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Abstract

This study was conducted to examine the physicochemical properties and micro-encapsulation process of rice fermented
with Bacillus subtilis CBD2. The viable bacterial cell, pH, and amylase activity of the rice liquid culture were
7.61 log CFU/mL, pH 5.08 and 159.43 units/mL, respectively. The micro-encapsulated rice liquid culture was
manufactured via spray drying with different forming agents: i.e., alginic acid 1.0% and chitosan 0.3%, 0.5% and
1.0% The moisture contents of the spray-dried powders were approximately 2.90~3.68% The color of the L and
a value decreased whereas that of the b and AE value increased. The particle size and outer topology of the
spray-dried rice liquid culture were 48.13~68.48 1um and globular, respectively. The water absorption index of the
spray-dried powder (2.40~2.65) was lower than that of the freeze-dried powder (2.66). The water solubility index
of the spray-dried powder (9.17~10.89%) was higher than that of the freeze-dried powder (7.12%). The in vitro
dissolution was measured for five hours in pH 1.2 simulated gastric fluid, and pH 6.8 and pH 7.4 simulated intestinal
fluids, using a dissolution tester at 37°C with 50 rpm agitation. The amylase survival in the fermented rice was
85.93% through the spray-drying and it was very effectively controlled.

Key words : Bacillus subtilis CBD2, rice, microencapsulation, amylase activity, physicochemical properties

MoB

T AgFol Pl wheh AnAEY] A5To]
FEFFFolER= AF Af 715 olelol AT A
T& 7 AFA i Balo] Hojiim
ATHD. 25 A T B(Opme satva L) D 5 S50}
tEo] MA 3t AE2A uete] A9 F8 FEA

F9] shtolm F7tA5 30%, THLSY 10%S A3}
£ VA Fa% 25908 994 9o, A

*Corresponding author. E-mail : jhhong@cu.ac.kr

Phone : 82-53-850-3218, Fax : 82-53-850-3218

Received 27 January 2015; Revised 10 March 2015; Accepted
16 March 2015.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

g 9 AR 7S wstel] e 1919 ATt ARl
Faskar o] AHlE F7HA717] 8l T2 8ERke] opd
7HSAIE P B dskE A =go] a7 IH3).
Bwﬂlus"* v ABE fref o] amylase™ 2FAME o] AF

ARE 7HAY 548 Adstr] flal L ejdiE AE
< 7hEske 4l E*i’ﬂ A&H o2 g5 x gt
@. AT E4ve UlRE gudz s i) AL
7)ol Fstar A U E4go] B9 Ao g UeiA
Ak ol EAS 7H EA4E A Pt AL v
ol JolA] B2 ofHFS THATRO, 0|9 e &
< sdsks W F 549 s ulg- -85 Ee
=2 ?P‘*H‘ﬂ o] 1 EH§ AT7E 2Es] R E I UTHS,6).
FEAEY R E 5H0= nAfES
H S 7P B | Zes 1 Ak
] ool A hdEtA o] &= glom,



226 =T AF A S A A229 A2 (2015)

o] 29 thdolH F 7 72 B 27], 5 D-mannuronate
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Ha s flE) AEE vAES o ERE e AT
Buacillus subtilis CBD2E- ©]-8-3}3tH(15). Starter= 20| &
20 g& AHtEEeT Y Ei 3 th 40 mLo
HIFE Arlsled AMREgew B subtlis CBD2E
nutrient broth(NB, Difco, Detroit, MI, USA)°l| HZ3}<
37°CoAA 24A17F v Fste] ARE-stRATE W] LE = vl

Wl B subtilis CBD2 starter®]S 2% % ¥ 37°C w47
(IL-21, Jeio Tech Co., Daejeon, Korea)oll 4] 96A|17FA] &
sto] AEE A2 ARSI

oM 2 &5t

EFAZRTAES o] &g vAFlEY Alxes Wn] B s
500 mL] alginic acid(Sigma-Aldrich Co., St. Louis, MO,
USA) 1.0%(SD-A) 9} chitosan(223 kDa, Kittolife, Seoul,
Korea)2 217t 0.3%(SD-Ach0.3), 0.5%(SD-Ach0.5) %
1.0%(SD-Achl.00S #H7}3+ ohe 172 7](HG-15D,
DAIHAN scientific Co., Wonju, Korea)S ©]-83}4 4,000
pmoll A 1587 #28EHTh Alxd dERe T4 25
160C, W< 2% 110CZ 4391, 2545+ 17,000
pmo| A A FFFEEE 12 mL/mine] ZHOZ olErn}o]
A (atomizer)7} F2E 742 7)(KL-8, Seogang Engineering
Co., Ltd, Cheonan, Korea)Z ©]-&-3}o] vjA|78& 22L& A
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2y7}8] plate’= 37°C ¥ %7](Jeio Tech Co)oll A} 24417t Hl %
3 oS A colony 2 AlZ3}aL, colonydl] A4S
+3ld A& mL%S colony forming unit(CFU)Z YERN AT

Amylase &4 £3

Amylase &4 =72 50 mM sodium phosphate(Duksan
Pure Chemicals.) €58 (pH 7.0)°l 0.5% soluble starch
(Sigma-Aldrich Co.)E 7|2 Z o]&3slo] A|zH &N 05
mLol] A8 0.5 mLE G490 F Hrlsle] 37T A] 302
7t 3+F4Z(BS-31, Jeio Tech Co.)ol| A WA Z T} o] uf
AdE Bl R 3,5-dinitrosalicylic  acid(DNS,
Sigma-Aldrich Co)"(16)0. & Z4&}]on, B Ao
A a4 A9 1 it 189 1 1mol?] glucose(Sigma-
Aldrich Co)E AAFl= GaZoz FolaiT)
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gl wet g Az ston, 974 H(pH 1.2)2
0.1 N hydrochloric acid(HCI, Duksan Pure Chemicals.)<,
24ApH 68) 2 AAEH 7.4 01 M sodium
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A Z8Heh ¥k 3R Z(BS-31, Jeio Tech Co.)ol A
37C, 50 pm o2 PN o1, WA AEeiaddd A s
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3 U2 amylase 42 =430

SAHXze|
A A= 33 wHE o 7 sl FF+TEAXZE e}
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AIZF g 3?—9] A<, pH 2 amylase 42 Table 19
YeRRATE. vl B subrilis CBD2E 2% %j% 5ko] 96
A7 drg sk A3} A= 7.61 log CFUmMLO| AL pH=
5085 UEATE ATESFE Yang 5(19)8 B subtilis
CBD2E ©]&3 57 LA LY wjd5AgNA nAES0]

IFHE A %él o EF o= o]l wel 96413t ©]
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B AFAR} AR & ATk W] v gES 27
ol Blsl] 96A17F WES U5 pH7F #askl o, of= v
ol 93] 2arF AP HA AW E lactic acid} acetic
acid 59| o2 74| 4he] A BA7} Qe A= ALR
HTH20). Amylase -2 159.43 unitymLE YEREOH,
Park 5(21)%] & AT M= a4d0lA 1204]
b a3k ts 9Wv)9 g-amylase /3L 46.16~91.74
unimLE e o] 2 Aol A wjkE Win] Ha o &
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Table 1. Viable bacteria cell, pH, and amylase activity of the rice
fermented with Bacillus subtilis CBD2

Sample Viable bacteria cell H Amylase activity
P (log CFUJmL) (unit/mL)
Fermented rice 7.610.20 5.0840.15 159.43£11.10

All the values are meantSD (n=3).
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Table 2. Moisture, Hunter’s color values,

3] #] A2 A2 (2015)

and particle size of the rice powders fermented with Bacillus subtilis CBD2

Hunter’s color value

Samples” Moisture content Particle size
Ampes %) L 2 b AE (1m)
FD 2.30+0.11 95.85+0.58" -0.30+0.05" 5.60+0.18° - 357.87+10.83"
SD-A 2904021 96.18+0.58" -0.79+0.02° 5.60+0.18° 0.62+0.11° 68.48+138"
SD-ACh0.3 3.56+0.28" 95.70:0.27° -1.17+0.04° 8.1940.15° 2.9240.12° 5421+1.04°
SD-AChO5 3.68+0.19" 95.9240.10" -1.16£0.04° 8.86+0.18" 3570.17" 51334037
SD-AChL0O 3.83+0.20° 9225+047° -126+0.02° 15.69+0.64° 10.95:0.73" 48.130.82°

UED, freeze-dried powder; SD-A, spray-dried powder with 1.0% alginic acid added, SD-ACh0.3, spray-dried powder with 1.0% alginic acid and 0.3% chitosan added; SD-AChO.5,
spray -dried powder with 1.0% alginic acid and 0.5% chitosan added; and SD-AChL.0, spray-dried powder with 1.0% alginic acid and 1.0% chitosan added.
IMeans£SD (n=3) in each column (a-¢) followed by the same letter do not significantly differ (p<0.05).
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Fig. 1. Scanning electron microscopic photographs of the rice
powders fermented with Bacillus subtilis CBD2 (magnification
%1,000).

FD, freeze-dried powder, SD-A, spray-dried powder with 1.0% alginic acid added;
SD-ACh0.3, spray-dried powder with 1.0% alginic acid and 0.3% chitosan added;

SD-ACh0.5, spray-dried powder with 1.0% alginic acid and 0.5% chitosan added; and
SD-AChL.0, spray-dried powder with 1.0% alginic acid and 1.0% chitosan added.
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Table 3. Water absorption index and water solubility index of
the rice powders fermented with Bacillus subtilis CBD2

Water absorption index Water solubility index

)
Sample (WAI)

(WS, %)

D 2.66+0.03” 7.12040"
SD-A 2.4010,08" 9.17£0.10°
SD-ACh03 2412002° 9.28+0.38°
SD-ACh0.5 2.53:0,08" 9.70£0.12"
SD-AChL0 2.65+0.03" 10.89+0.24'

I)FD, freeze-dried powder; SD-A, spray-dried powder with 1.0% alginic acid added;
SD-ACh0.3, spray-dried powder with 1.0% alginic acid and 0.3% chitosan added;
SD-AChO.5, spray-dried powder with 1.0% alginic acid and 0.5% chitosan added;
and SD-AChL.0, spray-dried powder with 1.0% alginic acid and 1.0% chitosan added.
Means+SD (n=3) in each column (a-d) followed by the same letter do not significantly
differ (p<0.05).

2ao| M % amylase &y

) E& o]83 50X ¢ ERAX vAfE
o] A 2 amylase 43S Table 49 YeRJ AT
s B2A% E2dlA 701 log CFUgSE 7H =7
TRz vARE BOrte] Adse
4.46~4.62 log CFU/g= 2] 2?1 x}o]& VERA] 3ttt
Amylase 24L& FAAZ B4 506.02 unitfg 2 2]
o2 FA Uehon, 7|EA 1.0% H7F 7= vA
A Edol| A 196.63 unitfg O & FAJo] 7 YAl Uelst
o G4 S VbS] 242 268.57 unit/go] 310,
71 EL J7beo] S7HEl wet @/o] vopAl= AEFS
YEM AT Yang 5(19)2] Bacillus subtilisS ©)-8-3+ =
by Bdo] A 9 amylase E4J0] 27} 6.89~7.14 lo
CFU/g 2 152.27~506.02 unit/g ©. 2 ¥ A7} FARE B4
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Table 4. Viable bacteria cell and amylase activity of the rice
powders fermented with Bacillus subtilis CBD2

Viable bacteria cell Amylase activity

Samples” (og CFUj) Unit)
FD 7.01£0.09” 506.02+19.88"
SD-A 4.61+0,09° 268.5716.57°
SD-ACh0.3 4.62+007° 258.66+14.21°
SD-ACh0.5 4542006 200.73+7.71°
SD-AChL.0 446+0.12° 196.6349.39°

FD, freeze-dried powder; SD-A, spray-dried powder with 1.0% alginic acid added;
SD-ACh0.3, spray-dried powder with 1.0% alginic acid and 0.3% chitosan added;
SD-AChQ.5, spray-dried powder with 1.0% alginic acid and 0.5% chitosan added;
and SD-AChL.0, spray-dried powder with 1.0% alginic acid and 1.0% chitosan added.
Means+SD (n=3) in each column (a-c) followed by the same letter do not significantly
differ (p<0.05).
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Fig. 2. In vitro release profiles of the rice powders fermented with
Bacillus subtilis CBD2: Dissolution behavior in the simulated pH
12, pH 638. and pH 74.

FD, freeze-dried powder; SD-A, spray-dried powder with 1.0% alginic acid added;
SD-ACh0.3, spray-dried powder with 1.0% alginic acid and 0.3% chitosan added;
SD-ACh0.5, spray-dried powder with 1.0% alginic acid and 0.5% chitosan added, and
SD-ACh1.0, spray-dried powder with 1.0% alginic acid and 1.0% chitosan added. The
data are expressed as meanstSD (n=3).
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