J. Korean Soc. Food Sci. Nutr.
32A8), 1239 ~1244(2003)

NERELLEL TR

XSM FE==S ewd Eudragit E1OO ojM =2l
al

TRyt - o|sH
ABMETHNEZ
A EZotn)
SIETES

Preparation and Effect of Eudragit E100 Microcapsules
Containing Grapefruit Seed Extract on Kimchi

Han-Soo Kim, Sung-Ki Jung, Sung-Hwan Cho*, Jae-Gwan Ku** and Seung-Cheol Lee'

Dept. of Food Science and Biotechnology, Kyungnam University, Masan 631-701, Korea
*Dept. of Food Science and Technology, Gyeongsang National University, Chinju 660-701, Korea
**KBF Co., Ltd., Kimhae 621-840, Korea

Abstract

Microcapsules were prepared by coacervation method using acetone/liquid paraffin system to control the
ripening of kimchi. Eudragit E100, which was soluble at below pH 5.0 in aqueous solution, was used to make
microcapsules to be sensitive to acidity of kimchi. The microcapsules with Eudragit E100 containing grapefruit
seed extract (GFSE) showed the highest yield of 92.13%, the size of microcapsules was decreasing as increasing
the amount of aluminium stearate, a dispersing agent. Morphology of the microcapsules determined by scanning
electron microscopy showed spherical forms. GFSE, encapsulated antimicrobial agents, was quickly released
at acidic buffer (pH 4, 5, 6) within 1 storage day. However, 70% of encapsulated GFSE in Eudragit E100 micro-
capsules was continuously released at pH 7 till 3 days, and it was sustained till 9 days. Characteristics of kimchi
containing microcapsules of GFSE were analysed with ripening period. Decease of pH in kimchi was retarded
with the added GFSE microcapsules till 2 days of fermentation, but GFSE did not affect pH in kimchi after
3 days. Total numbers of microorganisms and lactic acid microorgansms in kimchi were decreased with
increasing the amount of the added GFSE microcapsules, however, the effect of controlled released GFSE from
pH sensitive Eudragit E100 microcapsules was hard to detect. These results suggest the possibility of pH

sensitive microcapsules for high quality of kimchi.
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Eudragit® methacrylate® 71222 3loj A= poly-
mer®A (Fig. 1) pH, 2% 59 F9] 27 ne} & =7}
=2} cH8). Eudragit E+ dimethylaminoethyl methac-
rylate®} methacrylic ester® 74 % polymer®4] H# &
Z}eo] 150,000°]) =, alcohol® acetone 2.2 2 pH 571} 2]
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Fig. 1. The chemical structure of Eudragit E100.
A4 Sl ol A= A 531 24 pHell A= B84 e B R
lsle] 984l FEHGEAZ de] o] &5 9lvh(9-11).
2] A, R4 F5E(GFSE, grapefruit seed extract)-2 3
A FHEAZA FH AE-L ascorbic acid, palmitic acid,

glucose, naringin 78] 32 tocopherol $-0]1=(12), A3} &%
o] o] thate] Tyl FFAS Mol Qi) 53] lae] o
shod H-Afo] wi-$- ol M (LDs = 2,900 mg/kg), 25 Al &2

HEo o)L= 7 glth(13-16). weta], B e A= Eud-

ragit E100& o]43le] GFSEE &+ vl AAe-& Az}

of 2 BH e ZABLL, o & Ao Brbshe] 54 WS
22335},
M2 o
M=

vl A 7844 polymerd] Eudragit E100-2- Rshm Pharma
GmbH(Darmstadt, Germany) 2%, A 8-# &4 el GFSE
= (F)IFAFEANAME, §7), A A= TF-5TAHE) (R
)] Y- vl F71 2] A AlF-S 2H7) Algtol o] &8kgict.
Aluminium tristearate®} agar+ Junsei Chemical Co.(Tokyo,
Japan)ol 4 4 893 2., Paper disk(8 mm)+ Toyo Roshi
Kaisha(Toyko, Japan)ell 4}, MRS brothe} PCA+ DIFCO
(Maryland, USA)e| A < &tadch 1 9ol AFEd ZhE Al
FEE 5F ol4S AMS-Ehch

DiMIZ=ol M=

GFSEE &i& vl al&e] A 2E 9138t &
Abg-3tedeH17). 2, 1.0 g9 Eudragit E100-& 10 mL2] ace-
tonedl] < ¥ FAbA| 4l aluminium tristearate®- %334
2 Ariste] 3] F& w7hA 3N zarAdeE vkl 2
H}7)(Lab Stirrer, MS-280D, TOPS Co., A&, 8= 2 aut
3}"3\:} o] d&°“°ﬂ 60 mg<l GFSE 28 A7tsle] 18 A e

FakA 7] F 10°Cel A 300 rpm &2 2HbE 7 9li= 200 mL
4 liquid paraffinell =37 A 48] 35°C7HA] 24171 5 &%

74 =zl .o

Al E

“
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- PA -

Z frA 8 A acetonee] 41 3] #4E wj7HA] wdbatgdct.
Acetoneo] $+A 3] 32E Foff Bucher 9712 m A&
& 3]43}9) 50 mL n-hexane 2> & 4~53] A& slglr}. vlo]
a2z s Az AL Fig. 200 e sk

AT 24

Az wtolz2Awo] = 225 #A37] & 100
umell 4} 500 umAte] 2| A (EFE= A, BAATAL &) E o]
a3l &, Az o AAxe] dAeks AHst Ao
3 Askaks 271034 A S @ F, 28 2 7t e
| ol APE S FHT A T FALY A P
Aolga 7 =g wlAAEY FEE sk 48
FEE FAS %ul &2 et

HX}so|E HE
n A 42 el AxlEu| A o2 Babsly] 9)she] A
2l =4 °i n Coater(IB-3, Eiko, Japan)& ©|§-3}o} 23
LAY (800 1500 V, 8 mA)skoll 4] 557} =2
A

E0ltor®
L2 ) Ex —% glalolct ZEH v AR &S A
2P 4 (ABT Topcon Co., Japan)< ©|-&-3}ed 15 Kv,

260M &2 ¥ EH—E— J&%—iif}‘iﬁ 22

o|MZHER2 FE GFSES} &&Eo] st pHe| dgt

GFSE ﬁ f vl A &2 pHell |2 WHES glstr] A8l
10 mg9) "l Al78&-& 247 3 mLe pH 3, 4, 5, 6, 7 buffer
(100 mM, sodium phosphate-citrate)ell 3 7}sfod 8°Cell 4
A 7Aate} 2447k 1A & FFEAE FA s vAA
o] "A7l=Ele] &89 buffere A7 Aol &7 7042 Wi Al
3}7] ¢ &l Whatman No. 3 filter paperi o 73l & W=
GFSEY] sa78Ae 22X o g wEEAS FAlstyddh
GFSE®] & &4 -2 Micrococcus ﬂavus%: TAFFZ A
4.3t spot-on lawn method& ©]-&3te] &gty =7 &

1 g of Eudragit E100 dissolved in 10 mL of acetone

1
add appropriate amount of aluminium tristearate
I
add 60 mg of GFSE powder

!

stir (10°C, 3 propeller, 250 rpm, 20 min)
i

pour into 200 mL of liquid paraffin
d
stir with gradual heating to 35°C (3 propeller, 190 rpm, 4 hour)
i
filter

l

wash with 50 mL of n-hexane (5 times)
1

dry (12 hour under reduced pressure)

Fig. 2. Preparation of Eudragit E100 microcapsules con-
taining GFSE by solvent evaporation process in liquid
paraffin.
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o vl A7 E-e Al = polymer®] b4 g &
4k $8ked E 23], aluminium tristearate”} Eudragit
E100e] F&sicty oedx 9loh9,17). Aluminium triste~
arate®] $refol ulz} GFSEE H7)slA] o8& 7229 GFSE
F A7k 7§ 27} 9353 ~94.619, 83.39~92.13% 2] 4=
& veluwel en aluminium tristearate?] oFol] wia} &
atol g Mol ¢kskrH(Table 1).

Z2jv}, aluminium tristearatets A% vl A 2] =7)
off & <48 g vl A2 elvichFig. 3). &, aluminium
tristearate greFo] 7P R E vl Al g 7] & 2olA]
W B g5 GFSEZ 2413 A4 o2t =27)7) Ao
Aol & HA s = AL Bk AA R 12%9] aluminium
tristearate”} & & w, GFSE7} £A}817] ¢2-2 ule} &x)
& 792 vjA7 % )2k 2715 2w 200 um o] AFe) Z2b
50.42962F 65.98%, 150~200 um<] H$] e 7o) zbzh
36.11962} 21.63%, 100~ 150 bm ¥ $12] 7] z+z} 11.28%2}
13.509%, 100 um °)3F2] Zie] 22} 0.17%2F 1.02% & vHeb
Wk B dge) e wpwio g g-abebA g Ealg g
Eudragit ™| Al 7} && #]28 4%, A 7}8 aluminium tris-
tearate®] o] Skl el A v A& =717} 7

Table 1. Formula for preparing Eudragit E100 microcapsules
and its recovery yield

Eudragit E GESE Aluminium Recovery
(mg) (mg) tristearate (mg)”  vyield (%)

60 93.53

0 90 94.61

120 93.57

150 93.95

1,000

60 91.92

90 89.39

60 120 92.13

150 90.85

U Aluminium tristearate was added to 10 mL of 10% (w/v) Eu-
dragit E100 acetone solution.

2’Recovery vield was calculated as the percentage of the recov-
ered microcapsule weight to the added amount of all materials.
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Fig. 3. Effect of aluminium tristearate on the particle size
distribution of Eudragit E100 microcapsules; (A) without
GFSE, and (B) with GFSE.
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(A)
Fig. 4. Scanning electron micrographs of Eudragit E100 microcapsules (A) without GFSE, and (B) containing 6% of GFSE.

Aluminium tristearate was added as 12%
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Fig. 5. Dissolution pattern of GFSE from Eudragit E100
microcapsules at several pH conditions.

GFSE containing Eudragit microcapsules were incubated at 8C
in 100 mM sodium phosphate-citrate buffer of pH: ¢, 3: @, 4;
2,5 A 6 and O. 7.
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(w/w) of Eudragit E100.
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Fig. 6. The effect of Eudragit E100 microcapsules containing
GFSE on pH of kimchi during fermentation period.

GFSE contents of Eudragit E are as follows: ¢, 0 ppm: @, 50 ppm:
3, 100 ppm: and M, 300 ppm. Kimchi was fermented at 20°C, and
values are the average of triplicate,
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Fig. 7. The effect of Eudragit E100 microcapsules containing
GFSE on the growth of total microorganism counts during
kimchi fermentation.

GFSE contents of Eudragit E are as follows! ¢, 0 ppm; ¢, 50
ppm: L], 100 ppm; and M, 300 ppm. Kimchi was fermented at 20°C,
and values are the average of triplicate.
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Fig. 8. The effect of Eudragit E100 microcapsules containing
GFSE on the growth of lactic acid bacteria during kimchi
fermentation.

GFSE contents of Eudragit E are as follows: &, 0 ppm; 4, 50
ppm; [, 100 ppm; and M, 300 ppm. Kimchi was fermented at 20°C,
and values are the average of triplicate.
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