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Development of Functional Material by Using Bacillus
subtilis Harboring a—Amylase and Protease Enzyme Activity

Jae-Hyuk Lee and Gi-Seong Moon’

Department of Biotechnology, Korea National University of Transportation, Jeungpyeong 27909, Korea

Abstract

Bacillus subtilis MGE 2012 strain was selected for the production of both digestive
enzymes, a-amylase and protease, on nutrient agar plates supplemented with starch
or skim milk as substrates, and the optimal composition of materials was investigated
using combinations of brown rice powder, soybean powder, and rice protein powder.
The final fermentation was tested for its antioxidation activity and bifidogenic
growth stimulation activity. B. subtilis MGE 2012 simultaneously produced both
digestive enzymes, and a combination of brown rice powder and soybean powder
was confirmed to be the optimal material for the highest production of the enzymes.
The fermentation under the optimized condition showed increased antioxidation
activity and bifidogenic growth stimulation activity for Bifidobacterium lactis and
Bifidobacterium breve strains when compared with controls. These results indicate
the fermentation presented multi-functions including digestion enzyme activity,
anti-oxidation activity, and bifidogenic growth stimulation activity and could be
used as a healthy ingredient for the human gut.
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Z| 2 Aol ATt AIE] w2 v Helgh AR A5T0] QABIE AE WYE mAEIC &
o= w24 Hlska It Choi et al, 2019). o235t Hak= wl2 7 B2t AA} 43+ {511
9lon ol AglaAh HulE A5l ASESRS 2 4 ITHKim and Kim, 2006; Shin and
Je, 2018).

4>
5

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © Korean Society for Lactic Acid Bacteria and probiotics | 81


https://crossmark.crossref.org/dialog/?doi=10.35732/ctlabp.2023.9.2.81&domain=pdf&date_stamp=2023-12-31

53], 1AYSZ o= Qlsf A8kl AolEil amylase ¥
protease®} Z-2 £31a40] T4 W FH|7} LEolA] oot 3A1E
237} oA, EAIeE A5 BHkelA Hohd ol o
A 4= JHKim and Kim, 2006; Lee, 2015). o|&|gt A8}k
88 7ol It o2 AStaAA7t ARk o2 AREEATL
F vlo]A=Hlol ol thgt A7t S| NP=HA JU uEE
of oJgt A8t g4 Aol Filo] FH=E|L ItkBhattacharya
et al, 2015; Jia et al, 2022).

BAAREL A0 R4S H7lsHAU vAES BRE Folo] &
2EGE AIRIOEHN FAEY] EE =91, A8ksES T
Sto] YPIRY S5 EXlol= A7 I5ARCE iEE 4= 3
Hlee et al, 2015; Martinez-Villaluenga er al,, 2017). @A)
© Bacillus 4 T TRt nYES SE3 aAAE NS
A7} Y o), G4 YA T2 Bacillus subtilis)S 85t
DZHP|QEA 5 /R Ak SRS AYPE T It Kwon
et al., 2023; Maske et al, 2021; Sharma et al, 2020).
JIgol|x Etolal, whlEls AR 54 SA2 AldZto|n
o]= AHREQ] EHEQ 40)7]% it} (Lee er al, 2015). WEHA]
BAEFo| 98t HFE IFokL ofF &8st Y WS
AJo] 95t AAE AUFHHH ARARES] 7Y S3lof =fo] 2
Ao wetE o] oA 2 Atolx= AgAtollA =
9 B subtilis MGE 2012 455 &-8cto] HAEE 93t 7|14
F A EE oI, HSEREC] PAekeat vl =ute
of F452 ASot] A WA At AR EAY 7hs
d& AWE IR Sl

RIS

A2 dF U i

B. subtilis MGE 2012 w5 APAFolA mi25e Ee=g]
o ol T4 YEE ARE 3 THOE ARSI H
ete|ejol FAs RIS $Joto] Bifidobacterium  lactis
BL750 @(Culture Systems Inc., Mishawaka, IN, USA)2}
Bifidobacterium breve KCTC 3220 w55 ARSI B
subtilis MGE 2012 w5 Nutrient ¥iX|(BD, Sparks, MD,
USAYE  ol&stol  Hiddsla, wmEbEjol 352
Reinforced Clostridial Medium (RCM) BJR|(BD, Sparks, MD,
USAYE AR&ste] 9€7] A9 (DG250; Don Whitley Scientific
Ltd., Bingley, UK)olA vis3ict.
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8434 =4S 9dlo] Nutrient agar (BD, Sparks, MD, USA)
o] starch (Showa Chemicals Inc., Osaka, Japan)?} skim
milk (BD, Sparks, MD, USA)Z F7}sle] #jAS A =519ich
2 Nutrient agar©] starch (1%, w/v)2} skim milk (10%, w/v)
£ 27 71t & e-amylase®} protease B/ S74= SIeh HiAl
2 ARSIl A" yAMiR|] s vkt B subtilis
MGE 2012 5= ¥igd 1 uLE F&eE F 37CoA 7AIZE 52t
Hijokel &, A R0 S ) protease BS S0
-amylase 2449 7% 814 2ol iodine §H(F) At A=,
tehRl=) 2 mLE S0 He GAER] O F88 A R E

B

3= 7120 ME SAEY Hu

dn] 29, oiF 29, & oW 202 @AolAlolRESH Y, o
S0l Algitol ARESITE Al 719 H8E B S22 &
@]}t T Bd(1:1), @vjet & o 21 )] 0= AREsio
IE 7S ARG eH 71d F S 5g0l 2T = ol
00%7t B Batrg FA7IRE * $5(121C, 158813tk o]
i 28] At B osubtilis MGE 2012 w52k 10
CFU/mL}E 0.5% &7 T 37ColA 24417 vjeFstoint. 0AIZE
I} 244170l 0.4g9] A=E Fol Bt 1.2 mLojl @Es
AE2(14,000rpm, 4%) & AN #EFHQ ZE(AnyLab
Co., Seoul, Korea)Z 23] oJ1K0.45um ¥¥ 13], 0.22 um ¥
B 13)53ict. o7 1uLE 4719 aAgd S3S At vl
sl 24 f55 TG

FrSFs S 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic
acid (ABTS) (Roche, Mannheim, Germany) 2tz o835t &2
AHog AASIA &, 7 mM2] ABTS?H 2.45 mM potassium
persulfate (Daejung chemicals, Siheung, Korea)& 1:1 H|&
2 SOkt the 24417 ARESAIA HRSAE AlRsloH, Ax
H RSN 0Dy oA T2} 0.740.02 Fo] HrE 34
SiQi}. o] 4719 W g Axy oitd EF7|A(ER £E

=2
3} O ) ARG )T B B A(196 ul)E BFte] &
¥R 208 A% F 0Dy oA SRS Zgslo] YA BH £
B2 usian PAs BHY AR RAL Sdt]

(+)-sodium L-ascorbate (Sigma-Aldrich, St. Louis, MO,
USAE EEFA FA4E st BREAE Aol gt

2 Ascorbic acid Equivalent Antioxidant Capacity



a-Amylase®} Protease §4 &M 717l Bacillus subtiis 7#FE 0|23t 7154

(AEAC; mg eq. AA / 100 mg) #2o& YeRfict

H|m|E=8tE2|of SAls

Ao g gag/do] 945t Bl |A(An] Bt £ &
9] HIFERTT, 48417 i) 500 ulE TEAX ¥ Pt
60 uLol =T 89 20 ulE 5 mL RCM broth (HiA]
AE 1/10 E3holl Yl B Jactis BL750%+ B. breve KCTC
3220 5 27 1% AFSAT o5 374 7] uigstd
A BARCR(0, 6, 12A17h) Bu=E S7oto] Blmjute| 2ot
A 2 wdsielth

SHXE

B =R 7|ed Ad) gk 3Rk AY Aol ¥y 9 BEEAt
2 Yedy o4 #A5S Yall SPSS ver. 25 (SPSS Inc.,
Chicago, L) Z2IHE ARSI SHEE A= {4
< AL Levene?] S84 A8E Boll Bt 5Ll dist
-H7808 p(0.05 oA ARE Aokt

A ohﬂoﬂlﬂ AF3t ¢-amylase @ protease T4 918 1A
WiRloll B. subtilis MGE 2012 45 ¥iFQ 1 ul &3t & vjef
g A3, A FHAA Ba B FEgo] IR (Fig. 1).
ol B subtilis MGE 2012 %—7—7} a-amylase ¥ proteaseS
ZA0] ggdog MAStT 98 9uigitt gukdow B
subtilis 982 a-amylase (glycogenase, EC 3.2.1.1)5 AjAks}
=d ol ARY & FFA amyloseE 7HEsfsI]
maltotriose®t maltose® Aol HES] E ThE FF9I

amylopecting 7RI glucose®t dextring AJAISIch

a-Amylase Protease

Fig. 1. Enzyme activity of Bacillus subtilis MGE 2012 strain on
nutrient agar supplemented with starch (for ¢-amylase) and skim
milk (for protease).
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(Raul er al, 2014). ESt, proteaser Tl O] HElo|E AL
7IeRaste] opnicAbS AR HHarwood and  Kikuchi,
2022).

7120 mE sAEd Hlw
B 5ubt1/15 MGE 2012 59| S& 7148] g G484 vl
517] 9lsto] dn] £, i 2, & o 23 iE 52 5
(Frjet i 22, dviet & ouf 2ahoz AL8Sh i ¢
-amylase?] 7% @v| 24} i 2 E7EoA 2443 HH
F & 7Y =2 aASAE YR (Fig. 2A), protease] 7
o 24417t vk & &v] B tiF £ Bl A 7]’”
=2 §48H4o] ERIEItHFig. 2B). o= AtiE o=z AHEHo]
nao]. cﬂu] Hul—_L]. q—uﬂxlo] ﬁao]. ‘:H _‘_u}_o,] Z‘Ea-o] B
subtilis MGE 2012 ©59] @-amylase & protease 2] ¥t
2 Fegt AoE FEHJT 2 AN 3 AP
FolA Bacillus lichenitormis 1-B-12 #529] 7% du] B
(50%), P17 ET(30%) X thF H220%) Ed71EAA 7F &
5t a4agio] TEEtKang and Moon, 2016). wehA
ARgShe o] Wt 229 71 28 Ao EH aEFQl
BAAFY A APAbo] 7 ZoE W

RS

B. subtilis MGE 2012 @55 283t %@71%4(111] by} i
£ 9FaE9] ABTS radical £245% A
79 742 19.82 AEAC (mg eq. AA / 100 mg)g L}E}ﬁ Hhy
24 AZFEEE o= 35.08 AEAC (mg eq. AA / 100 mg)Z Y
Rt Hha -3 h4kekso] oF 1774 S71stiHt (Fig. 3). o=

BR+S BR + RP

Fig. 2. Enzyme activity of fermentations by Bacillus subtilis MGE
2012 with different substrate compositions. A, a@-amylase; B,
protease activity. BR, brown rice powder; S, soybean powder;
RP, rice protein powder.
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Fig. 3. ABTS radical scavenging activity of fermentation by
Bacillus subtilis MGE 2012 in a mixture of brown rice powder and
soybean powder. ***p<0.001 vs. control (0 h).

B371 40| HLE B subtilis MGE 2012 9] HE3H4go)A]
thii A Baj) AhE 9 opofRt tiAREEC] AJAlE|o] ghAlS) EAdof
710dFE Ao 22}

H|m|E=8tE2|of SAls
A HaE0] v EE ot F45Z ERIsk] st B
Jactis BL750%}+ B. hreve KCTC 3220 5% thAo=& AJ3gH
A3k, B. Jactis BL750 w72 7% &2+ 5.25 log CFU/mL
2 AZE] 6, 12475 242 5.67, 5.91 log CFU/mLE 5715t
HhH g8k SRS 538 log CFU/mMLE A& 6, 124174
747+ 6.38, 6.87 log CFU/mLE Z71510] TR oiH] 6, 12417F
A 2+ 0.71, 0.96 log CFU/mLY] 2o|E HthFig. 4A). A,
breve KCTC 3220 59| 7% 272 3.23 log CFU/mLE
AASY 6, 12X7H4) 282 3.69, 3.43 log CFU/mLE Z713t v
AATA B E H7RES 3.64 log CFU/mLE AI&3) 6, 12417k
A Z¥2} 4.57, 6.00 log CFU/mLE Z7}5}0] g2+ o8] 6, 12
A7 242+ 0.88, 2.57 log CFU/mLe] #}o|E Rt (Fig. 4B).
ol B subtilis MGE 2012 #57}F 289 E37|4(&v] 2L,
i )] TavpyolA] A= EoitETt tiAKEE ] H]T
LHlE|gloto] FAlof| 7|ojet A0 g FEEH o] 4slas T4
T} 3 A §0l#9] FAoE £L8 Z 4 QI AR 9] Ao
3t AololA] I 997t At} e B AtollA EE AE
283 A% 7154 AT YA o|FojAT A A543
MRA ZPFE TS S g AR dgE.

4] JEeH Y] Wl A7 FHR0 B
Zfotal o] ARRlA Reto g ZRg3itt oj2fgt el EA
S 2st7] floto] Tt Hio] 1efd 4= AR Ha 71737

-

or mln
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Fig. 4. Bifidogenic growth stimulation activity of fermentation by
Bacillus subtilis MGE 2012 in a mixture of brown rice powder and
soybean powder. A, Bifidobacterium lactis BL750; B,
Bifidobacterium breve KCTC 3220. **p<0.005 vs. control; ***
p<0.001 vs. control.
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d AEE FE0] AFIoks A Y Aol 9], F- 44
9] AS askas g4 Aot E AU nio|AZHpolo] H3L:
Qg AU} 7ol kRl Ao FxtHoln olF 7S] fi%t
0o AxjEo] AT =T YrHEun, 2013; Jeong er al,
2022). & AolA i A4 EIF 5L 5o &8E 5
U= Aoltt,

2]

10

3

E A3 E g-amylase ¥ protease?] BA] AR 9
Bacillus subtilis MGE 2012 #55 AWslHaL ol& du] 2,
o B 9 2 ol Bo] x3to] A-8olo] GASAYS g F
A 714 2GS A5 2y}, dv] E43) o F Be] E9kE 71E



a-Amylase®t Protease §4 &8 71Xl Bacillus subtilis #FE 0|2t

IIs

0x

oA 7Fg $3t BASYS YEIE ES BAS HAHxA0
= AR EaibEe] tigh kel &4 | vlnjute|2of S5
< ERIgH A3}, A $ St o] IR Ao Bs) <F 1.774)
71t 2% IaikEo] Hy|Lrte|2|oN Bifidobacterium
lactis, Bifidobacterium breve @) 45 &=t o=
B subrilis MGE 2012 59| 283} "Uaygolx Gag et
ozt A A771s e FIAE & U= T8 QA Big
Y FFE vH AR FF A 1 71548 AAEA S
Hrg Ao wohEL,

References

1. Bhattacharya T, Ghosh TS and Mande SS (2015) Global
profiling of carbohydrate active enzymes in human gut
microbiome. Plos One 10, e0142038.

2. Choi MK, Park ES and Kim MH (2019) Home meal
replacement use and eating habits of adults in
one-person households. Korean /. Community Nutr.
24, 476-484.

3. Eun CS (2013) Role of intestinal microbiota in
inflammatory bowel diseases. /nt. Res. 11, 161-168.

4. Harwood CR and Kikuchi Y (2022) The ins and outs of
Bacillus proteases. Activities, functions and commercial
significance. FEMS Microbiol Rev. 46, fuab046.

5. Jeong YB, Hwang HW, Jung HJ and Oh JE (2022) A
study on the purchasing behavior and choice attributes
of HMR products by the middle-aged and elderly based
on the types of food-related life style: Focusing on
Seoul and Gyeonggi areas. /. Korea Cont. Assoc. 22,
770-781.

6. Jia B, Han X, Kim KH and Jeon CO (2022) Discovery
and mining of enzymes from the human gut
microbiome. Trends Biotechnol. 40, 240-254.

7. Kang JE and Moon GS (2016) Enzyme food prepared by
two-step fermentation with Bacillus licheniformis and

Lactobacillus casei. Curr. Top. Lactic Acid Bac. Probio.

4, 24-27.

i 7H

8. Kim ES and Kim YC (2006) Factors associated with the
Beautician’s dyspepsia. /. Korean Soc. Health FEdu.
Prom. 23, 121-134.

9. Kwon C, Kim JW, Park YK, Kang S, Chung MJ, Kim §J
and Lim S. (2023) Bioconversion of rutin in tartary
buckwheat by the Korean indigenous probiotics.
Microbiol. Biotechnol. Lett. 51, 83-92.

10. Lee §J (2015) Recent sensory and consumer studies for
the development of texture modified foods for elderly.
Food Sci. Ind. 48, 13-19.

11. Lee DH, Jung HK and Hong JH (2015) Research trends
of enzyme food in Korea. Food Ind Nutr. 20, 18-22.

12. Martinez-Villaluenga C, Pefias E and Frias | (2017)
Bioactive peptides in fermented foods: Production

and evidence for health effects. In Fermented Foods
in Health and Disease Prevention pp. 23-47,
Academic Press.

13. Maske BL, de Melo Pereira GV, Vale ADS, de Carvalho
Neto DP, Karp SG, Viesser JA, Lindner JDD,
Pagnoncelli MG, Soccol VT and Soccol CR (2021) A
review on enzyme-producing lactobacilli associated
with the human digestive process: From metabolism
to application. Enzyme Microb. Technol. 149, 109836.

14. Raul D, Biswas T, Mukhopadhyay S, Das SK and
Gupta S (2014) Production and partial purification of
alpha amylase from Bacillus subtilis MTCC 121) using
solid state fermentation. Biochem. Res. Int. 2014,
568141.

15. Sharma R, Garg P, Kumar P, Bhatia SK and
Kulshrestha S (2020) Microbial fermentation and its
role in quality improvement of fermented foods.
Fermentation 6, 106.

16. Shin KO and Je HJ (2018) A Study on the problems of
eating habits of modern people and suggesting
alternatives to overcome diseases: A review of the five
blue zones, based on the Roma Linda region in the
USA. J. Korean Soc. Neuroco. Rehab. 10, 53-62.

Curr. Top. Lact. Acid Bact. Probiotics 2023;9(2):81-85 | 85



	4. 연구논문_00018 이재혁.문기성 최종본
	개요
	1. Bhattacharya T, Ghosh TS and Mande SS (2015) Global profiling of carbohydrate active enzymes in human gut microbiome. Plos One 10, e0142038.
	2. Choi MK, Park ES and Kim MH (2019) Home meal replacement use and eating habits of adults in one-person households. Korean J. Community Nutr. 24, 476-484.
	3. Eun CS (2013) Role of intestinal microbiota in inflammatory bowel diseases. Int. Res. 11, 161-168.
	4. Harwood CR and Kikuchi Y (2022) The ins and outs of Bacillus proteases: Activities, functions and commercial significance. FEMS Microbiol. Rev. 46, fuab046.
	5. Jeong YB, Hwang HW, Jung HJ and Oh JE (2022) A study on the purchasing behavior and choice attributes of HMR products by the middle-aged and elderly based on the types of food-related life style: Focusing on Seoul and Gyeonggi areas. J. Korea Cont. Assoc. 22, 770-781. 
	6. Jia B, Han X, Kim KH and Jeon CO (2022) Discovery and mining of enzymes from the human gut microbiome. Trends Biotechnol. 40, 240-254. 
	7. Kang JE and Moon GS (2016) Enzyme food prepared by two-step fermentation with Bacillus licheniformis and Lactobacillus casei. Curr. Top. Lactic Acid Bac. Probio. 4, 24-27.
	8. Kim ES and Kim YC (2006) Factors associated with the Beautician’s dyspepsia. J. Korean Soc. Health Edu. Prom. 23, 121-134.
	9. Kwon C, Kim JW, Park YK, Kang S, Chung MJ, Kim SJ and Lim S. (2023) Bioconversion of rutin in tartary buckwheat by the Korean indigenous probiotics. Microbiol. Biotechnol. Lett. 51, 83-92.
	10. Lee SJ (2015) Recent sensory and consumer studies for the development of texture modified foods for elderly. Food Sci. Ind. 48, 13-19.
	11. Lee DH, Jung HK and Hong JH (2015) Research trends of enzyme food in Korea. Food Ind. Nutr. 20, 18-22. 
	12. Martinez-Villaluenga C, Peñas E and Frias J (2017) Bioactive peptides in fermented foods: Production and evidence for health effects. In Fermented Foods in Health and Disease Prevention pp. 23-47, Academic Press.
	13. Maske BL, de Melo Pereira GV, Vale ADS, de Carvalho Neto DP, Karp SG, Viesser JA, Lindner JDD, Pagnoncelli MG, Soccol VT and Soccol CR (2021) A review on enzyme-producing lactobacilli associated with the human digestive process: From metabolism to application. Enzyme Microb. Technol. 149, 109836.
	14. Raul D, Biswas T, Mukhopadhyay S, Das SK and Gupta S (2014) Production and partial purification of alpha amylase from Bacillus subtilis (MTCC 121) using solid state fermentation. Biochem. Res. Int. 2014, 568141.
	15. Sharma R, Garg P, Kumar P, Bhatia SK and Kulshrestha S (2020) Microbial fermentation and its role in quality improvement of fermented foods. Fermentation 6, 106.
	16. Shin KO and Je HJ (2018) A Study on the problems of eating habits of modern people and suggesting alternatives to overcome diseases: A review of the five blue zones, based on the Roma Linda region in the USA. J. Korean Soc. Neuroco. Rehab. 10, 53-62.



