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Abstract

This study was carried out to investigate the microencapsulatuion of @-3 fatty acid isolated from fish oil and
to obtain fundamental information on the utilization of the ®-3 fatty acid in the dairy foods field. To obtain
the desirable microencapsulation efficiency, 1.5% agar and 0.5% gelatin were used as coating materials, and
0.5% SFAN 60 (HLB 4.5 value) was used to maintain the emulsion stability. The optimal mixing ratio of
coating material to core material was 8:2 (w/w). The thermostability of microencapsulated product was not
maintained above 60°C. Microencapsulation efficiency was kept at about 90% at 4°C and 10°C for 7 days
storage at various temperatures. At 20°C and 30°C, however, about 80% microencapsulatuion efficiency was
obtained for 3 days storage. About 80.57% microcapsule was destroyed by 1% pepsin solution at 37°C for 10
min.
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Age) ALgd EiAle agar (Myeongsin Chem-
ical Ind. Co., Ltd., Korea)?} gelatin (Kyunggi Gelatin,
Ltd., Korea), soluble starch (Junsei Chemical Co., Ltd,,
Japan) % 80% whey protein concentrate (Haesung, Ltd.,
KoreayS AHE-skl 0w, 43hale HLBZto] 747} 43,
45, 6.0, 802 A& FF9 fFA=ZA DM-70
(Glycerine fatty acid ester, Ilshin Emulsifier Co., Ltd.,
Korea), SFAN 60 (Sorbitan fatty acid ester, Ilshin Emul-
sifier Co., Ltd, Korea)®} DK esterdl F-50, F-70
(Sucrose fatty ester, DKS international, Inc., Japan)& A}
B3t

Xjekitol oMY &3l

N4 A4S 92 heptadecaencic acid®] v]A)
7843h: QA= Table 15} 22 wign] 824 214
stdeon AELAE FHS 283 L8 F
60°CE. §-A)8l3. o] £ 50 gol] heptadecanoic acid
(Ci0, Sigma Chemical Co., U.S.AYE 747} 200 mg A
718 & 60°C2} water bathel| 2] homo mixer (Ultra tur-
rax, Janke & Kunkel, Germany)s A}-£-3ted 10,000
pm/3 min o & A3k F 4°CE J4%E S/ 240¢g
o] airless sprayer (No. 355E, Wagner Spray Tech. Co.,
US.AYE AHg-3te] 10 g4 2p2 B-F-83dct.

FEA AFE e o34 At wlA sk
2]-8o]-5-(DHA 27%, EPA 5%, Nippon Chemical Feed
Co., Ltd., Japan) 10 gol} #| A% A4 S<3-o] 341 &

Table 1. Various coating materials for the microenca-
psulation of »-3 fatty acid

Type Coating materials

1 1.0% Agar+0.5% Gelatin

I 1.0% Agar+0.5% Soluble starch

1 1.0% Agar+0.5% Whey protein concentraie
v 1.5% Agar+0.5% Gelatin

v 1.5% Agar+0.5% Soluble starch

VI 1.5% Agar+0.5% Whey protein concentrate

2+t 0.5% (wiw)A 713 60°C2] water bathol] 4 &5
3] 2algk 5 AE49 50 g H7F3lE homo mixer
£ AHg-3le] 10,000 rpm/3 min o2 FA BT T air-
less sprayers Al-&3lo] 4°CE W7zts =574 240 goll
g2 B3 +85 245ka FeHar A (Lo,
Germany)& o|-8-3led vl &g A7 s

o|MzZiEs 25

TEEAE A% AA=: vAgest 8549
# A2} = Paquot®} Hautfenne] WH?S- 33 3lo] o}
23} o] AAslgr}. A8 10 g8 WHE7)o) Y3
Feto 2 Folwa ZsiAl Aeg F chloroform
(EM Industries, Inc., U.S.A.)3} methanol (Baxter Heal-
theare Co., US. A)E 2: 12 E3tale] Agt &4 60

12 Arksle) Ahe slve 25513 o)F Azle

2 e Amsh § A7 10 g4 Eolel5el Hefo
petroleum ether (Baxter Healthcare Co., U.S.A.) 20 m/
E Aziste] Aukibe 223 F R o7
o ethyl ether® 20mi %~ ]» T v]-g-wA EA
wax, sterol o] 3= & A A& kg o]l 1
N HCl 1.6 mlE 7}al pH 2002 A% F oA
petroleum ether 20 miE- 3} 7}ste] =gt E3HES S
233 T EE AT F dojAl xukake] methyl est-
ery= 14%2] BF;-methanol -8-<}(BDH Laboratory Sup-
plies Poole, England).©. 2 methylationd}] GC¥-A4-
A Bz sk,

GCE o]%:&]- Z]tﬂ-/l "76 w-37] A ukatke] =28
e ZFA Y 2EE A ubike] retention timeS
ulwate] o A o34 AHibe] FEE SA
3}sd o internal standard 2 heptadecaenoic acid 100
ppmS Arbskdel. Age] AMgE GCo| FAH AL

7‘5] ,\

Table 2. Instrument and operating conditions for fatty
acids methyl ester analysis by gas chromatography

» Detector FID (Hewlett Packard, U.S.A)
« Column Omegawax™™ 320 Capillary column
(Supelco, U.S.A)
(30 m x0.32 mm LD x0.25um film)
e Flow rate  Split Ratio: 6: 1

Carrier gas (N;): 1 ml/min
Air: 300 m/min
H,: 20 m{/min
Auxiliary gas(N;): 29 m//min

+ Temprature Injection port: 260°C
Dectector: 260°C
Colum: 180°C for 5 min — incresing by

10°C/min 240°C for 20 min
« Injection 1.0wl
volume
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Table 29} Zom &30S ot 2L 48 Bl
FH8ec
Yield(%) = JE=NE o 190

TF: 3 AA#gle] Aupbss
NE: A48 o] A3z e Ak s

uldHEe] dAdAAd Ad: vlAE s 7t
10g¥ U g7]o HF F 247 40°C, 60°C, 80°C,
100°C2] shaking water bathol|x] 7z} X7} 104,
304, 6027 AEshHA sh2g 3 ol A
GColl 213 8- &2 & A A5

vl A7iEe] HEY A vlA)wEY 10g8 4
3led 4°C, 10°C, 20°C, 30°Col| 2} z}z} 14, 3, 77}
B2 £ vy AR5 GCo 98 853 A4
atsict.

Pepsinl] 23 vlAFige] Faldd: astaiql
pepsin (Junsei Chemical Co., Japan) 0.1 g-& 10 m/&]
citric acid, NaOH buffer (pH 2.2)ol] 59l F 9 g2] v]
A7} gAell 1 miE FH7}slar shaking water bathol]
A 37°Cel| A 1087} A edste ub-3A17] 3 w7 A
747 GCel| 27 & &4-& A s

dat ¥ nE

Heixel MA

Aol AMH AEAAR matrix®] HE9} Fsr}
¢ agarg AHEEHA o7 agarthg AMEEll S A
$ Aol Astatof o Hee] Brt Bobs
gho] A upito] Lsbr ol FaEA] doen A4
o Eafata-g 1S 4 ol Awad]el gelatin, solu-

ble starch %! whey protein concentrate & 93 % r}s)
of ARg-Egit).

g AeiAE AA sl A8 59 Aok
wa)ste] ©hd x|ukAkal heptadecaenoic aicd 2 w) A7)
watatgdar 7 BELAE o] 43 vlAf s 52
heptadecaenoic aicd®) F 25 %3 =33}l o A3}
= Table 33} 72l

1.5%%<] agarell 0.5% gelatin-S A 7}3F 2|77} o
97.0%% 71 £ +88 el o83 A
Magee®} Olsone] f+-2]uHg Az Zaled A Ag <=
9l 87%8 )} A Vehd o Jackson®} Leer} -§-
Ag Aerfzste] Mg 9% HALg A3

Fig. 1. Photomicrographs of microcapsules composed
of various coating materials; dispersed in water Photo
A was made of 1.5% agar + (.5% gelatin solution as coat-
ing materials; photo B 1.5% agar + 0.5% soluble starch;
photo C 1.5% agar + 0.5% WPC; Each photo was taken
at 1000 X magnification

Table 3. Effect of various coating materials on yield of microencapsulated heptadecaenoic acid

Yicld (%)
Replication 1.0% Agar 1.5% Agar
G" s? wpC? G S WPC
1 91.76 83.61 73.23 96.47 92.21 70.45
2 92.16 87.53 65.76 98.76 93.03 81.55
3 90.62 81.97 77.42 96.55 90.54 82.08
4 88.35 88.53 79.66 96.31 92.47 76.18
5 90.47 90.15 73.33 96.73 94.78 85.11
Mean +SD" 90.7+1.48 86.4+3.44 73.9+5.31 97.0+1.02 92.6+1.53 79.1+5.80

" Gelatin, 0.5%
* Soluble starch, 0.5%
* Whey protein concentrate, 0.5%

“ Values are expressed as mean + SD (standard devation) for 5 replications
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= eyl Soluble starchE 713 2]t A=
HF gE 9061%2 Fasldon o] agars} £
=l gelatin®} soluble starch7} 782572 #.4] matrix2]
A5t 8] Wil e AzbEigict. Fig. 1o
Upehdt uhsh o] %] kst f3kMIAE gelatin
2 A7 Aelao) b oksslel ow o] Mageed}
Otsono] A 412 §sbgel wet ebg sl Fefe vepAg
', 1.5%2] agarell 0.5% gelatin H7}g x2] -9
A7 s =Z7)= 2~5 umEA] Bersen'eva Fo] A A&
1 umB o= 34 eyt om® Jacksoni}t Leer| A A|
g 6.0+3.4 umBrhs 2R3 710 @ viehged] Al A
o8 AAEE oAFe2] 271+ 9 200 pm 30 um
2" o] vz v - vl log vehg o &
A vlAREs M ste] 2575 AT
o] ulAztsl n g A EA | wet HHazr])e) 24HLS
7VFegt 7l o2 #shEglr}. Whey protein concentrate #
2] AS 2 gt B AedelE Ho}

&N Aol oAl Al oR et
Fatdlel MH

AeErAE 7P S48 A3 Jebd 1.5% agar,
0.5% gelatm G-l Hggk fEAE Al a‘ﬁbl A
frabAlo] F5et Akl wel FUF W v
A A Eststed 88 23 }‘iiilﬁ 3= Table 42}
zrct,

faAl e Sl W& &2 HLB7b7L 4591 DM
707} SFAN 60:& AH7L3l ]2l 7= 92~98%% vielyt
o] HLB7F7} 6.0, 8.02.84] 22w}l of ~ 8| 22l
F-503} F-702 #7}gt A== 62~89%=4 HLB7}
7} ol whe} fgo] olx|i= 7 oF viepytct.
F-503} F-70& 3718 el ol e F57b S7ies
£ o] 7hansbe] o) DM 703} SFAN 605 37}t
Ao FEe] Frle] a2 foHal 2ozt
%ol Braun¥} Olson®] ®we} §A1gF 71 o2 vebyt
o} ole AT F3HS s AU A
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O

o] 2% H f{3hAl, f3tle] EH]E W AR
S 2 faz7lel o] 2 43S P s A
)9l Mageee} Olsonol] 23}l 2.5% SFAN 859}
2.5% SPAN 605 E3lsto] AL&3t Ax} FAlolo] &
xof we} 51-87%2] F8% toi whl F3H S AFg
g B AlE R} go] Y& 7o 2 Jelgol wal
Fig. 2ol vieput ale} zgo] SFAN 60-2 0.5% 7}3t
] 7} 73*"1 zZ7)9} 7} wlAlstn @l st
7}k 22agk Galeb A S vhelglT)

Faoio] TH|A| HEARHRt 0fR 2 HAH|E M
ZR AL o f-of wigul &g delste] zhzke] v
A7 sl 55 FAste] A4 vl E *éﬂs}m‘ ©
v 71 73= Table 59 il
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Fig. 2. Photomicrographs of microcapsules composed
of various emufsifiers; dispersed in water Photo A was
made of 0.5% DM 70 as a emulsifier; photo B 0.5%
SPAN 60; photo C 0.5% F-50; photo D F-70; Each photo
was taken at 1000X magnification

Table 4. Mean" of yields in microencapsulation with various amount of emulsifiers in emulsion

Amount of emulsifier(%)

HLB of emulsifier

0.3 05 1.0 1.5
43 93.4+0.42° 94.34-0.53" 94.24+0.71" 85.840.44"
4.5 92.3+0.63* 98.6+0.65 95.7+1.70® 94.4+0.69”
6.0 84.2+1.34% 89.2+2.56° 80.9+4.33 70.1+7.62°
8.0 79.2+2.55% 72.1+3.16% 69.0+8.32° 62.1+6.84"

"Means of triplicates

*Mecaas with the same letter are not significantly different (P<0.05)
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Table 5. Effect of various mixing ratio on yield” of mi-
croencapsulated fish oill

Mixing ratio of coating material and fish oil (w/w)

Replication 6:4 7:3 8:2
(%)

1 74.33 85.76 94.66

2 62.58 88.43 95.18

3 79.31 90.32 94.15

4 71.86 87.11 97.45

5 73.11 91.89 96.33

" Values are expressed as mean+SD (standard deviation)
for 5 replications

Fig. 3. Photomicrographs of microcapsules composed
of various ranges of fish oil/coating material plus fish
oil; dispersed in water Photo A was made of 0.4 as pro-
portion of fish oil; photo B 0.3; photo C 0.2; Each photo
was taken at 1000X magnification
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Flg. 4. Stabilities of microencapsulation at various
heat treatment
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Fig. 5. Photomicrographs of microcapsules after the
heat treatments; dispersed in water Photo A was treated
with 40°C for 30 min, photo B 80°C for 30 min; Each
photo was taken at 1000 X magnification
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Fig. 6. Stabilities of microencapsulation at different
temperature and storage period
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