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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.
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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) (unitjmL)
Fermented rice 7.610.20 5.08+0.15 159.43£11.10

All the values are meantSD (n=3).
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Table 2. Moisture, Hunter’s color values, and particle size of the rice powders fermented with Bacillus subtilis CBD2

Hunter’s color value

Samples” Moisture content Particle size
amples (%) L b AE (1)
FD 230£0.11% 95.85+0.58" -0.30£0.05° 5.60£0.18° - 357.87+10.83"
SD-A 290:021° 96.18+0.58" -0.79+0.02° 5.600.18° 0.62:0.11¢ 68.48+1.38"
SD-ACh0.3 3.5640.28' 95.70£0.27° -1.170.04° 8.1940.15° 29240.12° 5421+1.04°
SD-ACh0.5 3.68+0.19" 95.92+0.10° -1.16£0.04° 8.86+0.18" 3.57+0.17° 5133037
SD-AChL.0 3.83+0.20" 92254047 -1.26+0.02¢ 15.69+0.64" 10.95+0.73 48.13+0.82°

YFD, 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-ACh1.0, spray-dried powder with 1.0% alginic acid and 1.0% chitosan added.

y gini Y gini
IMeanstSD (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

Sample” wh Water solubility index

(WSI, %)
FD 2.66+0.03 7.12£0.40°
SD-A 240008 9.17+0.10°
SD-ACh0.3 2411002 9.28+0.38°
SD-ACh0.5 2.5310.08" 9.70:0.12°
SD-ACh1.0 2.65+0.03" 10.89+0.24°

UFD, freeze-dried powder; SD-A, spray-dried powder with 1.0% alginic acid added,
SD-ACh0.3, spray-dried powder with 1.0% algmlc 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-d) followed by the same letter do not significantly
differ (p<0.05).
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‘/]rE]r‘/LE?.UJ], BRAz vAfe Bty Adge
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Ao g =7 UrE‘r o, 71E4F 1.0% 7t E5Fx vlA
g Bol| A 196,63 unitfg &= EAJo] 71 SHA UEbst
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71 EAE HTVeFol S7teel wet 4o Yol &=
YERAAT,. Yang 5(19)8] Racillus subtilisE ©]-
g l‘i—m./] At 2 amylase 24 °] 717} 6.89~7.14 log
CFU/g ! 152.27~506.02 unit/g o2 ¥ A9} A3 A
= YERIGITE 234 dA A0 xE xS 544
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A
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o] $ste] de] &8¥ 3 9ot Kim 5(33)9 AllA
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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” (log CFUjg) (Unitfe)
D 701009 506.02+19.88"
SD-A 4.6120.09° 268.57£16.57°
SD-ACh0.3 4.62£0.07° 258.66+14.21°
SD-ACh0.5 4.54:0,06° 200.73£7.71°
SD-ACh1.0 4461012 196.639.39°

VFD, 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.
IMeans+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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