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This study investigated changes in the quality of fermented red snow crab Chionoecetes japonicus sauce with or
without Aspergillus kawachii koji and added salt. Samples were divided into four groups depending on whether koji
was added and the amount of salt: RC15, 15% added salt, no koji; RC20, 20% added salt, no koji; RK15, 15% salt
plus 10% koji; and RK20, 20% salt plus 10% koji. The samples were fermented at 20+2°C for 4 months. During
the fermentation period, the moisture contents of the four types of sauce decreased while the crude ash and protein
contents increased. The pH of the RK groups decreased and was lower than in the RC groups. The acidity of the RK
groups increased and was higher than in the RC groups. Both the total nitrogen (TN) and amino nitrogen (AN) levels
increased continuously and were higher in the RK groups than in the RC groups. The volatile basic nitrogen (VBN)
content increased rapidly and was higher in the RC groups than in the RK groups. The color did not differ signifi-
cantly among the four groups. The viable cell counts in the four groups increased and no coliforms were detected. The
total free amino acid and glutamic acid contents were highest in the RK15 group and the main amino acids in RK15
were aspartic acid, glutamic acid, alanine, leucine, phenylalanine, and lysine. Overall acceptance was significantly
higher for the RK groups than the RC groups and RK15 ranked highest among the four sauces. These results suggest
that Aspergillus kawachii koji is beneficial for processing fish sauce made using red snow crab.
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Table 1. Changes in proximate composition of fermented red snow crab Chionoecetes japonicus sauce (unit : g/100 g, wet base)
Fermentation period (month)
Groups'
0 1 2 3 4
RC15 84.3+0.0"%3 80.1+0.482 81.0+0.182 80.9+0.082 81.0+0.282
Moisture RC20 80.5+0.0%° 77.411.480c 78.10.18° 77.9+0.08° 77.9+0.08°
RK15 81.7+0.0%° 78.1+1.680° 77.3+0.28¢ 77.410.05 77.5+0.08¢
RK20 80.0+0.0%¢ 76.7+0.08¢ 76.1+0.0% 75.5+0.1P¢ 75.4+0.0°¢
RC15 12.0+0.08¢ 14.6+0.0%° 14.5+0.2%° 14.7+0.1%° 14.6+0.2%°
RC20 16.1+0.182 17.9+0.0% 17.7+0.2%2 17.7+0.2%2 18.0+0.142
Ash RK15 12.2+0.0% 14.2+0.18 14.5+0.3%8° 14.5+0.0%8¢ 14.9+0.2%°
RK20 14.5+0.0%° 17.2+0.08° 17.2+0.182 17.3+0.28° 17.6+0.0%°
RC15 2.910.2%° 3.2+0.1P= 3.7£0.0% 3.9+0.082 4.0£0.1%
) RC20 2.6%0.15d 2.7+0.0™ 3.3+0.0c¢ 3.5+0.08¢ 3.8+0.1M
Crude protein
RK15 3.1£0.1Pa 3.1£0.0%° 3.8+0.1¢a 4.0+0.082 4.1+0.1%
RK20 2.840.0F° 2.9+0.0P° 3.4+0.0¢° 3.8+0.18%° 3.9+0.0%
RC15 2.0£0.2% 0.3+0.1F¢ 0.8+0.0¢c 1.0£0.08° 0.5+0.1%¢
- RC20 1.9£0.14d 0.2+0.2% 0.6+0.10¢ 1.1£0.08° 0.7+0.0¢
Crude lipid
RK15 2.0£0.14¢ 0.4+0.0Fa 1.240.0°2 1.2+0.082 1.240.1P2
RK20 2.1£0.0% 0.3+0.1% 1.0£0.08° 1.0£0.0% 0.6+0.0°°
RC15 15.0+1.2Ns% 15.9+0.9° 15.0£1.1° 14.510.2° 14.5+0.2°
Salinity (%) RC20 19.410.2¢a 20.3+0.3% 20.7+0.582 20.3+0.382 20.3+0.38¢a
RK15 14.7+0.65° 15.1+0.6%° 15.1£0.3%8° 15.0£0.58° 14.9+0.38°
RK20 18.2+0.452 20.6+0.6" 19.80.9482 19.60.9482 19.7+0.782

'RCIS5, fermenting added 15% (w/w) salt without any treatment; RC20, fermenting added 20% salt without any treatment; RK 15, ferment-
ing added 15% salt after treated with Aspergillus kawacchii; RK20, fermenting added 20% salt after treated with Aspergillus kawacchii.
2Means with different letters between the different storage differ significantly (P<0.05).

3Means with different letters between the different treatments differ significantly (P<0.05).

4NS, not significant.
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Table 2. Changes in color of fermented red snow crab Chionoece-
tes japonicus sauce

Fermentation period (month)

0 1 2 3 4

RC15 452 424 474 478 480

L RC20 460 404 474 475 477
(Lighteness)  RK15 431 414 474 473 476
RK20 440 392 468 46.8 4638

RC15 21 19 33 32 30

a RC20 24 17 34 33 30
(Redness) RK15 23 12 33 31 29
RK20 26 10 30 23 23

RC15 02 66 09 10 09

b RC20 17 59 02 02 03
(Yellowness)  RK15 01 39 01 03 05
RK20 13 40 -06 01 0.1

RC15 526 556 50.3 50.1 50.1

RC20 518 574 504 502 50.2

RK15 547 563 50.3 504 50.3

RK20 539 58.6 51.0 51.0 51.0
' Groups are the same as shown in the Table 1

Groups'

AE
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7he ol w2 A ofZPge] A A= ghe] Mk Fig. 13+ 2
T} RC152-9] A& 27| AFE = 0.25%0] ok A& 2719 2
37NEA ol 22} 0.47%, 0.64% = S718F51aL, A7 470 LA
o= 0.67%= ZA =t RC2029) AR 27| AHe = 0.24%
o]9aL, A%+ 171 LAl o= 0.26%0] 2, A% 271 LA ol =
0.56%= 3718t AL, A4 471 A oll= 0.60% = 274 =] St
RK1532] AA27] AFEE= 0.36%0] 0o, #7270 Ao
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Fermentation period (month)

Fig. 1. Changes in pH and acidity of fermented red snow crab Chionoecetes japonicas sauce. RC15, fermenting added 15% (w/w) salt with-

out any treatment; RC20, fermenting added 20% salt without any treatment; RK 15, fermenting added 15% salt after treated with Aspergillus

kawacchii; RK20, fermenting added 20% salt after treated with Aspergillus kawacchii. Means with different superscripts within a column

indicate significantly differences at P<0.05 by Duncan’s test.
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I 9 A7 Fs o] wE FA ol7Pge] St
£29] ¥3k= Table 33} 7t} RCI5Y] E2d4s ARz
3.9%10° CFUmMLe| 4L, A%717F 52t A 2] #istglo] 44
gt gre 2o, A% 47 dAf o= 4.2 x 10* CFU/mLo| %]
t}. RC2029] AA27] 2d4= 3.6x10° CFU/mLo|gle
U, A717ko] 73 aghol| whek A 3] F7ksto] A7 371 LA
o= 7.6x10° CFU/mLo| 21, A& 47/fLA]ol= 5.7 % 10°
CFUmMLOZ #&E|glch, RKI5we HAR7] Zd4ts
3.6x10° CFU/mLo| ¢l o, A4717ko] Zakste] whet AlA
5| S7Fsto] A% 370 2 A7 A ol = ZF2} 9.8 X 10° CFU/
mL, 5.1 x 10° CFU/mLo| ¢t} RK20:L2] AR 27| 4t
42x10° CFU/mLo| ¢ o, #%7|7to] Zakgho] whal A4
3] S7Feto] A% 371 LA ol = 1.3 X 10° CFU/mL O = 3=
Ak BE AFTA TS A7t HEEA] &
okt Fgol#S RC157 W RC20+-00 A= #1347 17kt A
Z5)7] okgkth RKIS79] AAZ27] FFo|ld4s 7.3%X10°
CFU/mLe| 911, A4717to] Z gt whe vju]gh 7HAg B
o] A% 371LA o= 3.1x10* CFU/mLE YeRgth RK20
9] AFZ7] FFo|d4= 4.8 x 10° CFU/mMLe|§laL, A%+
7173t wistglo] 4Agst gk Bolom, A% 47 LAoll=
4.6x10° CFU/mLE ¥=¢lch. RC15%3 RC205L2] A%
%7] AAFS4= 242F 2.3 % 10* CFU/mL, 2.4 x 10> CFU/mL
o|glout, AA717to] Zakghol| whet A 418] F7tsto] A% 3

AER o= ZHzE 4.0 < 10* CFU/mL, 3.5 10° CFU/mLo.2
=G, o] oF7F 7HAstglrt. RK15+2 RK20+49] A]
7] At WEER] ghetouy, A% 278 Aol 22t
2.1x10° CFU/mL, 1.0x10° CFU/mLZ =91, o]&
X A3 F7tste] A% 47§ DAjoll= zH2F 1.1 x 10° CFU/mL,
2.3x10° CFU/mL=Z =] 9jct.
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SheFo] Bish= Fig. 29} ot B Ao TA A g2
%717to] Zuglol| wheh A& 08 Frbeks A Bl
RC15:9] AA=27] 224 3He 470.1 mg/100 go] e
A7717k0] Zakgtel whet F7keke] A% 47l A oll= 645.2
mg/100 g& & UEbdth RC20:L2] AA27] 224 FHake
415.7 mg/100 go] 3l o}, A7%7|7to] Zaslo]| whet 5-7}s}o]
A& 470970 = 600.1 mg/100 g& & 2= It} RK15%
O] ARz7] T4 4 TS 490.0 mg/100 go] AL, A7 47)
ARjoll= 660.3 mg/100 g O = e} 2]47] 7o) Z 1kt u}
2F S7FHl AL, AR 5 7MY =2 S Holth RK20++
o] A7 FA 4 FHEFS 445.0 mg/100 go] o, AA7]
7ro] Aapeaps Frkste] A% 47] A o= 625.9 mg/100 g
o7 AUk
ofo|=&A ofg

AU W AR sl T 7 oz o
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Table 3. Changes in microflora of fermented red snow crab Chionoecetes japonicus sauce

(unit : CFU/mL)

Fermentation period (month)

Microflora Groups' 0 1 B 3 1

RC15 3.9x10° 12.0%105 5.3x105 1.3x105 4.2x10%
Viable cell count RC20 3.6x10° 7.0x10% 4.0%10° 7.6x10° 5.7x10°
RK15 3.6%10° 1.2x10% 2.2x105 9.8x105 5.1x105
RK20 4.2x10? 4.6x104 7.2x10° 1.3x108 7.0x10°

RC15 ND? ND ND ND ND

Coliform RC20 ND ND ND ND ND

group RK15 ND ND ND ND ND

RK20 ND ND ND ND ND

RC15 ND ND ND ND ND

Fungi RC20 ND ND ND ND ND
RK15 7.3x10° 4.0x10° 2.0x10° 3.1x10* 3.0x10¢
RK20 4.8x105 3.8x105 1.8x10° 5.0x10° 4.6x10°
RC15 2.3x102 9.7x103 1.1x105 4.0x104 1.3x10°
Lactic acid RC20 2.4x102 1.1x103 2.7x10% 3.5x10° 2.5%10¢
bacteria RK15 ND ND 2.1%105 2.1%108 1.1x108
RK20 ND ND 1.0x105 9.6x10° 2.3x10°

! Groups are the same as shown in the Table 1
2ND, not detected.
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Fig. 2. Changes in total nitrogen and amino nitrogen content of fermented red snow crab Chionoecetes japonicas sauce. Means with different
superscripts within a column indicate significantly differences at P<0.05 by Duncan’s test.

A4 ko] W3k= Fig 29 Zth RCISwH9] A%=7] of
o2 A FHRe 271.98 mg/100 gol gL, AR7|7ke] At
ol wheh S7kstel A% 478 Aol = 428.24 mg/100 go] 3l
t}. RC20::9] AA%7] ofm] =24 3FEe 225.09 mg/100 g
olglout, A7|7to] Aafekpg F7kske] A% 471 Aol =
387.43 mg/100 g&= = QI RK157-9] A]427] ofn
=4 R 258.85 mg/100 go| o, AR 7|7o] Haket
of wje} F7tato] A4 47§ LA o= 397.09 mg/100 gol it
RK20+-2] A A+%7] ofn] =2 2 FHE2203.99 mg/100 go] 3l
O}, AA}7|7ko] Zafglel whet F7tksto] A% 47§ Aol =
37431 mg/100 g &2 FHAFE|QIT), Al WA KA 9] ofu| 12
4 $}eF0] 346.5-1,166.7 mg/100 g2l 7l (Jang et al., 2004; Jo et
al., 1999)e] vlaf| 2 Aol A HE AL opn| e A S

0] 374.31-428.24 mg/100 g & & UEhL} At 2] 0 & vho Sleg
< Kol A2 duAl 2fo|e} o] 9] Ap7tAasta s B/ 7
AHE Ao AR HTE T ofu| A A FHF A SR B
4= b= T gheo] o) fof vl ZAI(F 10%, wet base)7t
”71 ol ol 75 YRR k= ool vl ArjF o=
Fe Hol= A 08 AlrH,

2 AR Fs ol wE SA ofxbEe
W3k= Fig, 33} 7tk RC1579] A4 =27]
22 38.51 mg/100 go] 1oL}, AA7]7ko]
7S B A% ARl 145.67
mg/100 g & TEEQTE RC2029] AA=7] FdA 97

Aaskere 1891 mg/lOO oL, A% 17} Aol = 23.12
mg/100 go 1O, o] F FAT F71E Holu] A% 474U
o= 111.36 mg/100 ggi 22| Q)e). RK1529] A%27]
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Fig. 3. Changes in volatile basic nitrogen of fermented red snow
crab Chionoecetes japonicas sauce. Means with different super-
scripts within a column indicate significantly differences at P<0.05
by Duncan’s test.
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B A7 - g2 29.42 mg/100 go] 1, &% 27§ €7t
2] 29.42-33.62 mg/100 g =30 & ZA |9l oL}, o] & Z7}3}
o] 217 47§ Ao = 76.34 mg/100 g© = #HtE|glch RK20
o] AA27] 3 A7) A AR 2591 mg/100 g ©] 9L,
A% 270 L71A] 25.91-37.12 mg/100 g =202 BatE|glo
U, o] S7kste] A7F 470 Aol = 46.92 mg/100 g & = =4
=] Qleh RK-9] g A7 AR A 7|7 52F RCH
of u]a g-0]2 0 & roky RK20:20] Adlt & 714k whe 3t
Fg Bk AA 2 AA e & A2 RKE9) 3/ 7]
Aaghego] 19 4] o2 RCtol val] froH o W2 A2 5
A2 FalFho 24 At A5t 72§14k Ao 9
3l pH7} Srol FaL, Thf o] Fal| = A H ofu] Al I e
Zof ofgt A7)t F<t RCtol| H]3l| W pHE 2|8t Al
BYFHE FASHL7] el Fatoly aa0] A-go] ot
amine®|Ut NH, 52| 3| S22 9 Zgto] =24 o] gzl
Ao 72 AZETHKim and Kim, 2002). Kim and Kim (2002)
& &4 7hde] o7 Al 2A| ALA] 7Eo] i kel vlEl 9]
W71 avkgo] fol4 o ' Wkrkal Hsto] 2 A A4
et fARR Aukg Btk E3H 72| & Bafjste] Al 23 RK

20 S A7) AR A2 ol3te] S A7 A
of vl3f oA oz o AvE B th(Jang et al., 2004; Jo et
al., 1999). S/ A7 A4 gho] of 72 Aol WHgh we o]
913 MEBAO) F0th HER AL o), oikg 2
o uraaEe gaabelel £427 Sof w1 gte) Aol
7] wf izl Aef Al FAAH = o] §57] flefiM=HwH 7=
T2 913 vheket A7 ad Ao ' AYZPETKim and
Kim, 2002; Cho et al., 1999).
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Table 4. Changes in sensory evaluation of fermented red snow crab Chionoecetes japonicus sauce

Fermentation period (month)

Groups' 0 , P 3 2
RC15 3.0072a03 2,938 3.07% 3,000 2.87%
popearance 0 3.25Am 3474 2,978 3.10° 3.03¢
RK15 2,008 2508 3.00% 3.57% 3.67%
RK20 2.00% 2.33% 2.63% 3.30% 3.308
RC15 3.00M5r 2,83\ 203 2.93% 2.70°
coor RC20 3.00% 283 2,03 2,83 2.83°
RK15 3.5 3.00 3.30° 3,504 3,500
RK20 3.5 3.00 3.008 3478 3,23
RC15 12500 1678 1.83° 167° 1.40°
RC20 17580 1.838 2178 233 2178
Flavor
RK15 3,508 3.07% 3174 3,530 3634
RK20 3,500 3.07% 3.07% 3.27A® 3,400
RC15 1.250% 2.43% 2.43% 123% 1130
RC20 17580 2,078 2.07° 2.10° 2.00°
Taste RK15 3,504 3,330 3,230 3 57A 3.67%
RK20 3 50m 333 3,23 343 343
RC15 2,405 2.25° 2.21° 2170 2.13°
Overall RC20 2,625 2.48° 2448 2.42¢ 2.38°
acceptance  RK15 3,230 3 345 3,388 3400 3.39%
RK20 3,06/ 3.18" 3.20% 3.258 3,240

' Groups are the same as shown in the Table 1.

2Means with different letters between the different treatments differ significantly (P<0.05).
3Means with different letters between the different storage time differ significantly (P<0.05).
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Table 5. Comparison of free amino acid of fermented red snow crab Chionoecetes japonicus sauce at 4 months

[unit : mg/100 g (% of sum all amino acids)]

) ) Groups'

Free amino acids

RC15 RC20 RK15 RK20
Taurine 55.4(2.1) 49.6 (2.8) 54.7 (2.1) 52.3(2.4)
Aspartic aicd 151.8 (5.7) 0.5 (0.0) 150.0 (5.7) 9.9 (0.5)
Threonine 46.6 (1.8) 8.0 (0.5) 46.1(1.8) 84.8 (3.9)
Serine 84.9 (3.2) 0.0 (0.0) 83.9 (3.2) 0.0 (0.0)
Glutamic acid 197.4 (10.6) 183.3 (10.5) 293.9 (11.2) 293.1 (13.6)
Sarcosine 61.7 (2.3) 63.9 (3.7) 61.0 (2.3) 59.7 (2.8)
a-amino adipic acid 8.2(0.3) 0.0 (0.0) .1(0.3) 1.5(0.1)
Glycine 187.2 (7.0) 191.9 (11.0) 185.0 (7.0) 113.6 (5.3)
Alanine 401.7 (15.2) 184.4 (10.5) 397.0 (15.1) 343.6 (15.9)
a-amino-n-butyric acid 40.6 (1.5) 23.5(1.3) 401 (1.5) 7.1(0.3)
Valine 153.8 (5.8) 140.4 (8.0) 152.0 (5.8) 139.7 (6.5)
Methionine 84.6 (3.2) 86.3 (4.9) 83.6 (3.2) 90.8 (4.2)
Isoleucine 132.5 (5.0) 117.0 (6.7) 131.0 (5.0) 119.1 (5.5)
Leucine 211.3(8.0) 184.9 (10.6) 208.8 (7.9) 200.8 (9.3)
Tyrosine 96.9 (3.6) 75.8 (4.3) 95.7 (3.6) .0 (0.0)
Phenylalanine 160.6 (6.0) 132.7 (7.6) 158.7 (6.0) 146.8 (6.8)
B-Alanine 0.0 (0.0) .0 (0.0) .0 (0.0) 14.9 (0.7)
B-Amino isobutyric acid 6.9 (0.3) .0 (0.0) .8(0.3) 2(0.3)
y-Amino butyric acid 1.8 (0.1) .0 (0.0) .8(0.1) 5(0.1)
Ethanol amine 6.9 (0.3) .0 (0.0) .8(0.3) .0 (0.0)
Ammonia 26.8 (1.0) 101.6 (5.8) 26.5(1.0) 63.4 (2.9)
Ornithine 200.2 (7.6) 174.7 (10 0) 197.8 (7.5) 178.9 (8.3)
Lysine 199.1 (7.5) .0 (0.0) 196.7 (7.5) 199.3 (9.2)
Histidine 41.0 (1.5) 31.7 (1.8) 40.5(1.5) 29.2(1.4)
Arginine 1.3(0.1) .0 (0.0) .3(0.1) .8(0.1)

Total 2,559.1 (100.0) 1,750.2 (100 0) 2,627.9 (100 0) 2,159.2 (100.0)

' Groups are the same as shown in the Table 1.
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