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Preparation and Characterization of Double-Layered Coated Capsule
Containing Low Molecular Marine Collagen and y—Aminobutyric
Acid Producing Lactobacillus brevis CFM?20

Sun-Yeong Kim, Do-Geon Oh, and Kwang-Yup Kim

Division of Food and Animal Science, Chungbuk National University

ABSTRACT This study was performed to encapsulate low molecular weight marine collagen and y-aminobutyric
acid (GABA)-producing lactic acid bacteria to inhibit degradation and improve survival rate during exposure to adverse
conditions of the gastro-intestinal tract. Calcium-alginate method was used for the manufacture of a double-layered
coated capsule. The inner core material was composed of collagen and lactic acid bacteria, and the coating materials
were alginate and chitosan. The sizes and shapes of the double-coated capsule were affected mainly by centrifuge
speed and pH. Manufactured capsules were observed with a scanning electron microscope and by confocal laser scanning
microscopy to confirm the micromorphological changes of capsules and bacterial cells. As a result, double-layered coated
capsules were not degraded at pH 1.2, whereas degradation occurred at pH 7.4. In addition, GABA and collagen
were maintained in stable state at pH 1.2. Therefore, double-layered coated capsules developed in this study would not
be degraded in the stomach and could be stably delivered to the small intestine to benefit intestinal and dermatic health.
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2 ATl ALEg e AFe] FE B2 sodium al-
ginate(DC Chemical Co., Ltd., Seoul, Korea), calcium
chloride(Junsei, Tokyo, Japan), chitosan(Sigma-Aldrich
Co., St. Louis, MO, USA), acetic acid(Samchun, Pyeong-
taek, Korea)7} o] &= glown, & &3l A2 E so-
dium citrate(Shinyo Chemical Co., Hyogo, Japan)”7} ©]
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Table 1. General composition of collagen

Characteristics Value
Calories Approximately 3,643 kcal/100 g
Crude protein 101.0%
Carbohydrate 0.0%
Crude fat 0.0%
Ash 0.1%
Moisture 6.5%

CFM205 AR&stalth. A% A& 0.85%(w/v) NaCl
(Junsel) &5 o] &3] HAHOR 3|4 § ikt S48
Wj X2 o] &%= Lactobacilli MRS broth(Difco, Detroit,
MI, USA)9 1.5% agar(Junsed)ZS H7}3F v =)ol 0.1
mlA HAEDH O R HFste] 37°Coll A 24413 F<L HY
BT vl F - Ao 2 Wk s A diro s
AdkatglaL, o] & MRS wiA| & o] &3l & ek 3ith o]

E d5FE 50%(v/v)9) glycerolUJunsei)o] 3HE MRS Hj
S
H

ature freezer, MDF-192, Sanyo Electric Biomedical
Co., Ltd., Osaka, Japan)oll X33} AF&3131on A3 o
ARESE7] A 33 o) Ald] wkste] Edstsl & ARSI

MEXE YN Fatdlat L. brevis CFM202| &3t

B oo A A3 sodium alginateE o] &3 P& AZ
WH-S Lim¥ Moss(25)7F #|okst WH 0 2 brown sea-
weedsZH-E %3l alginateS AHE3te] A Aol &S
FA] 931 droplet o] semipermeable membrane$l
alginate hydrogelo] @A HEE 3= BH S 28310 74
=& AZ3 . WA MRS brothdll L. brevis CFM20<
5%(v/v) &3k 37°Col A 24417t et & YAl Ee]7]
(SUPRA 30K, Hanil, Kimpo, Korea)® Q412 (4,000
rpm, 4°C, 10%) 3} %3591 MEE saline buffer
(Sigma-Aldrich Co.)& 23] AlAH 3ttt dAl A &3]
5%(w/v) sodium alginate$®} &% ME, A2} AP 22
A &HE 2:111 2 E3Fsle] 8] wRE
< peristaltic pump9ll flexible tubeZ A A3} Z1 £
30 gauge needles AZ23}e] §Ho] it 15 g/ cal-
cium chloride &%) H3}E = A% F Lo AuANS
9)8te] 30%-7}%F magnetic bar® WHFHIA] alginate 74
S AFFF L AES HoE N2 5 & o g
T2 23] AHET 25 dr 7 (confocal laser scan-
ning microscopy: CLSM)S.& -2 A3} fuale] B2
Hek dAT 7EY 1~2 mm A7 HEo] FHE A&
gelskgiet.
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7hek 2 4°Co| A 24A13F 351 G Aol kA A|Z 3 alginate

Ll



AEe 9ol 30wzt wwtsto] AYAE & F SHTE
23] A2 sk th29). Chitosan #® §- CLSMO.& thA] &
A7 A3} el A7I7F zE zobxl As glskltt

Me2cof| W2 L, brevis CFM202| MSEM
B
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ATk

738 spectrophotometer(Spectro  Art 200,
Wealtec Corp., Sparks, NV, USA)E o]&3}o] 660 nmol
A FFEE FA489la, pHe Wak= pH meter(720P,
[stek, Seoul, Korea)® SA3 o 2H L. previs CFM209]
AikstE 714k ol gk pHE SA 3T
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+ 1.5 mL Eppendorf microcentrifuge tube(Hamburg,
Germany)°l] A& 100 pL¢} =€ 400 pLs @i 2+ A&
o2 70°CE 9% g42(BW-20G, JEIO TECH, Dae-
jeon, Korea)oll A 30% st 9-d AxAIZ] & 70 mM LaCls
1 mLE 7F5ke] 200 rpm, 25°CollA] A AT F A&
2](10,000 rpm, 4°C, 5&) skaL A& 700 uLe} 0.1 M
KOH 160 pL.= 1.5 mL Eppendorf tube®l] # 3+ & 5~10%
F AHEAAE F ol S thA] A E2] (10,000 rpm, 4°C,
5%) 3 & A5 110 uLE 0.5 M KyP:07 220 pLe} 4 o]
e A& A&

GABA A% % #5341 242 1 mM GABA, 0.5 M
K4P207, 4 mM NADP, 2. O units gabase/mLE iﬂé}‘-ﬂ
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Zate] BAdFE ST
Calcium chloride”} &S F4E uf FA o WA=
FS dolr 7] $Jshe] L. brevis CFM20 1 mLE 94 &
sto] wjg S AAT F Ha Az A AMREE v
g/L calcium chloride €9 1 mLe} 41& % Wx|3}% ).
a4 A7 Al YA EE 8k calcium chloride<} o)
%E]@ 7 e ;qu]_g- A 8143kl MRS agarell
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sto] AAFE ® 1 mLe FAldl 1 mLel 0.1 M sodium
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o] ] A= 0.1% pyronin Y(Slgma Aldrich
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A H(optical sectioning) &2 &% AAS A A Eo] 7
23 TH31-33).

e s #E3] A3 dol A 2483 Az e
S 1A% Z critical point dryerol Al 2087 AZ31
-80°Coll A 787 &4 FHEle] thA] A %3 & scanning
electron microscopy(SEM)E ©]-&3}e] #2353 tH(33).
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HE gk $ d4EE gte] PBS %"”% AAIL 55
5 saline buffer2 WA 841 & MRS agarol] 33
Dete] AdrFE SASATHED.

olFAYNE] L. brevis CFM202] A5 Lolr7]
A8t Aot e WHe R RS AAT HE 1 gS F3
pH 1.22 B A3 =2 PBS €9 1 mLol ¥ AE=Z

o 2

S~

Atk AR S
MRS agar®l JUF E"ELEM AaaE S e B4
o] ¥3i= 0.1 M sodium citrate(pH 8.0) &8 A&} o
M OARM O] & FAt = pHE 2HsHA] &2 ARl &
a Lo Halde] 7o Wl o g =Ae s ).
o|Z =¥ M&3ty L. brevis CFM209] GABA7} &%
=9 S dolr A HaS AT F A3
HZ g ZFo GABA IS SAsIqlth 728 AAT
N

g BEHE ¢S dE3] 38k %ﬂ'ﬂgl £ 4
"] =4F21 hydroxyproline &3 43} tH16). =5
7%7£§1g~ﬁoﬁ pH 1.29} pH 7.4% WA ¥

& I AIMER O, 1, 2, 3A7F 5%t

oL df
3@ 2o ot & &

T
st & PBS £95 -.4 3t hydroxyprolme SRS SAT
o ¥FEAY S-S 100 pl FH3 & 12 M HCIE 100
uL H7bakar 120°Coll A 3417 &<t 7} w3l g vhs 24
s Ya AojE & dAEE(13,000Xg, 2+) .
96-well platedll 359 10~50 pLE& &AL £ 60° Coﬂ/\ﬂ
71%3%t 5 chloaramine T/oxidation buffer <3&2 100
WL A7bEkelTh 3 golS Aeo| A 5E7) HEx ]3}J_ 3]
A% dimethylamine borane AlelS- 100 plLA H7)sled
60°Coll A 9087+ W3t & 560 nmoll A SFH=E 543}
< A43HATH34).

o
-

3L 2% 4l
A FEHAE

E(Seoul, Korea)oll A it A5 60

~100 g W<l 9 —’F A Sprague—Dawletﬁ] IHE I I
AR 7) F-2HE AR ]/\1 APAEY ES T8 FH
WA Al %%’(’é T 2442°C, 5% 55+5%, 12417+

dark/light)el] 454 O]*J AGAZ T 45 T AFS 7
g3 7t ' 8utE A st AP F 3T 2= Con-
trol(Z Wkl o)), Sample 1 (G Wkl o]+ A&} s &
2hAl <), Sample 21 (LWkA o]+ A B2} dfj kA FehAl
7} GABA A A S 373 ol ZEPE)SE U

Auatsel 747 23ES 23 1y g AARE dY
AHAFE 1Est ARSIt & 28 AlY F dFde
gk i 7} o] Al gk o 7F AfolE A skt

gl ] hydroxyproline 333 93 F9] A4 &= &
S ffste] 453 AHSE A E AAFRLZTH 124
ZF A2 A7) 3L ethyl ether2 v to] 7| &55 & Hoj &
oA dNe AfFsle] HHZ total cholesterol, total, tri-

glyceride, low density lipoprotein(LDL)-cholesterol,
high density lipoprotein(HDL)-cholesterol®] X
Aot 9o A4 FHf vuE A8 A TR
5 & 9FEE24S 1 cmX1 cmE AFSGITh o] 3 F242
10% T8 X2 goAoA Fs] LHEUL, T4
z22 A7 S AZ vl gt xujsigivt. ¥
ZA A9l WS $]5}e] wlo] A EE(microtome)S ©|
3lo 3 mme] AA S vHEo] Sgfo]=& A#g £ haema-
toxylin¥} eosino. & AMsIaL FatHA u] H A oA T2
o A e FEggae)] AXE TEAAEEILS
o] 5l Sekglor, RE A3 7hgd2 AAlE FF o

g} 48 5 I THCBNUR-559-13).

# W o e e

SAH X

EAA e = SPSS/Windows 18.0(IBM, Chicago, IL,
USA)S o] &3] #4389l 1, dite Ao+ dx=E Y
Ef Sl ZF a2 ddax] E4HEA (one-way ANOVA)
S A]#3te] Duncan’s multiple range test® A8
X0.05904 Hgksd digk L& 7] oA Aolg AF
33T,

Za o na

MR M2 L, brevis CFM202| MSEM

L. brevis CFM209] & AF2E=E dolH 7] $3lo
WIS EE 25°C, 37°C, 45°CRE 243l #9] F2]9 1]

A 2E0) 9L AFFAL Foke] Vel Ak (Fig. 1),
1 AT 25°Ce} 37°Ce] A9-oll &= 12A17F o] $9H FA %
TAS Bolon, 45°Ce Aol 4ol dudl A=
1.50
1.25
E 1.00 §
c
o
8 075 4
a ——25C
o 050 A 37T
—+—457C
0.25 -
000 F—F—F—F——F
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Time (h)
Fig. 1. Growth curve of Lactobacillus brevis CFM20.
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7FH ASekA] Febe As Sds3int meba] 25°Ce} 37
°C $2o] 7P dzatlon 37°C7F A5t 7P w
e Ao= FelEddn

25°C, 37°C, 45°CAl A 48A1%F &<t vl YFslH A pHE =
ek A3 25°Ce} 37°C= 12A17HA1 &= LA S pHE #A
St 12A13F o] F-5-H = Hashs e BATHFig. 2).
45°C2] Aol M= AlFko] Al uteh pH ¥ sk7E A9 gl
At wEkA 37°Cell A ] vt 7HE e f7]ake A

slom AQlsglar WA ke = fr1ke] g are
3l o ZlEstetyell= 37°C7F el g Ao wdE)

AF2 ] mhE GABA B3-S dohiy] fjgte] 2
AN A o s 1Rl 24430 o] S8 wig

lof A o] GABA A %S 2H7F 305.545 pg/mL, 400.000
pg/mL, 60.606 ng/mLZ 37°Coll A 7Hg B2 GABAZL A
AEQHFig. 3). AEgLwo] w2 AALM} pH W3},
GABA AlA2ke] Awz 12} Mol HA wjFL L 37°C
= Agaar,

MNEXt sidA ZSetdlat L. brevis CFM202| =&HHH Q¥

TS SEuldy FEs £gste] wYe A 7o A
7.00 -
6.00 I —F
5.00 -
i
4.00 - I
I
Q.
3.00 1
25
2.00 1 3770
1.00 45T
0.00 —

0 4 8 12 16 20 24 28 32 36 40 44 48
Time (h)
Fig. 2. pH changes of Lactobacillus brevis CFM20.
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Fig. 3. y-Aminobutyric acids (GABA) production by Lactobacil-
lus brevis CFM20 at different incubation temperature. Values
are the mean+standard deviation of triplicate experiments. Bars
with different letters (a-c) are significantly different at P<0.05
by Duncan’s multiple range test.
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A AA A o8 Age] Z Ao 1~ Holx| FUAIR, T
o2 ujgdt ARt FEPAS EFSte] wke Zlo] b
& FAE Ve =5 Q ATk (Fig. 4). 215 O
o= uj %h‘f& 739-2] 8.1x10° CFU/mL2] A5l nlate]

& £l M Aol 9.4x10°
o 3lol 3ty otq M Az

Algmatei o
wet Az AE W §% T 7M. HaElon,
calcium alginate& =
iophageZ45-E B3 E dAo] YElY L o]+ alginate
gel®] bacteriophageZF8 Qo2 AXE
31 33 TH30). Alginate7} #Aol MXE PEFS Folr 7]
&l A& Az Al AFEEE 5% sodium alginateol] 2k
S A7 T ANEE AAEFE 24 A, 27)d =
AE TF7E AR Wt fhAehs S eI 60
o] A Fo] HF SAHA= 27 gl oF 456% FE9
w7 EAskE Ao 2 YEETHFig. 5). ©] A algi-
nated] A4 = ¥WYA ol )3t A o) EST_E 7ﬂjq_9,]_
U381 (29), & Alx Al alginate®} ¥A1S] HE A3

0

HEg w55t Zo| sk o] g0 FElE Al
A7t
Sodium alginate% o] &3k M A|Z A alginate: 33t

Aoz 2719 JEFo|LS Zti
17l 253 X3 Fol2 wdhe o3| 7t A3HS 3hH,

84 AL TYE BYSE SR A o] D)
ul
o

. bc ab bc T
TEI Cc I 1 T Cc
S5 84 [ .
T
o
[
S 6
T
=)
8 41
o]
(8]
()
s 27
ey
>

0

0 5 10 15 20 25

Collagen concentation (%)

Fig. 4. Cultivation of Lactobacillus brevis CFM20 with collagen.
Values are the meantstandard deviation of triplicate experiments.
Bars with different letters (a-c) are significantly different at
P<0.05 by Duncan’s multiple range test.
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Fig. 5. Effects of capsule materials on Lactobacillus brevis

CFM20.

50%9] o] AP Ao R Z4HtH(Fig. b). °] ﬁa
n] o] Ho} calcium chlorides=
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[ Calcium chloride

l I

[ Sodium citrate

oy
2
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Fe F7) el Hex

S A B
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Ao S8 FsiA =
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T AdTE é*}ﬁﬁ 2 A3 7] 450
B A5E 27 A9 90% °173 —%%
TrE 278 20% Ax 74A3 A
5). 919 A¥ =2
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#AE
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o,

]—roiio} 0.1 M sodium citrate £

o ﬂ
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N r

s o
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BN ot

i)

%3}E L. previs CFM209] = ﬂ’é‘ﬁ}
ZIYMES FITCE GM3te] 9ol &

\]_I_4

243 tH(Fig. 6). YA L 8&%o 2 7

o] g5y X*J*Q LFER ™, alginate %
FITCE A Al yR7t2] AFsHA] Zata 2 F25t
| Hof U9 Alx 23 AH= & 5 flo] e
= 4008] 2 3}al optical sectioning 3] montage =
stth. A W9 u4gste L. brevis CFM202 A
Pe7) obd @ 1 FEHE Bglon o] YR X
3]

o oom &

O

N oft n@ o s 3@ o
e &
i

# g1t oHFig. 7). F3ES dEste] &
Zet MEs Jebd A3 2 FITC %3S Yeh= (A), py-
ronin Y &3S e = (B), (A B)E HAAEL Ao
(O)o]th(Fig. 8). H&e] @& ##3 A7, (A)= FITCE
Mg Mol 9ukS (B)= pyronin YE GAFE e qu.
o] #AE HEha o (A% B)E HRA O« 7

ol #AIZE 2R H U= s Gtk Fig. 9).
&g FE 3 alginate <7} chitosans 83 o]F =
Mol & EHE SEME o]§3ste] el irh(Fig.
10). Alginate 2] EW-2 v % A3 polymatrixs
2 o]Folx lom, o7 7y
]

) Z2Bo] 2GS uks

&4 + drh ]E 301t
chitosan®. 2 23+ 74<&o] alginate® chitosan® 7}
Aol o3 F o FEFY 735 Toto] nlaH hAe
< A3 Aol W2 chitosan A & e A7
7F F 6~16% B A4S Fvka B EA=H(31), o=
alginate 1% W& = chitosan®| HFol o3 &4t 2 v
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Fig. 6. Optical sections of confocal lager scanning microscopy for double-layer coated capsule.

A B Cc

Fig. 7. Multi-color images of confocal lager
scanning microscopy for double-layer coated
capsule for sodium alginate and Lactobacil-
lus brevis CFM20. (A) Capsule shell dyed
with FITC. (B) Capsule shell dyed with pyro-
nin Y. (C) Lactobacillus brevis CFM20 inside
the capsule dyed with pyronin Y.
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Fig. 10. Scanning electron microscope images of the outer sur-
face of (A) alginate capsule and (B) alginate capsule treated with
1% chitosan.

Table 2. Comparison of double-layer capsule shape at 0, 6, 12,
24 h in pH 1.2 and pH 7.4

Time (h)
6 12

pH

1.2

7.4
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Fig. 8. Image of capsules containing Lactoba-
cillus brevis CFM20 using confocal lager
scanning microscopy. (A) sodium alginate, (B)
Lactobacillus brevis CFM20, and (C) merged
image of (A) and (B).

Fig. 9. Images of optical sections for capsules
containing Lactobacillus brevis CFM20 using
confocal lager scanning microscopy. (A) so-
dium alginate, (B) Lactobacillus brevis CFM
20, and (C) merged image of (A) and (B).
Cc
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Fig. 11. Survival of Lactobacillus brevis CFM20 in gastric and
intestinal condition, pH 1.2 and pH 7.4. Values are the mean+
standard deviation of triplicate experiments. Different letters (a-
f) above the line are significantly different P<0.05 by Duncan’s
multiple range test.
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Fig. 12. Release of y-aminobutyric acids and hydroxyproline
from double-layer coated capsule in gastric and intestinal con-
dition, pH 1.2 and pH 7.4. Values are the meantstandard devia-
tion of triplicate experiments. Different letters (a-e) above the
line that do not share for concentration of y-aminobutyric acid
and hydroxyproline are significantly different P<0.05 by Dun-
can’s multiple range test.
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Table 3. Comparison of weight gains of rats

Weight gains (g)
Initial Final Gain

Control  150.63+9.08Y 341.25+11.25" 190.63+15.98"
Sample 1 149.53+7.35"  323.75+10.56" 174.23+13.28"
Sample 2 146.44+8.57"  317.44+10.31° 171.00+12.86"

Control group, normal diet; Sample 1 group, normal diet+colla-
gen capsule; Sample 2 group, normal diet+double-layer capsule.

?Values are the meantstandard deviation of triplicate experi-
ments.

IDifferent letters within a column are significantly different at
P<0.05 by Duncan’s multiple range test.
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Fig. 13. Cholesterol contents in rat serum. Groups are the same
as Table 3.

cholesterol3} triglyceridei= Controlw*¥ Sample 1ol
H|gl] o]F Y &S E3de AL E AT Sample 2
9] A7} wokal, LDL-cholesterol, HDL-cholesterol
< Control @ H|xg A3E HAFhH(Fig. 13).
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Table 4. Hydroxyproline contents in rat serum

Group” Hydroxyproline (pg/mL)
Control 0.05114+0.01004*>%
Sample 1 0.06216+0.00908"
Sample 2 0.06170+0.00737"

1)Group are the same as Table 3.

?Values are the meantstandard deviation of triplicate experi-
ments.

Different letters (a,b) are significantly different at P<0.05 by
Duncan’s multiple range test.
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Fig. 14. Dorsal skin sections of each group. Groups are the same as Table 3.
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