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Effects of Seaweeds on Rice Koji Production and Enzyme Activity
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This study investigated the effects of selected seaweeds on rice koji preparation (rice inoculated with Aspergillus
Iuchuensis) and enzyme activity. Four types of rice koji were prepared using one of three seaweeds (0.5% laver, 0.5%
kelp and 0.5% green laver) or a control for 72 h. The changes in the moisture content, water activity, pH, total mold
cell count, amylase and protease activities were measured. During preparation, there was no significant difference in
the moisture content among the four kojis, whereas the pH in the kojis made with either laver or green laver decreased
rapidly compared with the control (P<0.05). This seemed to result from the seaweeds promoting the growth of mold
cells. In terms of the activities of both amylase and protease, the koji with laver was superior. Subsequently, the amy-
lase and protease activities of the koji made with laver were evaluated at various pHs (3 to 9), temperatures (15-55C)
and NaCl concentrations (0-10%). The activities of both enzymes decreased notably at pH 9 and the protease activity
decreased at temperatures above 45 C. Although the activities of both enzymes decreased at greater than 2.5% NaCl,

activity was present at 10% NaCl.
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(Kim et al., 2012). Wi=+ol2} &2+ Aspergillus luchuensis
(syn. A. kawachii)= Aspergillus niger®] Wo|d 22 ity
amylase, maltase®] &Hdo] 7123al, A. oryzaed] vl3} 7]
ARAYd o] ol pHE W= 5740 3ol & 585 59 A
Zof o] &= th(Kimetal., 2013). A= o] of| &J5to] A4
%l amylase®} protease S $H-okal Qo] Y= S0 AL} Ty
As dta A ot o] eako 2 AdkstE 9E-S gHk(So and

Lee, 2010).
AR 9} PAE APRE WEZS Galdt Qo] Al W u}
A2] 9] FAE5/(Kwon et al., 2013), #v|ZA] & o]%f& 2]

=
Z+o] EX(Lee et al., 2011), H] A ZA] A7} w2 oFx714-9)
Hhg % 0]3}5124] E4] 7K Song and Lee, 2013), H Al & u
FAE o]-83F ok A ZEA(Kim et al., 2015b), TAE o]-&
3t seed mash?] o]5}eh24 EA4(Lee et al., 2005), Aspergillus
& ol g 0|43t AHFT A2 Y W2 o] FAEA(Choi
etal., 2011), soybean koji®} rice kojiZ Z7}s}o] LA sk w2
5 R o] ALL A} 2= o]glskA Z 2 HIKJun et al., 2016),
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Aspergillus kawachii TAE 0|83t 7| o7Hgo] A= 4 &
AWsKKimetal.,, 2015a) 5 ThFsH 2FE A1 A 2 2of tH’cﬂ
$EATIL B3| 0|2l T Glouf, 1A 7
5l 09 Aok 1% AL e SRREN
Fojc}. oAl 7|4t v} o) choket ok
= E2FE J=ote] ZAE Alxs= A
SHEPIE] FFoHA S 5
& 51X el @ 4 9let.
o]of] i Aol A=t 3 4] A8 s 2 7<] 7 (Pyropia yezoen-
sis),E}A K (Saccharina japonica), -2} (Enteromozpba sp.) 2+
VS IR A Z2A| H7VsEo] A2 5 amylase 2 protease
RSEE 2AlsElaL, Baagido] 7P sttt et S
Z5 H7F A ZEE doj 284N pH, &%, NaCl 5=
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2820164 23] AP 2E BN AR RO R 7
Q5o ARE-SIATE St o 2 AN Aspergillus luchuensiste
A B2 9 7S @5 a(Ulsan, Republic of Korea)Z
58] 79J5t0] ALgehict. W hAluke AzE AR 4%
Al LA A FhsEAaL, ZAAZO AHESH 1A 71§
= Eﬁi =4 %40 meshZH of Wzl ARg-skeit). wtefl= 22t
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FHE AR PR, SRS S, pH E 330 5 5%
2 HWrE H?&& 4 FEo| AR E I 2R 3

ZH(AOAC, 2005)2.2 =A3|% Tt
NEe R & SA 438 S48
710l 5 g& Akl AHE EaL 20TollA] oF 1A77kE A

=27](HP23-AW-A, Rotronic, Switzer-
land)E AME-SH] B =5 SASHIT

= Slol, Al 5 gt Hol 2445 mL%?ﬁ?l—?— oF 14+
b AskaL, AHE2](7,000 g, 152)3H] f2 A5 H&pH
meter (CH/Seven Easy-s20K, Mettler Toledo, Switzerland)=
=51t} 2abo] el EZH T (Park and Oh, 1995)2.2
=243k A& 20 gt HtE 344 0.1% peptone water
180 mLE WA @ulol] Bl (260 rpm, 555153
A6 A1, 50 AALE Aot ivow A
7 A8kt sl4H A7 1 mLE potato dextrose agar
(Difco; Becton Dckinson, Spark, MD, USA)®f =28}4ar
28°C ol A 72417 B Rt F A8/ colony (15-150)E Al
3}0] log CFU/g 2.2 YeR %It

Amylase &4

2] Al 2] amylase €432 Bechman et al. (2012)0] #|oFst
3,5-dinitrosalicylic acid 2 2F7F Haslo] Z435FIc) 0.1
M acetate buffer (pH 5.0)2]l 1% soluble starchS 83| A|# =

H|SE 7| AN | mLe} E2]H 284N | mLE E¢38}aL 55T
aosezol 4] 15387 Ak kS A7k, whg o] Bt 2] ot
S0 0.5 mLE 3}, o§7]9l 96 mM 3,5-dinitrosalicylic
acid 0.5 mLE 7}3}o] 95°C 2o A 587 A FTh 71 &
4mLo) Fol£48 7hat F AL oF 1553+ AR, 540
mmol| A SHEE SAATE A maltose?] W2 0.2%
maltose S 8]0 2 A|50] 45 3|43t ¥ ol
ASHA| ARG A& A3k, S8 S 4= ol
5}o] standard curveS AT § A= ghe di o] Altst
t}. Amylase 242 1 go] FA7} 2 1 mg®] maltose S AY 4
3l A2 1 unit (U)2-2 YeRY LT

Protease &A

Protease €J-2 o-phthalaldehyde % (Shakerian et al., 2014)
5 $-85}o] 2435}tk 0.21 M sodium phosphate buffer (pH
8.2)0ll 8314171 0.5% casein £H 1 mLe} H2]E Za AN |
mLE T3l 35T g2zollA] 30823t 21" RESAF T

RS- E 9J3l 0.75% trichloroacetic acid 4 mLE 371513
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a1, AAE2(7,000 g, 1042)310] A A& ATt A H 200
pLofl o-phthalaldehyde reagent 3 mLE 7}skal oF 3027+ &
alstat S A AEs| 15 303 5 340 nmo)| 4] 3 EE =45
Sk A= opu| L AFL (0.05% serineS FFEEA R stan-
dard curveE 214J810] AAFsSI L), Protease &H/d-2 1 g@] 4|
7F £ serine 1 nge f-2l5h= A& 1 USE Uehfigltt. O
phthalaldehyde reagent+= o-phthaladehyde 80 mg-2- methanol
ol &3jA171 5 20% SDS 5 mL, 100 mM sodium tetraborate
decahydrate 50 mL, 2-mercaptoethanol 300 pLE <A}4 0.2
7F3HE ol &2 Ag5to] 100 mLE A-8-3ko] 40515
o}, o] Aloke 2R A zsto] ALt

pH, 2= % NaCl =7t amylase®t protease &
dof O|xl= G

-

Aol FaFe vl Al 89S TSR, A 9] AF A
A9 A 7P 2A QS vE ALr A==
2% % NaCl =5 a%loz 2453t 7F 2919 7k
pH 3,5,7,9, 2% 15, 25, 35, 45, 55C, NaCl 5% 0, 2.5, 5,
7.5, 10%2 A43akck pHY| 238 915) thee] eha-gois
S A|x8lo] vl o & ARE-51% T pH 3, 0.1 M glycine-HCl
buffer; pH 5, 0.1 M acetate buffer; pH 7, 0.1 M potassium
phosphate buffer; pH 9, 0.1 M tris-HCI buffer. NaCl®] 5=
L RkSHO] 2F ek 7|F 2 2 NaCl2 H7ste] 2451t}
pHE}F 25=of whg T2y WskE 457 flsl ¥He-AIH(1
AZH I} NaCl 5 %(0%) S 11431532, NaCl 5 =of| T2 54
27 HskE S5 9l B AIZHIAIZD) T B2 =(35C)

s
rln

>
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T EEUAR YeR L, BEEE A
o] 52|14 A}ol+= IBM SPSS statistics program (Version 23;

IBM Co., Amork, NY, USA)S AM8-5}10] one-way ANOVA 5
Ho|| whe} §-9]423 95%0]| 4] Tukey's testoll ]al A4 H1Th.

A2F A= 24S AR A AF AT 0.1-1% Bt 5
T H(T2A17E vl 7 A 25 e EeE 28 40] amylase®}
protease ZHJ-2 7, thAluf, Tkl 5 0.5% H7HA] 7 =
UERd thH(data not shown). o] A5 HIFO.2 2 AtoflX=
7} 27 A7 ES 0.5%E SYsH| AAstelaL, 2 A
& & ook ok 2 A9 SR B R ol of
3t A1 ¢l M3}E Table 12 LRI QIch. BjoFA|zko] 3ot
of et 4RI U R TR BE FolA R H o
2F L, SETFY A9 thAlvE H7E RS =] A
S mheff F7H7t 22 o S vl mhE A A E = 2]
H 23Uk ShARE kol A i 72415 QF o i
£ AIFTAro] BAISH §-01402 gl SAth(P<0.05). RS =
© FY FA U AARA Y] B FFE HA= T4 AR
Aspergillus 0] ¢ $HBA = 0,657} oA B4 9] 3HA
Ao @ Hig vf 9l 2 v(Stevenson et al., 2015), 72417+ 73}
3 RE O] faHFteES ) 1.27.1%, 5S4 T = (.78-0.84
#9fell Agiet.

pH 2 BFo| 4

U0 Fr FHEAGoA shochu AYAFA] AREE]= A
kawachii®| 7-5- 25 JaFst= aHoll A thge] f714Rs A
gstol pHE AHISHeF pH 3.0)5h=t 7]ofshs Aoz 4
A qlon, o] 7k citric acid7} th & AFA| gk (Mikami
et al., 1987; Nagamine et al., 2003). Kim et al. (2013)°] X 31
Sh SR FItAY {714 Aol A= A. oryzaes T 7
- citric acid, malic acid, lactic acid (dominant) 5] A4 & 31

Table 1. Changes in the moisture content and water activity of the rice kojis with different seaweeds during solid-state fermentation

Incubation Control Laver Pyropia yezoensis  Kelp Saccharina japonica Green laver Enteromorpha sp.
time (h)  Moisture (%) Water activity ~Moisture (%) Water activity Moisture (%)Water activity ~Moisture (%) Water activity
0 43.6+6.94*710.98+0.01A™  49.54¢3.6% 0.98+0.01~  43.249.54 0.96+0.014 39.1+3.64 0.99+0.014
12 40.3+£7.5%8 (0.95+0.03%8™  46.4+6.6"° 0.98+0.014  42.0+2.6* 0.97+0.014 32.4+5.8%  0.99+0.014
24 31.3+4.348¢rs 0,89+0.0248¢2+ 40.0+6.08¢ 0.91+0.0282  32.3+2.8”® 0.90+0.02%2 31.446.2"%  0.84+0.01B°
36 29.3+1.148Cnrs 0.88+0.055¢™  36.049.678C 0.87+0.035¢  24.749.58 (0.90+0.05%®  28.1+3.47%  0.83+0.01°
48 27.4+6.85¢™ 0.85+0.08B5Cn  31.7+4.58¢ (0.84+0.01°° 24.8+6.7% 0.88+0.035%  28.3%6.0"®  0.79+0.02°
60 26.0+1.38¢m 0.81+0.01¢*  29.1#3.2¢  0.83x0.01°P* 23.7+2.6% 0.86+0.0282 26.3%3.7%  0.79+0.01°°
72 25.7+£3.6¢°" 0.81+0.01¢ 27.1455¢ 0.82+0.02°* 22.1+2.1% 0.84+0.0382 24.2+55° 0.78+0.01°¢°®

*The different capital letters indicate significantly different values in the vertical column (P<0.05). ¥No significant difference in the horizon-
tal column (P<0.05). $The different small letters indicate significantly different values in the horizontal column (P<0.05). Data expressed

as the mean+SD in triplicate.
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Fig. 1. Changes in the pH and mold cell count of the rice kojis with different seaweeds during solid-state fermentation. Symbols indicate:
e, control (without seaweed); A, Laver Pyropia yezoensis;, 0O, Kelp Saccharina japonica; <, Green laver Enteromorpha sp. *Significant
difference at P<0.05 versus the control (ANOVA). Data expressed as the mean+SD in triplicate.

1L, A. kawachiis %3t 73-% thaF9] citric acid, succinic acid
oF 2279 oxalic acid7} A= ek & BT A 5
AEA BRI E8kAL, o)A pH 7ol Fak2 wFiT

2 Aol Al LreRd pHeF r3o] 9] A2 ¢l Hsk= Fig.
12 YehfiSlth. 27] pHe= sl H7F 5 2 S5l BA8
O] RAREE ZE(H 6.6-6.7)0.2 Lpekstan, E Foll 4 55t
Al i 36 A1 2 4] pH (2.8 F)oll = SHRATE. SHAI, v
& 1241703} 2441717 Aol A 2otk sl 7 HE7) o 2ot
chAJu} 710 W) SolAe® WA Ue(P<0.05) o] Al
Zreholl A whE pH FaE B3tk SAHE 2ol S+t 2F 0.2%
(wWiw)7FE JEA 7] F%o] &= 2F 6 log CFU/g (wet ba-
Sis) 0.2 LFERTaL, BE ol oF 24AIZHESE 271347} %
A &= 27| 7F = Q). o] vk 364X 3o =
B oA G251 S7k5te 3, T2 TollA] OF 7.6 log CFU
g UFER Ao uls] 3} 512 471] Ego] 4 ol
ol Zfo] = Kol oF 8.2 log CFU/g7HA] 716+ th(P<0.05).
pHO| = v ef 124178 dofd Aoz of 4wk,
Tl = o] Aol {E=71E 7H=T, o1 A e g
o life cycle AJZ}3hl 2 S Elck. FAAIES A5 B
0]9] 749 AR Q1 Alatat Fre| A, A B A
EAE AE Fol HAN S48 wEo] $2717}
A3 mo|n, 5171 Ape] urolr} ofit o] ¢ FAT FAlo
B, srgolfell mad] 9 tiRE ARl A A/
2(Madigan and Martinko, 2006), 72} 2 7 1A T4 p
o] sk o] 5 0] H7P7E Bl AHAIH O] ALK 9 7]
= Adshetl S A FF nx] Ak o Ech

1
.

ox 12 32
Tl S 2w o

2

Amylase % protease &4

FAAZE flol 225 sFAIES YRl T, 291
T, 579 T, A sk Y iR 5 ket 281of s
Gl 4= 9l on, S48k} Sh= ARS- HA of| whet mAgg
o Zth7} E= Aol 5 L 71Xk AeHA Hok S+ F
F+= Tt A9 Bechman et al. (2012)9] Eilof w2, 2}
El ol A oryzaes &3 75 i oF 58A17Fo] HEF o
2 o-amylase®] E/4Jo] stk o] 59 AE 7|Eo R
HiFAIZE H S 724170 & kG oL, & Aqtoll A LERd
amylase 2Hd-> AA| Bl T2A1ZH71R] 2|44 0 &2 F7s1l o
(Fig. 2A). Amylase 842 sl 25 3710l wheh vl eF 36A]
LA EE 948 zfol& B YL, aj2fF 7t B iz
-oll Bl A UEbEth(P<0.05). 551, 713} utef 72 74
- i 36AITHE] T2AITWHA] T 2-9f FA| R Afo| & 4]
5191 31(P<0.05), |t amylase &4 B3t 24 1 g 7 &
7HE 1,740 U, ) A7t 1,733 U, thA ek J7E 1,586 U, O
271,378 U 0.2 7}2} Upehet.

Amylase /8- v 7241 7HE 2t X454 %1 F7HE Eeld| v
3l], protease &> th24-5 E S HE AP Lol A] B 36
A SHlor o] fAIEAY A Ao Uepylt
(Fig. 2B). afj 25+ A7} f-5-ol| whet 2} utef 27119] 72 vl
& 24X ol A RE] Hf 2ot 913l Aol & e LA, &
8] 7 A7) 739 vl 36417 7HY =2 23S UEF 9L
TH(P<0.05). &0l uhet hE X UubA Q] =48 AZ &
ol = AxSF 71 2F 7%u|he] Tl 90%0] /2] Bh=g)
Eo] £A|5}+=d|(Choi, 2010), & 4] 4] protease2] ZHJ ]
amylase 2ol H]3f| Yo e A2 7|A 2 AR A
o] 7}zl o= vl &9 zfojofA 7]91E AxtE o qict.
Aspergillus 4 0 2 HE] thofet G aEo] o] Az os
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Fig. 2. Changes in the amylase and protease activities of the rice kojis with different seaweeds during solid-state fermentation. Symbols
indicate: e, control (without seaweed); A, Laver Pyropia yezoensis; O, Kelp Saccharina japonica; <, Green laver Enteromorpha sp. One
unit of amylase activity was defined as the one milligram of maltose released from 1% soluble starch per a minute. One unit of protease
activity was defined as the one microgram of leucine released from 0.5% casein per a minute. *Significant difference at P<0.05 versus the
control (ANOVA). Data expressed as the mean+SD in triplicate.
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Fig. 3. Effects of pH, temperature and NaCl concentration on the amylase activity of the rice koji with 0.5% Laver Pyropia yezoensis. Sym-
bols indicate: O,pH 3; A,pHS5; 0,pH7; &, pH 9. One unit of amylase activity was defined as the one milligram of maltose released from
1% soluble starch per a minute. *The different capital letters indicate significantly different values in the horizontal column (P<0.05). ¥ The
different small letters indicate significantly different values in the vertical column (P<0.05). Data expressed as the mean+SD in triplicate.

o]-§=aL glow, o] 7heH]| YR A3 E S of A 4/ A7 A doks T, ZA] Az olA A M7k o
< 7HA+= a-amylase ¥ protease’s-©] +-2]% v} QltHMikami ZT- 9 ohAmt H7pto] Blsl pH A S SEAIRAL, &
etal., 1987; Siala et al., 2009). & AL A1} A protease ZH A Fgo] 4= E aagy Ftof| Hop FA A Q1 ks 4l
= 27| pH7} 74 ghol| whet B2 S71sto] o] =4 & 4 Ad ok o] RS A A7F o] A E et 2 WHol 2 4
& 7H = A0 & A= YA Hi e 36417 o] 3 o] T Utk A& HolF= Ao, ui AL protease S/ 74
ool whet 2=t 4HE 4 o] protease BdE AT = Atk AIZFHE arefsto] 48A17F o = vl eFsh= Ao] A &gt Ao

Aol AAFE|ict. 2 AR gk
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Fig. 4. Effects of pH, temperature and NaCl concentration on the protease activity of the rice koji with 0.5% Laver Pyropia yezoensis. Sym-

bols indicate: O, pH 3; A, pH 5; 0, pH 7; <, pH 9. One unit of protease activity was defined as the one microgram of leucine released

from 0.5% casein per a minute. *The different capital letters indicate significantly different values in the horizontal column (P<0.05). +The

different small letters indicate significantly different values in the vertical column (P<0.05). Data expressed as the mean+SD in triplicate.

H, 2= % NaCl &7t amylase &40l O|Xl=

S

©

02

o

pH, &% 3 NaCl 5%=7} 3229 aagdo] vz J3F
= AP 8, b Aol M 7 aadAdo] =9k A
o8 UERd 0.5% 7 A7 wieF 4841 2204 A5 A
23F9L, 284 B & oheel pH, &% 9 NaCl F=ol| A
amylase &/ 1315 S 5131 ch(Fig. 3). 7L Avh, pH 3-9, 2%
15-55C WHg-Z21 0| 4] Lrehd amylase 282 &%=t} pHoj|
o 2 S W A E Bl 017l BE pH 2704 &
=7F 37kl uhet EA4o] S7keh= A dS gt pH 90l 4]
amylase 2442 R 22710 A T2 pHo| H]s] &/de] 2
A @itk 2 2% ¥ amylase TAS AW EH, 15ToA =
pH 59} 79] ¥-g17} pH 33} 90f| 4] B} §-0] 4 0 & =91,
25°C, 457, 55CoA+& pH 3, 5, 7TAto] 2122l ato] 7} gl
TH(P<0.05). NaCl == 0-10%H oA amylase 8442 BE=
pH 2701| 4 NaCl 5% 2.5%F- 8 =LA 72613l o] H4¥
42 NaCl 5= 10%7H2] THE {2 = $lck. ohA] o,
amylase 24> 54 pH ol 4 NaCle] sr=of o3l o &
S woktty] B} AukA o &2 AASkA 74k, pH 9
9] 7§ 501 %] H= NaCl ‘5 l=of| A pH 59 79| HE-6—- Hrt &
o] 0 2 ke S-S LERY A Th(P<0.05).

pH, 2% % NaCl sX7t protease &40l 0Xl=

S
o

08

E3t pHY L= 204 protease E4]-Lamylase 2H4J 1t
e = H3AtHFig. 4). Amylase 22 271 St

ule} F71s e BH, protease/d-2 pH 95 A| |5t thE pH
HRgoll Al 35-45TC Abo] S e GlaL, o] 1
FHORE LT IAY =5 - S dasiglth 2=
protease®/dS A HH, 15C ol Al+= pH 5] ¥-§-17} pH 3,
7, 90 H]8)| g-o]A 08 =9k11, 25T oA pH 32 BHEL7}
pH 5, 7, 99 1|3} -2 .0 2 Lr}rH(P<0.05). 35C 2+ 45T
A= pH 59472] W57} pH 33} 9t} F-0] 4 0 &2 =] e}
HTHP<0.05). NaCl ‘50| W2 protease Z4J-2 pH 92] WH2-
= Al9J5kal amylase®/d 7} -F-AFSHA| UrebyLTh pH 92 7
- NaCl 5%=7} 57Fghol| whef Zaxsh3ie)
AEZ 02, amylase U protease TS 7 23
of H3AE A& 4 F-pH 9 old= 85k B = &
ARl B4 S 7] o, 53], T Eef &
4% 35C B wrasghyo] a4E) B35 o
o= & AH7F Aol ZAF H7ellof a4gdS =
U AR dAfeieh Su|EA = Al H 7ol ofsf &
9] amylase @ protease - 743 A9k 10%71552)
NaCl &7 ol|A %= 7 Aol Y pE FA= o] 4]
715k theFet WA AlEel 4§ 7o) 2Rl ik

AN
|o
it
i3
>

of ROH foh of
o off X mok | o
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Al AL
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