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Abstracts

A Taguchi robust design method with an L, orthogonal array and larger-the-better characteristics was implemented
to optimize experimental conditions for the hydrolysis of raw anchovy using a pressure-assisted enzymatic reaction
method. The degree of hydrolysis (DH), nitrogen recovery (NR) and yield were considered as the response param-
eters. Pressure, reaction temperature, reaction time, and mixed enzyme amount were chosen as control parameters.
As a result of the Taguchi analysis in this study, the pressure was found to be the most influential parameter on
DH and NR. The amount of mixed enzyme in the reaction also had a significant effect on DH and NR. Meanwhile,
the optimum values were confirmed to be similar at 95% confidence and 5% significance level through analysis of
variance (ANOVA). Furthermore, new hydrolysates at optimum conditions and control hydrolysates at atmospheric
pressure were compared in terms of the DH, resulting in the improvement of DH by more than 52.6%.
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Table 1. Experimental results and SN ratio according to orthogonal array with control factors and levels
Inner array DH (%) NR (%) Yields (%)

No. pressure Temp. Time Enzyme" SN1 SN2 SN3
e e e RILR2RS RI R2 R3 RI R2 R}

1 50 40 12 0 13.99 1523 13.56 23.05 40.30 40.68 3930 32.06 8630 44.77 6239 3528
2 50 50 24 1 1825 19.89 20.01 25.73 58.15 60.03 59.67 3546 74.15 5840 6335 36.17
3 50 60 48 2 1833 1823 1896 25.34 5320 52.60 51.80 3441 67.76 58.66 6623 36.10
4 75 40 24 2 2540 23.10 2396 27.64 70.12 68.15 69.30 36.80 7091 81.28 7823 37.66
5 75 50 48 0 20.12 1938 21.85 26.18 6135 65.55 58.14 35.77 50.34 6438 6526 3537
6 75 60 12 1 28.32 2732 29.63 29.06 80.23 81.01 81.96 38.18 71.94 90.62 7245 37.73
7 100 40 48 1 2499 2635 2536 28.15 76.70 76.08 79.05 37.76 47.99 7997 62.56 35.50
8 100 50 12 2 27.82 25.68 2536 2837 7885 76.08 77.04 37.76 98.62 88.99 7823 38.83
9 100 60 24 0 21.02 20.05 21.52 26.38 62.59 64.56 60.15 3590 7558 6726 6823 3691

"Mixed enzyme (Alcalase® 2.4 L:Flavourzyme™ = 1:5).
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Fig. 1. Profiles of free amino acids of pressure-assisted enzymatic hydrolysates of raw anchovy and two commercially available
anchovy sauce. *A: Changnyeong fish sauce, B: Myeolchi aekjeot (fermented anchovy sauce), 1-9: Experimental no. in Table 1, *°: Means
with different superscripts above the bars are significantly different. “*: Significantly different in groups (experiment no.).
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Fig. 2. Means of SN ratios and optima of design variables (circles) according to degree of hydrolysis (DH, %), nitrogen recovery
(NR, %) and yield (%), respectively. A: DH, B: NR, C: yields. *---: average of SN ratio.



304 el - B - ol - oA - 2FE
Table 2. Analysis of variance for SN ratios
Source DFY SS? MS? FY pY
Pressure 2 17.0864 8.5432 42.12 0.002
DH Mixed enzyme 2 9.9016 4.9508 24.41 0.006
Error 4 0.8114 0.2028
Total 8 27.7993
Pressure 2 18.7225 9.3612 35.63 0.003
NR Mixed enzyme 2 10.2262 5.1131 19.46 0.009
Error 4 1.0511 0.2628
Total 8 29.9998
Pressure 2 2.6935 1.3468 2.63 0.276
Time 2 4.3549 2.1797 4.25 0.190
Yield Mixed enzyme 2 4.3291 2.1646 4.23 0.191
Error 2 1.0245 0.5123
Total 8 12.4065
YDegree of freedom.
?Sum of squares.
Mean square.
“F-value.
“P-value.
100 - & UepIAT S8 A9ole AN 250} p ol
o [ MPredeen . 0058T} 7] AR O Folghg HolFA et of
w | NEEeTen § cd R AMLS $88 BANSE APee AL AxT B
o | \ 271 J&E HojErh
_ 37 54 wpek A B A 9] de(EE 60°Cet
< 60 _ o - _
% 42 100MPaS & AN 2AME FAX)S Zesle] HA
g% 702 {FEE 75MPa, W% 50°C, WHg-AIZF 12h,
& a0 | EGATE 1%=2 A3t oS53 g o] A= 3
o s 3] Wk AR k2 v wEIchFig. 3). Fig 3049 2
0 | ‘T\\ oI NR % DHol Bfol A7 S AT gt 2
ol \ 00 . AARAD, ol AL 5806 B
) . \ \ EA K142l Aol g wof vl PN
DH NR Yield IS IR F AT o9 2 Ad= vH A7
Fig. 3. Comparison of predicted values (degree of hydrolysis, oM &8 B4 HEE A5 E=elte 49
nitrogen recovery and yield) and experimental results at 9} 2 )3t}

optimal condition (Pressure; 75 MPa, Temperature; 50°C,
Time; 12 hrs, and Mixed enzyme; 1%). *Values are the means+
SD of three determinations. ““Means with different superscripts
above the bars are significantly different.

01 7Jr7Jr 0.002, 00060113} w}ﬁw °‘€%‘J+

ZAEM gl M 51}

T2d HF 7oA Axd AEx agrteRe S
Al E2] 78 2 A K o] FHEAOE Table 300
R, pH, 9% 2 £84 I E %S UEhE °Brix
2 345t JERNRIA, Table 40ll= frelobr|=1ts 5
g sted e ATt

TE (.73£0.010]A

Table 3049} 7Zo] 7Rl & ?-%‘
3 7};<q o}°ﬂ A%k

W ol £ HFS FAA
S 92 7k B o

15
gl ABA MR B AVY F 912 5% oy
o wheb FA7)EE 2AY 5 glow)e) Bekse
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Table 3. Proximate analysis of two commercially available anchovy sauce and pressure-assisted enzymatic hydrolysates at optimal

conditions
Moisture Protein Lipid Ash Salt o
Samples (%) (%) (%) (%) pH (%) Brix
Fish sauce 55.94+0.19" 11.35+0.35 0.12+0.01 23.80+0.65 5.85+0.01 22.37+1.53 33.93+0.25
Aekjeot 56.75+0.27 7.52+015 0.02+0.00 28.82+1.15 5.83+0.01 23.74+1.23 33.13+0.19
Hydrolysate 93.48+0.13 4.90+0.05 0.03+0.00 0.41+0.57 6.45+0.01 0.73+0.01 7.60+0.02

YValues are the means+SD of three determinations.

Table 4. Free amino acid compositions of two commercially
available anchovy sauce and pressure-assisted enzymatic
hydrolysates at optimal conditions

Amount" (mg/L)
Amino acids

Hydrolysate Fish sauce Aekjeot

Aspartic acid 2727.49 - -

Glutamate 2663.96 - -

Asparagine 242.75 1182.12 -
Serine 1817.53 1123.25 118.97
Glutamic acid 2935.50 1150.79 533.12
Histidine? 1252.40 213.67 144.59
Glycin 1206.70 670.26 272.55
Threonine? 1772.19 489.23 203.93
Arginine 2701.13 1823.12 92.85
Alanine 2842.98 1845.05 642.91

Taurine 630.45 - -
Tyrosine 512.79 62.12 54.39
Valine” 2207.72 687.55 405.21
Methionine? 1342.34 269.22 208.04
Tryptophan? 5323.76 - 314.76
Phenylalanine® 1751.48 325.56 301.89
Isoleucine” 2155.26 462.53 380.37
Leucine? 3535.51 622.59 571.09
Lysine? 3249.80 1346.00 985.51
Proline 639.28 393.87 113.27
Total 41511.03 12666.93 5443.15

YValues shown are the average from two replicates.
JEssential amino acid.

Aoz g R o2 4o (Schindler et al., 2011; Yun et al.,
2015) glutamine, arginine, glysine %3} lysine % tryptophan
o] Z}z} 2935.50, 2701.13, 1206.70, 3249.80 % 5323.76
mg/LOZA] Al HXA] o7 A °“3i°ﬂ*1 Ho}p & Fo
i7}7¥31 238 o FHE ASE UEhY, 7hEESl

9] FHSAEA Y TS -Q‘Jf_‘a T UL B
oftg} 4 ofn|ite] A ow FF 7o E A E
2 A7 4u), AA R 138 o FHESAT 2 ofr
AP F e IgEAT R E > o7 > 9319
SAE o] AT ZYE AR S-S Table 39
Aol ekl A heFat fAFste] A th o] ofn=4ke]
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