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Abstract: Electrodialysis (ED) was utilized to desa ¢ the entation broth of traditional fish sauce. The results showed that the

content of amino nitrogen, amino acids-and volatile aroma mpouﬁds in the fish sauce at the target salt content of 22%, 20%, 15%, 10%, 5%
and 2% (m/m), decreased nonlinearly with the increasing desalination degree when the voltage was 9 V and flow rate was 4 cm/s in
electrodialysis. When the content of salt reduced to 20%, the loss rate of ammonia nitrogen was 8%, which was relatively low. While the loss

rate of several bitter amino acids in free amino acids, such as tyrosine, arginine, histidine and lysine were high and the quality of all amino acids

in fish sauce decreased when th e of desalination increased, especially bitter amino acids such as amino acid, arginine, histidine and lysine.

When the content of salt reduced to 2%, the loss rate was 51.60%, 49.41%, 42.41% and 31.12%, respectively, and the composition of flavor

me. The relative percentages of acids, ketones, nitrogen compounds and sulfur-containing compounds decreased while the
| butyraldehyde; 3-methyl butyraldehyde and benzaldehyde increased, with the increase of desalination, but were not below
the taste threshold. The results of sensory evaluation showed that when the content of salt reduced to 20%, the electrodialysis desalination had
little effect on the whole flavor of fish sauce, and it was beneficial to the preservation of fish sauce, which could provide guideline for the
production of low-salt fish sauce.
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Table 1 Changes of AAN of fish sauces during ED

A KIREEE o, 5T B 1) RFR BAER BASRMEE
(%, m/m) (%, m/m) /min /mL /(x107g/mL) 1%
25(control) 25.15+0.15 0 1000 0.933 0

2 21.89+0.01 17 1015 0.892 3.00

20 19.64+0.06 44 1035 0.829 8.00

15 15.25+0.01 103 1030 0.805 1111

10 10.30£0.02 150 959 0.798 17.95

5 5.45+0.02 224 894 0.855 18.05

2 2.68+0.01 310 613 1.067 29.85

FERBHE T, BRERER L, RN SRR TEARMLEE IR T o B, N R I R AR,
BRI SUR M E SRR BURT . s R s Hor A R R o b B R AR, oy i Tl R R 1Y

20%(mim)if, EEESBEIHUREN 8%, HXHIL, 18.45%. ZHUSHTHORILEL/G , 0 Fa s P & AR I
FIRARVR AR, R ST VR L f BRI A TR B e SR TR, RE LR N
5%, Mo R FRIR TR E IR B R R R, 4
213 wHATIEAR Y & KB ZIBRA R R HVBHT I Eh bl 2% 0, B S AN
1%, 51:60%- 49.41%~ 42:41%F1 31.12%; RERF VI

T ARSI e T B BRI, G R S, A
R, SHIRAIE IR R IEIRSS . KRR 2R E PURRWHEER, N 22.39%. W4T ST At 52 1)
ek, REER, MER. HEMR. FNER. ZER. pH CRFFHE 5.34~5.63 KNG, LT IR IR A
AR PRER. SRRMBARER, HE pAl HET, RTRE RS B A T B T AR A e A B
M. AR, AR, HaEmALam ek, P BT R1HY FL 85 S 2 [ ) PR AT ELA

%@ﬁﬁﬁ*ﬁﬁﬁﬁ%ﬁﬁ@%*%% iy M R TE R AR5 R SRR AR
HRRINARNER 2 Fs, RARIR, BRI
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Table 2 Composition of concentrationi(x10?g/mL) an d'total méss (mg) of free amino acid in untreated and ED-treated fish sauces by

IS T P i85 AT A% 1) 8 5 AR 2

various salt concentrations (%, m/m) and

*fHE2ZA & 55 &z $HeF &oF $e® s 2 &
FHABRAP K

(25% m/m) (22% mim) (20% m/m) (15% m/m) (10% m/m) (5% m/m) (2% m/m)

TAU 215. 207.06 199.84 192.14 191.21 201.64 259.21
2158.20 2101.62 2068.30 1979.02 1833.72 1802.71 1588.95

& y 699.87 671.45 661.34 650.00 642.03 712.71 911.76
6998.70 6815.23 6794.87 6695.00 6157.07 6121.63 5589.09

______ X 1371.99 1316.28 1291.71 1226.03 1240.63 1364.69 1736.88
13719.90 13360.23 13319.20 13028.11 12297.64 12200.33 10647.07

The 468.76 449.73 440.08 413.14 405.19 429.03 548.21
4687.60 4564.72 4554.83 4255.34 3885.77 3835.53 3360.50

373.79 358.61 345.46 339.81 328.48 340.81 430.42

Ser 3737.90 3639.91 3625.51 3500.04 3150.12 3046.84 2638.47

404.92 388.48 363.08 340.65 334.22 366.36 49491

Gly 4049.20 3943.05 3857.88 3508.70 3205.17 3175.26 3033.80

531.45 509.87 499.82 480.84 474.51 499.83 620.03

Ala 5314.50 5175.18 5073.14 4952.65 4550.55 4268.48 3800.78
TR
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BLER
156.34 149.99 141.09 137.28 133.46 152.53 194.48
fro 1563.40 1522.42 1510.28 1413.98 1279.88 1243.62 1192.16
532.52 510.90 493.93 470.78 493.93 524.80 671.44
vl 5325.20 5185.60 5112.18 4849.03 4736.79 4691.71 4115.93
295.58 283.58 286.62 277.66 259.75 268.73 340.36
Met 2955.80 2878.31 2866.52 2659.90 2491.00 2402.45 2086.41
lle 368.71 353.74 335.07 326.69 318.32 360.30 460.72
3687.10 3590.44 3467.97 3364.91 3052.69 302108 | 72824.21
550.48 528.13 502.19 482.88 47322 531.17 685.69
ket 5504.80 5360.49 5347.67 4973.66 4538.18 444866 4203.28
T 66.31 63.62 56.85 4738 57.97 66.33 “76.83
663.10 645.72 588.40 488.01 93 34 32'.97
Phe 281.67 270.23 233.58 226.71 240. 261.06 %9.76
2816.70 2742.86 2417.55 2335.11 ' m.92 f 2283.88 2021.43
Lys 806.22 773.48 765.62 761.01 73087 738.41 843.90
8062.20 7850.85 7824.17 7638.40 7009.04 6951.39 5553.11
) 182.17 174.77 160.09 154.57 149.09 156.67 171.13
s 1821.70 1773.94 1706.93 1592.07 1429.77 1400.63 1049.03
88.38 84.79 75.75 63.13 76.78 89.86 105.56
A 883.80 860.63 784.01 650.24 86.32 553.35 447.08
Tip 36.79 35.30 34.39 33.59 35.99 39.19 51.18
367.90 358.26 355.94 345.98 335.14 300.36 283.73
218.95 210.06 7.59 186.91 192.25 202.93 256.34
Cye 2189.50 2132.10 y, 1925.17 1883.68 1814.19 1571.36
TAA 7434.90 7133.00 Q@l 6619.06 6587.14 7105.41 8929.60
74349.00 7239995 71252409 68176.32 63170.67 62102.37 54738.45
gtk 2071.86 1987.73 1953.05 1876.03 1882.66 2077.4 2648.64
HIRBR 20718.6 20175.46 20114.07 19723.11 18454.71 18321.9 16236.16
GHEE/% 27.87 27.96 28.23 28.93 29.21 29.50 29.66
193 1856.68 1789.53 1711.72 1675.86 1788.56 2288.045
19352.6 18845.27 18621.64 17630.72 16071.49 15569.73 14025.72
26.03 26.12 26.13 25.86 25.44 25.07 25.62
3208.83 3078.53 2944.09 2844.40 2836.37 3036.52 3736.57
:ﬁf{ﬁ?‘\ 320883 31247.10 30471.33 28897.32 26840.79 26396.49 22905.17
e % 43.16 42.96 42.90 42.39 42.49 42.50 41.84

E: Rl —A#AANESE, EE—ARAGRE(x10%g/mL), TEH—ANRIER F(mg).

22 RS IR AR KM KR AR A R AL

R T [ AR TR AR B UM - BT B 0T H
BRIt B R AT o, AR 33
FhEZRRYG, BLAE 4 PS5 F0EE. 4 FhEH. 8 Fi
B2\ 2 Tl 3 MEESMLEY). 3 FETRIIL G,
2 MISEAE AN 2 B E. TEE T
HH R A £ i P R A URAT S ZE Dk AL

Yo W TR, CHESRL WIR. TR 3-FE
BEME . 2- WA T AN — L5 A L5 Katsuya
Fukami'' %5 DAZ% [ 1 F2 AREAAT 1RG4, UU\J
2-FRSETAME . 2-FFE T 2- Z e Al — FH 3k =i
4 Tl &t 58 REAE XU R TR B 21 1 8 21k
Fo Hodp 2- 2 FEmbme A1 = H 2L =02 A B T B E IR
3@}532 2-FHBEPE | 2- BT 2- £ HEnh g Fl — F L
=TI ARITE 8. 535k, 2-ZFEMEER —
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FH L =0T 0 FR RE R SR T 2 DA R 1T, 17 SR
IERING 4-Meor AL RIBC & . 2-SFEIEnE . 2-7K,
Pl DA S 4% R MR A T P T s AR (1) D6 75 B 730 2- 23
MEmE 5 L = 2- R TG A T PRI XU
2-ZHEMEmE A L =, DL 2- R 2- O
TR SRR R E T

FERIBHT AR, ARSI T AR 5
S EAAFENERES, Rk 3, He 2-Fk
T, 3-HILTEE, RHEE. TR, gamma-CL B,
2,6- LR 2,3,5- = HUALIEIR . HIBEAR. —H
HE RN R R A 8 R 1) T B RS PR e 2-
FROEE TR, 3-FRBE TR AR FR X =t XU 1 70
AR o 2T . R BRG] e A
MIRRE T RS EE R, 28 TR A A ka3
REERAE I RGE L e R R, RO, 1%
-2- ML S A N 2 2 Ji S A FRVB AT AR B s M 3 1)
YIRSy, RN f R R KU R AN s R A SR
AT KR P R BE, 16 5 SR B E A K

P, AERMETHERBRE, BRI, FibH
PR 2= BE A M SR 23R I ST AR AR, (RS s O
KR FE R TESR S N 25% PRI E 20%F B,
A YIEER T BRI B 70 & B 33.67% 8> %2
31.25%, HARMEK gamma- BN H & &
M 0.25%0k/ 22 0.19%, BA 5IER 2,6-— LML
PIFEXS 2 BB 0.48%8/0 2 0.30%, 2,3,5- = HI%&
LR A T S BN 0.44%070 % 0.29%, B
AR O R A N @ N 017% 080> 2
0.14% —HIEZHRIIAEN E 07 EmN 24%F0 %
1.53% - FIE =R AR E 73 2 A 0.89% /> 2
0.76%, < JEBEAE I ] ZES, it £

JARA) 5 (RAE XS %
FE A URA o () 458 2K
P A U AR,
SRS, AR B AT I R T R 2
BLERAT IO iRl SIS HTE I, B vtk B
B IREE /D, SR T B IR EE R SR N B, IR

WL BERIR . BRPIBR . BRI, FRde. Sak T GG R B R A R
A E BRI AR 7 & BAE M shid f rh P \a
R3 TEREENREEZEPESRITHEN AR E
Table 3 Relative percentage of aroma substances in untreated and’ED-treated fish sauces by various salt concentrations
FINE B AT T 28 F /%

RT/min ot 4 AR
25% (3T HR) 22% 20% 15%
RS
3-F 1T B 33£0.02°  0.31:0.01°  028+0.01°  0.17+0.02°
3-ckol FEE , [ 048:002  045£001° 0.4+0.01°  0.21+0.01°
3-FER A FES CH,0S 0.82+0.01° 0.8+0.02° 0.75£0.03°  0.51+0.03°
F OB CsH,00 0.37£0.03°  026+0.01°  024+0.01°  0.21£0.01°
CeH40 0.6+0.02° 1.13£0.02°  121£0.01°  1.39+0.03¢
CH,,0 0.8240.02°  1.99+0.01° 22+0.02°  2.39+0.01¢
CsHgO 0.48£0.01°  0.7+0.02° 0.75£0.03°  0.83+0.02
CoH;50 0.42+0.01*  0.41£0.01°  038:0.01°  0.360.01°
CHO 3.55£0.02°  545+0.02°  6.8240.02°  8.36+0.02°
2-THA C4H;0 2.75£0.01°  2.62£0.01°  2.57+0.01°  2.03+0.01¢
2- B CH,,0 0.52£0.01°  0.47+0.01° 0.4+0.01° 0.2+0.01¢
IR CeH,00 - 8.7+0.02° 9.5£0.02°  10.330.01°
KB CsHsO 0.86:0.01°  0.8£0.01° 0.75£0.01°  0.4+0.01°
T CH,0,  1024£0.01°  10.04£0.01°  9.85£0.01°  7.17+0.01¢
AR C3He0, 3.12+£0.01°  297+0.01°  2.86£0.01°  2.46+0.01¢
2-F R AR C4H;50, 0.95£0.01°  0.92+0.01°  0.87+0.01°  0.82+0.01¢
HTR
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#EER
20.647 TE: C,H{0, 33.67£0.05°  32.7+0.03°  31.25+0.03°  27.74+0.03¢
21.489 2-FHETER CsH,,0 8.67+0.03*  8.01+0.02° 7.83+0.02°  7.36+0.02¢
22.778 IERER CsH,00, 1.37+0.01° 1.34+0.01° 1.29+0.01°  1.24+0.01¢
23.967 4-% HORBR CeHjp0,  13.64+0.03*  12.41+0.02°  9.08+0.03°  6.91+0.02¢
24.719 3-F AR ER C¢H,,0, 0.39+0.01° 0.34+0.01° 0.2+0.01° 0.19£0.01¢
EES
2.705 LB TS C,H;0, 3.1440.02°  2.96+0.01° 2.940.01° 2.85+0.01¢
22.152 TN B CeH,00, 0.25£0.01*  0.23+0.01° 0.19£0.01° _0.15+0:01¢
14.152 2,6- = Holkoh C4HsN, 0.48+0.01*  0.42+0.01° 0.3+0.01° 0.17+£0.014
15.484 2-TH-6-F Hotkks CH;oN, 0.44+0.01°  0.39+0.01° 0.29+0.01% 012 d
15.962 2,3,5-= % Hobek C-H;oN, 0.29+0.01°  0.25+0.01° 0.16£0:01° .13+0.01¢
1.758 — W AR C,H¢S 0.17£0.01*  0.16£0.01* % 0.14£0.01°  0.12 ¢
6.79 —WH C,H¢S, 2.41+0.01 1.64i0.01b' “1353+0.01°  1.08+0.01¢
15.179 WK = C,H,S; 0.89£0.01*  0/84+0.01° 0.76=0.01° " 0.55£0.01¢
26.174 KM CHN 0.2+0.01° 025+0.01"  0.28+0.01°
27.476 EEy C¢HsO 31+0.03° 1.33+0.01° 0.87+0.01°  0.69+0.01¢
ek ;
3.656 2-T ekl CsHO 0.71+£0.01* . 0.6840.01° 0.55+0.01°  0.47+0.01¢
29.612 1= 3-2-wkek )2 B CsHyNO Y 0.2+0.01° 0.21£0.01*  0.25£0.01°
Rl P BREBRSA T EE/%
mn = - 10% 5% 2%
Bek
11.057 3-FH-TE 1 /0152001 0.1320.01° 0.120.01¢
21.379 3erk ) F B CsHq0s 0.19+0.01°  0.17+0.01  0.15+0.02¢
22415 3-F B A B CH,0S  0.42+0.01¢ 0.4+0.01¢ 0.39+0.01¢
25.895 KeE CgH,,0 0.19£0.01°  0.18+0.01° 0.16£0.01°
7
- (73 CeH,4,0 1.91£0.01°  2.07x0.01"  2.37+0.02¢
3@ 3-9 4k C;H,,0 3.33£0.03°  3.51+0.02° 3.87+0.028
( 57 (B)-2-F #-2-T Mt CsHO 0.87+0.01°  0.92+0.01°  0.94+0.01°
15.66 £33 CoH,g0 0.17£0.02¢  0.16+0.01¢ 0.14£0.01°
18.554 KB C;H:O 8.95+0.01°  12.22+0.02"  15.58+0.028
e
2857 2-THR C,H:O 1.58+0.01° 1.5+0.01° 1.4+0.018
10.24 2- 3B C;H,,0 0.17£0.01°  0.15+0.01° 0.1£0.018
12.98 IRTER CsH,00 10.39+0.01¢  11.5+0.01° 12.2+0.01°
21.146 K ZHR CgHO 0.34+£0.01°  0.33+0.01° 0.33+£0.01°
i ES
17.027 B C,H,0, 535£0.01°  6.15£0.01° 3.77+0.018
18.88 LTy C;H:0, 23240.01°  2.14+0.01° 2.0£0.018
TR
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LR
19.484 2-FH AEL C4H{0, 0.82£0.01  0.8+0.01° 0.79+0.01°
20.647 T CiHgO,  24.38+0.03°  23.1120.03"  23.92+0.032
21.489 2-FATER CsH,,0 6.55+0.02° 6.12+0.02° 6.01+0.028
22.778 IE B CsH; g0,  0.98+0.01°  0.68+0.01° 0.5+0.018
23.967 4-F HRE C¢H,,0, 6.4440.02° 6.11+0.02° 5.46+0.018
24719 3-F A RER CeHpO, 0174001  0.13£0.01° 0.1£0.01°
iEES
2.705 LB LB C4H:0, 1.9+0.01° 029+0.01"  0.2120.018 | 4
22.152 TN B C¢H,00, 0.13£0.01°  0.11+0.01° 0.1+0.01°
14.152 2,6-=F Hhotkok CeHsN, 0.16£0.01¢  0.15+0.01¢ 0.13+£0.01°
15.484 2-TH-6-F Hoilok CHyoN, 0.1+0.01° 0.08£0.01" = 0.06+0.018
15.962 2,3,5-= ¥ jkoitea CHyoN, 0.1£0.01°  0.09+0.01° 8+0.01°
AERFE - ’ ________________
1758 e CHS 0.1:001°  0.09£0.01% “0.07+0.01¢
6.79 —WA R C,HeS, 1.030.01° 1.0+0.01° 0.8+£0.01¢
15.179 —WE = C,H,S; 0.47+£0:01° 0.4+0.01" 0.35+0.018
26.174 BN oy CsH;N 9+0.01¢ 0,41% 0.43+0.01°
27.476 Ky CeHO 0.514£0.01° 0430 0.38+0.012
bk
3.656 2-THrkrh C¢HsO 0.43+0.01° 0.4+0.01" 0.39+0.01
29.612 1-F H -2 vkl ) CsH, 0.28£0.01° ,  0.3£0.01¢ 0.34+0.01°
x4 BHRBITEER
Table 4 Sel of ED-treated fish sauce
Bl #7282 (%,m/m) IRk /m) Rk £ MRS EY 2
25(control) 25.15+0.15 1.43+0.04° 210°
22 21.89+0.01 1.50+0.07* 200°
20 4 19.64+0.06 1.53+0.04° 189°
15 15.25+0.01 4.67+0.02° 129°
10 10.30+0.02 6.00+0.04° 100°
\ 5 \ 5.45+0.02 7.67+0.034 60°
2 2.68+0.01 8.00+0.07 42°

E: B5] N BRI F RS £ 52 % (p<0.05).
1 5 2 [ UK 22 S Bt o Mo SR A2 R R 3G I 384 hm e >4
23 RBATRL LN ATRE &R Eh AR 25%MEILE 20%(mim), HLIBHT A ER
X EEYE AT Eh SR AT IR E VAN, S5 R0 4 B, FRFE S AR AR ) 1 FE R B 2 . UG E
FEN 25%M AR g AL F RO 22% A0 B2 15%(mim)ist, 250078 1 BB AT Ab 3 £ 7R 1) X
0%(m/m) () FL VB AT A 3P £ 5 A i 2 TR PR R i i W, XA RESE HLIBHT A EE ) £ 28 S A XU
WA REZER, XARERE RN NS A ] Th B VIR R B 22 R 45 2R
R RE RS o 80 T2 18%(mim) i Eh &), 24384 3 L
R 15%(m/m)i, FLIBHT AR EE £ % 1) RV o B I 2
&ﬂc- e e Bl 2 - NN I iR E A 3.1 HEBHTHEORAT LA T g it . SR st
ST R TG 2 B AR AL EE ) £ F AL IS AT A ) FARAMU M7 R 2R dh, 1 H S BEEE R AR5
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MG EEIR B Bk - IR A BB i s 2 13,
PAIRIGNN, MR A BN 20%K0), ZIEEEEHA
HH 8%, WRFMNEAR L JF A BT R
10%, HIZWEK; o g b A 2 R IR N o &R i
EFEREIG NI BRAG, SREILIRI IR . MR, 4
RIRAR R RAC AW s 1B, 552 F3a EH B TR
W, HMHREKR, UHEBNREZEHREEN 2%
i, HREREESAN 51.60%. 49.41%. 42.41%
F31.12%; BEBRHEVILGE RS, SN E N RIT
B T EHARN L Z , BRI, 5 22.39%.
FERNE IR B 2- I T I, 3-FRE T R AR
FIXTE S EIngh, RIS, 2. SR E2
A PIRIAERT E 232 BB SR AR L R i B4,
WEA YR T RE, BARKE gamma- A B,
BARIERE) 2,6-— HEEMEEFT 2,3,5- = FJkE M5
TRBIR, BABEERE I, R R
THEERESRYN, (EARMKTHERRE, H
%Eﬁ%TE DRI AN 52 i LR 1) £ 5 XU . 5 2R
T 25%PBFMIRE 20% M B, AT WERRR I T BR XA
ﬁEAAEM3%WMM> 31.25%, BA RN
gmmwaW@ﬁwwﬁiW“AEAAO%%md>
0.19%, BAHIEWRA 2,6- — FSEMEBR AN 7 204
M 0.48%8 /D 0.30%, 2,3,5-= FF LR AN F 4
EEM 0.44%I/D0FE 0.29%, HATEARK $A
mﬁﬁﬁAAEMOU%H¢§0MA\Q

wﬁE/AEMow%Hhﬁom%,zEku~‘
IRER:, B0 ER2 14k 38 o IURAI) SR ARG BT 20
IR EZ .

32 %TREMﬁ%% £ g TR A, AR

ﬁ@a EﬂiLﬁ,%%*'ﬁ%$%8%,ﬁ
jg g BBV LR 2, AT

(4Kt BB PR S

33 ARHI S IR Rt T A,

T
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