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ABSTRACT

A bacterium, identified as Bacillus amyloliquefacies CNL-90 using 16S rDNA analysis, was isolated from malt grain. The
optimal activities of its a-amylase and protease were observed at pH 6 and 60T, and at pH 6 and 50C, respectively although
their activities remained stable at pH 7 and 40°C for a-amylase and at pH 7 and 50C for protease. After solid-state fermentation
of B. amyloliquefacies CNL-90 on wheat bran for 72hr or 144hr, the a-amylase and protease activities were 170,000 and 290,000
units/kg, and 290,000 and 310,000 units/kg, respectively. The viable bacterial cell counts were 1.5 x 10° CFU/g and 2.2 x 10’
CFU/g at 72hr and 144hr of the solid-state fermentation, respectively. A feeding trial with a total of 127 piglets was also
conducted. The animals were divided into two groups: an experimental group fed with the fermented product (63 piglets) and a
control group (64 piglets). The growth rate of the experimental group was 6.66% higher than that of the control group (P<0.05).
The results of this study indicate that the a-amylase and protease from B. amyloliquefacies CNL-90 can be used for industrial
applications due to their activity in production of carbohydrate hydrolysates.
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Fig. 1. Phylogenetic tree based on the 16S rDNA
sequences of the isolated CNL-90 from isolated
natural grains. Scale bar represents 0.01

substitutions per nucleotide position.

Table 1. Characterization of morphological and bio-
chemical of Bacillus amyloliquefaciens CNL-90

Items Characteristics of microorganisms
Gram stain +
Cell shape rod
Spore +
Motility +
Aerobic +
Amylase ++
Protease =+
Cellulase trace
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amyloliquefaciens CNL-90-> Gram ¥/do]x 7ht e, ¥x18
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Table 2. Carbohydrate fermentation analysis of Bacillus
amyloliquefaciens CNL-90

B. amyloliquefaciens

No. Carbohydrates CNI-90
0 Control —
1 Glycerol +
2 Erythritol —
3 D-Arabinose —
4 L-Arabinose -
5 Ribose +
6 D-Xylose +
7 L-Xylose -
8 Adonitol —
9 B-Methyl-D-Xyloside —
10 Galactose —
11 D-Glucose +
12 D-Fructose +
13 D-Mannose +
14 L-Sorbose —
15 Rhamnose —
16 Dulcitol —
17 Inositol
18 Mannitol +
19 Sorbitol +

20 a-Methyl-D-Mannoside —

21 a-Methyl-D-Glucoside +

22 N-Acetyl-Glucosamine +

23 Amygdaline +

24 Arbutine +

25 Esculine +

26 Salicine +

27 Cellobiose +

28 Maltose +

29 Lactose +

30 Melibiose —

31 Surcrose +

32 Trehalose +

33 Inulin —

34 Melezitose —

35 Raffinose +

36 Starch +

37 Glycogen +

38 Xylitol —

39 Gentiobiose +

40 D-Turanose —

41 D-Lyxose

42 D-Tagatose —

43 D-Fucose —

44 L-Fucose —

45 D-Arabitol —

46 L-Arabitol —

47 Gluconate -

48 2-Keto-Gluconate —

49 5-Keto-Gluconate —

amyloliquefaciens CNL-909] ¥ TaEA4S Uehd ZAo=Z D-
glucose, D-fructose, D-mannose, cellobiose, maltose, lactose,
sucrose, raffinose, starch, glycogen 59| &S Wayyd Fof
olgsh= Aow ERIEQIT o] MAES fids tid &A=
A|718}7]1% Korean Collection for Type Cultureso] 7€ E
KCTC 10477BP& FEa}oich.

2. CNL-902| pH & 2o e dE2

B. amyloliquefaciens CNL-909] pH ¥ 2ko] w2 =& =
AR= Fig. 20l vehd wkel 2t B, amyloliquefaciens CNL-90
& pH 6914 pH 97kA9] W9ollA 95%2] AEES HYowH
HgH o R AESS & 4 AL pH 6 olate} 910014 = A=
&o] 543 AHAY Ee, Lo wE AEES 10~35C W
S1lA 90~95%2] WEE&S HERUo] A or AEshs slow
LEREaL, 40 TolME oF 75% i) AEeS Bglor] 45T o]
o] WA F43] TAEAL, 50T ofdelAE AEEC] 0
o2 yepgth webA B. amyloliquefaciens CNL-90°] 7} <t
AHoR AT F = AL pH 69, £5E 10~35TE 2ely

o FRgolA FdTlElellA], REE AoA] Fol HA <t
AatA & sl AoR IRIFI.

100 100

o]
o
T

80

60

40

Viable rate (%)
Viable rate (%)

34567 8 910 10 20 20 40 50 60 70

pH Temperature ("C)

Fig. 2. Effects of pH and temperature on the Bacillus
amyloliquefaciens CNL-90. pH 3~6: Citrate-
phosphate buffer; pH 6~8:sodium phosphate
buffer; pH 9~10 : Glycine-NaOH buffer.

B. amyloliquefaciens CNL-909] 2J3] AJAbel  g-amylase,
protease2] A2 Table 3o YERHRITE 2718 100%2] wi=]l
3d47F Wik & AME g-amylase, protease®] A2 170,000
unit/kg, 290,000 unit’kgo2 Z}7F YEREa, 6% Y Fol= a-
amylase, protease”} Z+ZF 290,000 unit/kg, 310,000 unit/kg®. 2
=2 FAEE YERITE Table 4= B, amyloliquefaciens
CNL-90< 271 wiAle] wjgsto] Qs 34T Aoz wjed
39 o]Fo= 1.5x10° CFU/, % 69 Folx 22x10°
CFU/go2 o 1.54) 718 S & &= 919l Park 5 (2002)&
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Table 3. a-amylase and protease activity of solid
matter fermented by Bacillus amyloliquefaciens
CNL-90

Fermentation period
3 day 6 day
290,000 + 36,056 310,000 + 13,229
170,000 + 15,100 290,000 + 20,019

Protease (unit/kg) *

a-amylase (unit/’kg) *

* Media was wheat bran source entirely.
Data are indicated as mean =+ S.E.M. of the result obtained from 3
independent experiments (p<0.05).

Table 4. Viable cell count of Bacillus amyloliquefaciens
CNL-90

Fermentation period
3 day 6 day

1.5x10° 22x10’°

Viable count (cfu/g) *

* Media was wheat bran source entirely.
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Fig. 3. Effects of the a-amylase activity produced from Bacillus amyloliquefaciens CNL-90. (A) Effects of pH on
the a-amylase activity (B) Effects of temperature on the a-amylase activity (C) Effects of pH on the a-
amylase activity and stability (D) Effects of temperature on the a-amylase activity and stability. pH 4~6:
Citrate-phosphate buffer; pH 6~8: sodium phosphate buffer; pH 9~10: Glycine-NaOH buffer.
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Fig. 4. Effects of the protease activity produced from Bacillus amyloliquefaciens CNL-90.
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(A) Effects of pH on

the protease activity (B) Effects of temperature on the protease activity (C) Effects of pH on the
protease activity and stability (D) Effects of temperature on the protease activity and stability. pH 4~6 :

Citrate-phosphate buffer; pH 6~8 :

Table 50 Urepd vop ok A2l g3l stachylose™
3.6%¥.2 Y B. amyloliquefaciens CNL-90 &4~ HZFE 1.21%
2 oF 3u] 7hask Aoz YePta, sucrose®= FAET 1.11%0l
HI3|A B. amyloliquefaciens CNL-90 4~ A2]77} 0.36%Z 3
ol A% ZAaselth Glucose® FHET7E 0.19% ol4ou B,
amyloliquefaciens CNL-90 4 2|7+ 0.32%= 37Hd AL
2 yeht gii7k 2o 9359l glucose ol 7k A
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A7belA el & SAES ek Zolth A% 35w o] f3
A=l Al AR Al zﬂ%% 11.8kg/F °ISith &7 115
kg, B. amyloliquefaciens CNL-90 ¥&= H7H 11.8kgo=
159 % AR Azol dETF 183kg, B

$5 A

Table 5. Contents of carbohydrates of hydrolysates of
amyloliquefaciens CNL-90

sodium phosphate buffer; pH 9~10 : Glycine-NaOH buffer.

amyloliquefaciens CNL-90 T&E H7 19.1kglo 2tz
Hlel SAFl 437% 7kt 77 AR dxre
664 g, B. amyloliquefaciens CNL-90 88 M7 692 g0 =
B. amyloliquefaciens CNL 90 dEE H7HF 28 g Wol A
stk 49 SAIYS Uiz 450g, B
CNL-90 ®i& 45‘,7]'—?7]- 480gS =  B. amyloliquefaciens
CNL-90 W&E H7H7h 6.66% =94t AMe 8788 g7t
1.47919] HI3|A B. amyloliquefaciens CNL-90 &= 7l
1.42=2 B. amyloliquefaciens CNL-90 & & 717} Al &7
&o]l 9 58 Ao ety WA B, amyloliquefaciens
CNL-90 Z&= 37} AbR7h A=) SA1& Wl 23t =2 A
S 2 UEpsth

Na 5 (2008)& i zfAlR
of7F izl wiE SAE

amyloliquefaciens

0.5% wols A=l g At
°] 16.73% S7FAaL, 19 SA%
izl el 84.56g w2 ZAow BUEYLh W3 Bae
(2008)2 Enterococcus faecium KHM-115 ©]43 QF2E
ol7} A=) Aol A= ekl #E HuolM 0.5% LTEE
Fol7t izl v TA&e] 21.67% 7k o= His)

ol ol rlo =l

Ak olek 2ol Bacillus 1 E¥ ik o= A7t *}E =
7F 715 SAE el JE vAE AL Fl @ 4 itk

soybean powder by enzyme produced from Bacillus

Carbohydrate (%)
Stachylose Raffinose Sucrose Glucose
Control 3.60°+0.09 0.39*+0.02 1.11£0.10 0.19°+0.03
B. CNL-90 1.21°+£0.07 0.21°+0.03 0.36"+0.03 0.32"+0.04
B. subtilius natto 1.18"+0.03 0.24°+0.03 0.36° +0.06 0.31°+0.04
R 0.999992 0.98592 0.994698 0.995235

* Correlation coefficients between amount and area in standard calibration of organic acids by HPLC.
Data are indicated as mean + S.E.M. of the result obtained from 3 independent experiments (p<0.05).
*® Means with the different letter in same column are significantly different by Duncan’s multiple range test (p<0.05).
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Table 6. Growth rate after intake of fermented pro-
ducts from Bacillus amyloliquefaciens CNL-
90 in piglet during 15 days

Item Control B (S.I;IZ)QO
No. of pigs 64 63
Starting average body weight (kg) 11.5 11.8
Final average body weight (kg) 18.3 19.1
Feeding feed (g)/pig 664.0 692.0
Gain weight (g)/day/pigl) * 450.0+£17.5 489.0+13.6
Improvement (%) 0 6.66
Feeding demand 1.47 1.42
Y Mean +S.D., * p<0.05.
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