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Effect of Millimeter Waves on Quality Characteristics of Cheonggukjang
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Abstract

Millimeter waves are electromagnetic waves with frequencies of 30-300 GHz (wavelength 1-10 mm), and millime-
ter wave stimulation affects microorganism growth. The present study stimulated Bacillus subtilis with 60 and 70
GHz millimeter waves during cheonggukjang fermentation and characterized the effects on cheonggukjang quality.
Cheonggukjang treated with millimeter wave irradiation showed no significant difference in total bacterial count but
generated only 5.52-5.92% viscous substance. Irradiation with 60 GHz millimeter waves yielded bright and intense
color values relative to 70 GHz millimeter waves. Examination of the amylase activity and reducing sugar content
of finished cheonggukjang revealed that irradiation at 70 GHz inhibited amylase activity in cheonggukjang. Further-
more, irradiation at 70 GHz increased protease activity, whereas irradiation at 60 GHz inhibited the activity. More-
over, the amino acid content changed with millimeter wave irradiation.
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4 2] v B IH(millimeter wave)= 30-300 GHz (373 1-10
mm)®| FIF Aboll HAES FAH s wlola= 9
(microwave)?} TFEA Fo| AR Fom, Hat 9
olt] Fof, o|8eF TollA e AR AL ATH(Richards,
1994). olgjgt HanEu= vAE 3o 9IS F=
Aoz dHA At} Candida albicanss 72 GHzZ 2 2]n]
B9 =Z319S ), colony®] FAol ¢ 15% FTo=
A 7+45 tH(Dardanonl et al., 1985), Escherichia coli
K-129] 70.6 GHz®} 73 GHz®| 2E|PH & 1A17F o]
A2 FAHS W, specific growth rate®} colony 47} 7+
43l Zlo] #EE ) th(Torgomyan et al., 2011). o]} H+
U2, Saccharomyces cerevisiae®} S. carlsbergensis©l HE
v eI} A=S FH cell growth®} biomass’t 5 7H= ATt
(Furia et al., 1986, Usatii et al., 2010). SH]FA=, U
" 9E 41.8-42.0 GHz ¥ A1 o, 97 370
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w2kA] S cerevisiae®] growth rateZ} 15% S 7FE A
29% 7HAago] A ATHGos et al, 1997). H]E Hz|n|
Bt ujls o] s Fe s IR HIA
TH(Pakhomov et al., 1998), L& nE]3} z}=o] v|YE A
AR el oAGA YIS F=A= oFF FA AL PEet
Al WA A ekt < HeElvE ) vhde] da S
Tl mahhol S Fof gEs Eat s ¢
v, whde] F4 Q1A FS FA Ao 7 e
% THSeo et al., 2016b).

HA=ALe 2o B2 B Fol Bacillus subtiliss %
ato] 239 EA ©d WA FEOF B subiilis7t A
Abete G o) Ty} go] el o] g 4
A& polyglutamic acid”} @4 =W thFst Fgrobn| =4t
2§74 55 ekl Aoth(Lee et al., 2013). 71 A
=74 g8l A3 AF= T FE 77l wE <
(Youn et al., 2002, Ju & Oh, 2009, Lee et al., 2013), U]
yUz]E Y (Lee & Kim, 2013), ¥ (Kang et al.,, 2013), =
ZHKim et al., 2006) 53 2 FAE HIt o5 I,
28t oW (Yang et al, 2003), & H 34Est &3 (Min
et al, 2008, Hwang et al, 2009) 52| 7]5/dol &3t A
F71 BuE olFol AT Uk AT AHY WEG} 7
F ulg 2 Egd A2 93 Adps FAgo|t) o

Amb ZAK(y-irradiation) 712 F=33 22 AF
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3] A7t Hol k. ARAFA EASE THES
B FAo] b 2Atel] ofste] JEFS WS B &
GO (Kim et al, 2001), Zupd ZAME H=FAe] njAYE
2 dut 22 54 HIE FRISIYTtHKim et al, 2000).
i—%i}(ultrasomcatlon)b} Z 319k (highhydrostatic pressure)©]
T g NS FoFa ekl F43 V58S F
FA AF A (MceClements & Gunasekaran, 1997). %2
Aspergillus oryzaes ©]-83} soybean kojis TEE o,
2595 20-35 kHz ZAMSte] F2 9] W3t vebge] B
2% At} (Byeon et al., 2015).

2 A= B subiillise ©]&3te] A4S Lasidle
o, o] uf ¥ e =S 60 GHze 70 GHzE A=< F3U
o} Aol ARE-E 60 GHz th 9] w12 &= R ge
o2 3 8d FurE AR Bge] §5E s st
o] AAskRem, 70 GHz EHOﬂ—O— uvggoﬂ z‘z}% % ==
Ae Fgo|n= o 2
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B AFolA] A= Az AM-E A 8= A =7(Tradi-
tional cheonggukjang, Sunchang Moonokrae Food, Sunchang,
Korea)s} Ol F+E& AM8-3F4t}. 314 ZA}= control system,

oscillator, transit generator, single frequency® 3% o] U=
millimeter wave (PORT-ELM, ELM Ltd., Nizhniy Novgorod,

Russia)E ©]-8-3} tH(Seo et al., 2016a,b)

2R M=
A% wFE AR 3RS B 250 A
Nutrient broth (Difco, Detroit, MI, USA)ol =23} 37°C
oAlA 24A17F Bl & YEld 5HE colonyE Nutrient
brothoﬂ HE3t 37°CoAA 2417 vl Fste] HEATE AL
L3Itk T 1kge 5-63] At & 4°ColA 24
A7 ot AR E 3 (A7F B9 FEE A ASEL, 121°C
A 50% S 71 FAST 50°C el 2 W7t
Wzte diFol +& 2% vwE FFs] FuF TS
Tk 37°ColA 72A17F &< HEAIA control® Aol At
2359t 22 v IH(millimeter wave) TARES WHg 7|7
5ot F34= 60 GHz9} 70 GHzZ 7+7} ZAMste] =3
Ao ARSIt A= A Ee sEAZS -20°C]
A7

ﬂ%ﬂ *LEL% 21 g4l whel s|Alstar S|4 E A
%HHX] (PAC, 3M, Fairmont, MN, USA)

T 37°CON A 24-48417F F<t vl
1 mL% log colony forming unit
o
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pH meter (Star A211, Thermo Orion, Beverly,
MA, USAYE ©]&sto] SA st F=4e] dd= 34
S A=A 109 FFF 20mLES 718k] 140 rpm, 25°C
of A 308 F& T AA1E2](3,000 rpm, 15%)te] A& A
T 5mLE 105°ColA S Ax2AA 2 FAE 46t
Ko, Alge tigh AEFH (%)= Ve At F=732
A %= Hunter 2 %=7](CR-400, Konica Minolta Sensing Inc.,
Osaka, Japan)Z ™ X(L, lightness), %% (a, redness),
AT (b, yellowness)E WHE A3l HA@L =2 el
Wl obr e F A 32 Formol 278 % (Jung et al.,
2012)°] F=3te] 3BT S 4S9 10mLel 0.1%
phenolphthalein XA 2FS- 2-3%-8 7}k 3 0.1 N NaOH
2 ARgAe] F yirix] HAstar, L2 WAL (35-40%)
54mLE H7tste] AEgA 0] & w7 AAst] 208
0.1 N NaOH®| o= ojmice] WA gaFS Alatsldt.
AR 5g& TFT 100mL3} 34 250 mL H]o] Aol ¥
305 A#AsHA A=tk AEAES 01N —’F*&Iﬁ}ur_—fr
gHoF pHE47} Buj7bA] ARt 1 §F rEgds
H(35-40%) 20 mLS 713t & 0.1N FASIUGEF +8&
Aoz pHR47t uj7kA] AASEL 28 % 0.1 N NaOH
o] Fo g opnlief A FFS ALsATh A= &
A2 3 5-dinitrosalicylic acid (DNS) ol 2J3) =743}
Ak F=7e] opw|=at 42 98, el (6 M HCI at
110°C under nitrogen for 24h) 4AH&E-S Waters AccQ-Tag
Amino Acid Analysis Method™ (Boogers et al., 2008)S
E3lo] BA5IA T FEASHE ol k=it Waters high-
performance liquid chromatography system (Waters Alliance
€2695, Milford, MA, USA)< o]-&3e] A & H493513ch

BE AFS 33 oY v ANsgon], dojxl A
=+ SPSS 12.0 (Statistical Package for Social Sciences,
SPSS Inc., Chicago, IL, USA) softwareE ©]-&3}o] #9]
2 Ae)7} Q= G2l vlalAE Duncans] THEAAHL

[t
lo

2 p<0.05 FFANA A2k A S AAEHA T
€r g @
2I2(0 E{Tiol o[pt Ea<, pH, RS A2t 3 Ao ozt
22} dgol= B osubtilis ©FY 5SS o] g3 o,

= =
BE 2% Y FER

AASHA F-A3F3 T} Table 12 48
AP g F F 455 el Adfelth v E g v
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Table 1. Comparison of physiochemical properties in cheong-
gukjang fermented with millimeter wave irradiation

Table 2. Color values of cheonggukjang fermented with millimeter
wave irradiation

Viable cell counts Viscous substance

(Log CFU/g) content (%) pH
Control 10.35+0.01"2 6.25+0.41° 7.85+0.04°
60 GHz 10.27+0.01° 5.92+0.09® 7.60+0.01°
70 GHz 10.12+0.01° 5.52+0.22¢ 7.5140.02¢
"Mean+S.D.

2**Means with different superscripts in each column indicate significant
differences (p< 0.05).

A8 S log 1035 CFU/E, 60 GHz ZAFES log 10.27
CFU/g, 70 GHz ZAHE2 log 10.12 CFU/gE L& v E g}
AP M2 FHF T oA Zpol7t dERA] este
), T eEuE e og ko] AL gle o=
el dRbdgo g Bg F8 & A3 Fda4re
& =79 wg} log 810 CFU/gZ YEFE ™ (Oh & Eom,
2008, Lee et al., 2013), = & A-+Z 72} FAFS)

Ao AAES dangoz A4 AHYER T
FAl fructano A B3 H levand T AA FHH
polyglutamate = A2 T+ =] UTh(Lee et al, 2005).
deu|e g} v 2AF =] FAEFE 625%C.2 U
B35 70 GHz A 35739 JdE TH(5.52%)E
o foH o2 =4 Jeh o, WenE 3 60 GHz ZA
Ao HAE gdFL 592% THEHATE dutgo
Ao HAEY gHFe HaxAx o wat 2.15-
17.44%=% E-f=°] A tH(Choi et al, 2007, Jung et al,
2012). B. subtilis7} HH| &= @ld A g oJste]
T @ Fo] peptide w3l &, ofr]i=Ato 2 Ha A =
o] A oA polyglutamate”t B = A Eth(Lee et al.,
2013). FE3 H=re] Wit 18 45 pHrt dsste
AL T Dol ofnito 2 Fa) =3 ol estE QF
zyolrt A=} pH7F A YeElA EthEom et al,
2009). Table 13} 7Fo] Ww|E 3} BHIZRAL F=7e] FHF
pHE 7.852 BE|E 3 ZAF H=72] HF pHell vt
frelF o2 A Yebsth 2 H IS 70 GHzE ZAFSH
A=Al AF pHt 7512 7P 9A YElsew, ol
dejujE a7t =g g 3y Fol 9l &4 a4E
of g FE Ao F2T 4 o dukHel F=F
o] pHE Hax7 9 o] T/ el wet pH7.2-7.8
AEZ Vehe 2 Ate] Aol vjssitt,

dejn g 9S F9E 60 GHz9 70 GHzZ 2AFske] 2t
a3k =749 color valueE =435 A7 L (lightness) %t
< 60 GHz=E LM EBE A H=570] 60.79= =7
Uepgon Weu ey} v AL Y-S 58052 2 Ao
2 9 7S YeRN A tH(Table 2). a (redness) 752 4.13-
493 W92 Yelgton 60 GHz ZeE|vEa} AL =74
o] =& 7k YERHITE b (yellowness) &S 60 GHz &

Sample L a b

Control 58.05+0.3592 4.41£0.08" 16.55+0.10°

60 GHz 60.79+0.14* 4.93+0.03* 17.23+0.07*

70 GHz 59.15+0.28" 4.13+0.05° 16.78+0.05°
YMeantS.D.

2**Means with different superscripts in each column indicate significant
differences (p< 0.05).

Table 3. Reducing sugar contents and amylase activities of
cheonggukjang fermented with millimeter wave irradiation

Reducing sugar contents Amylase activity

Sample

(%) (Ulg)
Control 1.34+0.04D22 0.93+0.02°
60 GHz 1.32+0.03? 0.95+0.02*
70 GHz 1.13+0.04° 0.87+0.08"
YMean+S.D.

2#bMeans with different superscripts in each column indicate significant
differences (p < 0.05).

ZuE g A} FFGo] 172302 M A YERteH,
70 GHz B 3} Z2AF H=730] 16.78, B v E 3} B %
AF =0l 16559 SAE UEET R 4TE 9

S W, Ao Mz JFS W= o2 A
ATHBaek et al., 2008). L3t B A7k wEpr] A =149]
Aol o] EA Wsls A2 B EATHEom et al., 2009).
7o A7F Bot U 7 R JIA waA dejue g

U2 (0[BT} AL [ H=A| Sheleh ekt amylase
gy
A=72] amylase A2

dste] urS FAshed 23 932 vk gy
ZAME B H5de AT T amylase 4
Table 3¢} 2o}, HenE 39} H|2AF =747} 60 GHz= X
ARsE A=te] Y e 7oA Aozt YehA] %
UAITE, 70 GHz A A =7de] &7 32 1.13%= ot
2 A=l vt @A vEsTth YRS (glucose,
fructose, maltose 5) TIHS Fosts EZAZ vAES]
At w2 g4 S5 HE A7 Ak ol zH A
7] EA|e= amylase 84S g1 DEvE It
H|ZAE H57g0] 093 Ulg, 60 GHz ZAF Z=773°] 0.95 Ulg
o2 {94 zpo|7t il o, 70 GHz ZAF H=H7-2 0.87
Uge 2 71 &Ado] WA Yebdth F=7d2] amylase &
7 Aoe H=7e] AT T Aok KAk, ol 2
ZU]E 9IS 70 GHzE A8 A=4 2hd Z vy E9)

:

lo
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AR, 1A, 7&%, =, ‘?ﬂ—r)oﬂ 7&“1—@% 0-20
kGy ZAFeIS o, AF WSl amylase 43¢ Wsl=
o] & o]zt YRR 2SI TtHKim et al., 2001). Soybean
koji & 717F &< 20-35kHz Z-<-Ih(ultrasonication) A}
=2 FUL v, 35kHz AFolA amylase /d0] A 7
28k} SRR, A= Al7]9] W2 amylase S 3= A
& AA7F GERA] 29k THByeon et al., 2015).

L2|0[E{ot =AW [ F=82| Of0| kB A gt
protease £
oprmE] A e mA=o] ¥R A4 T protease?]
2o ofte] T o] ofm]Ate] FHE EelE= A=
£ Uehd Zo 2 H=ge] dax HrF 9 AR dadE
o] FA3 7 st A EE AFSE L Sl ?ﬂxﬂ g
vt A EFFAL A= g obv s A4 S
280 mg% oo = FAS Yt B AFA Az
=49] ofn| g A4} protease T4 Table 49} 7+
o} W uEuE F 0k 70 GHz2 FAVSHe] dra et =17
oAlA 77933 mg%= 7HE =A YER e 3 60 GHz
2 A AL 52733 mg%E FroF o2 v yE
Stk dEuE gk v 2AL =gl ol e A4 FERS
597.33 mg%= HEEAJTH AlF H=7Fe] ofnxmE FA
SheFo] AFe] B Ao wEt ohefsiAl BEE e
™ 500.00-799.99 mg%%l A|Fo] B2 ACE UERHTH=

m[_

(
A

0:

o5

B9} vst o] 3 %—% YER A THKo et al., 2012).
AzE F=7Fe] protease S 4 A, HevE I} v
AF A=l 0.075 Ulg, %JFAU]EM 60 GHz ZAFSH =74
o] 0.069 Ulg, D& v EI3} 70 GHz ZAMeH A =+740] 0.093
U/gS = UERSTE ofm|ieel] A §hefo] 7P =2 2
uE]3} 70 GHz ZAF =+3 ol A protease Al 71 =
A Uehton, opn| ] A4 Shgko] ypg wre waju]g
3} 60 GHz A} =-72] protease Edo] 71 9HA UEl
gt opv e FA e FHF 28 9 protease T
A3k Bo] 9o A nE 9 70 GHzE protease 4]S
S7HN71AL, 60 GHzE B2 Aslsts 2102 Rzt
Soybean koji '&& ol 21} X}%é Fe o, 30 kHz =}
oA ke Fel] Blste] =2 protease S92 LENS
o AR HE Fupaol A=tk frel A Zfel vt ur
ERA] ¢t th(Byeon et al.,, 2015). =7l ZulddS

kGy ZAFSIIS o, tlZ7ol M]3t 25% protease %“é

Table 4. Amino nitrogen contents and protease activities of
cheonggukjang fermented with millimeter wave irradiation

Sample Amino-type nitrogen contents  Protease activity

(mg %) (Ulg)
Control 597.33+21.39V%2 0.075+0.016°
60 GHz 527.334+32.33¢ 0.069+0.006°
70 GHz 779.33£16.17* 0.093+0.011*
YMean+£S.D.

2**Means with different superscripts in each column indicate significant
differences (p< 0.05).

Table 5. Comparison of amino acid compositions in cheonggukjang fermented with millimeter wave irradiation

Amino acid

Millimeter wave irradiation

Control

60 GHz

70 GHz

Aspartic acid

4,645.70+0.302

4,314.97+58.44°
1,411.57+18.60
1,694.42425.77°
8,509.57+47.43¢
1,764.87+7.86
1,499.10+24.87°
1,556.97+25.07°
1,497.07+53.64°
342.01+18.82¢
1,502.94+10.22"
2,899.01:+41.98°
1,372.14+3.84°
2,053.19+17.35¢
2,236.87+33.74°
968.84+18.12¢
2,209.48+13.34°

4,653.93+61.21°
1,412.12+5.83%
1,581.24+1.79°
9,710.68+58.02°
1,909.37+6.23"
1,597.71£15.05
1,677.81+14.62°
1,844.72425.71°
574.93+34.70°
1,766.77+48.47°
3,223.79+33.06°
1,656.65+7.25
2,395.34+40.27°
2,624.44+12.33°
1,157.93+0.35°
2,213.92+21.33®

35,832.99+392.42°

40,001.31+£243.22°

Threonine 1,463.19+£3.31*
Serine 1,758.84+8.16%
Glutamic 9,397.30+73.36"
Proline 1,780.40+33.96°
Glycine 1,596.85+5.44°
Alanine 1,628.34+2.38*
Valine 1,585.62+13.59°
Methionine 474.66+26.04°
Isoleucine 1,514.03+27.22°
Leucine 3,042.17+1.48°
Tyrosine 1,559.44+21.01°
Phenylalanine 2,257.30£14.81°
Lysine 2,491.63+8.56"
Histidine 1,067.71£0.97°
Arginine 2,260.15+9.05°
Total 38,523.28+182.66°
YMean£S.D.

2**Means with different superscripts in each row indicate significant differences (p< 0.05).

Asp = aspartic acid, Thr = threonine, Ser = serine, Glu = glutamic acid, Pro = proline, Gly = glycine, Ala = alanine, Val
isoleucine, Leu = leucine, Tyr = tyrosine, Phe = phenylalanine, Lys = lysine, His = histidine, Arg = arginine.

= valine, Met = methionine, Ile =
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o] A o] BRI E A THKim et al., 2001).
22I0|EfT} ZAjOl TS o] ojo|wat Bl
I vra A F B osubtilis®] ZHEo 2 Y8 F o
WAS BAAIA AP Foe 5k U= glutamic acid,
aspartic acid, &9&
methionine, phenylalanine™® ©5E-& U= alanine, glycine,
lysine 2] 17&¢] oln|i=ito] o924 EH4Q1 H=74
Ef9] gto] M, glutamic acid®} aspartic acid®] &+
o] o FL43k gro] 7rE AW, alanine, glycine %
lysine®] $HeFo] oW whuto] S| ZIth(Kim et al.,
2007). Y2V B3-S 60 GHzS} 70 GHz 342 ZAFsh]
LR F=e] oppeAts 43 A= Table 53 72
t}. Aspartic acid= €2V E 9 BIZAF =33 70 GHz
AR AF7go] foHoR 2 FgEFS Yo,
glutamic acid= 70 GHz ZAFSE =74 9,710.68 mg/
100g0. % 7H¢ =2 3rFS JERHATE Glycine®t alanine
< B E v Z2AF F5783 70 GHz AR F=730]
Fo]do 2 FARE S YeEP o™ lysine 70 GHz %
ARgE H=ge] w2 e eIt &3ts We obr:=
2] 739 70 GHz AL A =7go] dE|m e af v AL &
=743 60 GHz =AM =7 o] W8l =2 FFS et
Wit dejrE s F3 70 GHzZ 2AFEE =72
F opuAF o]l I 60 GHzE A H=Hgrch
oA o8 =4 YERTh ol EEnHart BE Sl
protease &/l FaS Fo € F ofvite] Efo
Zo g AE) gk deu|H iyt g F Ak
Aol YFE Fol 4l wet A H= obniite] g
Zow -”r‘ﬂ'%‘:} dEjrg o] oJste] =4 wa F of
e A g T oopn| it ghe felvt vEhv=
A= N2 FrE 7= Z=7 Az den e a7t
AL =2 F e Aozt & 4+ Yrh go = vhekst
FarEzAbel mE H57de] A ¢ ] 4R st
T A7t o] Fo] AHof & Ao g HAekETh

A valine, isoleucine, leucine,

)

M
>.,
u°1'

o (o] 3

Rl =
AER oz dEv Ur%— 4= 2 Al 60 GHzSF 70
GHzZ ZAPBIG S ], =3 FaFole U2+ =lol

7F YEhA] A T, o'zlL A= sh=ka) pH= %
ol ¥Ete] A el deuy e Ao An
o IS M= AL Felsigon, I EA)sk=

AHREAELED IS Fol YR Tl et
T2 AR zlol7t YEFES Felsteth. £33 70 GHz

o= A= wao TEEFJ} Tl Fa) o] g0
A F7r9eH, o]& F3le 70 GHz 2| vu|E I} FA}
Ao opuE] FA e} F olv|iAt gEFo] S

=Rty

skt 7@%% WE F 70 GHzo 2 nE T AN
71E€% o2 4] FrE 7N °1E}“‘al 1] €] 9}
A wgA] 7o AFdde 9T AT o,
T Ao FAEdE 9FE vA= 2SRl
ol WEnEFrt BEAF NEL FHE Fof &
91—‘:— 271&olgt & 4 Qi

4 _m m rlr

AT
2 A7 A9
SN
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