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Effect of Nuruk protease activity on the quality of anchovy sauce
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Abstract This study investigated the quality characteristics of anchovy sauce fermented using Nuruk to maintain a unique
flavor, reduce fishy smell, and improve the fermentation rate. Six kinds of fermented fish sauces, including the control,
fermentation using traditional Nuruk; SH Koji (Fs-A), JJ Koji (Fs-B), GJ Koji (Fs-C); and fermentation with improved
Nuruk; Aspergillus luchuensis (Fs-D) and Aspergillus oryzae (Fs-E), were prepared. Samples were collected at 15 days
intervals with 10% Nuruk added to raw anchovy and fermented at 25°C for 60 days. The free amino acids, especially
glutamic acid content and amino nitrogen, were the highest in Fs-C, reflecting the high protease activity of Nuruk C (GJ).
Regarding overall sensory evaluation, the control was the lowest, whereas Fs-C was highly evaluated among the sample
groups. The addition of Nuruk not only shortened the fermentation period, but also increased the overall sensory level by

adding umami and reducing fishy odor.
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Table 1. Formulas of anchovy sauce fermented with different Nuruks
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Ingredients (g)
Sample
Anchoby (%) Nuruk (%) Salt (%) Water (%)
Control" 500(77.5) 0 125(19.4) 20(3.1)
Fs-A 500(71.9) 50(7.2) 125(18.0) 20(2.9)
Fs-B 500(71.9) 50(7.2) 125(18.0) 20(2.9)
Fs-C 500(71.9) 50(7.2) 125(18.0) 20(2.9)
Fs-D 500(71.9) 50(7.2) 125(18.0) 20(2.9)
Fs-E 500(71.9) 50(7.2) 125(18.0) 20(2.9)

“Control means Anchovy sauce without Nuruk and each samples mean anchovy sauce fermented with SH koji (Fs-A), IJ koji (Fs-B), GJ koji (Fs-

C), Baekguk (Fs-D), Hwangguk (Fs-E)
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Fig. 1. Flow diagram for preparation of anchovy sauce
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protease &

759 ZZHoMA €42 Anson 7 FH(Anson, 1938) ¥ A

PAT(Oh & Eom, 2008; Mun 5, 2017)0ll4 AR&-3 H]—l:H_OE_ ]
gslo] 24319tk Citrate-phosphate ¢8-S pH 3.0 &= pH
702 747t Azste] TRE oM FR{ol wet 2] tE %“6‘%‘
°“°ﬂ =21 1% casein N2 7|AZ2 AL 75 10 5

T 90mLE ¥of 247 Bt BFET & I8t 100 mL
E 7613‘0}04 Azgt AN S FFRA vE Ads & 7]
AgN g4 | mLE T3] 37°ClA 10827 WHSAIZ &
04 M2 TCA 2mLE H7Fste] WHg-& AAAHTE 2587 A2
WA F AAES AAF AZA 1 mLol] 04M NaCO, 4mLo}
IN Folin reagent 1mLE X2 Y3 20&7F WAIA7 o3
660 nmol| 4] &3 %=(Thermo Fisher Scientific; Madison, WI, USA)

5 =43tk 2499 protease AL tyrosineS XFEAZ
g AL o83t W F9 tyrosine FS HHIAOH
A& 1go] 13 5t 1 g9 tyrosines AT WE 1 unite 2 3}
At
pH ¥ &ME

A& 10gS 591 3143k shaking (30°C, 1h)g ¥, 8000 rpm

AA 1087+ Y9452 (Hitachi CR 22GIII; Hitachi, Japan)sled <
A (Whatman No. 2)2 Az} ozt 2mLE

FHsl FF 2
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N NaOHE HowA pH7t 8.57F € wi7lx] A4 319

TS Ee P ESES
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Korea) & %, 8000 rppmollA] 10:£7F ¥A1E-2](Hitachi CR22GIII;
Hitachi, Japan)ate] A2 ZAFch od-g& Al 045um
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< 2% 1mLE FH3lA 420 nme] 3ol §3=(Thermo Fisher
Scientific; Madison, WI, USA)S =435t}
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Q32 Ealo] A ER wsAadoA Q7 & <lx
FHE A7 #E A7 &IPS FEIANOH, IRB 9
F= A ER [on]-20-A-00007427°] T},

FEL U "xAA] A(color), FF(flavor), B(taste),
AAQ] 71Z = (overall acceptability) 52 H71E #sle] A
o Bl A= 30-60tHe] T 11 o] HdS At B
A B4 Wrteisich Wl Alsdd gk AWy Hrie ¥
< A5 ARetgion, & e AEE Erke Folle WEA
EZ Q7HIEIL o2 AEE HrelEE skt 53 AdHe
2 Frrsion, 7k d5o digt 2475 % 54, 45 4
A, 5% 33, v 23, A8 1R el AR

Pkl QA8 Zol7] Slal A3l Aol s ¥ #el vle]
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BE AY A¥e ey EFAAE JERIAAL, BHEE AL
ole] #2]& Ao]= IBM SPSS statistics program (Version 23;
IBM Co., Amork, NY, USA)S A&-3to] A ul =] &2 (one-
way ANOVA) #ol] mah {Fol5F 95%°l14] Tukey’s testell 2
3 sl
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247} o
protease &M

G| BEEIAZ AT FF ZZH oM SRS
HAz-g pHel wel T4 ZRHoHA|, A ZRH AR U
o] Table 201 UERATh 54 Z2eobAl Ao oM F= A
C7t FolustAl EokoH, o] F & Ce A Z=H!o] &

Aol JoIME FoHoz ¥ HIFS B (p<0.05), 2

ZHokA] BHEIF 208245352 7HY =4 YERTh Jeong
(2011); Yeo 52014l WE2W +5 CERE A oryzae, Rhizopus
sp., Absidia sp.9] F¥ol7b HE|HATL Bk v Uk w5
Ce| HEo #Ast= olE FBo| F Rhizopus sp. F8Ol= +F
Fo AF &= 2 g4 AYE7F 2O (Choi 5, 2012), E3H
AHgeA T AR EAdo] w& A EelEl e s v 2lo

B E(Huh, 2014) 75 C7} 54, 2M3 Z2H A &4 Eol=

Table 2. Protease activity of different commercial Nuruks (Ulg)
Neutral protease (pH 7) Acid protease (pH 3)
Nuruk AV 184.9+6.79* 201.0+3.70®
PR Nuruk B 114.6£6.04° 107.7+4.45¢
Nuruk C 185.1+5.70° 208.2+5.35%
S Nuruk D 89.4+1.84¢ 161.3+4.39°
e NurukE 130.1£4.47° 188.4:5.34"

YNuruk A: SH koji, Nuruk B: 1] koji, Nuruk C: GJ koji, Nuruk D: Baekguk, Nuruk E: Hwangguk. ?The different small letters in a column indicate
significantly different values within the experimental groups (p<0.05) by Tukey’s test. Data expressed as the meantSD. 1 unit: produce 1 pg of

tyrosine from casein per min.
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Fig. 2. Changes in pH and total acidity during fermentation of
anchovy sauce fermented with different Nuruks. Control means
Anchovy sauce without Nuruk and each samples mean anchovy
sauce fermented with SH koji (Fs-A), JJ koji (Fs-B), GJ koji (Fs-C),
Baekguk (Fs-D), Hwangguk (Fs-E). Values are significantly different
within the storage periods (p<0.05) by Tukey’s test. Data expressed
as the mean+SD.

o 93-S mI Aoz A"} HH Yeo 5(2014)°] FEO=
e B Fo] F AEog AR 753 435S Adst
o §4EAAE HFH BN Ao M=, Rhizopus sp.t
Aspergillus sp. & B2 dF= A 37 acid protease &
gol =ot AR Azl AYT Zor Ryt tiEo] 2
2 33 2s FAA Ao F2d AMdS HEek] o
E 759 54sd 5EAHE FAE A3 Rhizopus sp. (5132
units/g)>A4. oryzae (352.0 units/g)>A. Kawachii (309.2 units/g)
TO 2 acid protease &FS YERTE o] g ATES B HF
o] AF}E e Fvh RS T4 Z2HOH FEE
5 E/F 75 DEU folvlsiAl A UERsth 48 Z2Hof
A Ao YA E = DRI FF BT} 455%] 2SR
Ao, 2 ZREolH FAM = 168%S] TS HYo
2A T4 ZRHOH A e RolE HolA] & F
A= AE B T AUk o)A 71H e el 7] WEL
2, B7IEE WE 4 onzae Koji7t IILR THE A oryzae
Kojiel 6.5801 w2 AHd ZZEolA] E/do] YepdS Harshit
ATH(Yeo 5, 2014). o|¢hzte] 75 FHEE Z=HopAH &7
AoA zpol7t e A2 759 A8, B8 $AF T+ 54
5ol 719138 Aoz RIS vl AthLee 5, 2009).

B #ofshks A= E
aojrtel WS o] o] wR 3 XEE AREHI S
o, A 75 3T B THoE U iF 75 23S
UEAR o] gated Alxg GAINAe] pHe} FAkee] Hahk= Fig.
29} 72t} pHe #a 0d 2ol 5.97-630 HIZE Fs-D AlEE A
93t BE A E7F 2 ZolE YEMIA] &9k, 135 controlo]
7P w2 FRE JERE B H7F AETRL Fs-D7F P B
Atk T 7174 Aol wet A2 1597 = F48] HolA|
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Fig. 3. Changes in amino nitrogen during fermentation of
anchovy sauce fermented with different Nuruks. Control means
Anchovy sauce without Nuruk and each samples mean anchovy
sauce fermented with SH koji (Fs-A), JJ koji (Fs-B), GJ koji (Fs-C),
Baekguk (Fs-D), Hwangguk (Fs-E). Values are significantly different
within the storage periods (p<0.05) by Tukey’s test. Data expressed
as the mean+SD.

F AAF R YolRle AS ¢ 4 AUMTh Fs-Co Fs-DE o
2 ABe H3] fedez ve pH e Blow, ¥E F8
Al ZF2E 5712005, 5.52+0.025 UERATE Z2H oA 247}
714 =9k Fs-Cob 54 ZR2HoHA ] Hlsl] 4t Z2HoMA7F &
7¥ek Fs-DO| pHZ} 7+l wet 4F Z2Eolx] 7t 84 sleof
F7HH oz dhild ez BASH ] WEe® Als
FAwe] s WHele Axle] varizt Fetke] pH HEke] A
o] wet AR At gRky o AR S HE3 tE AR UE
AFAME eEhv= pH Astel 4HEe] F7F=Nam 5, 2012
Rho 5, 2008) ¥&- 574 5 WAEY g0 f{7]4le] A4
H7] o R dHA Jom(Kwak &, 2003), 2 2F o] Al
ME FARE A Uepith 27 Aee gixTe 5 vt
NEF 2 Fs-D7} BF 0812 7F% =9t} 28y 2g 60l
thz79} Fs-D7F 1.33£0.05 g/100 mL3} 1.65+0.19 /100 mLZ, zt
7} Z27] 04}l Hl8l 64.2%, 103.7%2] E718-5 HYo =M &
o]Z¢l zpo]l2 BT} B3] Fs-De 7P w& pHS 7H &
FAEE FAY=H, ol Fs-D AAlol A7k F5°] 4. niger
o] Wolgo g wWytolgl BEl= A luchuensis (Hong 5, 2013)
o] Wik ol At 714k o] o pHE WFe &
S Bk ollZHKim 5, 1999; Lee &, 2005) HE3+ +=
7} & ARl ollg A wIEojgovg o] ¥ Wk
2 AR ETHRDAR016)] AF/dE R o5k E: 758
g/100g, 2 795 g100g9] & F). 4=} pHY| Aol F
2 2k dEYole] Ao 1% AL 2 (Zhao T, 2017), 0.3%
AERDA, 202002 A2 FolARE HXA| ZSAE o] FHZE
FANZ opH]ieAt T PRI olr] b (glucogenic amino acid)e] #
= A7 vhAZA] g P ol FHOoEH {71kl A
goll 71edgt AR AlsHTh FMEs fEobn] At T 24
oAl aspartic acid, glutamic acid, proline 52| FAJAJoln] =4t
go] izl vlF] F5 H7F AlEe] ¥ B2 AFAE dX]
b w7 714 2 dEskEs Bk oluE &

2ol frejohvist B SEAHE =S opv|iity) e 7
3l APELS pHeF FAFES] Holo] A FUS Ao

AFE " (Michihata 5, 2000).

% o

kP A

©



200
= 150
2
£ 100
=
> 50

0

0 15 30 45 60
Fermentation period (days)
<=Control <=Fs-A «a-Fs-B < ~Fs-C s=Fs-D-0-Fs-E

Fig. 4. Changes in total volatile base nitrogen during
fermentation of anchovy sauce fermented with different Nuruks.
Control means Anchovy sauce without Nuruk and each samples
mean anchovy sauce fermented with SH koji (Fs-A), JJ koji (Fs-B),
GJ koji (Fs-C), Baekguk (Fs-D), Hwangguk (Fs-E). Values are
significantly different within the storage periods (p<0.05) by
Tukey’s test. Data expressed as the meantSD.
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Fig. 5. Changes in browning color during fermentation of
anchovy sauce fermented with different Nuruks. Control means
Anchovy sauce without Nuruk and each samples mean anchovy
sauce fermented with SH koji (Fs-A), JJ koji (Fs-B), GJ koji (Fs-C),
Baekguk (Fs-D), Hwangguk (Fs-E). Values are significantly different
within the storage periods (p<0.05) by Tukey’s test. Data expressed
as the mean+SD.
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Table 3. The content of free amino acids in anchovy sauce fermented with different Nuruks on 60" day of fermentation (mg/100 g)

FAAs Control" Fs-A Fs-B Fs-C Fs-D Fs-E
Asp 710.19 652.87 645.53 680.53 632.35 534.55
Thr 456.39 412.35 410.78 417.76 368.65 338.90
Ser 398.95 378.76 388.49 395.39 345.63 325.70
Glu 1313.54 1546.17 1505.70 1559.46 1179.86 1070.35
Gly 27751 265.71 264.77 281.55 245.24 196.78
Ala 653.58 630.15 610.11 628.70 576.61 552.92
Cys 48.09 34.98 37.17 36.04 24.05 27.66
Val 51743 491.21 487.46 495.67 436.48 424.99
Met 270.42 276.50 286.38 256.15 257.87 247.40
Ile 469.61 441.66 445.04 445.72 398.68 379.64
Leu 880.48 860.23 878.49 862.10 747.78 726.90
Tyr 257.87 150.15 138.84 141.19 289.83 316.96
Phe 423.72 413.90 416.40 411.69 377.80 394.27
Lys 734.24 677.59 663.33 679.49 620.71 611.65

NH3 149.45 193.77 182.07 187.10 132.30 132.73
His 420.57 369.38 380.31 378.05 352.88 335.57
Trp 73.54 73.72 71.87 70.48 73.02 68.06
Arg 218.36 35.90 130.84 96.90 252.03 230.60
Pro 222.00 290.30 293.77 310.95 206.61 210.62

Total 8495.94 8195.27 8237.35 8334.92 7518.39 7126.26

"Control means Anchovy sauce without Nuruk and each samples mean anchovy sauce fermented with SH koji (Fs-A), IJ koji (Fs-B), GJ koji (Fs-

C), Baekguk (Fs-D), Hwangguk (Fs-E)
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Table 4. Sensory evaluation of anchovy sauce fermented with different Nuruks on 60" day of fermentation

Control" Fs-A Fs-B Fs-C Fs-D Fs-E
Color 3.83+0.83™2 4.18+0.87 3.73+0.79 3.55+0.52 4.09+0.70 3.91+0.94
Flavor 3.25+1.14™ 4.00+0.89 4.18+0.87 4.18+0.75 3.55+1.21 3.27+0.90
Taste 3.33+0.98™ 427+1.10 4.00+0.89 4.00+0.77 4.18+0.75 3.73+0.90
Overall accept-ability 3.25+1.06%0 4.27+0.90%® 4.09+0.94%® 4.45+0.52° 4,09+0.83%® 3.73+1.01%

YControl means Anchovy sauce without Nuruk and each samples mean anchovy sauce fermented with SH koji (Fs-A), JJ koji (Fs-B), GJ koji (Fs-

C), Baekguk (Fs-D), Hwangguk (Fs-E)
INo significant difference within the experimental groups (p<0.05).

IThe different small letters in a row indicate significantly different values within the storage periods (p<0.05) by Tukey’s test. Data expressed as

the mean+SD.
Score: 5; very good, 4; good, 3; fair, 2; poor, 1; very poor
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