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Abstract — We aimed to develop commercialization process of encapsulation which is superior in productivity com-
pared to existing methods by using sodium alginate. Also, in the same process, sodium alginate with chitosan was used
to encapsulate lactic acid bacteria with the same process and then the viable cell counts of the two encapsulated lactic
acid bacteria were compared. As a test result of the fluidized drying process developed by the present researchers, it was
found that the drying time was shortened by 15 to 20 hours compared to the freeze drying method, but the number of
viable lactic acid bacteria was about 75% as compared with freeze drying. However, considering the cost and time of
drying, it can be confirmed that the commercialization process is possible by the fluidized bed drying method. When the
number of viable cells of Ca-alginate capsule and Chitosan-alginate capsule were compared, it was confirmed that there
were about 1x10° or more bacteria in the former and about 1x103 in the latter. The lactic acid bacterium capsules pre-
pared by the present technique were stable for 96 hours or more at pH 4.65 and 6.01, but disappeared within 1 hour at
pH 7.07 and 8.35. This suggests that the disintegration of lactic acid bacteria can be easily occurred in small and large
intestine.
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Korean Chem. Eng. Res., Vol. 55, No. 3, June, 2017

REE

| Na-Alginate + Probiotics |

Centrifuge &
Freeze Drying

Additives

or

Homomixer

Centrifuge &
Fluidized Bed Drying

Multiple injector

Dryed Products
(1~ 3mm)

CaCl, solution >@
2

Fig. 1. A production process of Ca-alginate capsules using sodium
alginate and CaCl, solution.
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Fig. 4. SEM photographs of Ca-alginate capsule after drying. Flu-
idized drying: (a) whole picture (x50), (¢) cross-section (x500),
(e) cross-section (x1000), and Freeze drying: (b) whole pic-
ture (%50), (d) cross-section (%500), (f) cross-section (x1000).
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Fig. 5. FT-IR spectra for (a) Na-alginate, (b) Ca-alginate, (c) Chi-
tosan-alginate.
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Fig. 6. Observation of survival bacteria number at several condi-
tions, (a) 1.0% chitosan solution of pH 5, (b) 2.0% chitosan
solution of pH 5 (c) non-chitosan solution of pH 5.

S, 71 B4 GRS o] 85t T WS A B AT Fell
AT}, 1A 7]EAS] dtsEo] kTl E FERE nA=
ol 7] Q) tha AgE akict.
0.5% (v/v) SPAIEAL =8 Mof| 1.0~2.0% (wiv) 71 EAFT} 4% (wiv)
CaCl,E %713t 3 0.5 M NaOH=Z 4 73}] pH 59 1738t 7| &
2k **%“011 TARTE H7FeE GAe 1A E R Gofof] Hojrte
Az B3 o] Pas es DR R Axsh & 724
101]*1 W28te] 80 pm Aol A MES AF ST o] & A
© 7 3|M% FBCP HIA|E o]g-3to] A& S8t tixr
O %3 pH 59 AP AIZ] 4% CaCl, 7895 AHE3Eglom o] A
= Fig. 60l YERISITH
A71akS o] 83 A S ulg= 107, 5 <
ol EAEAL, 7| EARS o] &% e
1x10° nfe] 2] to] EAgHE Bl & 4= Ql3lt). o]
A3 Sl T G w8 wEolt 59t

x10% v} o/ge]

1
3 A vl 103 = ok
F|EAL] 7}

4-5. pH O M
agb7] el T o] QUAlel frelgh 28-S &b flaiA = SlAt
of 7 A &g ] 2%, i7HA] A S Al slof she A
o] g3}t o]2 dolr 7| 2lal pH 4.65, 6.0121 A-¢- 213 Az}
AL I 01, pH 7.07, 83590 T3k AZol| thall A= Table 3
o YeRA ST}
74 AIRE 020 7HA) = BE AlEo] A dofutar :HgsSict.
SEAYE pH 7.072F pH 83590141 2] A& 30%0] A b 5 oH il
LOl ot Figo] WHXI&— e z‘rﬂ% 4= it v
2 96|13 A} Tl iz swelling?t Lojuiar Zﬁiﬂ Fe=
HA kit o= 24, ?371 oA A Bfro] dojrhs LIk
of o3t o7 B 5= gir}

L o

oY
ols m:l),

oN,

U] FETL TS Al Aol AR & vk o=
4-4. 7| ELHE} RARRO| AFERA| UVEE] FETF S 7 Afo] Wol dojutar Ao A7)
71EAke] s S 7 AL Itk 21 Wel &Rl Abdolt 7h debsly] wisgolgkar & = Qlok. gk 7| EAte] gt e
Table 2. Survival L. acidophilus in capsules prepared by two drying method, fluidized drying and freeze drying
L. acidophilus Before drying After Fluidized drying After Freeze drying
Visible cells I 2.5%x10" 3.2x10° 4.3x10°
Survival ratio (%) - 1.5 1.7
Visible cells IT 8.0x10'° 1.55x10° 2.1x10°
Survival ratio (%) - 1.9 2.6
Average visible cells 1.7x10" 2.4x10° 3.2x10°
Average survival ratio (%) - 1.4 1.9
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Table 3. pH stability of capsules in 0.1M phosphate buffer solution
(pH 7.07 and 8.35); (+) existing, (—) breaking

Time/hr

Sample  pH

0.5 1 3 18 24 48 96
+ + - - - - -
A 7.07
835 + - - - - - -
7.07 + + - - - - -
B
835 + + - - - - -
7.07 + + - - - - -
C
835 + + - - - - -
7.07 + - - - - - -
D
835 + - -
7.07 + - - - - - -
E
835 + - - - - - -
7.07 + + - - - - -
F
835 + + - - - -
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Fig. 7. Size of capsules for several samples according to Na-alginate
concentration.
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Fig. 10. Swelling ratios of several samples in 0.1 M phosphate buffer
solution (pH=8.35).
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