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Optimization of the Manufacturing Process for Boiled-dried Anchovy Using
Response Surface Methodology (RSM)

Hyun-Jin YOON - In-Tac HAM - Jin-Soo KIM - Jong-Duck CHOI*
(Gyeongsang National University)

Abstract

This study was to optimization of the manufacturing process for boiled-dried anchovy using response
surface methodology (RSM). The independent variables in the central composite design for boiled-dried
anchovy manufacturing process were selected as salt concentration (X;, %), dry temperature (X, C) and
dry time (X3, h). The dependent variables were chosen as moisture content (Y;, %), water activity (Y>)
and WPS (Y3, %). The result of this study, Optimum conditions of X;, X, and X; were 5.41%, 22.09TC
and 17.86 hour respectively. Under the above optimum conditions, the predicted values of Y, Y, and Y;
were 17.28%, 0.750 and 23.19%. Experimental values of Y; Y, and Y; were 17.40%, 0.742 and 22.84%
respectively. There was no significant difference on Y, Y, and Y; between predicted and experimental
values.
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I. A= 3 2
1. ZH=2

B 23 ARE-$H AYH X|(Engraulis japonicus)i-
2016 3€ AAEE TG NNAPAFALT ez o
Fato] FA] d5& AR ofe]2BtAE 0] 831
APAR A Agsedh A2 10.1-134 cm
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Cleanwrap Co., Seoul, Korea)oll 300g ) >73}oq
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o | Salinity condition :
Boiling 1,3,6,9 11 %
Cool-air | Drying temperature :
drying 8.2, 15, 25, 35, 41.8 C

Drying time :
6.6, 10, 15, 20, 234 h
Separating

Packaging

* Storage temperature :
-20, 5,20 C

Storage

[Fig. 1] Manufacturing process of the boiled-dried
anchovy.

3. RHESEN

(response surface methodo

logy, RSM)

=83 A S (central composite design)ell 2] st
S0s (E vHEEA AzZEEN Fed
W 5, 9% (1-11%), A% (8.2-41.8T), 7
ZAIZE (6.6-23.4417H 3 e 3gE 07 AHEA

i, °o]F SHAZ FE3leto] <Table 1> e}

<Table 1> Experimental range and values of the
independent variables in the central
composite  design for  boiled-dried
anchovy manufacturing process

Range level

Independent

. Symbol
variable 21682 -1 0 41 +1.682
Salt

concentration X 1 3 6 9 11
(%)
Dry

temperature X, 8.2 15 25 35 418
(C)

Dry time (h) X3 6.6 10 15 20 234
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(<Table 2>).

<Table 2> Central composite design of independent
variables and responses of dependent

variables for boiled-dried anchovy
manufacturing process
Run Coded levels of variable Coefficients
no. X1(%) X(C) X3(h) assessed by
1 3 15 10
2 9 15 10
3 3 35 10 .
Fractional
4 9 35 10 factorial
5 3 15 20 design
8 point:
6 9 15 20 (8 points)
7 3 35 20
8 9 35 20
9 1 25 15
10 11 25 15
11 6 8.2 15 Star points
12 6 41.8 15 (6 points)
13 6 25 6.6
14 6 25 23.4
15 6 25 15
16 6 25 15 Central .pomts
(3 points)
17 6 25 15
Xy, (salt concentration, %), X, (dry temperature , °C), X;
(dry time, h)
Y, (Moisture content, %), Y, (Water activity), Y3
(WPS, %)

T
WPS (%) 123l FHel 3k
(e}

2] B i E} (mg/kg)d} 2L 4FdEHoF
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program o] §3kglom], HFMEL T
7t #AI= Maple softwareS ©] 231t}
m. 2 o
1. DIESA(Of oiet =W - 2 7[& A
Al npEg x| ) AL A EokEold
29 A5 A (KMEDS, 2015), FFA/=5 4
AEELR A FAET FASLES FH

% A57]=Ministry of Oceans and Fisheries,
2014), AFAT AL F-S] KS TFE(KATS, 2011),
SYHFAEF AT ANFQS, 2016)=
=A AL vl FDATFAUS FDA, 2015),
CODEX 717(CODEX, 2003)2 *Alsle] 1 A}
£ <Table 3>of YeRGILE w2 Ao digt =
W AT A8 A 8| AEI200
ZJE]OJ Ml, T)\]'
AF-71E8
id/ﬂr*g 3710 ﬂMO%

Ks%ﬂ(KATs 2019 A9

sy

Al :f
A

st tAe] B FEdd, 95 A
874 T 9 sl 3 e 4316l st
= ol Stk
2. OIEHX| HZo| 37etFAl
ntE2E 0] AZxE 93 59 (oﬂﬂE’ A
]



<Table 3> International and domestic standards on boiled-dried anchovy Engraulis japonicus

Domestic standards International standards
Korea National
Ministry Ministry of Ministry of Fishery US Food and FO(?d and
Trade, Products Agriculture
of Food Oceans and . Drug .
Industry and S Quality .. . Organization
and Drug Fisheries Administration
Energy Management (FAO)
Safety .
Service
Korean Standards on CODEX
Korean Industrial Quality of Notification (Codex
US Food Cod . .
Food Code Standard Seafood 2016-3 ood Lode Alimentarius
(KS) Product Commission)
Less than Less than
Moisture 30(Less than  30(Less than
content (%) 35 in very 35 in very
tiny size) tiny size)
Water activity - - - - Less than 0.85  Less than 0.75
Salinity (%) - Less than 8 - - Less than 10 Less than 15
Water phase
y - - - More than 2 -
salt (%) ore than 20
Acid-insoluble Less than
ash (%) - 10 - - - Less than 1.5
pH - - - - Lower than 4.6 -
Yeast & molds Less than Under than
(CFU/g) 1.0x10° 1.0x10°
Different size and - Less than 5 Less than 5  Less than 5 - Less than 25
breakage (%)
. . Less than
Histamine(mg/kg) 200 - - - Less than 50 Less than 100

YProcessors of uneviscerated finfish products must demonstrate a process that results in either a water
phase salt level of at least 20% or a water activity below 0.85 or a pH of 4.6 or less.

Jt A= <Table 4>8}F Zth o5 SHWHF
(P%, dx2E 9 dAxAhe S5 F
W, TR 9 WS dAE AdE RA o
MINITAB %7 2138 o]&£3le] RSREG
(response  surface  analysis by least-squares
regression) & HAIRH U g, FuEAd 9
WPSell tish 359 SH¥F A3 dAE 4
7} 32k =213kst AP [Fig 2], [Fig. 3], [Fig.
4194 2t

<Table 8>¢] A L& o] {3kl MINITAB
progrom®] RSREGZ %, &34 % WPS9 [Fig. 2] Response surface plots for optimization of

3

A2} (linear; X, X), ©]ZH8 (quadratic; X2, moisture content in boiled-dried anchovy

o manufacturing  process. Y; (Moisture
2y ol w18k _ . 7 7Fe ol .
Xo) B AR (cross-product; XiXo)? &= o1¥ content), Xi, (Salt concentration, %), X,

74A 22k B A Y] AgEdt ol #9 (Dry temperature , °C), Xz (Dry time, h)
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<Table 4> Central composite design of independent
variables and responses of dependent

variables for boiled-dried anchovy
manufacturing process

Run Factor Response

no X Xo X; Y, Y, Y;
1 3 15 10 4292 0918 4588
2 9 15 10 39.73 0.903 16.41
3 3 35 10 1848 0816 11.49
4 9 35 10 1425 0782 3596
5 3 15 20 24.33 0.851 9.65
6 9 15 20 2298 0.834 263
7 3 35 20 10.59  0.574 11.59
8 9 35 20 9.88 0.551 45.65
9 1 25 15 26.15 0.769 2.61
10 11 25 15 19.32 0.738  33.65
11 6 8.2 15 46.95 0.961 9.97
12 6 41.8 15 2191 0.661 20.93
13 6 25 6.6 38.27 0.948 12.16
14 6 25 23.4 14.15 0.715 29.43
15 6 25 15 17.13 0.745 24.97
16 6 25 15 17.46 0.744 24.94
17 6 25 15 17.22 0.744 25.2

X,, (salt concentration, %), X (dry temperature , °C), X;

(dry time, h)

Y, (Moisture content, %), Y> (Water activity), Y3

(WPS, %)

[Fig. 3] Response surface plots for optimization of
water activity in boiled-dried anchovy
manufacturing  process. Y,  (Water
activity), Xy, (Salt concentration, %), X,
(Dry temperature , °C), Xz (Dry time, h)

[Fig. 4] Response surface plots for optimization of
WPS in boiled-dried anchovy manufacturing
process. Ys (WPS, %), X;, (Salt
concentration, %), X, (Dry temperature |,
C), X3 (Dry time, h)
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<Table 5> Estimated coefficients of fitted quadratic polynomial equation for different response based on

t-statistic
Y. Y Y3
Coefficient P-value Coefficient P-value Coefficient P-value
Intercept 17.6267 0.000 0.7458 0.000 24.8732 0.000
X -1.5352 0214 -0.0103 0.067 10.1717 0.000
X, -8.7042 0.000 -0.0943 0.000 4.8241 0.001
X3 -6.4557 0.001 -0.0733 0.000 3.9170 0.003
XiXi 0.7034 0.587 -0.0019 0.723 -1.8790 0.086
XX 4.8382 0.006 0.0184 0.010 -2.8265 0.020
X5Xs 1.9320 0.162 0.0256 0.002 -0.9368 0.352
XX -0.0500 0.974 -0.0031 0.631 3.7938 0.011
X1 X3 0.6700 0.662 0.0011 0.862 1.8387 0.143
XX 2.8850 0.090 -0.0421 0.000 -0.6088 0.602

X, (salt concentration, %), X, (dry temperature, °C), X3 (dry time, h)
Y: (Moisture content, %), Y, (Water activity), Y3 (WPS, %)

<Table 6> Response surface model for processing conditions of boiled-dried anchovy manufacturing

process
Responses Quadratic polynomial model R? P-value
17.6267 - 1.5352X; - 8.7042X, - 6.4557X;3 + 0.7034X,> +
Y, ) ) 0.869 0.000
4.8382X," + 1.9320X5° - 0.0500X;X, + 0.6700X:X; + 2.8850X,X;
0.7458 - 0.0103X; - 0.0943X, - 0.0733X; - 0.0019X;> +
Y2 0.0184X,> + 0.0256X5% - 0.0031X;X; + 0.0011X;X; - 0.0421X,X5 0.978 0.000
. + . + 4. + 3. - 1. 2 .
Ys 24.8732 10.1717X, 4.8241X, 3.9170X3 1.8790X, 0.930 0.000

2.8265X,” - 0.9368X5> + 3.7938X,X, + 1.8387X;X; - 0.6088X,X;3

X, (salt concentration, %), X, (dry temperature, °C), X5 (dry time, h)
Y, (Moisture content, %), Y, (Water activity), Y3 (WPS, %)

<Table 7> Briefed response surface model for processing conditions of boiled-dried anchovy
manufacturing process

Responses Quadratic polynomial model R? P-value
Y, Y = 17.4325 - 8.7042X, - 6.4557X; + 4.8382X,° 0.869 0.000
Y = 0.7458 - 0.0943X, - 0.0733X; + 0.0184X,” + 0.0256X5>
Y 0.978 0.000
: - 0.0328X,X;

Y = 24.8732 + 10.1717X; + 4.8241X, + 3.9170X; -
2.8265X,% + 3.7938X,X,

X, (salt concentration, %), X, (dry temperature, °C), X5 (dry time, h)
Y: (Moisture content, %), Y, (Water activity), Y; (WPS, %)

Y; 0.930 0.000
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<Table 8> Analysis of variance (ANOVA) for
response of dependent variables (Y1,

Y2, Y3)
Respo Sources DF SS MS F-value P-val
nses ue
Model 9 198246 220273 1278 0.001
Linear 3 1636.04 545348  31.63  0.000
Y,  Quadratic 3 27622 92.072 534 0.032
(“tﬁff E:;;fm 3 7020 23399 136 0332
conte
nt, Residual 7 12070 17.242 - -
%)  Lack of fit 5 120.64  24.127  829.12  0.001
Pure error 2 0.06 0.029
Total 16  2103.15 -
Model 9 0221202 0.024578  79.08 0.000
Linear 3 0.196194 0.065398  210.43  0.000
v, Quadratic 3 0.010724 0.003575  11.50 0.004
(Wate ft"’ss'p“’d“ 30014284 0004761 1532 0.002
r
activit Residual 7 0.002175 0.000311 - -
Y lack of fit 5 0002175 0.000435 130488 0001
Pure error 2 0.000001 0.000000 - -
Total 16 0.223378 - - -
Model 9 218926 243251  24.46 0.000
Linear 3 194034 646780  65.04 0.000
Quadratic 3 103.77  34.590 348 0.079
y; o Crossprodu s is 4g3s4 487 0.039
(WPS ¢t
» %) Residual 7 69.61 9.944 - -
Lack of fit 5 69.57 13914 687.66 0.001
Pure error 2 0.04 0.020
Total 16 225887 -

- 1990 -



MEEA AEE O FREF WeuY
44 e A3 ol¥E Urhit Ag Ao

% (lack of fit test)®] p-value: 0.001S LFER]]
o] 0.05HT} Hol AAE RBIFo] AAFA Y=
Aoz yepgod, A4AF R)7F 0.869= 1]l
717k model #ke] 0.000°.% 0.05K.T} Sto} Al
AR Rl ezl kot Ae Jow
Uebth ehEEA] AlxE 9l Rl vk
SR WA 2dY AP oFE YEds
Ast Aol #HF (lack of fit test)®] p-value:
0.001%2 0.05K.t} wro} A7l REo] ¢hdsHA|
U Zoz yelgod, A3AF R)7F 0978
24 19 77 model #t°] 0.000°.% 0.05X5
o} sro} AAE whERgo] edstA] kot A
shal o7 yepgth T nfEdEa] AFE 9
& WpSe HhSmE upgAl mulo] AsA o]k
= vellls A% 49 75 (lack of fit test)<]
p-valuex= 0.001% 0.05KHT} Yo} dAE RFHo|
eHdatA] o Ao vehgod, ARAT (R
7} 093022 19 7}7F-™ model k©] 0.000°. =
0.055.t} wro} 7| wkgR o] st do
v Agst Ao Yebstth

glé
2 g
e
it
)

Y| M= =A FHH™

5t

<Table 9> Optimal condition of multiple responses
for processing conditions of boiled-dried
anchovy manufacturing process

; Critical value
Dependent QuadratlAc .
. polynomial Predicted
variables model Coded  Uncoded
X, 0.3394 7.01 Y : 16.98
X, 04948 2005  (Moisture
content,
X3 0.9200 19.6 %)
Xy 1.5252 10.58 Y, : 0.769
X, 1.6330 41.33 (Water
Multiple ..
P X; 08382 1081 activity)
response
optimizati Xy 1.5179 10.55
on X, 1.0106 1499 Y3 © 2688
(WPS, %)
X3 -0.3152 13.42
X, 20.1974 541 Y, : 1728
X5 -0.2911 22.09 Y, : 0.750
X5 05714  17.86 Y3 2319
X, (salt concentration, %), X, (dry temperature , °C), X3 (dry
time, h)
nEnd Aze Feewd 44 9 Az

uncoded value® ?}’?}0}1—
4133C 9 1081A1%F o]Qlt} o]

10.58%2] &A=

4133C 2 1081A17F &

2 Az A4 s

o ALe

ot ehEEA] Az WPS FHA
9 AZXAIZFE coded valueZ
-1.0106 ¥ -0.3152°]%2, ©]& uncoded valueZ
akshs A9 47 10.55%, 14.99C 4 13.424]

ZHlgit) ol 27 5, 10.55%2] Aol Ak
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<Table 10> Experimental and predicated results of
verification under optimized conditions

Predicted E imental
Dependent variables recicte xpenineia
values values
Y: (Moisture 17.28 17.40+ 0.32
content, %)
Y, (Water activity) 0.750 0.742+ 0.06
Y; (WPS, %) 23.19 22.84+ 0.18

HA A, AFXAZ W ARLEE H 4319
VHEEAE AR FEEE, FEgd 3 WS
Y7} 17.40%, 0.742 2 22.84%F o =32]¢] 7}

7%, 98.9% H 98.5%°l dlFate] oS5}

N
=
S

23] el Zol7} At

oldel Astz ulgo] mol AAY wgEW
wee vlews) Az 9% 44 wdole} @
RS

(Y1, %), =249 (Yo,
SEHTE ST X, Xo, X539
A AL Z47F 5.41%, 22.09C, 17.86h ©] 31t}
ZA94 Yy, Y, Y:9 dASHE 17.28%,
0.750, 23.19% ©°lar, AAZL 17.40%, 0.742,
22.84% ©IATE Yy, Ya, Y3 AS# @ A&
1] zpol= Ak o] S =y mpEEA ¢
shaF 71591 30% ©vlnkell Agtei o, thu]
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