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Microencapsulation of Isoflavone Derived from Pueraria

J. S. Seok * D. H. Kim
Department of Food Science and Technology, Sejong University

ABSTRACT

This study was carried out to investigate the addition of Pueraria derived isoflavone into milk by means of
microencapsulation technique. The yield microencapsulation sensory attributes, and capsule stability of Pueraria
derived isoflavone microcapsules in milk were measured during 12 days. Coating materials used was polyglycerol
monostearate (PGMS. The encapsulation yield of Pueraria derived isoflavone was 72.5 % with PGMS when the ratio of
coating material to core material was 15 : 1. The rate of Pueraria derived isoflavone release was 15, 20, and 25% when
stored at 4, 20, and 30°C for 12 days in milk, respectively. In sensory evaluation, beany flavor and color of
microcapsuled Pueraria derived isoflavone added milk were significantly different from control and uncapsuled
Pueraria derived isoflavone added milk, however, bitterness was not significantly different. In vifro study,
microcapsules of Pueraria derived isoflavone in simulated gastric fluid with the range of 3 to 6 pHs were released 3.0~
15.0%, however, the capsules in simulated intestinal fluid with pH 7 were released 95.7% for 40 min incubation time.
In conclusion, this study provided that PGMS as coating materials was suitable for the microencapsulation of
Pueraria derived isoflavone, and the capsule containing milk was not affected with sensory attribute.

(Keyword : Microencapsulation, PGMS, Pueraria, Sensory evaluation)
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A A Eof &A5H= isoflavone= genistein, daidzein, & 8 o2t 28, A, @A, AR, ] vER
formononetin, biochanin A, genistin, daidzin 5°] 31.2. 59 JorA iy Agdy EAS SR8k Qo &
), e oA Aol A ZE S erogen @ B 8 BYST2E ol A3 5iek 3,
X342 712 1. 9T}, E3) th(soybean) S} H(pueraria)©l # oA isoflavone, oligosaccharide, 132+ peptide,
= genistein?} daidzein® M| A12] genistinhdaidzino] ~ Phytate, 210141, 21E4 sterols, phenol 4§, saponin
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A o FUA s, FUTF, i 5 WAL o
% QAR T} e AL

gl fol vgEe WAL B 65 F 4T
Lne FES) 2AAEL He OTE FelA 9

(anthocyanin)®] 3 572l phenol 7] 8}3}1E-9] WAl
ZH T F Foll 2ol giE o] o,
Isoflavone-< Figure 13} 740 daidzinT} genistin &%
- EAER G, g g a2 Fe A4 7rEAE
9] A2 M| BES] B-glucosidase ) 7Fd 2 ol &] 3
o) B-3)H aglycone) Fko] - A0 7 HI1HO]
QTF®, g} wAsle] oid X el A
isoflavoneZ ¢k 10% H =2] v]&E EA| 3= aglycone

glycone

compound R, Ry Rj
Daidzin H H H
Glycitin H OCH, H
Genistin OH H H
6"- O-acetyldaidzin H H COCHj4
6"- O- acetylglydtin H OCH, COCH;
6"- O-acetylgenistin OH H COCH;
6"-O-malonyldaidzin  H H COCH,COOH,
6"-O-malonylglycitin  H H COCH,COOH,
6"-O-malonylgenistin OH H COCH,COOH,
6"-O-succinyldaidzin H COCH,CH,COOH
6"-O-succinylglycitin  H OCHj,4 COCH,CH,COOH
6"-O-succinylgenistin  OH H COCH,CH,COOH

compound Ry Ry

Daidzein H H

Glycitein OH H

Genistein H OCHj3

Fig. 1. Chemical structures of the isoflavone.
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type<] genistein(0.15%), daidzein(0.007%)°] 2 ¥
oJske 2oz Buso] JYtt®. Daidzeine ETHS
AT dF 4FL FEASS AAlshE &L
genisteinS o4 2] A F =29 estrogen¥ FAY &
Z e Ak, ARG 59 HAE F4E A
=2 0 2 ok & 9ot IE3) genistein®] ETHE5
7] Ag o @ YEFAE A7t Y80l F
dupglon], ML ZA ATHE F AT Y
S 3h= tyrosine protein kinase?] ZH8-& JAS}aL
estrogen 5-&-A)of] oFslA AT R oo,

E3k 78d7) 0]% o A of| Al genistein©] &3t estrogen
AL Y B2 FrhaF o] S o g Fo
gHrs]o] & isoflavone?] A3F1ell thet AF7} o) F
o} A] 31 ef*D,

AukA © 2 Isoflavoned] #-E] A A= Cho¥8 Ba
9} 7o), GRS A A A7) T isoflavone ¥ A &
m|3=% & ion-exchange chromatography, absorption
chromatography & ©]-8-3}o] 2] 4 | 3}, absorption
chromatography©ll4] AH3-3} resin< pinoresinol %
A 9] gal/Ag Ao = ARE-E? Amberlite XAD-27} A}
L5 3tk

S v, XA, 33, vERR, vl 5 A
oA T Aot o] ARE YA Tt
Q7] w ol A5 g A Folg s U, $-fol
= RRY JUAE F1F RS YA, v
ok Aol v o) H -9} 3H2K0.53mg/kg)> B Rt
& Zh5 3} 22 Thokst A EAE gol st

AAGE #1737 o] Felli= o]f st Zhro] w A/

485 od=th 2R A7) o] 39 o T2 EQ
estrogen F-550| 1glo]H, o]j st AE FE3}Y] H3H
A HNEA Y5 2ES] 715 7H isoflavone s 3
7Fehd - 9] Jok gt vl Eo] w7 7]01 %2 o
Ao 042 F oA} X g5l A} ogadtd,

Isoflavone = 2} &0l A3 H7}8 7$- Isoflavone &
2] M2 Wiz}, oju], o]HE WA, A F <
FAE A 7FsA o] Atk ofel g AEE A8t
=i 0 2 o HRE v 7<% Sl(microencapsulation)
7148 ARgste] it Aesl 71&E 1A, 94,

ANAALe] B2 #E (core material)& 57 23t
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M 2HH SEZ YSES LETFUETIRE
A(coating material) 2 E43H= 7]&0]H o] nlA 3
DS Aol e AFL & pmolA T
mmz theksith vl A 78st Wl spray drying,
spray chilling, spray cooling, freeze drying, extrusion,
coacervation S2200] gl o] o] 5 & A EAG
HofollA] 333 $l5hA 2Q0th

A77] AYEL] FHEFE st ARk 9
slo] Bak-go] Q= A1EA] estrogen? isoflavones Z+
o] TR 9ol Arlshe Aol AFH AR, %
9 isoflavone IL-2) &5, Fu|A], oAk, 8|1 3l
= A7 507 oA 7R §-fol A7lE o] FolA]A]
Zaioie). 0|2 & Al A e ¥

+ 99l isoflavone 735 $1351¢] isoflavones 7}
A7 8Fsh=d), ¢4 coating material-& A7 8}3
5 Y% A2 A S AR, o] F el 7P
A7 A3 B A 549& AL AYelA s
o] e A& BAE7| A3t invitro 270X ZAVSL

IL X2 L b

1, ez I Al

1) Core materialZt coating material

Core material?) 40%2] 3 5 isoflavone> (F)ot
DHEg g 2 RE F]ete] A2 BE ARSI
o, wjFH S 3H-3t glyconed] HENE o] 233t
Coating material2 ()4 -3KSeoul, Korea)ol| X
T3 PGMS(polyglyceride monostearate)& A3t

A, o] S BT AFH7E TR

2) N Y 77

3 52 isoflavone ] v A& 3} 3 &5 FATP]
Asked ALgE Aoka), BFEAE ARSSE genistin
(4',5,7-tri hydroxyisoflavone-7-glucoside) ¥} daidzin
(4"-hydroxyisoflavone-7-glucoside)S 22} Sigma Chemical
Co. St. Louis, Mo. USA 2} (59)Fujicco, Japan & Z H-E]
FAErAeh E3, 2EERE SEATIeT ARSRE
DMSO(Dimethylsulfoxide) Sigma Chemical 4]
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o519t} Pueraria derived isoflavone®} EFEH-E
HPLC(High performance liquid chromatography,
Shimazu, Japan)Z AHE-319] Yi 5009 Wi & 7
1 ¢35} gradient solvent system & 2 A3 3131Tt 4
A AL columne WatersAHUSA)®] 1 -Bondapak
C18 column(3.9 mm X 300 mm, 10 zzm)& AHE-3H3
I, UV detector 2 pump gradient system<> Shimazu
AJapan)olA A3t} mobile phaseZ AHE-&
methanol(HPLC grade)< J.T. Baker(USA)°IA 7]
skaict.

2. o
1) PGMSZ coating?t DIMZ{&S] MZ
PGMSZ coating?t & #-#l isoflavoned] v]A7i&
A =& Figure 29 207 I U142 o3 2ok
3} 44 isoflavone ALolA AE7t & He
PGMS(polyglycerine monostearate) Z. 7|74 &3} 8}
7] 915te] &4 PGMSE 22} 5, 10, 15, 208 F st
o AT ZH4e T8 S5CAA 2087 4
A7 F 1,200pme] $EZ 137 28 spray7}
7V58HA 288 350)FATh o] 4ol AT

0

e

|7Pcms | Distilled water |

$0°C, &6 hr
I—EMS solution I | Distilled Water_l

55°C, 20 min

rPGl\IS solminuJ I;uexmin derived isoflavone I

1.200xg, 1 min

rMi.\'tm’e for spraying

0.05%0 Tween-60 (5 *C)
Nozzle size : 0.3 mim

[ Dipersion fluid ]
Centrifuagtion
24.900xg, 20°C, 10 min
Isoflavone micmm:xpsulaw_nj

Fig. 2. Schematic diagrams of Pueraria derived isoflavone
microencapsulation with polyglycerol monostearate.

108 YRR RETR} H2A 23, 2003

&2 isoflavoneS £33} 1,200rpmol A 127F IRk
3t & o] 3-8 W-300 spray gun(Wagner Spray
Tech. Co. Markdorf. Germany) 2.2 0.05%2] Tween-60
o §317 5T Al $Fshm o] BRAL
24,900 X gollAl 1087+ A E-2 8t A&st =HA &
& A5AT AEE} @ JA-g FE]ataL thA o gt
& Aste] TH) Tween-602 713l &3 A 1
Golols & &8 isoflavone S Al A8k AEEE 1

5 6] ANste] W AR AZSAT.

2) HPLC =4

2 68 isoflavone®) HPLC®] &]3t 42 vi®O%
o] ubHS 4 K.Yk gradient solvent system & 2 ¥
235k th B4 A AFEE columne WatersAHU.S.A.)
9] yx-Bondapak C18 column, detecteri= 254 nm UV
detector(Shimazu, Japan)S ARE-3131.2.H, injection
volume2- 20 # 12 3}1 Tt} mobile phase A, Bi= 20%,
60% methanol-S: AF2-5+1 2.1, solvent gradients Al
232913 mobile phase AZ 10022 A12}H31o] 50&7}
2] mobile phase B7} 1002.2 A A H 0 2 A5 Al &
v}, 77 & 60%7}+A] mobile phase AZ 100%E. 3132
o, 1 § 6527} mobile phase AS 100%2 143}
& detector @ column< 3+ 8+ A ZiTh.

3) ZsdEA

M7 43 2 9 isoflavone o] AAE 5
=¥z st 4A717K), 3, 5, 8, 129yt A%
A e oln]gh o)F e A, 7|5 T &
%2 EAWEE dolr ] st AAEIAT HsA
AL AL 59 Be TEE S Qe AN ES A
3 F 9A 7)17HE FAL A1A £ ALl A5k &t
ok B3 S49 Hrh= AL silen #
SAAE AL AT} B4 SASCNE o] &5t ¥t
BA0 A oA Aoz FAAE SSith

4) DMyl ekgy
2] 87 isoflavone?] QFAA ZARE Q1F 9N e] pH
9} incubation A|7el] WE v]AEZRE F

isoflavone®] HI&ES =435l 00 vhS 33
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2t} 4 FF5) ulARES HAUREIA 4 mi
pepsin®A(pH 1.2, Img/ml)& H7Fe ¥, IN HCIZ
71z} tHE pH 2, 3, 4, 502 2Tk 919 §48 742}
37C F&FRAA 2 AZPEE(0, 20, 40, 60%)
incubation®"3tH A £l WHEH 2] -# isoflavone
& HPLCe] &3 g3t

AF YA o7 242} thE pH AIXPEE incubation
5 LMo 0.02M cholic acid, 0.02M deoxycholic
acid(bile salt), 5mg lipaseZ 4 7}3} 31 pancreatin 8-}
(1mg/mi phosphate buffer, pH 7.4y 371t} o] &
o1 IN HCI7 NaOHZ pHE 6, 7, 82 24 ¢ ¥ 3
7°ColA ZH A17K0, 20, 40, 60%) 8 2 incubation®" 5}
wA] & 53 isoflavone HPLCO] &]3] A7t

I 20 o

1. OjMY&e 28xH 2F

Coating material 2 AFE-3F PGMS -0l 4] 1A
olEZ, Kwak 579 By wjel 5 FHRTFEE
Frslo] 80T 5412 7F2ate] Q F ARSHl L,
Coating material®] B]&°l 284 & -2 isoflavone
n|7E sk HAxAS dAs] Y chekdt vl
Z PGMS S & 59 isoflavones £33t nlAHE
3+ 272 Table 191 VER T

PGMS : & §l isoflavoned) ¥]-8&°] 5: 1Y vl 7]
A7) $80) 51.6%, 10 : 1Y W& 58.4%, 15: 1Y
o= 70.1%, 20 : 1Y B 52.3%E 242ke] ulgofA

Table 1. Yield of microencapsulation with different ratios of
PGMS and Pueraria derived isoflavone,

Ratio (w/v) )
- - Yield (%)
PGMS! Preraria derived isoflavone
5 1 51.6
10 1 58.4
15 1 70.1
20 1 52.3

Means within chlumn with different superscript letter
ditfer(p<0.05).

Means of triplicate.

! Polyhlycerine monostearate.

G Z Aol 7t Agl ot 24 FEAAME Aot
glch 8ol 15 : 18] ulgolA 718 -3k,
PGMS ] H§o] 15: 1K} opx]| A} obxd =8
o] GrolA &= AFE ®yich

2. NE7IZtol 2J8t 3l 2 isoflavonel] Rl

2 $9 isoflavone - 4 Al isoflavone 54
olu], o], M7ke] W3S futste] A5 o7 FA
3 A7z A4 HA gk & Aol A 7
) isoflavoneS A EsI ARA7IZES] Z o]
& 3 38 isoflavone] 2l & Hotdto] W5
o7 nAE 4TS ZAIIHFigure 3). &
isoflavone TAREY ARS AT AAL L= 4T
20 2 Y], 4¢3} isoflavone S 9ol 37}
$E57173} AL EE Ay, 7543} isoflavone
S 9-Groll Wrtslo] FETIZE Bt oln), o3 U A2
WA 7SR ol o A0 E AlE gk

-2 47T
301 - 20°C
-~ 30°C

Percentage of released Pueraria derved isoflavome
| g (]
7y =]
1 1

Storage periods (day)

Fig. 3. Effect of different temperatures on Pueraria derived
isoflavone release from microcapsules stored for 12
days.

Coating material: PGMS. Core material: Pueraria derived
isoflavone. Each point represents an average of three trials.
Each point indicates a standard deviation point with different
are significantly different (p<0.05).
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3 5 isoflavone A ES Foll H7het
4TANA 129z AsEA AAE BsE B4
Table 2¢)) YEbAT) £%kbitterness) 2] 3-$ 437
Z7}e] W2 Wshs R E AE T AL gk A
FHrrAo| 2 A 129 7+ =X ok ol A& H
2)} isoflavone®) coating material &] A4 3}of| W& ﬁ]‘
o] & O o|HE WA &S g, ¢
& AF9] oo &5t tigk 54 Wl fles
Sjujgict

28] 3 AZ(color)?) 73-%- isoflavone T} 2

e w3 Qe BAE AUa glo], AR Fhel

% M&3} isoflavone] A4S Bed o= F
F oJu) & =t} ¥)3W43} isoflavone A7 F
*57}°ﬂ we} AxEo e ANE uE A0 Pt 5
ok E3] 6 AA 0139 n78< 3} isoflavone
contorl®l) B8] @A 3}A 243} E o} -fro] A A
Aol & A= Bl ¥hd, A€ s} isoflavone ¥
oz waly] E g AR v BT FAAE UE)
9on 9 o] Foll= P A FxHE ot BT
0] & AA7)7to] Ao} o] we} coating material 2}
o3 o} B -5 Foll Holl| isoflavoned] FE7F
MA 3] F7)o] 8t 202 AlRETE

) H(beany flavor) ] 79+ B

N o b

r°*'

<8} isoflavone

9} A= A& 1 Y3E control3} ¥ w5t FA S}
TrJZ}" B3 on] A37)7t0] F7Fge] nleh Fud
7kt § -E, M43 isoflavoned] ¢+
controlJJr B wakolS wf oFe] RO A Byl o A
717k Z7 skl whe A 8] Sk en, A% 53
A7kA] = AL @zt Ao o] AFstHA] A
A3 F7Vhs FAE B0, Al AHE A
gl 7| A = Bakg] oo, n]ekst Fu[-F Ul coating
material®] 3}3]o]| 7)Q15H= R 07 ALRHH, 7]E
isoflavone] A7} - 200m1e]l o] 2F 20mg
FEOZ AN RS HH 22 AY o]FE =717
23t Ao g wdgEn), P43} isoflavone2 A7
Zho)| whe} &9k A 2| W7t glom, ol A7tA 347t
of] A= AUY isoflavone E-F29] FnjAue} Mze]
W7t AEd o g B354 02 A9 control
xE Ho|R| ko) $-foll uidt st 3
isoflavone ) A7} S&3t Ao = Almdtt

4. O|M|is o| ot™N

u| {713} isoflavone©] A3 G2 pHS} 48lE
2 (pepsine)d] EFHEof| 23] #2) == isoflavone FE)]
FZA A E, 27) HESAIZE 1030l BE pHolA] &
E]Q isoflavone®©] 3-5%%. Wi Wk ow, vhg- 208
3] F7hskt

RE $E5E isoflavoneH2 &

Table 2. Sensory score of different microencapsulated Pueraria derived isoflavone added milk for 12 days storage in refrigerated

temperature'.
Sensory Condition of Storageperiod (day)

description fortification 1 3 6 9 12
Beany flavor Control 1.0° 1.0% 1.0° 1.0° 1.0°
Capsulated 1.7%° 2.0° 2.1° 2.4° 2.7°
Uncapsulated 4.3° 3.9° 4.7° 5.4° 5.5°
Bitter Control 1.0° 1.0° 1.0° 1.0° 1.0°
Capsulated 1.7 1.3° 1.5%® 1.7% 2.1°
Uncapsulated 1.5° 1.4 2.2° 2.6° 2.7°
Color Control 1.0° 1.0° 1.0° 1.0° 1.0°
Capsulated 1.4%® 1.6 2.1° 2.5° 2.7°
Uncapsulated 4.9° 5.3° 5.6° 5.45% 5.9°

The scale of score: 1, none; 3, slight; 5, moderate; 7, slightly strong; 9, strong. Means of duplicate. Means in

a column without the same letter are significantly different (p<0.05).
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% 7] isoflavone®] DZi&0] ot 7

| Koo

Perceniage of released Pueraria derved isoflavone

pH

Fig. 4. Effect of different pHs on Pueraria derived isoflavone
release from microcapsules incubated in simulated
gastric fluid at 37°C for 60 min /n vitro.

Each bar represents an average of three trials. Each bar
indicates a standard deviation and bar with different letters
are significantly different {p < 0.05).

(Figure 4). Z pH 3914 & %7] 020l 3.5%31.2H, 20
B Foll= 14.73%E 44 S7ksko] 794 2ol 7t 2%
3110 4083} 604 Foll= R2lE isoflavoneZO|
20 5ol F2lH 7 A FAst F At el
pH 49X 12 H isoflavone 0] 37] 0%-¢]=4.53%
A, WHS 208 Folli= 04 W<} W4 isoflavone ™
o] fAkste] oAbt 1] 85%] &S B 3iTh pH
5914 7] 0% 3.03%%1 2.1+ A ko] Aol met

29 isoflavone®o] 13, 14.2, 15.3% % 57131 A
Zrote} BHEE isoflavone®-> -] 2H7F 1SiTE pH 6
ol = 27) 040l 3.66%% 2.1 717ko] A what
FElEo] TUtstglon, §-974 FEAM T AlRnlct
zto] 7} Qe A o2 Vet

PGMSZE 7%3}3t isoflavones HFH T H5- $19)
2 AN E 80%F TS TES YERE 7)i 3
pepsins- AAZHE-S W) 912 A 0% W2 E v, Y
. 34 isoflavone A E 4l 7 Ao g A}S":_
gk

3 -8 isoflavene ] coating material 91 A 44k of 2~
E]7} 38l A En] 53 lipasest THE &4 At 9
3] 2359, 29 A Al E Ul E isoflavone©] 7
E5E)Y) wj B & %J_fﬂ M= 28R FAV 83
A Ag el 27 A& Azste] ¥ 603F K20
B HEE = é—‘?"‘“’ol"a‘ S ek thFigure 5). Fr
29 isoflavoneZ-> pHE} Al 7kell whe} isoflavone 3
%o A3+ —57} sl =], pH SolA oY &
7.72%0], HE-S- 60 Foll = 22.32%F 34 o]}, pH
64w = -gxr ]7.62% o 41.6%% 5u) ©]23, pH 7
7 8ol M= whE-E27] 13.32, 11.0%1A4 22} 95.66,
91.6%Z 65 o]4H0 7 W& 5= isoflavone®o] 57t
31l o9, uk-S-A) 743} pHol vkt f-21 2 isoflavone ™
o] At S sk

Alginate 2 lipophilic drugsE 73€2}3}°] intestinal
media(pH 7.5) 75mlo)| 9g g-3l13}o] 1217k &<t frel €
oFo) 10% vl kel 31 a1, 2413 - 35%%te] R = vt
+ Antonio 59 o v|w e o £ A2 AF
Azl zeA Fel g o 3-9uut = it o] E A

120

3 0 min
100§ |[=320 min Ib

2240 min

@260 min =

Percentage of released Pueraria derived isoflavone

Fig. 5. Effect of different pHs on Pueraria derived isoflavone
release from microcapsules incubated in simulated
intestinal fluid at 37°C for 60 min in vitro.

Each bar represents an average of three trials. Each bar
indicates a standard deviation and bar with different letters
are significantly different {p < 0.05).
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3} 9 isoflavoneS Faldhed JTFE FHE Aol
2} Azrdc}, 71438 9 isoflavone S AH T A5 90%
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