecal dry weight  Fat intake Fecal fat % of amount Fat absorption

Tou
P (g/day) (g/day) (g/day) ingested (g/day)

27 0.263+0.062" 0.557+0.152 0.011+0.005" 97.44+1.39° 0.546+0.152
Al d o+ 0.334+0.118" 0.466+0.101 0.019+0.007* 95.35+1 47" 0.460+0.106

i 0.354+0.108" 0.445+0.181 0.018+0.006" 94.04+2.47" 0.427+0.179

[e}

O

g

Fach value represents meantSEM(n=10).
Means with different letters within a column are significantly different at

a =0.05 by Duncan's multiple range test.

Aol ATzdat

)
)
e
N
N
ok
z
>
s
ME,
o2
B
oY
)

Ad A9 83+ Fo= ob/ob miced AFF7HE U

2
1S
N

=S
o
4
>
il
)
o2
B

_52_



rlo

Zatol]l wste] Z+7y 71%, 93% el H oz AsSATHE 16). @ T AW FE
7y 7y 13%, 21% Ao, FU=HEX Fe 15%, 19% Fod o=z A3)sts

(3R 17).

E 16 AFHRAE L FARY 249 8779 Fol7k ob/ob miced] AF F A

e %z7] A= 4] AF A=A g = 2o A 3 &
meE (g) (g) (g/wk) (g/day)
o =+ 52.73+3.22 62.90+4.29 1.27+0.11% 5.96+0.60
AL T 52.55+3.10 55.51+3.33 0.37+0.10° 6.01+£0.55
P e 52.68+2.90 53.50+5.05 0.10+0.10" 6.23+0.63
Fach value represents meantSEM(n=10).
Means with different letters within a column are significantly different at
a =0.05 by Duncan's multiple range test.

AA 24 Fo7} ob/ob mice @& =4 AW, FP~

o2
%

17 AL AL

HE, @Al vA

rr o

. Triglyceride Cholesterol Glucose
roups (mg/d1) (mg/d1) (mg/d1)
= 185.32+17.02° 203.434+21.61° 120.65+14 .95
AL 152.9616.24° 172.92420.04° 115.24+£10.36
bt 146.18+5.23 164.97+17.18" 109.06£11.57°
Each value represents meantSEM(n=10).
Means with different letters within a column are significantly different at
a =0.05 by Duncan's multiple range test.

5. Ad7beFAtE 3 Fu AR AT2AE A4 Ax 4 gY
D Fddery Aexzdsd 24 Alx 4 249

7h a8 32 owEdel o FE4d
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7

Sh
o

T FE3E G FEEAA  querceting FEE =AH3I Ay

7F 064 mg/ml, W&ol A97F 027 mg/mlEA  EHe] A7 oF 2497t

= FogAEe] Ae FAVE ghobd FEAl 22 dEel 3lolM Aol

A Fe =3y FEUAAEY  flavonoids7t EFA AL AEW] EA3}7]

el ool E&AA FEL slddE AXzA WA ARAAL AX

g webd 23 Fo RUIANA ta oldge] fuEddn w434

}) =8 vl(ethanol) F=o] wWE F= AF

Querceting  H|#3 bioflavonoids:  ethanolo]&= I =01} Eo&= B840

2 99A Atk &5 ethanolBo® FEL At 4% SulmAe 4=

npgd o ofyel bioflavonoids  o]¢le] thE A& 2dEc] wE &ML A

BE olEE wE FHNA AAelol s Rl AAA ©rh web

2 AFAAE ethanol FEE LSt ool FFA WA= FIHE FA}

39tk 2 A3 ethanol FE7F 30%, 60%, 90% A wj FEFE9] quercetin

steko 747t 63 pg/ml, 98 pg/ml, 68 pg/ml o] oo  60% ethanol F=A7F 7}

T ERAdSs & A (Fig. 3).

o2
o

0

) Sul/FA mlEe] FEO A=

801 Agstel DAZYH HEZAS F2F ol SulE b HA ALgs

"
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of date BHE FE e 2o tE A F &vE AAs= A FEs F
A @A "k = HE g EuE FEEE Zo] ¥R FES T F 3l
kA sy, gul/FAQRS 10, 20, 50, 200 o= 7tz dEdte] FES Hsiu
quercetin®] FE| WA= &35 ZAS A Figure 494 Ho] F%o] &/FA|
HI7F 75 559 quercetin %+ fAshe AdF A FE2344E YHEIRA
ot = &wl/FAH7F 1091 9 B-$-7F quercetin®] Yol 7HE FobAl 699ug/mlo] A AL
20, 50, 20091 4= 22k 298ug/ml, 140pg/ml, 37ug/me oA 1091 7-5-9F 1] als}o]
27y ok 1/2, 1/5 283 1/209] slgeict. 28y A4 1g9 3% quercetin
o & FIH &u/FAH7E 10, 20, 50, 200 o w  ZZF 6990upg, 5960u
g, 7000pg, 7400ugo.w  FEFel QoA F Aols  Hola A skt
(¥ 18). o]+ quercetin®] €w (60% ethanol)ol w3g+ E3|=7F w$ #AA A
7191 2R A = &EHed # FErE flow &ul/FANTE 2S5 E 84 H
= 2745 YeEda ok wEA FEF 0 oo FAA ] Aofe] wExA ¢
= 3 &ul/FANI deTE s5AANAE energy W&ol AA 5o fFelsith
gy El/FAR 7 109 AS FEF Gy FAFAA flux7 dAF wkd 7t
sroll &ul/F A 7E 2091 A7 7HE v A Aow dAdE I

3 18. Quercetin concentration in the extract upon equilibrium with various

solvent/feed ratios
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Quercetin Amount of quercetin

Solvent/feed . Solvent volume" .
. concentration in the extract
ratio (mé)
(ug/mb) (1g)
200 37 200 7400
50 140 50 7000
20 298 20 5960
10 699 10 6990

“Calculated from quercetin concentration based on 1lg of feed

5+

A 2 ATl quercetin®] FEEHEE i webs of 243 Ao

ok

o}

%
&)

gol/FAuel BAgle] AAH FHol mea glom of 30w Ao w
gale] Fmel oF 90% ool et wEe =9dth (Fig. 4)

FEol wa7 AP 7t FAe dx=rF ZFobd  (30~100 mesh) FEH

flavonoid7} LA FRAA BAJo 2 FAtE=dH A5 = Ao il #AkY] wiE

O

A Ao AtRE

o

2}) Microfiltration®] <93+ FEE9 A<
EooAFoA Algd dugdE BEHES JAZE vAEe] (100 mesh E3

) AdHIFHE AXe= AS AU JyHel et filter cake FAol| uwE

[¢]

AP o F7F e wEe] ANRDE Bahel vAl 4A4E AAfm P

S a2 FAHAqMN ELEH= AHALAE trap  filterE 53Fo] A ASAH. o] # 3
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HHo g Ay 7 Pt FEHE 91249 sl 300K membraned AFg3le] MF

A3} permeate flux:= Z7]9] 79.34/m” - hrol| Al &7)ol= 2774 /m” - hr

= M=

r°*'

2 Fath MFo| & 289 A7FE ¢k 2 hr o]lern ok 867 9 permeate’} &4

oy
B
ol

oAt 300 kDa membranecl A= A HAolA At darEe] tiFE AAH
917] wWZo] membrane fouling®] ZTHA] = A 9kgk7] wfiE<l Ao = Alm )

nh) gejofakal HA TMPe A7

50K membranes AF-&-3lo] o] E A Algho] Qo] A transmembrane pressure

difference (TMP)oll W& permeate flow rateE A4 o] ¥ membraned M= T

gt membrane ° dlste] SAI A} (Fig. 5 AA $9o Je7t AHE A3 5Lk
A B4EASS deldd = 9gdrt. TMP H3te] w2 permeate water fluxis 214
Howm F7betAth. ol SRl ekl TMP Wste] wE 9o Al A 3ol
ddes YeEll= AHeolty, TMPE YA FA3HA permeate fluxs HUZ &

Aol st FAH HAHAZA Hr}l o] membrane fouling®] A7 TH ol A

permeate ° ¥ A< foulings AT wf HedS A =L & AA IR
oAy FEiFS TMP7Y 5712 #AAA 5 il cross flow rate (CFR)7F 712

F= gasA "ok wEiA sbsd e gel A TMP+ WAl st CFRE =7 3)
WA permeate fluxE HWZ A= 7S Zolof s, olE #3t9 CFRS ¥¢A
SHAl At A TMP®R S} wE permeate fluixE =43kt =2 TMP+=

fouling & SHhAI71E E3HE AUn goB® Jbed & TMPE Wil f45E 7He



Hl =& permeate fluxE Holv F3to] HA FHx7o] dArh. 2 AFdA = CFR
7F 1.0~15¢/min °]al TMP7} 10~15 psi¥ w7} 30KDa membranes A}-&3F 32

o3 T HAAxAYdS & UM (Fig. 6)

kA ethanolz=o W& F& a&WA 60% ethanol &o] 30% T+ 90%

ethanol €NHTF 53 Aoz gt a8} oA o fluxet fouling =49
ofAe] &4 oF w3 HEVL Hojof ittt wWelA ethanols =& @ sty &=

3t MFIAS Ax Aoz permeateE 30 kDa membrane® & TMPZ 15psi, CFR

S 1¢4/min & 3t9 UFE Al X283t (Fig. 7~9).

30% ethanol 299 A% permeate flux= Z7]o ¢F 1874 /m” - hrol Al 28]
Z(CF=2) ¥% %< 93/4/m” - hra < Aut 7xstgorn 1 oFox 7HAES e
el CF=7 ¢ ® 1.3¢/m’-hrE Yehuideh. &9 UF7F Aagel me} querceting
k2 retentate®] A9 %719 92 pg/mlolA CF=7 ¢ w| 193 pg/ml= oF 2.18] &7}
&t permeate®] - 2719 X9 & ®sUF gl

ool kool 60% ethanol F&°}e] 7% permeate fluxt= %719 29.4.¢/m’-hrel
A 2w FEEE B9 93/4/m’ - hr2 F43] gadtgon o gukdt 7as U
Wtk (Fig. 8). Quercetin® %S %719 444ug/miol ] CF=7¥ w retentate®}
permeate= 614pg/mle} 569ug/ml 2 242t 1.48) 2 1.38) Z7}8sth

T3 95% ethanol FZN°] 49 permeate flux:= %719 65¢/m” - hrol| A 2u]

hul
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FEE = Zob 327/m’-hr2 wgElgon olFz dwd 7AsArt (Fig. 9).
Quercetin®] =& %719 308ug/mloll A CF=6Y w retentate®} permeate: 448ug/ml

oF 430pg/me= Zt7F 158 2 149 F7heksloh

olde] AnE FTFste] HW e B A9 permeate fluxoll Aol W3It= FEE
=39 dAHdo 7 2lslo dojdt fluxe 5438 749 foulingol o3 &t A4z
gEE £ dss o 5 otk %27] flux® A% 60% ethanol FZ 0] 294 ¢ /m” -

hr2 7} =93 30% ethanol 329 (187¢/m” - hr) 183l 95% ethanol 3%}

(65¢/m” - hr)e ol =t flux7t hvhs] 7astsE 7+el CF=39]4 CF=67}

Aol B fluxg wastel 2 oW 60% FEele] A7k 83¢4/m’-hr® 7MY w1
30% FZ AT 95% FENS BT 244/m’ - hr2 60% FEN9] ZA$nvh A4 vk

o kA 60% etnanolol] &t FEFo] FEHAAM L quercetin® FEolA BRE o}
Yt UFA 9] permeate flux SHAAME ©@d Hojd S & 4 et E AT A}
€% membrane? pore size (30,000 Da) ¢} flavonoid®] +AF=F (<1,000 Da)3} H] L
&to] = w permeate$} retentate®] 7d-9- Z71¢k UF7F €1 § 25 FU3 flavonoid
TEE BY o= Uy HAoHY B Aol didelm SIS BT o=

F50] 917] )

ook

olrl % quercetin® YE-7} 30 kDaRth EatZo] o & AE A o)
T obd7b AR
A}) Reverse Osmosis

ROE &gl oiA pumpZt LfellM 2Hgsts 7hsel Alse =7t dsst
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A Hw s 2 AR AERSE fluxel 9FS vXA Hrh. wEa] &
ATFNME F2FFE AFE3]  feed tankd 2EE A AT
pumping ¥ membranes §¥3}7] oMo AuIV|E HA st 2=} At A
S AgAEtge. FH dAHLLoA TMPO W& permeate fluxs =43 Ax=
Fig. 103 kot hele] S7hstel whel 2k ko SlolA permeate fluxi= #1414

om ARG =¥ 94 GUsAN LR FAF we fuxE F7heg

-~

ol &7t kel wel A8 HE7b 7238l membrane $3A12] A o] 7

= A7elA AHEE RO system®] 49 HW 2E7bsd h¥o] oF 600 psi ©I
bl ool de bl o3 adt= A4 5 o wEkA 60% ethanol F

=ES UF A3 permeate (quercetin &% 515 pg/ml) 74 & AH&3te] Hd &7}

olr

gE Rt 27 e gl 500 psi, &% 35ColA ROS XAl (Fig. 11).
1 A3 permeate?] flux:= %7]9 232/m” - hrol Al concentration factor (CF)7} 32.

2 Z71g] Wil 1664/m’ - hr2 743592 permeate?] quercetin &3 CF7}

R

1, 2, 3d o Z+7F 1.2 pg/me, 2.0 pg/ml, 319 pg/molATh RO AFEH A=

querceting#o] 515 pg/mlo] RS 7ot permeate® WA UIME quercetin®

i)

e BAR S UL A 4L AYL ¢ 5 AAT. B retentate] 4§ 2719

quercetin®] o] 523ug/mioll Al CF7F 2, 308 =7}3to] whal 1037xg/ml, 2400ug/mé

= 747k 1934, 4.598) 57183
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= F50o] Mg wet dAE sxuTEYE 0% w58 2342 UEued
o] = ethanol®] F&el o3k o] ofe] JAHSUY| vl Ao= Al HTh

oh) A=

Reverse osmosisE %3l 59 A5 8§92 ethanole F%7F 242 30%, 60%
olm R o]Z AX3ty] sty Ttx=7)o| A ethanold =2 A FH Tl Ethanold &4
3] ZurA 7] A ¥4 flavonoidse] ST/t AdtE o] HEE A ©rh ugh B oA
o A= ethanols ¢HH38] FEA7|aL ofItste] A= flavonoidsE #Eldte] 4wFo
ethanolel]l &3lA|Z1 & vacuum dryingS sl on ofiade FTAAZRE Y3y
(Fig. 12). X o]¢}= HE= ethanol NS &3] STHAI71A i oF 10% HE9

SEE A g % spray dryings AAlete] Ao BES EA S TH

=5
o

202 oI 500gs FESINE W HAFAHoR doj B FRe &S
Yo ok o7)A 82 Hod reverse osmosisE vFX el Ao TEHE
of &A= quercetin® FH(4.14g) v E gt 2 AZREAH EHE dojd Ax
FE o A quercetin®] A= S vacuum drying, spray drying, freeze drying

o7 wt  Vacuum drying®] 4%+ ethanole F9A]7]WHA flavonoids 7t

Lo

HEH7] "ol 784 =250l AALHA AAFAAN ZTol olq = Fol A7

o

e

u Fof flavonoids7} HFE F Ao 71 = g

3 19. Quercetin concentration of the dried powder and the yields obtained
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from various drying methods

Quercetin
) Concentration Dried Amount(g) Yield
Drying ( der)
mg/g powder
Methed 30% 60% 30% 60% 30% 60%
ethanol ethanol ethanol ethanol ethanol ethanol

Vacuum 96.3 139.4 2.16 21 21.9 70.7
Freeze 15.1 45.5 21.2 8.3 33.7 9.2
Spray 31.9 72.6 3.4 7.7 11.6 13.6

Fus

=

ol

} 7] Wi =7} 7FE w@ekth. Spray drying® A$E #HE alcohol FEE
°F 10% A2 3to] A7) wliol alcoholdl &31% & flavonoids ¥RF ofyz}
7Ief 784 EHZEE @A EYHol doA FE+ freeze drying HU= ¥l
vacuum drying E. o= 28 319 mg/g powderE HERA AT

TAHOZ KW spray drying®] 7} FFHSIY £24 vacuum dryingHth 7%
H AFe ¢mrF "ojxle= wdo] drh. A vacuum drying® 7% -$-E alcoholS
EF S¥AI|E FAoA flavonoid7} A &5 3L evaporator Woll Al wekshA] B

AgEe] FolulZlh 44 eetth whebd delgls FEAS B ojdeta o

Bol 9lE MEES £%9 alcoholS 7hate]l &8st thA] @A A HAAsE o
2 B FAS AXA e ¢ 3S Ay 9 o]# 3t dAE 30% ethanol T
= 60% ethanol 3259 A$ 2% 22402 Ve oW 60% ethanol® F&3)¢]
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ue

gt spray drying®] ¢ &A%S dxgo = Q1] cyclone®] ®Wol| &4

o~

Zol entrain¥ o] EAE= o] FEFF o]2= 7hgel Fa4H BEe] o] ki
walA &% vacuum dryingol H]&ted A A3 wrektd. Y spray dryingel A

WAL Al 548 Alad = glegs Atrdn

rlo

o =0
T T E

AL7LFF A E A flavonoidd] F&52 &ul/FANE S A9 FLs}
A 2002 st st ATh 60% ethanolS AbE3ste] Aozl FEES FAg 43
kaempferol, isorhamnetin-3-glucoside, myricetin®] 4ojx . =2 =& 24z 775 1

g/ml, 69 pg/ml, 2.9 ug/ml= kaempferol & =o] 7} =gt} o] F&& s}

o

of &ut gAe] A9k FdaA AR trap filter® A5t AA 2 E YT
UFE Abgsto] ghelojats AAeAt (£ 20).

skeloj 7l Mo wel concentration factor’} 1914 2, 4, 8% Z7}ghel] uwe}
permeate flux:= 37.34/m” - hrol A 253¢/m” - hr, 187¢/m” - hr, 17.3¢/m" - hro &

27 gasedd

ol o] WP uwel eo]Fure] foulingo] AE A7)

1

W FEog gztE]ojdtt  3H peltatosided) HEE T U3 concentration factorol] A

retentate’} permeate T E=ko 1} e Fo] A} LE YA T (775 pg/ml) <}

d5eds BAY. o]t kaempferol®] +A#o] stejolyute] B EAF (50K) Rt

o
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=
A

A4 27 o Eolt,

 Feloy

R

T4 9] concentration factor’} 87}# F3¥H = F<F TMPE 10psi,

-

CFE  1/4/min2 §459 21 permeate flux:E 37.374/m” - hrol Al Al 2}&le] 1734
/m” - hr7bA Zasnh ol FagAde] Ae FdxdstdlA %7] fluxt oF 52

/m® - hrel B3 o) vaE v FEsvim @ 5 Qe

3% 20. Changes of the permeate flux and kaempferol concentration during

ultrafiltration of kale extract

Kaempferol concentration

Concentration Flux (£ ey hr) (kg /mt)
factor Permeate Retentate
1 37.3 66.5 73.8
2 25.3 72.1 75.9
4 18.7 75.1 78.3
3 17.3 76.9 81.2
1}) Ultrafiltration
AL7beiateEe] 4 434S A3 88749 FE S 300kDa membrane -

2 MFZ 39S u permeate flux:= Z7]9] 42.64/m” - hrol A 7)o = 21.9¢ /m” -

hrZ 74359t MF & 293 A7He ¢k 15 hr o]lem ¢k 82 9 permeate”}
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dojxth 300 kDa membranedl A= Al HAoA Akt YAE] diFE AA

=

A7) W] membrane fouling®] ZLthA| =LA ¢Fgkr] wjE<l Ao

i
>
P
)
o

3kH o] 7] do] A permeateE 30 kDa membrane® 2 UFE Al &3 A3t Fig.
137} Z9th Permeate flux= %70 F 22627 /m’ - hroll Al 28] %3(CF=2) ¥+

Eol 1684 /m’ - hr2 A3t on CF=8 9 w 1227/m’- hrE JeWo] flux: <%

)
lo

AET dsstd o UF7F Aol wet flavonoide] 332 retentated] 7
<9 kaempferol®} isorhmnetin-3-glucoside©] %71 Z+Z} 0.901 pg/ml3 0.226 pg/miol
XA CF=8 ¢ wj 1552 wg/mle} 0417 pg/me= <k 178, 1.858 =718t 2™ permeate

o] A =l oA & WEE HolA okt

t}) Reverse Osmosis

30 kDa membranes Ab&3F UF3 A 23 A7 permeate (kaempferol = 0.908
wg/ml, Isorhmnetin—3-glucoside 3+ 0.501 pg/ml) 74 AF&3Fe] ROES At
(Fig. 14). 71 A3} permeate?] flux:= %7]o] 174 /m” - hrol Al concentration factor
(CF)7} 302 Z7}8te] wel 114/m’ - hr2 723901 permeate?] kaempferol 2}

isorhmnetin—-3-glucoside® & #S CF7} 3¢9 w Z+zF 0.04 pg/mlst 0.052 pg/mloE

permeate® WA U7}= flavonoids®] ¥ FAIS & J& AR F2 AdS & &

Al 3A retentated A %719 flavonoide] drEFo] CF7} 308 =7} u}

e 747k 35u, 4368 ket
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3) Pilot plant 2 &

Aol dojxl A3

i

g skgtel loiA TRl HEs] oEE A

of AlEAe] Syt g A Al oyl g = Tl SR A

ol AEEAoY AL AR 7I(S-6, BIER T, HA)= 10,000rpmell A 7 %8t

A Zegde=s v45 dedt & 5 A9l (Fig. 15). °lF MF

o

AolA= o

H&o] ey UF #A4d A+ 30 KDa membrane® %+ permeate flux7}F U5

ol (<24 /hr) 100 KDa membranel 2 #4S F33t o olu 65¢ 5 st

iﬁ-ﬂ
[N
fo
i,
>
)
rlo
12

10min B=o]dth. ©]F RO F Ao A2 permeate fluxi= 187

/m’ - hr2 BAdF o 29t AEx 3z 9= ROFAAAMY flux (304/m” - hr)9}
A9 5 &S YEAL. B Ao QojM FEF W HEFFT A Ao o]

FolASE Fetstel ¥ u Baod mebe e g Batol fluxe] FUE ¥

N

0.lmme] ®hehg gAsto] ofFojxlom of 40io] LaHdr. TF Fo FHEFE

o

oF 25/ EM EHUxT Yol BA ¥ AR &F spray driers Abgsto] Xt

BRAZ Fo e =632, a=3.07, b=9.69 o] ZMo =2 10% ethanol & Yo
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7 g EHR e EqME FHA BAFEHAT. EZe] JMA & quercetin $FE

66.4mg/g O 2 okuty Ao EA 8= quercetin Tl 1.2mg/gR Tt ¢F 5538 =gk

t}, T3 membrane filtrations 3] 1 £x=7F A9 2v) AE F7MEASS &

T AAgH (

=

21).

3 21. Summary of quercetin extraction from dried onion skin and subsequent
concentration in pilot plant scale
Unit Quercetin Total mass Quercetin
Yield (%)
operation concentration or volume content (g)
Grinding 1.2 mg/g 5000 g 60.0 100
Extraction 205.6 mg/ ¢ 100 ¢ 20.5 34.3
Centrifugation 248.3 mg/ / 70 ¢ 17.4 29.0
MF 253.3 mg/ ¥ 67 ¢ 17.0 28.3
UF 263.8 mg/ ¢ 62 ¢ 16.4 27.3
RO+Evaporation 3621 mg/ ¢ 2.5 7/ 9.1 15.1
Drying 66.4 mg/g 120 g 3.0 13.3
3hH 28 gn B EA48E querceting 7ElE 3 HAXAEF FE&S

133%® 18] #A ¥tk o= ¢ & ethanol® ©HA 13] &5 371w

Foz SulE wrold ol so] AXA FEW F8o BB SO B >

o}

AR

haa?

o,

A
=

4) =X A Az

B AFo A= quercetin® MR A &3S o] &3 V| B5A AFY AFRE AN EF
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=]
¢}

Atk Quercetin®] flavonoidZA A8 o3 7] wiEo

< A

o

=]. O
2 AE R A

=

®

HESIA

o

Y e R

~q

S~
o
rr

o il 9l

AAA = ¥ 229 HigH]e] uwel tS3 o] nitrite, erythorbic acid 183

querceting F712 H7}ato] A XA (F 22).

3 22. Percentage of additives used in sausage manufacture

Added amount in sausage (%)

Sausage nitrite erythorbic acid quercetin
A 0.01 0.02 0
B 0.01 0 0.002
C 0.01 0 0.004
D 0 0 0.004

B AFoa HEHox AXH quercetin Lo A 1 X7 oF 66%°)0 L

o= o]lE ekl &R AlZA] =43 quercetin F7FFe] Bel A 0.002%, CeF
De] A% 0.004%7F H =5 Azt

AEARN FARAARA AlTolA FEHL U= widH(A)e}F o7l A &AksA]
2 AMg 5 9+ erythorbic acid W4lel querceting %713k 8i&hn](B,C)¢} nitrite2}
erythorbic acid ™Al querceting %7} wgu](D)9] 4714 ez A Z23FS o)

(Table 6) #Ax F< AMAS Figl6d gt F dx7+A)Y HS AT

quercetin®] A7k@e]l F/HASE gale] stuwe] Re Aol xFH Hzde B
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AAAR S A3 B A5 Wz (A)7F 7HE =%l quercetin 3 7FE (B,

(@
)
)
=2
rr
(o]
o
[e)
Jo
1o
Sl
HN
=2
>
Ho
1o,
oX,
o
ro,

dEed B, C, DIl #F24de] fi

FARNAS] A g 2 GBS A= AAE@ YoM A, B, C, D2 2
2 0 grol gastgon Az B 5% $FNA fe4el i Aow e

, C, D Ztell= M= Foide] dAHA

okt
dd dE=TE VIR s W Ao WEHAE)= B, C, DE AT 472

3 23. Color of sausages manufactured with various recipes

Hunter Color

sausage L a b AE
A 61.15%0. 31" 18.81%+0. 29 35.47%:0. 43 0
B 57. 310, 48 16.39°:0, 42 34,18%0. 42 4.72
C 57. 000, 20 15.98%0. 10 35.72%0. 18 5.03
D 57. 66°0. 88 14.23%0. 82 35. 78%0. 28 5.77

1
'mean+standard error

b B

4570 A A e Wkl XA RN dFehs A 22 Tk

o

o Aol o
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shel BEPAE AN W

i)
e
o
i
Shs
1%
&
il
B=)
ul
X
4
N
=2
o
Jo
lo,
oX,
o
3
[
1,
>

elth. U BE BolA 587 oal 2ol diskel A4, ARl 22z

>

o thstel BEAAE AR An A G QoM E 5% FEAM F214

i

o] floloy Mzt Mz YAME 1% FrofFwolA fFodol AU (&
24).

Duncan®] thaH] g} Be] 45w 27 (A)e vlalske] 5% ool =

&2
i

of ol LHAHA ek A Gl hojA AMAA A FEF ApolS B Lol
= Esta deAAl A dame oM oAl AfolE HolA &nh ol=
ok wlaste] 1% Fogolr Fodel AA"E C, DO A9 thxH ol
ueka #AFAQ WS 1H T W quercetin®] H7MEFES X 100%E 7o R 5l

0.002%0°]8t= H7tsk= Aol whghAg Aoz Adts A

3 24. Sensory analysis of sausages

Raw Cooked
Sausage Color Flavor Texture Flavor Color
A 4.17:0.19"  4.22:0.22  4.50:0.24  4.11:0.26  4.72°:0.15

4.56:0.23 3.83:0. 36 4.22+0.23 4.06+0. 38 4.50™+0,17
3.89+0. 42 4,33:0.28 4,390, 23 4,28+0.28 3.72%+0. 30
3.83:0. 41 4,33:0.17 4,220, 36 4,06+0. 27 3.17°0. 44

o O w

1
'mean+standard error

) TBA 3+

Quercetine lipase A& ZH-& o] o= a3t a a7l = Aoz d4yx o ot
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A AA R A FAaBtA R AFRE 3 95 erythorbic acid®] AF& ol (0.02%) =3
o] erythorbic acidE ™ A|3te] white &AIAS A 23 F 4Tl AH T A3A
=S TBA fto= Akl (& 25).

Alme] S vAdE 4 Toz ol Aol oy BlF AIINS T
A= ooy 1 FUte A Fol TBA el oAM= v 2 Wshrt

glolem 5 Alzzbel] 5% ol A AFol7t gl Aem YEst

HF 25. Change of TBA values during storage of white sausage

Storage time TBA Value
(day) Control Quercetin added
1 0.263+0. 008" 0.252+0.013
3 0.265%0. 003 0.289+0. 003
5 0.239+0. 003 0.289+0. 003
7 0.260+0. 005 0.270+0.010

1
‘meantstandard error
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Figure 1. Flow diagram of ultrafiltration system
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Figure 2. Flow diagram of reverse osmosis system
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Figure 3. Quercetin concentration of the extract with extraction time as a

function of ethanol concentration
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Figure 4. Effect of solvent/feed ratio on quercetin concentration of the extract

obtained from onion skin
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Figure 5. Recovery test of cleaned membrane based on permeate water flow rate
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Figure 6. Permeate flux with TMP as a function of retentate flow rate during

ultrafiltration
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Figure 7. Permeate flux and change of quercetin concentration in 30% ethanol

extract during ultrafiltration with 30 KDa membrane
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Figure 8. Permeate flux and change of quercetin concentration in 60% ethanol

extract during ultrafiltration with 30 KDa membrane
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Figure 9. Permeate flux and change of quercetin concentration

extract during ultrafiltration with 30 KDa membrane
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Figure 10. Permeate flux with TMP as a function of retentate flow rate during

reverse 0smosis
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Figure 11. Permeate flux and change of quercetin concentration in retentate

during reverse 0smosis
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|[Extraction 10/ |

| Centrifugation |
| 300K MF 9.17 |
i Quercetin = 498 pg/ml
Total = 43 g
| 30K UF 867 |
|
v v
| Permeate 7.9 ¢ | | Retentate 0.7/ |
Quercetin = 523 pg/ml Quercetin = 619 pg/ml
Total = 41 g Total = 04 g
v v
Permeate 5.27 ¢ | ‘ Retentate 2.63 ¢ ‘
Quercetin = 1568 pg/mé
Total = 41 g
\/ ' v
Water soluble 8.3g EtOH soluble 21g
Quercetin=45.5 ug/mg Quercetin = 139 pg/mg
Total=04 g Total = 29 g

Figure 12. Schematic diagram of quercetin purification procedure from onion skin

powder using 60% ethanol as a solvent.
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Figure 13. Permeate flux and change of flavonoids concentration during

ultrafiltration of kale extract
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Figure 14. Permeate flux and change of flavonoids concentration in retentate

during reverse osmosis of kale extract
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60% cthanol (100 ¢) , Zhr

‘ Continuous Centrifugation | 10,000 rpm
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|
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10 i

| Spray Drying ‘

Figure 15. Schematic diagram of quercetin extraction from dried onion skin and

subsequent concentration in pilot plant scale
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H 4 =mELdE @ &4d Zokoe 7=

A1d AR AEE B F7E Ak |jAd A
M Hxe] @45

1A 139 =

7} AL 7HE BAE 9 oka H A9 flavonoids dHEF A

Adoll = quercetin®] aglycone® FE|Z 3.22mg/100g, glycosides®] FHEl=
12.98mg/100g e F23F glycosides= arabinoglucoside(peltatoside)©] 33 t}.
ALdS Z&EsH flavonoidsE FHUTFE @abel F2 gtk Aldol= kaempferol,
myricetin, morin, apigenin %°] FZ glycosides® $+HA ™, kaempferol]
algyconel & 2.23mg/100g, glycosides® 3.07mg/100g TH-E At U Ao +=
quercetin®| aglycone?] el & 1012mg/100g, glycosides®] HE]Z 477mg/100g &+
To] % quercetin T H2 68.0%7} aglyconee® EA|sltt. %3 7 & quercetin

glycosides®] =2 #E|+= rhamnoside (quercitrin) 2 Fglycosides®] 68%5 =}X| &}

dlo
o

gl omz 100% EAsHa

A

. AL}

ol

e
=
e

9 gt A lipase A e HE
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AL L oyt 60% methanol FE 59| lipase Al a3 E AF3 A3 Uy A=A

Lo

&9 ICx°] 0.76mg/mlZ A 717 37} =dv) ol YA A9 ¥ quercetin

4

32 (1489mg/100g)e  71Qste Aow  FuxEn I Ee  querceting FE
aglycone&. = EA|3t7] wZol] Zhgits] Folx= A&dS AA FrhshA skt
(ICs 0.69mg/ml). AL-2 <Fglo] H]3}o]= lipase A& &Ao] vt=d o]= A& &4

o] 7F4 =2 flavonoids? kaempferol ¢FafFo] Aol =7]+= A7 flavonoids %

o] Futrrh vred 7sts Ao AN AsF ez 100% HA s

ARE B4 A4S ARk s, Sul/FANst 209 Wk AH FE2 wolm,

60% ethanol FEA17F 714 &34 A S gl oen=z 100% EAd st

MFol| & A0% A2 ¢F 2 hr o]lem oF 8624 9 permeate’} doJ % 2™ 300
kDa membranedl A= AA 2] FANA Attt A5 g AAES IRl

g 100% 94

2. Al 23 d =

AL b BAkEe A =24 23 A
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AL7L R4S FEE] 8577 T ICR mice?] TS 29%, YA TYS
30% iMoo Aans g oni 100% FA s

o A Al =4 29

!

=
<)
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