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Effects of Rice Koji on the Fermentation Characteristics of the Sik-hae
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Min-Jeong Jung, Jong-Woong Nam, Ah-Ram Han, Byoung-Mok Kim, Joon-Young Jun, Gwang-Woo
Kim', Mi-Hyang Lee? and In-Hak Jeong**

Food Convergence Research Division, Korea Food Research Institute, Wanju 55365, Republic of Korea

'Division of Marine Bio Convergence, Gangneung Science and Industry Promotion Agency, Gangneung 25451, Republic of Korea
*Department of Marine Food Science and Technology, Gangneung-Wonju National University, Gangneung 25457, Republic of
Korea

This study was conducted with a view toward enhancing the industrial utilization of a male sailfin sandfish Arctosco-
pus japonicus based on its application in the preparation of Sik-hae, a Korean traditional fermented fishery product
prepared using hard-boiled rice and enzymatic malt sprouts. As an alternative to rice and malt sprouts, we evaluated
the utility of rice Koji for Sik-hae fermentation by investigating the physicochemical changes that occur during fer-
mentation. The sailfin sand fish Sik-hae fermented with 10% or 20% rice Koji was found to show similar fermenta-
tion characteristics to the control fermentation with 20% hard-boiled rice and 4% malt sprouts, with respect to acid
production, texture profile, and the softening of bones during the entire fermentation period. In particular, compared
with the control, the addition of 10% rice Koji reduced the dehydration of Sik-hae and increased the content of free
amino acids, which contributed to preventing a marked reduction in pH during fermentation. Accordingly, 10% rice
Koji is proposed as a viable alternative enzymatic agent for the preparation of Sik-hae, which can contribute enhanc-
ing the desired properties of this traditional food product.

Keywords: Sailfin sandfish, Sik-hae, Korean traditional fermented fishery product, Physicochemical property, Tex-
tural profile
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pH =4S 95f A A& 5 g& ELOIL/F(deionized water,
DW) 45 mLe} &3t ¥ A 3kst9l i, Y4lE2](7,000 g, 15
H)slo] P2 A5-o-S pH meter (CH/ SevenEasy S20K; Met-
tler Tolede International Inc., Columbus, OH, USA)Z =74
steich

A2 AhE 578 919 pH 24 Al A AR 10 mLE 3
3107 0.1 N NaOH 28940 & pH 8.30] =23t nj71%] 44
3k, o] wf A% 0.1 N NaOH2] 4B]2FS lactic acid $FF
(%)Ei gibsto] e JITHMEDS, 2021).

A8 A& Y AAkt 42= Lactobacilli MRS agar (Becton
Dckinson, Franklin Lakes, NJ, USA)E AM-8l= 23 T
o2 243519} A7 20 g} HatE phosphate buffered sa-
line (pH 7.2) 180 mL2 A 21 o] tho} FA5H260 rpm, 5
)5, FAskE ARNE FAT 4SS A Io] 4
w02 5145k glrk A2 100 uLE 24 7144k agar Wl ]
THEEaL, 35°Coll A 48A17F F4t v Fato] 4% colony=
A4=3to] log CFU/g 2.2 YER T,
ofo|=AEA B 3|EEET7|=A

Al8fj9] ofu] iz A2l A (amino nitrogen, AN)Q} 312447
Zl4x(volatile basic nitrogen, VBN) $HeF-2 4132374 (MFDS,
2021)0l Tk ZelSATE. AN e 342 919, 4130 5 &
DW 250 mLo} Easli1 F2815} 5] ojusian. o] 7ker)|
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25 mLE F3}o] 0.1 N NaOH #5843 AR8-31o] pH 8.5
7R 24 % formaldehyde 20 mLE 7}5}o] 2 Egl6l i,
E3tol0] pH7} ThA] 8.57H4] Eeksl=t] 4H| 0.1 N NaOH
of k2 74ks}o] AN B 7519t VBN ahet 24 9]
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£ ARE-51] 2 (width) X 2 (Iength) ¥ 1 (height) cmZ A5}
a1, S AR A9 79 FEE Hol 2= 24 5] AAREF 2
(length) x 0.3 (diameter) cm 7|2 5 A| 25 A2k}t
T AR 25 28 A 22 H (model 34; Sun Scientific Co. Ltd.)
£ ARE51o] press EZ Joadeell 10 kg, table speed 60 mm/
min 2704 ZES 24elo, % Al 219 2ol o
60%, &M Al 2= 248] FAR =S 2] Zlo]& AAsklr

= S

Aafo] S-2lopu] Al BAL 93], Al & 10 g2 75% ethanol
90 mLo} 2R3k F] o AB}5FA AL, 2447t FRE A0l A ayt
FEoRth o] 22 YAEE(4°C, 7,000 g, 30-2) T 5l
= Fl8kAaL, =0l 75% ethanol 90 mLE A2} 7hshe] oF 1
AIZE &t Rk & FUsh A4 R 2704 AeHS F
Shelet. Hopbxl 45 U ethanol2 2] A X555 7]5 AME-
alo] A ASHYTL, DWE ARalo] 2222 100 mL2 4§
I 252 0.2 um MCE syringe filter unit©.2 o3} &
o] L ARRE-H-4 7] (L-8800; Hitachi High-Technologies Co.,
Tokyo, Japan)& A48} Kim et al. (2016)2] Bl o2 A
Sh3ict.
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A5l A7 F71AF gF 242 HPLC-DAD (high perfor-
mance liquid chromatography-diode array detector; Agilent
1200 HPLC; Agilent Technologies, Santa Clara, CA, USA)
£ AHE-3to] Jung et al. (2022)9] {Hg of] whe EA 5FIT Al =
10 g 82|98 mM Na,SO,~1 mM H,SO,, pH 2.8) 90 mL
oF Z3et F tAsksk3aL, AR (4°C, 10,000 g, 15&)
SN A9tk o AL SUTH Gl ARgle] 4
3|45} al, 24 A 0.20 um MCE syringe filter unit®. 2 o]
Tsfo] Al oz A8t AH2 uBondapack™ C18 (10
um, 3.9 < 300 mm; Waters Co., MA, USA)S AR5, Al
2 FY 10 uL, 49 2= 25°C, <5 1 mL/min, UV 210 nm

270 BT f7l4 578 9 ARkS Qg 589 e
= tartaric acid, formic acid, lactic acid, acetic acid, citric acid
4 succinic acidE ARSI A2} TS 2704 B4
o 5] EE8l0] v5g A7k} ulwstel f714S EAIY
a1, FE8S ARERE 3-point = A A el Blwsto] A

Frelopa] At S A Qe s At FAEAE TR
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Fig. 1. Change in the pH, acidity and lactic acid bacteria in the sailfin sandfish Arctoscopus japonicus Sik-hae with rice Koji during fermen-
tation. Symbols indicate: ®, CON; o, K5; [1, K10; 0, K20. Data expressed as the mean+SD (n=3). *Different types of capital letters indicate
significantly different values within the experimental groups (P<0.05). ‘No significant difference within the experimental groups (P<0.05).

2 ZAbgt 0] W3H= Fig, 11} 2ol S 28 A8)9] 27| pH=
2F6.80] %131, = TFA WE 5UAA] G451 pH 74
7F dofit o), I faFof| A Aol & R IrhFig. 1A). -1
a7F B 5YA t279] pH= oF 4.621H] whafl, #31x]E 3
7het 158 H7Fs ok wAGlo] oF 5.1-5.8 H 9 & et 4
A2 pH a7t A A Golytet. Alsf Hairgol A dhw=gt
pH Aot B5A% 71355 SHAIA &S Ak A

!

Qltkst i +=d|(Park and Kim, 2002; Han et al., 2013b), 2155
I} Q7| E7FF AL B AA] H7F A A ] S dold 4
= T3 pH AsHE G A 4= 9lom, o] 22 A1 A]
of o]l =7 A =E AN (Fig. 2A)°] 23] Al8] W pH 2H55-0]
7 =] o] Urehd Ak of| 4l tk(Shin, 2004).

HE J389] 27| Al oF 0.1%E Ve, WHE 39k
B A 109347H4] G243 S7HIE Holw of 1.3-2.6%

Table 1. Change in the moisture content and salinity of the sailfin sandfish Arctoscopus japonicus Sik-hae with rice Koji during fermentation

P Fermentation period Group*
arameter
(day) CON K5 K10 K20
0 70.4£0.581 8 72.4+0.5"2 71.7£0.7782 70.840.782
3 69.910.8%8 % 70.8£0.27° 67.7+0.8¢° 68.4+0.55¢P
5 68.4+0.88° 72.7£0.772 72.7+0.472 69.0£0.28°
. 10 66.6+0.18¢ 68.9+0.87« 69.2+0.54° 64.4+0.8¢
Moisture content (%)
15 62.8+0.7¢4 69.5+0.4A0° 67.6£0.48° 62.5+0.6°¢
20 63.6+0.88¢ 67.5+0.67¢ 68.4+0.8A° 62.5+0.58¢
25 64.2+0.5P¢ 70.6+0.5"° 67.6+0.78° 65.8+0.4¢°
30 64.6+0.6°¢ 70.8+0.37° 68.2+0.58° 63.3+0.8¢d
0 3.1£0.2Ans8 3.540.3Ans 3.210.3Aa 3.310.4Ans
3 3.0£0.1A 3.310.4A 3.1£0.37P 3.1£0.34
5 3.240.28 3.910.34 3.1£0.28° 3.2+0.3/8
- 10 3.0£0.28 4.1+0.3* 3.3£0.37a 3.0£0.38
Salinity (%)
15 3.0£0.38 3.910.34 3.440.1Aa 3.240.28
20 3.0£0.18 4.0£0.2% 3.3+0.2820 3.0£0.38
25 3.0£0.1~ 3.6+0.3* 3.1£0.3%° 3.0£0.2*
30 2.840.2¢ 4.0+0.14 3.410.38% 2.9+0.18¢

*CON, control, 20% hard-boiled rice + 4% malt sprout; K5, 5% the rice Koji with laver; K10, 10% the rice Koji with laver; K20, 20% the
rice Koji with laver. "Different types of capital letters indicate significantly different values within the experimental groups (P<0.05). *Dif-

ferent types of small letters indicate significantly different values within the fermentation period (P<0.05). $No significant difference within
the fermentation period (P<0.05). Data expressed as the mean+SD (n=3).



812

o
=
2

ol

oN
(o]

o
[e]

o,

ol
N

ok

B
2

1,600 80
G
g 1,400 8 70
o 1,200 S 60
= S
> 1,000 + = 50 |
= Q
c 800 840
> =
£ 600 230
= j:
2 4001 20 ¢
E B
< 200 5 10t
>

o
o

0 35 10 15 20 25 30 0 35 10 15 20 25 30
Fermentation period (day) Fermentation period (day)
Fig. 2. Change in the amino nitrogen and volatile base nitrogen of the sailfin sandfish Arctoscopus japonicus Sik-hae with rice Koji dur-
ing fermentation. Symbols indicate: ®, CON; o, K5; (1, K10; o, K20. *Different types of small letters indicate significantly different

values within the experimental groups (P<0.05). No significant difference within the experimental groups (P<0.05). Data expressed as the
mean+SD (n=3).

8lo] =etatdrt. 27t kol 187t Xo| S Hedd thx SRR A3 Y 27] Zakt 4 oF 47-5.1 log CFU/g
SSHKAOFE 5 Aol §alet S0 Lehd w Ks ok 912 Lehi, A1 Wt A 2 52t et 21t
K107 o] S x4} 5 0 2 Wokh(Fig. 1B). glom, A8 it E SURE 0Q7H] 1 4E 6

Table 2. Change in the free amino acid in the sailfin sandfish Arctoscopus japonicus Sik-hae with rice Koji during fermentation
(Unit, mg/100 g)

Fermentation period (day)

Amino acid 0 15 30

CON* K5 K10 K20 CON K5 K10 K20 CON K5 K10 K20
Aspartic acid 86.8 51.2 77.5 72.7 2406 1274 1985 4737 526.4 3713 4675 730.7
Threonine 130.3 98.0 1321 136.6 1932 286.3 4105 396.5 339.6 5297 700.2 586.7
Serine 1423 1069 139.0 1411 155.7 146.0 1049 3413 295.6 350 213.7 5035
Glutamic acid 175.0 1343 1799 1757 633.3 701.0 1,3124 1,1551 1,3789 1,518.2 2,768.5 2,018.7
Glycine 94.5 841 1086 110.6 287.3 4206 6451 3735 5182 761.1 1008.3 542.8
Alanine 2711 230.8 286.3 278.2 483.6 833.1 1,240.6 1,038.9 7255 1,362 2,103.3 1,446.3
Valine 66.1 48.8 70.4 67.9 210.0 4317 6416 5111 333.3 7281 10128 689.2
Cysteine NDf 9.0 ND 8.0 ND ND 37.3 70.2 ND 781 ND ND
Methionine 56.4 53.1 61.5 61.2 176.9 373.7 5841 553.6 290.1 683.6 866.8 698.0
Isoleucine 48.6 36.5 50.5 48.2 1434 2805 460.8 4057 2194 5676 7246 5281
Leucine 95.6 66.8 100.5 96.2 487.6 838.0 1,236.8 1,333.0 7422 13470 1,930.0 1,772.5
Tyrosine 63.2 58.4 73.8 72.8 338 1575 2177 2284 420 3256 3122  230.0
Phenylalanine 73.3 511 64.7 60.9 2611 388.8 5885 696.1 3994 7093 8937 896.9
Lysine 2823 2452 301.3 303.0 4125 4608 678.0 527.3 702.8 9748 1,295.8 984.0
Histidine 1271 1108 138.6 1523 137.2 2264 2834 2794 208.2 364.8 4032 365.9
Arginine 112.6 829 1226 1208 250 689.6 9257 1392.3 269 9263 1,5545 1,851.0
Total 1,825.1 1,467.9 1,907.2 1,906.2 3,881.3 6,361.3 9,565.8 9,776.2 6,748.5 11,282.5 16,255.1 13,844.2

*CON, control, 20% hard-boiled rice+4% malt sprout; K5, 5% the rice Koji with laver; K10, 10% the rice Koji with laver; K20, 20% the
rice Koji with laver. "Not detected. Data expressed as the mean of duplicate determinations.
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Asteirk(Fig. 10). 24k 47} 245l 5718 4
2 ot WE W7 H7Hpoh ozl uls) ooz
FAE 58 Y OUHP<0.05), A& U7} AR E L F
402 F7lolo] R 1027 e} Sk o] 9]
t}. 0]%-2 T2 A9, Shin (2004)2] Aol wh2w, K2 A% 0t
AR 20| A s eyt W Alel W 24kt o] HskE
Aelz] =2 B A3t A3l Streptococcus <5, Leuconostoc
4 9 Lactobacillus 0] Mol A& AL, A2 HRE Al
Zsh= WA SUA} o] Y Streptococcus 4 7H4x5H= Kt
™, Leuconostoc <33} Lactobacillus -2 §-A|E]o] o] = Al
&o| A2 a2 Fofl Tolshe= Al olldd 4= qloh
OfO|l=AFEA & 22 HT[EA

AN g2 A2 A efo| = 9l ofnfleql Fef o] Aiwks
Gol7] wfZoll oherdt T ra AlF o Ak ARE AR
=] 1 QItk(Byun et al., 2000). T2 A5 U 7] AN §Hke
©F337.0-416.1 mg/100 g 9] & VFeb i, Wi 7] 7o) A1}t
TE BE IFoA A&2 o r F7FslthFig. 2A). T
O] AN 3hg=2- eubstA| F71et Wi, B3 x| 7F H7be 15
Wb E 3UARRE 2ok 592 Q1 Aol & ol At A
OS2 £/ S7I5HHTHP<0.05). 53], U 25U HE] AS1A]
A7rgol wet 2ol & H =], K1075(1,297.2 mg/100 )@}
K2074(1,261.6 mg/100 g)©] AN 3teko] th %74(691.3 mg/100
)2} K57(876.6 mg/100 g)oll B]3} oF 1.4-1.9v 7} L=kt
o]Z2 t}= 2|4l Han et al. (2013b)2] AAtof|A] LeRt 714}
] A5 9£0] AN RS HF2 0 2 206.2-246.5 mg/100 g
LSRR ITAS S ) e

EF5 Ao Havhy 5 VBN gFef Hah= Fig. 2B9F 2t
A3 H7F 1452 27] VBN 35(25.8-30.2 mg/100 g)2- o
Z3421.9 mg/100 g)of| B3] 5-2]4 0 & =9k o LH(P<0.05), AF
2 a7 A3E 5Y e 2 E R e T1E2] VBN
g12Fo] 40.9-46.5 mg/100 g71A| A8 Z7Fska, o] uf
TLEE oA Rl Zfol 5 Kol A] SITH(P<0.05). o] F A2
A7} XY == F9H VBN gk 157 Afo| & Kol ] oFar ¢
TkskA S7Fskiet.
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ARG H7ete] Hash w25 Als) o W 0U}, 15U}
% 30907 §2]obu] Al 2412 Table 29} e}, ¥ %7] M2
IEollA FE A 02 YERd =8 R2|ofu] Ak lysine, ala-
nine, glutamic acid, serine, threonine ¥ histidine©]| 117, 10%
ol Afo] #51 x| Zd71of| 23] aspartic acid ¥ phenylalanine A
Qg HEE W= fefob| it o] S7bE ik Ua 0d A}
Z frejohn it ok TG 2 Aozt gl o WA 15Y
A B FA] 7} 1 B kol vl sf| 2A] sobslth
5 02A) o] B 3090%) 2 15 Sk Anu, ox
= oF 3707k S 71ek o vl K107 oF 8.5 74 571

stol 713 & 37HeS HArh ol BRE Als) A% A ¥
517 A7 BE Q71 8S A7ksHe AEA Yol
3 & S RS THEAA felob) it FFE F7H]
Td B FE AOR $HT S ek,

Table 3. Change in the organic acid in the sailfin sandfish Arc-
toscopus japonicus Sik-hae with rice Koji during fermentation
(Unit, mg/100 g)

Fermentation period (day)

Organic acid  Group*

0 15 30
Tartaricacid CON 0.2+0.0°t®*  0.54£0.0°®  0.4+0.0P=
K5 0.2+0.0°c  0.5+#0.0°®  0.9+0.0°=
K10 0.3x0.08c  0.7+0.08>  1.3x0.1B@
K20 0.520.0%¢  1.4+0.0°*  2.0+0.0*®

Formicacid CON 9.9+0.28°
K5 9.9+0.08°
K10 10.1£0.18¢
K20 10.80.1A2

9.9+0.38®> 10.8%0.082
9.740.28® 13.412.1#82
11.120.2A0 14.7+0.142
10.6+0.0"* 13.9£0.2"2

Lactic acid CON 0.2£0.18¢  2.2+0.0°® 2.6+0.0°?
K5 0.3£0.08c  2.1x0.1°®  2.40.1¢2
K10 0.6£0.1Ac  2.820.14°  4.2+0.4”°
K20 0.7£0.1A°¢  2.6+0.08® 3.5+0.1%2
Aceticacid  CON 0.2£0.0°*  3.5+0.9%2  3.8+1.1%2
K5 0.3x0.0%8¢  4.7+0.28> 6.8+0.2"8=2

K10 0.4+0.47%8>  8.5+2.1A2 10.9+4.5%2
K20 0.8+0.1#c  10.2+0.04° 12.4+0.3"@
Citric acid CON 0.2+0.1Ns8b 1.2+40.5%8a  1.1+0.282

K5 0.440.1°¢ 1.6+0.1¢>  2.5+0.1¢a
K10 1.6+0.1°¢ 2.2+0.18  2.4+0.1¢2
K20 23+0.1  22+0.00  2.2+0.17
Succinic acid CON NDf ND ND
K5 1.4+0.0°c  2.1+0.2°2  1.8+0.08°
K10 1.8+0.18°>  1.1+£0.18¢  3.4+0.07@
K20 2.3+0.1A¢  3.6%0.1%8  3.2+0.2A°

Total CON  10.7£0.4°°¢
K5 12.5+0.3¢¢

17.3+0.5P° 18.8+0.1¢2
20.7£0.4¢> 27.7+2.28°
K10 14.8+0.35¢ 26.4+0.3%° 36.8+0.942

K20 17.3£0.3A¢  30.7+0.9%° 37.2+0.242
*CON, control, 20% hard-boiled rice+4% malt sprout; K5, 5%
the rice Koji with laver; K10, 10% the rice Koji with laver; K20,
20% the rice Koji with laver. "Different types of capital letters in-

dicate significantly different values within the experimental groups
(P<0.05). *Different types of small letters indicate significantly
different values within the fermentation period (P<0.05). *No sig-
nificant difference within the experimental groups (P<0.05). "Not
detected. Data expressed as the meantSD (n=3).
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Fig. 3. Change in the hardness of muscle (A) and bone (B) of the sailfin sandfish Arctoscopus japonicus Sik-hae with rice Koji during fer-
mentation. *Different types of small letters indicate significantly different values within the experimental groups (P<0.05). *No significant
difference within the experimental groups (P<0.05). Data expressed as the mean+SD (n=5).
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