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Clarification of Korean Tangerine Juice
Using Microfiltration Membrane Process
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Department of Foods and Nutrition, Ewha Women's University

Abstract

Citrus fruits are consumed worldwide due to their unique flavor and nutrition value. It is necessary to remove
the haze material as well as to minimize the loss of major compounds such as organic acids, sugars, and
ascorbic acid in membrane processes for clarification of juice. The objective of our research was to select the
best membrane among one surface filter (Whatman No.4) and five microfiltration filters (GF/A, GF/D, GF/F,
Gelman, and SM). Tangerine fresh blended with three times of water was partially clarified with 170 mesh
followed by prefiltration in a Samduck filtration system. The best membrane was selected by measuring the
amounts of major compounds in the permeates as well as the flux which were statistically analyzed with SAS
program. The foulants on the membrane surface were observed by SEM. The flux of GF/A and GF/F
decreased with time at probability 0.10. Gelman, SM, and GF/D maintained the stable flux. Gelman showed
the highest total scores including nutritive value (the amounts of citrate, malate, and ascorbic acid) and
purchasing need (brix and color). Therefore, the microfiltration membrane process was a very effective
method in tangerine juice clarification and Gelman type A/E was proved to be the best membrane among the
five microfiltration membranes.
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Fig. 1. Decline of permeate flux with time for three
Whatman microfiltration membranes. GF/A, GF/D, and
GF/F were tested. Feed was Korean tangerine juice pre-
filtered with 170 mesh. Microfiltration was conducted in a
Samduck filtration system.
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Fig. 2. Effect of time on permeability of tangerine juice

using Gelman and SM microfiltration membrane. The

nominal pore size of Gelman and SM is 1.0 um and 5.0
um, respectively.
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Fig. 3. Effect of time on permeability of tangerine juice
using Whatman. No.4, Gelman, and GF/D membrane.
Whatman No.4 is a surface membrane. Gelman and GF/D
are microfiltration membranes.
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Table 2. ANOVA Results of 3 selected filters

Table 1. Simple Regression Analysis Results by 6 filter
types

Parameter Estimate

Intercept time R-square
(p-value) (p-value)

Whatman No. 4 9.99 0.01 0.0632
(p=0.0001) - (p=0.0814)

GF/A 9.33 -0.12 0.3707
(p=0.0001) (p=0.0006)

GF/D 10.72 -0.02 0.0409
(p=0.0001) (p=0.1588)

GF/F 8.03 -0.15 0.3879
(p=0.0001) (p=0.0732)

Gelman 10.92 -0.03 0.0306
(p=0.0001)  (p=0.2743)

SM 9.04 0.05 0.0336
(p=0.0001) (p=0.3801)
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General Linear Models Procedure

Dependent Variable: FLUX

Source DF Sum of Squares Mean Square F Value Pr>F
0.4259
Model 2 0.56800933 0.28400466 0.87
Error 52 17.01896522 0.32728779
Corrected Total 54 17.58697455
R-Square C.V. Root MSE FLUX Mean
0.032297 5.579690 0.57209072 10.25309091
Level of FLUX.
FILTER N Mean SD
GF/D 23 10.1643478 0.35846676
Gelman 20 10.2475000 0.64967907
SM 12 10.4325000 0.74908581
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Table 3. The amounts of major compounds in tangerine juice and quantitative changes in various membrane

permeates after clarification.

Feed

(x4 diluted) Whatman No.4 GF/A GF/D GF/F Gelman SM
pH 3.68 3.13 352 3.21 352 3.49 3.46
(Nutritive Value)

Ascorbic acid 6.227 8.062 6.237 7.537 5.257 7.702 7317
(mg/100 mL) (+29.5%) (+0.2%) (+21.0%) (-15.6%) + 237%)  (+17.5%)
Citric acid 369.776 361.552 282.653 325.443 262.480 360.010 251.680
(mg/100 mL) (2.2%) (-23.6%) (-12.0%) (-29.0%) (-2.6%) (-31.9%)
Malic acid 1.549 1.649 2.119 1.874 1.886 2.199 1.951
(mg/100 mL) (+6.5%) (+36.8%) (+21.0%) (+21.8%) (+42.0%) (+26.0%)
Total 34 13 30 -23 63 12

(Purchasing Need)
*Brix 3.0 1.99 251 223 1.57 2.49 222
%) (-33.7%) (-16.3%) (-25.7%) (-47.7%) (-17.0%) (-26.0%)
L 30.81+0.07 65.58+0.04 99.05+0.01 90.85+0.06 98.69+0.14 94.65+0.02 92.55+0.01
(+1129%)  (+221.5%)  (+1949%)  (+2203%)  (+2072%)  (+200.4%)
a 4.671£0.04 2.96+0.08 -0.941+0.01 -1.13+0.03 -0.88+0.03 -1.35+£0.02 -0.57+0.01
b 40.81+0.10  30.30+0.07 3.984+0.01 16.22+0.01 4.35+0.02 11.53+0.01 10.94+0.01
Total 79 205 169 173 190 174
§Hfr=le1 3)3 ascorbic acid, citric acid, malic acid] a0
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Fig. 4. Comparison of six membrane filters based on
the sum of nutritive value and purchasing need.
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Fig. 5. High performance liquid chromatography of ascorbic acid contents in Korean tangerine juice and membrane
permeates. HPLC, composed of an 717 autosampler, M510 pump, and M486 UV/VIS absorbance detector set at 243 nm,
was used. Standard concentration was 35~80 mg/L. The mobile phase was 2 g/L metaphosphoric acid run at a flow rate of
1.0 mL/min. The injected sample was 20 pL.
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Fig. 6. High performance liquid chromatography of citric acid and malic acid contents in Korean tangerin juice and
membrane permeates. UV/VIS absorbance detector was set at 210 nm. The mobile phase was 0.008 N H,SO, run at a
flow rate of 0.6 mL/min. The injected sample was 20 pL. Concentration of standard citric acid and malic acid was 210~360

mg/100 mL, and 65~260 mg/L, respectively.
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Fig. 7. Scanning electron micrographs of fouling deposits on one surface membrane (Whatman No.4) and three
microfiltration membranes (SM, Gelman, and GF/D). A, B, C, and D were SM, Gelman, GF/D and Whatman. No.4,
respectively. A-1~D-1 were new membranes. A-2~D-2 and A-3~D-3 were fouled membranes.
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#AF £V (Fig. 2, Fig. 3), ol ¥ Agdl 284
wiA|ods} 2ho] depth filter 3 Ejo] = & screen filter 3
eloll wls 2 FHA HAafe] EFUsA LAsG)
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gEolct. BE TellA 7 &l 178 AF F fluxr}
HAstE = AL A= A 7 FZo] A5 Fof
© 7 3=t A digd ALE Atssd.
Cheryan®g =} £2] Z7)d) flux/} §43] Fishe=
A& o A3 Fafe] % Fe] 27)¢l ASHAl LA
e, A7t AR F AT fluxE g
2L AR Az oFo] FHAslr] WEelzha 3l
o}, 2 A2 Ak 219 AR flux Wshs E AY
ol 4] A flux ¥3te}l =]l ch(Fig. 2, Fig. 3).

U2 FAREHE 2

7+3 3-8 F2~9] ascorbic acid FeFe FA LA L
-3 vil-9- 83 8 3-o]r}. Ascorbic acid®] §F
& citrus 50 we} thoksin] S alA] Aol 41~
57 mg/100 mL7k F-sle] 9IEen. B o) AeR
A=A 7322] ascorbic acid FEE 4] HAE A7
o4 6.227 mg/100 mLE 2= o], AR 7 gl &
A x] F22] Aulel] AFsl= k) ascorbic acidE §
4313 9lgitH(Table 3). Citric acid: citrus§- #H412]
F8 F71Ate® malic acide} A L= §-7]4k2]
95% olARS zFA|FFH, Citric acid®} malic acid®]
X+ 727+ 1,479 mg/100 mL, 6.196 mg/100 mLZ
(Table 3) 2456}, Yamaki®7} 2418+ 712 citric
acid §2(500~1,500 mg/100 mL)7 §-Ab3tEon
malic acid 2F(60~200 mg/100 mLYH | A& Ale}s]

& TR} At 3] )4 $493 HPLC
A2vle 184l 4 (Fig. 5, 6) citric acid$} malic acid ©]
9ol T $714 pealrt 2SO QAR #
714 AR Aelzt kit F244 Alee 2 3
83} 74F 729 AEES A5 Al oS-
S3 G X EE? 9 BelF od e {7]4t
o] Frie AL vl "Alo|ti(Table 3). ¥ Al
ol ARR 7 552 pHY) 3.682 S E =
(Table 3), o]+= AIRE L Q= 55 247 F22] pH
o} AL AR, g F29] 7HA a3 E
e 4] 3145 A BolA 3.0 BrixZ S =e] 24
2] F28) 7H8A ¥ FF (9~14"Brix)h b9
AL O, Kefford 5972 7+ 3-8l &A= 3 A
2] 80%7} a-glucose, B-glucose, fructose ¥ sucrose®}h
I 3o, Baldwin®& 7= F2 el glucose 1.0~
2.3%, fructose 1.0~2.8%, sucrose7} 6% &gt B
TS} & 0L A% odA Fa F g
HPLCE ¥4}l &, 2 100 g glucose 2.8~3.6 g,
fructose 2.7~3.1 g, sucrose7} 2.8~4.9 g -5 ¢irt
a2 sich. ], Alvarez 592 A1) 28 wA| o7

S W, 2 fr14e 2ALS A e 44
AP-L dH 343w pHY &7 EUME YT B
&t Table 39] Aafolld = Fe] F oy
ascorbic acid, 714t 2 & AdE2] o] FhastA|
o3l 2318 7} FAE Hol= olf= vlAHHg F
Aol & A2 &4 glo] £ EAlvle] AeA
22 £, AA=R7] o]} webA], Table 3004
ascorbic acid, citric acid, malic acid2. thE %+ %3
74X &3 YA Gelman o] 7Hg FA3HA] A3’}
o 2 P Egct LAllA] F2 osacl] R RS
21% HEolv F2 £ B2 63% o|Ate] HHle]
ng2® 2 A AE vlAe ) g Eg 2 E
of Al oll A lightness7} 90% o]4kal A2 H& A A%
o] v FHolyhe-& &nlgr}. ¥bA, Whatman No.42]
7% lightness7} 65.58% ulehi} flux &-&(Fig. 3)oll
wlo) £ B9 ofsbre o e Ao vhehk
t}. o]+ Whatman No.49] A3 =7]7} 20~25 ymZ
vl 24 Z27] ool ¥ EAE AE AAA] X
81917) WE2o2 Atzsr}. Lightness ¥ opua}l F2
2 Ars 2 Fe] el o, ealx]e}
£ g8 gz F8 44 AEL methyl ketone
carotenoid$} tangeraxanthine]|® z+4 F A7} 2%}
F3ollA] whie] F 9k b o uig AL F
2] carotenoid 72| -2 YA AE-Ee| o7 Ao
A AA=A7] dEolct. Brixe} M2 Y E=HE T
o) ¥ FEAE GFAY}L 718 Eokoyt o %
HApe] Aldlgleng A A8 o 2= nighAls)
7| Zsidch et =& T2 A A3 A} F A9
2 A% <48 el Gelman Tol 7 F2E
A8} A= o) 7P A A2 gdE i)

ot X #at

Fig. 7.A-1~D-13} Fig. 7.A-2~D-2¢] #| A€ =+ B2 7
F-2] SEM AlAl-& wws) B, 20 AAs 3 A
A QRS0 7 golol| w24 AFE AL BAY 5
aich. Chiang 598 AAE v F28 9o e
2 A3’ & SEMo g o 33 248 gk vt gl
=, el o] Heizl 8, AE2e4, HUAER
2 g0l 7 ®HellA F2 59 7, citric acide}
34 gel matrixE A3t fluxr} A 3ksickw skt
AFAL ZHE TH52] F Alo] AR E H"le] ko] 7
7} 2.27 g/100 g} 1.53 g/100 gold o2 2® Fig. 7.A-
2~D-2004 B2 A 23} 10,00000 2 ¥ Fig. 7.
A-3, B-3, D-30ll4 Role 2 HfABo] 7 35
fr2 Aol Afa A Aog Ak
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oilgjoizt oo = phad

o] viMofz) 2o A€d Gelman 7 A-§-
st zHg F25 o RS o, o £ o
3, §714}, ascorbid acid 52| -8 E3-& Hd 59
Afa AEL] AAZ 8 Fuig o] Fvishe
ZA%E Buon flux At Hlwd Ao nlA«iz
o) F2 HASto) vl A &AoISSo] AHEHS
o} w3l $A3e]  EAELS vl DAlellA A
AA=NEE o Ttel HL3lE of % 7'97:‘}
A4S A3 ATl Akm" 3 592
9] ed 3} 2H(50 k dalton)s} v Alod 2} 2H0.2 pm)S- "]—%
st dF&L 7 e o, 9 3E AR
Wolx vlAedFte g e dRed FAS A4 AA
A7 4= Qleka stk wEkd, A% 717 F £ &
W EAR QAR A A3 dafe] A dokH, P4
o3} FAo) 27 F29 AAsl| ZA |3t
3 g3 g e FAA 2 Fe FAL F29
o] BE B op 2} Fo XA AHEE L
A7l AA 4 E5 FE EAE SA AAY &
Uom2® T HPAs}e) wf-g- A ubgelgl o,
At FAVCRE I FA EAlRke] & &
g 2o RS F23] AA" 5 UK

2 %

Citrus% 42 H53F Fole} A 7Ex B Qs
o H AAHeR de] AH=HL gt g o] 43
-5 2 7bEA EE L BAS AA S FA
714k, &, ascorbic acid®} 7 F-8 AJEo SAS
HA4slshe 7o) F831) B AP 3 Fa
B 7 ARY P AT e A Hal
o] surface filter®] Whatman No.49} thil £5-2] vlA
]} 2H(GF/A, GF/D, GF/F, Gelman, SM)& AH8-5}5]
o}, -5 3ule] B8 E§F 7 FAE 170 mesh
2 A& F vlAod =} o] A2tEl Samduck o7 XA
g4 2t E2jsigic}. Al whE flux9} HPLCE
AR A {F-8A48E S SAS TRages
ATl Bte Agdislen o 2ol 4%
2 24L& SEMoz At F5SFE 0.1004

A7k 733}l whe} GF/A2} GF/F 7te] ﬂlnh:' Zashe]
© v Gelman, SM, GF/D & kA&l fluxE {4311
©}. Citrate, malate % ascorbic acid®] X3 tHE+=
gofd X %9} brixe} T2 diEE F9 ARXE
T3 $3¢HQ) He= Gelman o] 74 £9ivt. of
2hA], vlAlod o] AASA wig- bl FAHol

oo AFe =79} 7 AAe] cofglt wlMe s} 2
% Gelman 9o 7+ F2 H A} 71 A§E 2
o2 =g

ZA =2

£ @70 Y% wARK KA AW wAL R

7€ 7 kAl v (HMP-96-F-3-0012)9] x| 2 <=3
¥ AFAFHZA o] A=)
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