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Abstract Surfactin, one of the most powerful biosurfactants, can be widely applied
in agriculture, food, and pharmaceutics. The purpose of the present study was to
establish suitable indicators for a rapid detection method that can confirm the
surfactin productivity of cheonggukjang. In the present study, changes in the total
number of bacteria were quantified according to the fermentation time of
chenggukjang. Furthermore, physicochemical factors, such as pH, color value,
surface tension, refractive index, absorbance, and protein contents, were assessed
in chenggukjang viscous substances, and a correlation analysis between the
physicochemical factors and surfactin contents was performed. We found that the
protein contents gradually increased up to 48 h (4.21£0.11 mg/ml) without a
change in the surface tension. Furthermore, the refractive index, absorbance at
280 nm, and color value were significantly increased as the fermentation time
increased; however, there were no statistically significant differences after 36 h
of fermentation. Interestingly, this result exhibited a tendency similar to the
surfactin content according to fermentation time. These findings suggest that
surfactin can be used as a suitable quality indicator and may provide an
experimental basis for the fermented food industry.
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1. A

Bacillus subtilis2 WaAZ] 42 14, 9% & AF A5 99 R 7o) 4o
(Ryu &, 2007). ¥& Y F B subtilise B&, HERO| &, opn|icAl, © 9 {74k} 22
dAHEES st tiRo 84S S7HAI71L, oj#et A8 0 E 2R 7|54 tAKMES
At g AAES] Is E4S 7= Aol BEaEJHChen &, 2022; Jeon

[¢)

2018). E3k, P Wizo]] v, Wi A Fruol Fe FAotglo] WA 1 15
e T gheo] B AlEol W u mEo] o8] AAEE FuA ofulol o8 way
St} oIS @71 A SRIEE WO ofulAlg ATAR dho] SrleRAsts]
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o] A4EHMoon 5, 2015).

Surfactant= &-715 1t EHEEE A7 G2
jA e 557 5 oFU=(Singh &, 2019) 4%, A7t
&, OF A 5 W2 2oolA AHEEtHRang, 2009).
Surfactant:= chemical-surfactant®} bio-surfactant®
TEE & Q=4 chemical-surfactant= A58 Y82
sto] st ow QM7 wWiEol S-E&HS7E WA
(Makkar 5, 2011), H71& Al S BE67t E7Fsh
EoFo o] st Lee®}t Park, 2011; Yang, 2001). ©]
of Btsfl, bio-surfactants= BE|g]o}, B8R 5 FEoH A
28 7]902 AAEOH(Rahman 5, 2021), AJE3]
d(oshi 5, 2008), ¥ =/J(Chen &, 2015), B4 2
A, 25H4S "driMakkar®} Cameotra, 1997; Md, 2012).
Aeatd 7] 02 nldEo] ek FHtole A, X, @
A &5, FrtolZEetRutet 22 E/4Jo] 3lom, A n4d
& leolA gt vt EQFYs 282 vErdHtK Carrillo
5, 2003). Surfactine 1968¥ Bacillus & w57} AJA¥s}
+ e A "EolE F B subtilis WIFHANA A
< WAH}H Chen &, 2012). ot 77H(Glu-Leu-
Leu-Val-Asp-Leu-Lew)?} 13-15719] &4 YAZ 14
H A FEo] g-slo|EFA] Aol A e Her
oltg 1y HE FXE FAot UoH(Alvarez
2012; Datta 5, 2022), F=4 AZ I F B, subtilis®]
LR F o] FajEof(Ahn, 2009), /8
polypeptide®} fructan®] E3HEZ o|FojZ HAE0|
G50 JeKYang, 2013). ESE 10 uM BE9Y surfactin
2 B9 #AEAHE 72 mN/mollA 30 mM/mOZ FAA|
Z 4 Qloj(Heerkoltz®} Seelig, 2001), AS7HA] &#HA
bio-surfactant & 7F§ &I Aoz A=A Jot
(Maget-Dana®} Ptak, 1992; Md, 2012; Shin¥} Kim,
2003).

B. subtilis WY IAE S&3F surfactin &2, 352}
AT ATEL I AATHAbdel-Mawgoud &, 2008;
Cooper &, 1981), AR S 83t surfactin F4HsS
of thek A= APEA] 2 Ao R RAESIH. 53, 4
=4 UHE F 8 =2 surfactin 4 A&oHA A&

¥ & G BUARS % A7 ob gl Aol
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TR BT 28 5 A V1242 AN 99,
%

0] wa A AHEE BATEREY PR RS

[e;

surfactin THS A& B71e 4= = &g A7
surfactin AFEES 8loIst & 0|2 A&} FHolgt 4= 9l
L ZAAEE BAsto] EATE ARE AASEA St

7

B2 AYof| A W (Glycine max, 1,0008%F 299
g AAEE oATolA 202140 At AL AR
Q&H2(Chilgokgun, Korea)' oA FLufisto] AR&3lLt.

22 #F 24

B. subtilis KCCM 10480(CH-1)< =740l £
TFE AAuYEE2AE 7E AE 54 1xH
gz gkt 43512 Yell nutrient broth(BD
Difco, Franklin Lakes, NJ, USA)ol BiFglom, ofg] A3
S 53) tryptic soy broth(Merck, Darmstadt, Germany)
HiZ|7} CH-1 vl Aottt Ao s watEglon, v
shaking incubator(HST-201SL, Hanbaek ST Co.,
Bucheon, Korea)ollA] 35C, 24A|17F, 100 RPM 242
213y sHrt.

ok

2.3 E& #EF

gF(300 @& Al&std 12417 B T autoclave
(HB-506-6, Hanbaek ST Co., Bucheon, Korea)& 15
& 7M1ttt 7] AA & 40-45CE Y76l CH-1
HiFH 10%E A& o2 & 7|(CSW-5521, Cuckoo,
Yangsan, Korea)= 12417ttt A|RE AF 53t o],
U8 Al Bt 259 S 247 42.1T9 83%= ERlE
k.

24, g 2y

A4 R ubgE-S AEFH(MFDS, 2022)°
Folo] SR AR 7MY AR, RIE2 S, £
A H-2 Soxhlet, 29 Kjeldahl®H-& AR&sto] E435}
I, BpdE2 O Apolgto g AXSHAT
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2.5 7+ 58

A=A 10 g2 0.9% NaCl(Duksan Pure Chemical
Co., Ltd., Yougin, Korea)= 104} 3JAlsto] 235}
(BAGMIXER® 400,
Bretéche, France)stith. 9% 314 & A|&EE tryptic
soy agar(BD Difco, Franklin Lakes, NJ, USA)u}=]of &
F, Eote] 35C, 12-24A417F gt o UERd colony
£ A5t log CFU/go2 H7|5}9iTt.

Interscience, Saint-Nom-la-

2.6. JE29 S35 £ 5F
2.6.1. 2% HIUS 22Y AR HZE

Fast A= 280l siFske SRTE A7kl A
£ F408 JAES EH9Y, 150 pm AR o3} &
10,000 xg, 20%, 10C 2702 A4&2|(SUPRA22K,

Hanil, Daegjeon, Korea)oto] 58-S 3|43l

2.6.2. pHe} M

pHE A& pH meter(ST3100, Ohaus Co.,
Parsippany, NJ, USA)Z S34stlon, M= ofugt 3
=4 JdE 89S MTA(CT-310, Minolta, Tokyo,
Japan)& 83] 243la] L'(lightness, B%), a (redness, A
A1), b (yellowness, B%) Z-2H] B2 1311, 04]

7t 7120 & MAHcolor difference)E Altotlch.

AE= V(AL +(Ad) +(AY)

=4 AEE &0l TRl U= 784 EHY 54
< 9o AL AH9 AEE 24T EA(PAL-, Atago
Co., Ltd., Tokyo, Japan)&2 &45}9 °BrixZ YERHIIC.
ZAwl 345 A8E BEtEA(UV-1800, Shimadzu,
Kyoto, Japan)E AR&3to] 280 nmollA &4 & 4=

gro 2 el

2.6.4. EHAH

A=Y AdE 899 #UAES Ring methodd
(Gudina 5, 2010) 2.2 &5ttt DuNouy Tensiometer
(514-A, Itoh Seisakusho Ltd., Japan)E& AR&stH oM,

https://www.ekosfop.or.kr

SRR o5t 29 1Al 72 dyne/cmZ7HA] EASH
5, A4 AlRo] WiEHE EHTIA] 2t AA

=
ol 74d wj7hR] AT A= 7hote] MEEE So1&d
o
=

2.6.5. THHE ShEF

Bicinchoninic acid(BCA) 4L Pierce™ BCA
Protein Assay Kit(Thermo Fisher Scientific, Waltham,
MA, USA)%} $HA Al&5% protocolZ AYPSIATE A=
0.1 mLof reagent(A)?} reagent(B)E 50 : 12 Z3t A
oF 2 mLE A7t ol& @=2+R(SB-1100, Tokyo
Rikakikai Co., Ltd., Tokyo, Japan)® 37T, 30& {3
T A4 108 ¥Zsto] 562 nm oA Z7g5H3
24782 BSAMP Biomedicals, Irvine, CA, USA)Z #
7 FAZ AAdste] il RS TSIt

2.7. Surfactin 22 & 3% 24

Kim(2011)9] ®¥S 38ste] A&E 2.0 N HC
(Duksan Pure Chemical Co., Ltd., Yougin, Korea)Z
pH 2.5714] AF Asto] YHEe] £(10,000 xg, 20,
10T, SUPRA22K, Hanil) 3j2F H=f pH 2.58 24
o SRTE IR & $7] b JAES AolFlH:
£ 3 ¥ o dHEYste] It IHES AR
(FDU-1200, Tokyo Rikakikai Co., Ltd., Tokyo, Japan)
o &, A2 Hyehw B4 Al ARSI

Surfactin $F-2 HPLC(Agilent 1100 Series, Agilent,
Santa Clara, CA, USA)E 24513ch 521X A58
methyl alcohol(Duksan Pure Chemical Co., Ltd.,
Yougin, Korea)Z 1% &80z &35t & A5t A
59 filter(0.45 pm, PTFE, DISMIC®, Advantech,
Taipei, Taiwan)& oj7sto] ARESHRIH. old] o]&/d-2
80% acetonitrile(Duksan Pure Chemical Co., Ltd),
20% 3.8 mM trifluoroacetic acid(Thermo Fisher
Scientific Inc., Waltham, MA, USA)°]9l1, §42 1.0
mL/min, FYFE 20 LItk E4 Al C18 column
(Luna®, 250x4.6 mm, 5 gm, Phenomenex, Torrance,
CA, USA)Z AR&ste] 25ToflA 4047t #45t] 210 nm
o2 AEstHoH(Lee 5, 2012; Wei2t Chu, 1998;
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Wei2t Chu, 2002) surfactin(Sigma-Aldrich, St. Louis,
MO, USA)C2 AAZZAHL A5t}

2.8. A e/

GraphPad Prism® version 5.0(Graphpad Inc., San
Diego, CA, USA)EZ Ar&staiom, &a A|7HE A& 719
Aolg gotH 7] 9J5f one-way ANOVAE ARE-ste] 57
BAS AAI5FAT, Tukey's test® FAMIS p0.05 &
oMM AS ASSHAH

3. Zn ¥ 7%

s u g A7 Fd4o] HSkE Fig. 13 2t
FdE OAIZE 6.02+£0.70 log CFU/golA 24A17F
0.16 log CFU/go.Z Z7FtHAINE, 24A]7F o] &5
E1 FYA F7H UEUA] g9ttt ol
w9 o A A= BZE

2447te] CH-1

F

3.2, FZFIN 2o/at HEES Zo/e/5F £E
3.2.1. pHet M&

HAES] ¥a AP pH Mske 041704 pH 6.25+
0.37% && Ak F7tol| what Ha F3Q1 48417104
pH 6.86+0.08< H3irh. 74 ¥ae 4oy das o
134 5 diF =Eol O}Uliﬂ_i gi=lof Yot
7} B eHKim, 2009). Lee 5(2018)7} Kim 5(1982)
2 Z}7F OAIZIONA] pH 631, 6.465 B10m, 4847t A

H 7.04, 6.84% S718IAthal Zigtt. o] & Aot

1M~

log CFU/g

0 12 24 36 48

Fermentation time (h)

Fig. 1. Number of total bacteria (log CFU/q) of cheonggukjang
for 48 hours. Data are expressed as meantSD (n=3). Means
with different letters above a symbol are significantly different
(p€0.05) by Tukey’'s test.

< 4, &2 S Ul Aol AU
Awo] ALE Table 13 Zth L' a g+ 364177k
77y 20.83+0.24, 1.40£0.21& ERA|qt,
484171l A -9 HQl 2ol YEetiA] okttt bk Ty
(3} =+ YefE oz 244]7K8.48+0.19)2 Al
stz H|&st AuE Btk MXHcolor difference)=
TR Az wet F7FSERAINE, 36A17H33.10+3.15) ©]
Al STk L}E}‘HX] oottt HHE Alto] dojds
Al 2%, 79| gt opw| Ak
=2 HkS $H = E-’] Oqoc]: E‘é‘]— 01'—— 7-]0]{—1]— \:ﬂ-o]—
HChoi &, 2007).

(o)

& o
o)
)
i)
)
-
N,

4 1o du o w
=
(o]
o
i
29
o
>‘
T

30

HEL2 Fig 29 2t 24 9k

Table 1. Changes in the color of cheonggukjang viscous substances with fermentation time

Fermentation time (h) Color value
L a b’ Color difference
0 53.87+2.93*" 3.00+0.19° 9.97+0.45° 0.00£0.00°
12 46.15£7.30° 2.50£0.23° 10.3640.79° 7.77+4.39°
24 27.30+3.65° 1.98+0.31° 8.48+0.19° 26.64+0.80°
36 20.83+0.24¢ 1.40+0.21¢ 9.95+0.62° 33.10#3.15°
48 19.85+1.09° 1.20£0.36° 10.55+0.70° 34.09+1.82°

"Data are expressed as mean+SD (n=8). Means with the different letters (in the same column) are significantly different (p¢0.05) by Tukey’s test.
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2.0

Refractive index (°Brix)

0.0 1 I I
0

12 24 36 48

Fermentation time (h)

Fig. 2. Refractive index of cheonggukjang viscous substances
for 48 hours. Data are expressed as meantSD (n=b). Means
with different letters above a symbol are significantly different
(p€0.05) by Tukey's test.

of &AL Hepol&, ofm|icAl, 4, A
A& 4= SltHLioe 5, 2007). 0A1ZF 0.6 °Brix3.2
, A8 s PR ofn|Al 5 848 EEE
Qs FEET S7FSFAUAEE, 36A17F 1.44+0.05 °Brix, 48
Azt 1.5240.05 °Brix2 F24Q1 2[olE HERA] o3t
A= g 5 s AEEY AR S8T S
Fig. 37} Zt}. 0A17KH0.100+0.004)°114 36A17H0.280+
0.014)7H] F9ZQl Z7He BHou, wa 48A17toA
0.300£0.001% 36417t} H W3S f F-o2Ql S7H=
e A] Zotdt 280 nm 8% S74H-2 E b
I I Qe WS opu| ARl tryptophan, tyrosine,
histidine, phenylalanine®©] 280 nmollAl 735t S44L
Uetl= E4E 8ot BAHOR A& Tl §
A E49] &4o] 7551t Reinmith-Selzle &, 2022).
Yang¥ Kim(2013)< surfactin®] tryptophan} tyrosine
9] #Hd 1oz FolF Ao ZFE|o] 3lof 280 nm2
oA S T3E Yt B skl BRkE ofn
AR of gt ek sRkE o] b A0 E8E=
Aow HIEo] 9)7] BfE(Noh 5, 2017, Ryu &,
2011), 280 nm &3 Z4= ol&sto] F=49 ¥R 7]
2t 5 surfactin® g2 HInA HsHA 4 7Fsd A
o8 AYZHEC

https://www.ekosfop.or.kr

0.4

Abs

1
o 12 24 36 48

Fermentation time (h)

Fig. 3. Absorbance at 280 nm of cheonggukjang viscous
substances for 48 hours. Data are expressed as meantSD
(n=5). Means with different letters above a symbol are
significantly different (p¢0.05) by Tukey's test.

A= 8 AP 2HAEE Fig 49 2ok 2HAE
< ARLGA Y Ad5= Hluoks AEE ARGEM(Mulligan,
2005), HEZ Q5] HAHH surfactin EHAHS 7HAA]
71+ g 7HA L ot &9 2EAESl 72 dyne/cmE
71202 OAIZHNIA 54.9341.22 dyne/cmE HEM ST
ol= CH-1 A7} 7HA 1L Qe AlHEdE & FZEr.
EHAEL 24417H35.33+£0.59 dyne/cm)7HA| A4S
HeJou} o]eHE {93l TAAE Hol| ottt AW

A A Ftol €9 BHo FAH 24 sk

Surface tension (dyne/cm)

1 I I
3 00

12 24 36 48

Fermentation time (h)
Fig. 4. Surface tension of cheonggukjang viscous substances
for 48 hours. Data are expressed as meanSD (n=3). Means

with different letters above a symbol are significantly different
(p€0.05) by Tukey’s test.
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micelle k=], 1 o|F2HE s S7I51E &
AYHO] WSk Ao Y=THWeb page: KRUSS,
2022). ol#at o]92 FRA HUE Qolo 24A|7HEE
WA o FE7F FAE Aor wHEH, T Aol S
7ot Hs} @1 Aol AZE.

r

3.2.4. CHHZ Bt

AAE9 da A7HE oed T2 BCA assay® 24
5tlal, 11 AF= Fig. 59 2ot BCA assay= €% &
oA Hgsith 54T A/t SeHds UE 7]
=0l (Walker, 2009), =49] surfactin®] A& A%+
ok Wole} wetEo] A-8siyltt. =g TR 7t 5 A
el A9d o oid 2 0AI%F 1.30+0.03
mg/mLoIA 48A17F 4.2140.11 mg/mLE 9291 7}
£ &I 4= Atk Ann(2011)9] T =4 Algo] 4
ol W= F4 Ga7E 2yHol| wet #7 EH|et
proteased] 2|3 Tjdo] FEpo] =9} opn]iAto 2 F3]
Sto] S3Trt S7KRIT AL HArsielth 2 A7 o
Z A3} surfactin EF WslE 248 ) BHE 364171714
BHAE Y surfactin®] A= 12 dAPE A=, 36
A7t o] €2 protease®] 3t FEfO| =8} ofm|iito] A
B 2% tiARgo] APEE A oE wE

F= B

3.2.5. Surfactin MZFEM

Surfactin FFE02 BA3t chromatogram(Fig. 6(A))

Protein content (mg/mL)

0 12 24 36 48

Fermentation time (h)

Fig. 5. Protein content using BCA assay of cheonggukjang
viscous substances for 48 hours. Data are expressed as
meantSD (n=3). Means with different letters above a symbol
are significantly different (p{0.05) by Tukey's test.
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oA 67]9] isomer7} HEF 0™ o]= Koim-Puchowska
520199 919} 5YU3t isomerde| EQIE it ESH

AR B4 JJr Fig. 6(B)9] chromatogram< 2HQIg
= QJQlon HEET HA9] isomer spectrum= H| I
Stod(Fig. 6(C) &Ye 24US & o]é}oﬂ‘:} SHA|9E Fig.
6(B) isomer’} B&EE3} Y9 S UEHA] F5f 674
9] isomer(A-F isoforms) % % =& Hol: 3719

isomer(isoform C, isoform E, isoform F)& 41735}

AT A & AHESHGIT

AIZbE HPLC Ao g w&3F surfactin Ta}
A AAH o7 AR surfactin £4S Ui 9= ojH] A
A (mg/kg) .2 EHTE 7H2 Fig. 6(D)2F At} &a A7t
o] Z7takel wet 3617t A 125.94+4.15 mg/kg®] A3
AMFS HHATE, 48417104 136.66+14.43 mg/kgl &
oAl F7HE HolA] %‘6}&"‘;71 zofl, surfactin®]
o AAE A7t 36A1E0 R A ET, o] 2o MR = &
g A0=E *MHE}

1o

3.3. Surfactin MArSfE ZZIXE 7F9f AtEtEEA

A=A drg A7 WE surfactin AT EQARH
7te] ABBA L Table 29 2t EHZES At £
TR l4el HUAE Aslgion], A%
0] p(0.001 $29] 7F & ARAS ehisich 1
U surfactin o] A S90S FAARS A4S
Aol 2+ A #E

UERIT i IAE(R, FEE, B9 B
o 4w AR HoH

4. Qo

2 AFoME F=E EE AP surfactin AAEES
Al&sHA gl —’F— U= FEARE AAs] Ao =2t
3 QAE(pH, A%, 24E, 9%, E94E, dHd)
< 573519 surfactin A} Bl WSt A YRAREA
S 53 H surfactin AFAFF(125.94+4.15 mg/ke)S
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mAU
80
60
fa)
13 w
40 2 H g
4 o E QS
2 Eg
4] - S °
£ = s
< S § i 2
20 E K ° ]| I /'\
L2 2 || [V
ﬁ 5 . \ V
8 A A
\ R / N [\
| A [\ I\ / \
/|G | W ) WS 2 U G A
T y v ; T T )
10 15 20 25 30 35 min
mal

140 o

100 A

80 4

60 4

404

204

T
200 225 250 275 200 325 350 375 nn

B)

80

Isoform C
Isoform F

Isoform E

204

Isoform B
> Isoform D

200

Sufactin content for the amount of
soybean (mg/kg)

0 12 24 36 48

Fermentation time (h)

Fig. 6. HPLC elution profile chromatogram (A-F isoforms) of surfactin standard (A), chromatogram of 48 h cheonggukjang (B),
spectrum of 210 nm (C) and surfactin content for the amount of soybean (D). Data are expressed as meantSD (n=3). Means with
different letters are significantly different (p{0.05) by Tukey's test.

Table 2. Correlation coefficient between surfactin production (mg/kg) and physicochemical quality evaluation of cheonggukjang

viscous substances for fermentation time

pH Color difference  Refractive index  Abs Surface tension Protein
Surfactin production 0.984™" 0.960" 0.997" 0.982" -0.822 0.989"
""p(0.01, “'p(0.001 (two-tailed).
slslgion, Wi 364 0|9 RE $oHel FE et P AXIAE ASFORA 97 AF FRAEY F
WA grolch Eelsleld AR  pH, B 23S AU AR gRgonK AU 224S U 4 9
B BN TR b0k AL UeiRe, BEY & Aos slgur
e 9E A% 5 gHaslo] 24412 o F §oIH WsE
UERA] ottt 214 ARl AAE 28 E, F8=="2  Conflict of interests
q 36AI7IA HUZES UEdglon, 3647 o]l3 2= The authors declare no potential conflicts of interest.
Lo Ql W7t 2AE A AUt Surfactin TEFT} E
SFkAQl QIR 7t A AR A3 MAE, 2488, Author contributions
B3 ZAo] Qo|H o0& =0 0xAS YeR Lt utet Conceptualization: Lee SH. Data curation: Hong JH.
A H2Ao] vra A 2= surfactin AR Tstz oz Formal analysis: Ji CG. Methodology: Hong JH, Lee
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