KOREAN J. FOOD SCI. TECHNOL.
Vol. 30, No. 1, pp. 151~160 (1998)

SZAl o2 0|28t 2= O] bioflavonoids £2] 3

A0] M+ 2+ 3 HFs

ol - $7=
SEEEELFREEDTE

Optimization of Separation Process of Bioflavonoids and Dietary Fibers
from Tangerine Peels using Hollow Fiber Membrane
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Department of Foods and Nutrition, Ewha Women's University

Abstract

Tangerine peel is mostly discarded as waste in citrus processing. However, tangerine peel contains besides
dietary fibers bioflavonoids such as naringin and hesperidin which act as antimicrobials and blood pressure
depressants, respectively. A continuous membrane separation process was optimized for the production of
bioflavonoids relative to feed flow rate, transmembrane pressure, temperature, and pH. The tangerine peel was
blended with 7.5 times water volume and the extract was prefiltered through a prefiltration system. The pre-
filtered extract was ultrafiltered in a hollow fiber membrane system. The flux and feed flow rate didn't show
any apparent correlation, but we could observe a mass-transfer controlled region of over 8 psi. When tem-
perature increased from 9°C to 25°C, the flux increased about 10 liters/m*/min (LMH) but between 25°C and
33°C, the flux increased only 2 LMH. At every transmembrane pressure, the flux of pH 4.8 was the most
highest and the flux at pH 3.0 was lower than that of pH 6.0, 7.0, or 9.0. Therefore, the optimum operating
conditions were 49.3 L/hr, 10 psi, 25°C, and pH 4.8. Under the optimum conditions, the flux gradually de-
creased and finally reached a steady-state after 1 hr 50 min. The amount of dietary fibers in 1.0 g retentate in
each separation step was analyzed and bioflavonoids concentration in each permeate was measured. The con-
tents of total dietary fiber in the 170 mesh retentate and soluble dietary fiber in the prefiltered retentate were
the highest. Naringin and hesperidin concentration in the permeate were 0.45~0.65 mg/g and 5.15~6.86 mg/g
respectively, being 15~22 times and 79~93 times higher than those in the tangerine peel. Therefore, it can be
said that PM10 hollow fiber membrane separation system may be a very effective method for the recovery of
bioflavonoids from tangerine peel.
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A2 4 Yz glew®?, Al Aot 7 oil
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Al 22 Useae] F2E 27 U0 2
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bioflavonoids 320} butanol, methanol 5-2} XA &
w9} hexane, chloroform#} 7+ 738 4244 H71 %“'H
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Fig. 1. Schematic flow diagram of the ultrafiltration
system used for separation of bioflavonoids.
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Table 1. Analytical conditions for bioflavonoids by HPLC

Instrument: Jasco HPLC system

(Detector Model UV 975)
Column: u-Bondapak C-18 (3.9 mm L.D.x 300 mm L., 10 um)
Detector wave length: 280 nm
Mobile phase : methanol/acetic acid (1000/5, v/v),

H,O/acetic acid (1000/3, v/v)

Flow rate: 1.0 mL/min
Injection volume: 5 pL
Calibration curve range: (.5~2.5 pg/mL
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PMI10 =& F3to] HFAH R = ¥2| permeater=

o 4L Hodoh

40

<o} 9f St oFy

B AR A A4 34 g9ledt o] £ E
Asl7} Yate] o 3t 1L WA F|EA B
uxE A A, hHo| el whel fluxr}
o7 Zristgl ot -5 Sl 23t flux W3}
€ Zle2 vebgdoh(Fig. 2.A). A¥] o35 A
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o] Z713tell wiel fluxz} Z71stH el 10 psio] st
2+ 3)c} ok oAl 49.3 Lihr> 57.2 Lihr > 23.4 L/hr2)
£ 2 flux7b A4 F4= o] fluxe} 457t e 4
3 AEAIZE gldet. 4 psie] e 2 3wtk oF o4
A $471 flux 2ol 2.4~3.6 liters/m*hr (LMH)S] 2
v}, 8 psiZ g1 F718191 & W& 4.8~10.8 LMHZ
4 psied ol v]& H-27F flux xjo]7} 2uf o)At F7}
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controlled region-&- Yl 2 cl(Fig. 2.B).
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Fig. 2. (A) Effect of average transmembrane pressure
(AP;) and water flow rate at 9°C in PM10 membrane
use. (B) Effect of average transmembrane pressure (/A
P;) and feed stream flow rate on permeate flux at 9°C
in PM10 membrane use. Feed stream flow rate was cal-
culated as the average velocity within the hollow fiber tube
in liters per hour (L/hr). Permeate flux was measured after
steady state was obtained. The points on the different curves
represent data from an individual ultrafiltration run starting
with regulated tangerine peel prefiltration permeate. Each
sample was controlled to have concentration effects of less
than 1%.
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Fig. 3. Effect of temperature on permeate flux at various
average transmembrane pressures (AP;) using PM10
membrane. Feed stream flux was 49.3 L/hr. Permeate not
returned to feed tank. Sample's pH was 4.8.
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Fig. 4. Effect of pH on permeate flux at various average
transmembrane pressures (A P;) using PM10 membrane.
Feed stream flow rate was 49.3 L/hr. Permeate not return-
ed to feed tank. Each sample was controlled to have con-

centration effects of less than 1%. pH was regulated with
2.0 N HCl and 2.0 N NaOH.
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Fig. 5. Effect of time on permeability of tangerine peel
water extracts in hollow fiber module (HIP10-43, Am-
icon). Experiment was done at the optimum separation

condition (feed stream flow rate: 49.3 L/hr, temperature:
9°C, pH: 4.8, APy 8 psi).

Hfae] S2, 284 Aol R4, 84 Aol A
4E A A Table 29} 3t 23] A F

Aol A e 23] FA oF 42%3.00), 244
Kol A fro} 444 Alo] Hf7} 77} 30%9} 12%2
#84 Aol 5ol opo] 2 ololgich. sl A
o & Alo] A% kS 170 mesh retentate > 400 mesh
retentate > prefiltered retentate <=2 2 ¥k, o] & re-
tentatet] o] -2 Alo] A2 ¥ &(%)yS ¥ 23 A
such ¥ A2l YA A S84 Ao] 4he)
Z 488 prefiltered retentate > origin > 170 mesh reten-
tate > 400 mesh retentate =2 2 B]§o| =9k}t Z+ o
u] of 3} chAE B84 Alo] Adfre} 584 Ao] Hf
o u]-g-2 g o a4 B84 AR dEkel

Table 2. Dietary fiber contents (%) of retentates in
each separation step

Table 3. Bioflavonoids contents (mg/g) of permeates in
each separation step

Bioflavonoids

Separation Step

Naringin Hesperidin
1. 170 mesh permeate 0.50 6.05
(pore size 90 um)
IL. 400 mesh permeate 0.58 5.15
(pore size 38 pm)
III. Prefiltered permeate 0.65 6.85
(pore size 5 pum)
IV. PM 10 permeate 0.45 6.33

(MWCO 10,000)

DF"

Separation Step
IDF? SDFY  TDF'

L. Original tangerine peel 29.5+1.2 123109 41.8+2.1
II. 170 mesh retentate 63.4+1.1 104+0.7 739+1.7
III. 400 mesh retentate 55.7 42 59.9
[V. Prefiltered retentate 28.0 28.2 56.2

"Dietary Fiber.
“Insoluble Dietary Fiber.
“Soluble Dietary Fiber.
“Total Dietary Fiber.
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6.14], 400 mesh= 13.3v) 2kl 5 umel =& 214
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Bioflavonoids &zt
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Al o £ 234 Lihr o]4e] w2 §% 51493 /i,
572 Lm0l M= ot 24 Wi g %ﬁwl d Abefel
A= =t ] gb=H(inlet pressure)o] 8 psi o]Alolgic}.
o] w 2h-83F ¥ L& FEH o2 gl o ) b
Hol ohz}, 2| 50] & HE Sl wE £x2 5
2 §odo] 2 Fo] 2he F3A} v YT Fe] Sof
LA AR v gwio] X3 gl ]Ql7 Ao
AR 2 B2, 334 2 Eed) Qi ol T
Watol 2 qbA EAlkuch e BAE E34471|

A wE §502 A AYYS 8Y 4 9
= 2 3 qhe] €’ Zlog Hodch B3 o
u] oiohg 9313 B o A5 ko] Zohael wjet
flux7b Z7Fsld=dl €2 49 AAH o2 fluxrt 3
7¥ehe= WA (Fig. 2.A), #}3]5-2] A% 8 psi o] Abol|A]
2 flux F7H-$ Yehil = - (Fig. 2.B) 717 5o)
bioflavonoidst} ofjH] of 3} chAlol| 4] 3]4:5] 7| oFL 4
$4 Aol 44 5& R4 ool Hlwd Fe o
4 g ol ool AA4L Aogs] ¥
o},

2o} of glet of

Sxs} o Yok g elso] ofu] olshel 747
A5 % 2eARe o, L5} $242 fluh

F9torl o gk qo] Zrkgtel aie} flux Z7}
shlot fluxs] Z7H8-2 AhostsiekFig. 3) $ote)
L7t FEFE fluxy) F7b8ke AL $-49) FAlo)
o} x]7) u“"""]"im’ ot 3t} qledo] Z7}gho) e}
ot g9lel] A BxpSo] 2 gl FE 23 ¥
A4S o ©717] ufj-Fol ﬂux—.: M 2P 0 2 7} 4 ghcfed,
ol&1gt A¥+ fluxr} vt Ft) 9tedz) Solle] Mg u
T3k Jste] A flr}= Hagen-Poiseuille?] = 2
7 dxgc} gAe] Fer) Bql $42 rwct =
o} 9t #wl 3ol boundary layer’} 3 A =|o] Az} 7+

‘4

7}
2 9t F2E 9 94 YA E s o]2)dt &
Aol FX X AL Z7HAZIel®, B3] 22 ul 3)
& & rletd g w0l ® Ak Rt o]

Az A" Ao Zol diF LIHEE FaAA

22l % Aol 4f
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flux& ZFAA I}, ol 3fepo] o $-3 3} =)
dolut g B48 BE 5 Amel met o Exlol
A4k AL B Faoh 2een o g gy
of Tt fluxe] 7t ABE ks vehie Aoe
&2 A et Kirk 5% &3t o1 27} G ok
W golo) flux 4 ke 2ol AU wol
A 5 £ 2ol fux 23 AP dehhe
dl, ol2]d &AL 39 o} F glo] Zs|jte) w}
e flut Z7hekchr) o Eaeld) weie A%e] o
Ao sl ol 3 dHelME fluxr} F43)
Za8l7] wfolet. Fluxe] §23 s Ae 34
S sl ME o) Sa Aol oo FekFeatn
A FEZ AP Ut F L YR gHew
Q13 siAsle] o] 5 Agto] ARz Alze] wHAF
27} 2 ) ol & AR stk 4718 o
T ARSE vIas B o, 44 2 Foh grhe] i
o} 10 psi o]449] o4 ] flux ¥3}E % 5}3] o
5% = YA 10 psizhR] & o] E71gtel] upe}
flux & Hleﬁl]l‘]_j—_’ %78 pressure controlled region
o] Zite|gic).

pHet 9t 2l oty

Ael 3 o} Al 9 polysulfone =S 2}st] Zol] Z )5}
 TEAe] dE, AE29A 29 viAA 7= ut
H, B3} o) §-E-29] §7)4}, bioflavonoids, carotene, 3|
W B3 52 23X 70ck oo 2 bioflavonoids,
carotene, ¥ B 52 ¥-xjgfo] abdelx B3}
3 polysulfone @& E3}3}x] Z3ta vlo) Fats] 7
} retentateol] ‘¢ % ZHo. ol2qt o] f wjEol ut
2] Z7)el A} e = permeate®] 4-L- £4]5] = 4]
8o Hurc} gAuh, FAo] AYHFE FEF= re-
tentate®] A2 2l x|= 71 o F Algslc). Bioflavon-
oids= 37§2] benzene ringe} 3=l diphenylpropaneﬁ—
718 F2E she BAZAM, A Al &
A Aol o3k FelA] FAE dog)w g, 4_“3
oAl Sas)] ekor) 74 4=BolaAl= biofla
vonoids7} 2H3] slie] =l=ul, pH7 o] o 337
o2 #fe 5] AAsie] g Hog LaE®,
PH 3.02 v]5iA 733 A G-of o 2], 4898 2o
23 =)= bioflavonoids2] ¢fo] o] polysulfone =}ol]
W2 o]l FAE DR fluxy} ohE pH A 29 Hwk 4
Tl WHH(Fig. 4), dr1des 242 w24 e}
A& slo] fluxzt A3 Frtehes Ao #d=c) pH

0 o]*+2] A9} pH 4.8 A| 89 flux 2}e]7} 2wl
712 o] pH ¢ olx = bioflavonoids®] 3 WHsh}
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23} bioflavonoids®] B2}# Fate] xjo]7} Aol flux
ol P12 el A9 Qolr] o2 A=}

AlZH Zajofl thE flux Hi5}

Fig. 51X 218 2] A7t Astol we} Hapxog
flux7} Z4428bed ok 2h rH 78 A M 4 e}
6% BEZ I3 AAdtdel] o]23e des %7
fluxel| ¥l 2F 50%2] fluxE §-2)5}e] A3F flux #}3}
= A @9k} ol F flux?] At =34 feed
£42] 24wkl Baid =t 3 ake AH(membrane foul-
ing)# ¥ ¥ &4h(concentration polarization) o &
off WhAste] ot Be] 2] fluxE A3A7)E =8 29
ojth® Lufjr} g ol gho)ols} ube E-HL%L =
Hagen-Poiseuille 2] & w2 v g 518 Fo] x2gd
feed®] 594 Uerb Abssbs ke s} 7.}@%}
Hrop 2 flux s ehdo®. Fe 23 dare &
IR 3 FRo|mEAo Wl Mg
2, HPIAER e o) e BAol o3 Wads|i=n|®
=+ Aol F= EF d4L 2y
bloﬂavonmds‘% °1] | A7} A& E3}3
olm ol EAES = mwlo 7
(gelatmous-type layer}° HAZC} ot gade) g4
2] chy]. R o7 2 Zy)sy AbE Ealo] & %] 8] =
7Fsle] %2 (driving force=AP;-AT, A Pi=transmem-
brane pressure, An=osmotic pressure of retained solutes)
o] Fo15o Yo fluxrt 7Hagic) Be) 27
of o2 gdo] Hedslo] Hal vk Froio) HolA 5
= boundary layertjell ¥% 27} WAste o) 2 ol 3
&H4F € AH(diffusional effect)o] oL} 8218 =q] &
A Fol b wheko g Ak, Az o 2 Fig,
5"4]/‘1 1A17F 504 A7) ¥ dAHE fluxS §25H= 7

& Holl AF7E F o] HEHL o) F A w]o] Yapat
eel] o] 2A = ¢]7] wFolc},

Mo s

170 meshol| A 345l 12} o|u] 013} ©hA) retentate =
74%9] % Ao) 442 ishn A, oAe
3} 9] 429wtk 4es] E& Bl 3iek. o]t st
& 2 2] o] M Apolel EAhel 9lE A
bioflavonoids, 444 &3 So]| B3} 37 permealei
170 mesh& wh# 170 23 retentate 2] 2lo] 418
7h A 02 5 5E%07) dEolch. 170 meshs} 400
meshE AX|HA] 3|58 Aol Af o= 524 4]
o ol ia 284 4lo] | vl go] 27t oo,
139 ok, o) 79 271} opu g ¥ajepel

=84 AE2 o) Ao e go) 35wl
&l 5Spum SM hollA] o]2idth u]go] 1:12 o}
A2 400 mesh e £-313F E2}1F 200,000~400,0002]
"ol #21e 10,000~40,0009] #jv|dE2 e ~ =
ol kA% o] of 5} Aol Thg Eulslx] Ealo
7V Wo2 atmge}l A=A A B9 & Ale] 4
o 130] 84 Alo] Mpodon, whe) TAG &
84 Aol Aol 388 prefiltered retentate 7} 7}}
3k 84 Ao] Hfr) Al 2w amE
A}, WHulka], ek dg S31 22 gy 7
< Ze A neaa sled 2 e g Alo)
/e 44§58 dejstolo} & o2 wuigig
ol AE ofu] of 7 A4 firel A

7_15]040\:1:4 gl ZA Al wk gako

Fil= HE o] 584 Ao] A A+ biofla-
VOHOIdS7|’ polysulfone =hol} F2t5]o] flux& 7+4 4 7]
= 22 F25} Braddock™E 7}E-2) waste stream
2 24| limonene-& ¥-2]3} u) E3) polysulfone =}+o]]
233 o} et

érm
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Bioflavonoids &2t
HEM o t ¥ejsto] -2 naringin?} hesperidin
2 77} 0.45 mg/g, 6.33 mg/go] =], o] & S|
A AHE ) 298] A ekgl 0.0295 mg naringin/g,
0. 0653 mg hesperidin/g o B)s) ztz} 150, 97w 2
g oot} o]9} e Az Alo] ARE AAFo R
4 ollu] o33} e Al 4 A2 & bioflavonoidse] &
%3+ PM10 2H-8 %£3lo bioflavonoids 3|47} 71538t
AEE ovlstn], v vpolr} AAFZ (reverse 0Smosis)
S olgale 74 AAYGe] Gl AE Az
4] bioflavonoids2] 4k Al thek Aako] 718k 71 o
2 ALg=lc)h Naringind} @e] 400 meshO{I/H hesper-
idin®] ofo] tiA 2} idtE AL o} E Aol vls) 3
TE = B84 Aol df2) Hlgo] o} o] thAlof4]
A% FAse 2A" Aow wdsv, PMIO per-
meateo)| 4] naringin®} hesperidin®] 2.5 7} 43l e
2ol ol At i FaEo] i’%ﬂ?ﬂ/] uj-F-olc}.

a4 B

AFAE 2 S A A Ao o] fslod
el 848 zh= o] 449} bioflavonoidsE -] 3}
71 $13ke] o2 A ojju] iz} A7) wtre) T
ol PM10 2§ Abg-stedct. oflu] o5} Al Ay
Al 3193 7 A retentate S B3 A3 2 o]



ZFZA 2 o]4 bioflavonoids 52

Aol 44 Ale] A% ke zHzt 170 mesh reten-
tate®} prefiltered retentatel| 4] 713} 39k oo, 7} He)
A permeate?} naringin3} hesperidin x5 4 3}
9 Amuct 22 15u, 97 sbeF Ee 2Ae.
PM10 22 AF§-3F @9]oi s} A o] 2A o8 2 A
A flux ZHAafo] vlwA A3 HArAbe] o] flux7p 27)
flux®] At #5& §21% ¥ ohel PMI0 g
£ permeatewl]2] bioflavonoids 31T w]-$- o}
£ dollA ARERE PMIO =t} 3235 o Rl 3§
Aol # ZHEvte 2y nRsble] e 84 B
%<l bioflavonoids & e} AAlsh=d] &89l &2
A& A A skt

2 <

HER E BT E B Wl o] A
Tra 9ol vl A2l A4S o)A A7)+ naringind} ¥
& Al FHo] 2= hesperidin 52| bioflavonoids7}
ot ol UR T, o) 7 2y 3 H7)5

. qleh Al @43 £ <l bioflavonoids & :&]—’,‘«8}7]
o] A8 T &, 9 ok gk, 2% pH £
FAste] A =t Fe) 2218 Flgich 3HF 7)o <>l|
75 wle] 25 Hrpslel 2Ush U T, EG &
o sl otk ARl cisfalsich. o] ofshe
F52E T 22 ol fsto] Al oistaleln). &l
J Lo} fluxztelle 44 43 A7} 94l

Ak, =t ek qbed 8 psi o] Atel| 4] pressure controlled
regiono] FHaAE|Qct. 9°Col|A] 25°CE 257} AF&3)
o we} 10 liters/m*hr (LMHY® flux7} Z7}shel oo},
25'Coll 4] 33'C F7holl Al flux Z71Eo] 2 LMHe|
axoh 2E A4 9 g bHolA pH4.8Y w9
flux7} 714 #gko v, pH 3.00141 2] flux7} pH 6.0, 7.0,
9.0 A o wc} " opr) A L4 AL Y=g
¥ &% 493 L, 2 3ok gk 10 psi, % 25°C,
pH 4.8 o3l A ¥-e] st A 2 £a] 3kl
o, A1zto] 3ol whe} fluxy} APy o g 7has)
of of 1417} 504 73 F A4 Aelloll =2taleict. 2t
o] DA R retentate T3 FAF Alo] A¢ ey}
permeate?] bioflavonoids ¥ %2 Z3s}ic}. =] o
A retentate 5 3] FAIT F Ao] Ao} 484
Alo] A greke 717} 170 mesh retentate9} prefilter-
ed retentateol] 4] 7} Egkc}. 3F9] o3} permeateu)] 2]
naringin®} hesperidin %+ 747} 0.45~0.65 mg/g, 5.15~
6.86 mg/g o 2, 713 3| wmf-of v} 2zt 15~
200, 79-93) & Sx|det. web, ZHE o2y
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€] bioflavonoids& 3]<8l=d] glejA] PM10 ZZA}
2o g4l og Ao Fo A280E ¢ 4 9l

et
Al 2

£ e 2AEA A A wA5s)e)
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