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Browning Characteristics of Ssamjang during Storage
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ZDept of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea

Abstract

Ssamjang samples were prepared by central composite design for five independent variables, Gochujang
mash aging period (X)), Doenjang aging period (X»), Doenjang content (X3), sterilization temperature (X4)
and storage temperature (Xs). Browning characteristics of Ssamjang were analyzed such as water activity,
free amino acids, free sugars and color during storage. Water activities of Ssamjang were ranged from 0.605
to 0.666 at the beginning of storage, and were shown to be the highest at the 8th week of storage and then
decreased gradually. Among free amino acids the content of glutamic acid was the highest. Proline, leucine,
phenylalanine, lysine and serine were slightly higher than the others. Larger amounts of free amino acids
and free sugars were observed from the sample sterilized at 60°C when compared to that at 70°C. Glucose,
fructose and maltose as free sugars were identified from Ssamjang and glucose content was the largest among.
During the storage, lightness (L°), redness (a“) and yellowness (b*) of Ssamjang were decreased and total
color difference (AE) was increased. The color changes in the sample surface were more affected by tem-—
perature of which storage temperature was more influenced than sterilization temperature.
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Z3 EA, AAG, 5 P ATl et o,
EF 92 fructose, glucose, sucrose, maltose+ Sigmas}t
9] A& AFg3Fsd 2 v, maltotriose= AcrosAte] Al ekS-
Abgatd L, o] A4 o FEol AH2-E acetonitrile?}t FF
2% HPLC grade(JT Baker Co., USA)E A48ttt
o #4 AFE 1F A ek

Hh-g-o] BA S A B 9
= HAARX), 9% s4d
Xo), B4 e (Xy), ATFLEXY, AFLE(X)Z A A
3t & EA =2 7389l Stat-graphic Plus(Ver 5.1: STSC
Inc., 2001)5 o]-43}e] F413HAd A& A8 ¥ (central com-
position design)(6)el] @z} Table 1, Table 22+ Zre] A A3}
A w3 AY Mol FEE AR b 2 AU S ws)
o) A#PAE Hetslr] 9 &l Sigmaplot program(Ver 8.0)
< 3] polynomial regression ¥4 33 3 A3
P

I pearson value®d] fro o] =& AP TE AA
&

65°C, 70°Coll 22k A1 ol A 207F ut - A3k £ 30°C
2 97 The AR S T she] 2087 25 wukd
718 polypropylene -%-7} ol 7}2& 4| (LIPMEN Company
Ltd.) ¢} 37 200 g w9 2 =28t 10°C, 20°C, 30°C A 2]+
M2 At A5z o] g3t olw Ak Fetk
g = DA 60.0%, 254 qAF 153%, B4R 12.5%,
3o d A 5.0%, T4 25%, AA 1.0%, vH=, A 5 7=
FAE 3.7%°) Tl
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Table 1. Basic design of level on independent variables

Factor” Units Low (-1) Center point (0) High (1)
X1 day 15 20 25
Xs day 15 20 25
X3 % 55 60 65
X4 °C 60 65 70
Xs °C 10 20 30

X Gochujang mash aging period, Xz Doenjang aging period,
X3 Doenjang content, X, sterilization temperature, Xs! storage
temperature.

Table 2. Experimental combinations according to experi-
mental design at response variation

Exp. Factor”

No. X, (days) Xz (days) X3 (%) X. (°C) X5 (°C)
1 15(-1) 15 (-1) 55(-1) 60(-1) 30(1D)
2 200 0) 20( 0) 60(0) 65(0) 30(1)
3 25( 1) 200 0) 60(0) 65(0) 20(0)
4 25(1) 25( 1) 65(1) 70(1 30(CD
5 15(-1) 20( O) 60(0) 65000 20(0)
6 25( 1) 25( 1) 5 (1) 70(1) 10(-1)
7 (1 15(-1) 65( 1) 60(-1) 30(1D
8 15(-1) 25( 1) 65(1) 70(1) 10(-1)
9 25( 1) 15 (-1) 55(-1) 70(1) 30(1)

10 25(1  25(1) 5D 601 30(1D
11 15(-1)  25(1 55(1) 7001 30(1D
12 15-D  25( 1) 55(1) 60(-1) 10D
13 20000 2000 60(0) 65(0 10¢-1
14 2000 20(0  5CD 600 2000
15 15(-1)  25(1) 65(1) 60(-1D) 30(1)
16 2000 2000 6000y 60(-1) 20(0)
17 15(-1)  15(-1) 65(1) 60(-1) 10(-1)
18 25( 1) 15¢-1) 51 60(-1) 101
19 20000 25(1) 60(0) 65(0 2000
20 25(1 151 65(1 70(D 10(-D
21 15(-1)  15(¢-1) 65(1 700D 30C1D
22 25(1  25(1 65(1) 60(-1) 10(-1)
23 20000 2000 65(1) 65(0 2000
24 2000 15(-1) 60(0) 65(0 2000
25 15(-1)  15(-1) 55(-1) 7001 10(-D1
26 2000 20(0 60(0) 70(1) 20(0)
27 20000 20000 60(0) 65(0 20(0)
28 20000 20000 60(0) 65(0) 20(0)
29 20000 20000 6000 6(0 2000
30 20000 200 600 65(0 2000

YFactors are the same as Table 1.
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230 HPLC system(Varian Co., USA)¥ % 7] Sedex 75
ELSD(Sedex Co., France)< ¢|-&3}o] £493}9t}. Column
2 Prevail Carbohydrate ES(5 im, 4.6 X 250 mm ID, Alltech
Co., USA), detecter<= ELSD(grain 6, pressure 3 bar, temp.
45°C, carrier gas Ng)& Ah&-3slgl ow ol injection vol.
10 uL, flow rate= 1 mL/min, mobile phase<= Acetonitrile:
DW-E 0~15 min 72:28, 15~20 min 75:25, 20~ 25 min 65:35
o) B4 o2 FA3HHTHI).
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Fig. 1. Changes in water activity of Ssamjang during stor—
age.

Exp. No. 2; X1t 20 day, X2: 20 day, X3 60%, X4 65°C, Xs: 30°C.
Exp. No. 5; X1t 15 day, X2 20 day, X3 60%, X4 65°C, X5 20°C.

Exp. No. 7; X1: 25 day, X2 15 day, X3 65%, X« 60°C, X5 30°C. -

Exp. No.16; X1: 20 day, X2t 20 day, X3 60%, X4 60°C, Xs: 20°C.
X1, X2, X3, X4 and X5 are the same as Table 1.
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Fig. 2. Effect of Doenjang aging period on water activity
of Ssamjang during storage.

Exp. No. 19; X;: 20 day, X2 25 day, Xs: 60%, X4 65°C, X5 20°C.
Exp. No. 24; X;: 20 day, X2 15 day, X3 60%, X4 65°C, X5 20°C.
X1, Xy, X3, X4 and X5 are the same as Table 1.
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Table 3. Changes in free amino acid of Ssamjang during storage (unit: mg%)
tirr?efo(r\?/% Exp. No. 1" Exp. No. 197 Exp. No. 257
Amino 0 4 8 14 0 4 8 14 0 4 8 14
Ala 21 78 96 95 67 88 93 93 29 61 72 56
Gly 6 26 35 36 32 48 42 40 9 23 30 23
Val i4 55 58 62 56 71 77 82 19 45 51 43
Leu 24 127 128 136 112 144 162 167 37 100 101 94
Ile 11 48 51 53 51 64 68 84 17 40 44 36
Thr 9 29 38 39 44 65 59 44 15 30 44 32
Ser 23 53 82 67 76 162 115 74 35 49 108 48
Pro 33 156 186 227 143 190 187 208 47 120 143 110
Asp 18 62 78 110 80 98 105 87 30 61 74 58
Met 4 20 22 14 22 26 28 22 6 21 22 15
Glu 111 243 299 363 83 466 469 440 159 337 327 367
Phe 19 74 82 79 94 99 108 115 30 78 74 70
Lys 8 76 57 57 97 99 114 75 14 83 59 69
His 1 7 3 5 24 26 16 5 1 12 15 13
Tyr 0 43 42 47 46 52 51 41 8 36 36 30
Cys 1 6 5 4 2 7 5 8 1 1 2 3
Total 307 1,110 1,268 1,402 1,036 1,713 1,705 1,590 464 1,103 1,207 1,073

VExp. No. 1; Xy 15 day, X 15 day, X3 55%, X 60°C, Xs: 30°C.
YExp. No.19; Xi: 20 day, Xz 25 day, X3 60%, X4 65°C, X5 20°C.
YExp. No.25; Xy: 15 day, X»: 15 day, Xs 55%, X4 70°C, X5 10°C.

X1, Xg, X3, X4 and Xs are the same as Table 1.

of @} Z4HAY 27 F ek 4 e
T4lA & o glutamic acid7} 7+ el #F= 1 A%
I proline, leucine, phenylalanine, lysine, serine 5-¢] ThA
27 vehe, Kim 5502 Rae ah2d fhe] feob
oAl FeRe AR go] AFHY U YEe Fou, gl
tamic acid, tryptophan, proline, arginine, aspartic acid =2
2 ¥ Ffetninate] 52~53%F A st slohar
3kl 2, Shin 5(11)2 3342] f-2fo}w] 54 Fol
Hubd o g7 Z713le 74 3% Holn] glutamic acid, serine,
prorine, aspartic acid 5°| o} &5 o] glciy B 318}9i o)

7k Sqim ol 3 FhelotuixAl gk Ale] & AH KR
7] 914 paired t-testE 3 A3} 75 A E 4
(X)), B FA P Xy, B4 FFX), AFLE(Xs) ¥
Foll A= oA ql 2he] & w7 s17] o] v $1A| 7k, Fig. 31| 4]
o} 7ro] AAF2E(Xy) 60°C]l 16W A g 7F a5 (Xy)
70°Cal 26W1 Al Hc} Ffelotrl et FFo] A et
v A <00 B3tk olejdt A vl Ee] A4t
Bt Eavt AR HA4 Foll fejobr] At g B s o
A a0 ohs W= 3 F AT EX Ol A 2 g

& R Q7] dEelta A7

=

Ak

L.
i
-

welgtel st

#are) 7hele] o
ot g9 uk o
e e

lucose”} 714 B
Haow, &3
o 2)3te] 2

o

| = K= TG}

2 Fo- olmj AL}
o] AL Z3pvle| HFoidt= F
FHEE Aol glA T BAX
fructose, maltose®} maltotriose®
AL Az F ArMEE
gakg Mol 9le ZeR eyt

o fo o

7 A

Rl

A
=z
7
o
=y

g
3
B

oft e

2400

2200

2000

1800

1600

1400

1200

1000

Total free amino acid {mg%)

—@— Experiment No. 16

800 O - Experiment No. 26

—~-9— Center point

600

400 T T T T T T T T
4 6 8 10

Storage time (weeks)

Fig. 3. Effect of sterilization temperature on total free amino
acid content of Ssamjang during storage.

Exp. No. 16; X;: 20 day, X2 20 day, X3! 60%, X4 60°C, Xs: 20°C.
Exp. No. 26; Xt 20 day, X2t 20 day, X3 60%, X4 70°C, X5 20°C.
Center point: X;: 20 day, X2 20 day, X3 60%, X4 65°C, X5 20°C.
X, Xg, X3, X4 and X5 are the same as Table 1.
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Table 4. Changes in free sugar of Ssamjang during storage
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(unit: %)

Storage time (wk)

Exp. No. Free sugar 0 5 2 o 3 o 1A 13
Fructose 041 0.47 0.58 0.68 0.50 0.52 0.50 0.28
Glucose 9.08 16.57 19.93 21.14 18.44 15.61 16.29 6.08
7 Maltose 5.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Maltotriose 0.00 0.00 0.12 0.09 0.00 0.00 0.00 0.00
Total 14.68 17.04 20.62 21.91 18.94 16.13 16.79 6.36
Fructose 0.34 0.37 0.50 0.51 0.45 0.46 0.39 0.54
Glucose 9.88 10.48 11.58 11.33 11.25 9.74 8.73 7.45
11 Maltose 6.31 6.58 6.28 6.21 6.22 5.44 571 3.89
Maltotriose 0.17 0.00 0.04 0.37 0.42 0.56 0.51 0.43
Total 16.71 17.43 18.40 18.43 18.35 16.20 15.33 12.32
Fructose 0.20 0.60 0.46 0.42 0.59 0.44 0.51 0.51
Glucose 6.05 14.13 1598 16.23 22.49 20.83 21.46 16.22
14 Maltose 1.82 1.86 0.00 0.15 0.03 0.00 0.00 0.00
Maltotriose 0.00 0.00 0.00 0.09 0.18 0.20 0.00 0.26
Total 8.07 16.60 16.44 16.89 23.30 21.47 21.97 16.98
Fructose 0.16 0.45 0.21 0.69 0.44 0.42 0.59 0.39
Glucose 5.65 10.08 12.98 13.71 14.44 14.80 14.06 13.97
27 Maltose 1.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Maltotriose 0.00 0.00 0.00 0.07 0.09 0.12 0.00 0.12
Total 7.20 10.53 13.18 14.46 1497 15.33 14.65 14.48
72 AT 5 A7) el W2 Ffe)e §% 8 3ol 9lo] Q Aol (p<OOE BAE Ao A% 4T b

7,11, 14, 279 A/FFEL 594 (p<0.0Do] QA FH AN Ta-
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Fig. 4. Effect of sterilization temperature on total free sugar
content of Ssamjang during storage.

Exp. No. 16; X;: 20 day, Xz: 20 day, X3: 60%, X4 60°C, Xs: 20°C.
Exp. No. 26; X;: 20 day, X2 20 day, Xs: 60%, X4 70°C, X5 20°C.
X1, Xo, X3, X4 and X5 are the same as Table 1.
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Fig. 5. Changes in L° value of Ssamjang during storage.
Exp. No. 1; X;: 15 day, X2 15 day, X3 55%, X4 60°C, X5 30°C.
Exp. No. 4; X;: 25 day, X2 25 day, X3 65%, X4 70°C, X5 30°C.
Exp. No.15; X;: 15 day, X2 25 day, X5 659, Xa: 60°C, Xs: 30°C.
Exp. No.21; X;: 15 day, Xz: 15 day, X3 65%, X4 70°C, Xs: 30°C.
Exp. No.27; X1 20 day, X2 20 day, X3 60%, X4 65°C, X5 20°C.

X1, Xo, X3, X4 and X5 are the same as Table 1.
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Fig. 6. Effect of sterilization temperature on L™ value of
Ssamjang during storage.

Exp. No. 16; X1 20 day, X2t 20 day, X3 60%, X4: 60°C, Xs: 20°C.
Exp. No. 26; X;: 20 day, X2 20 day, X3 60%, X4 70°C, Xs: 20°C.
X1, Xg, X3, X4 and Xs are the same as Table 1.
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Table 5. Changes in a° value and polynomial regression of Ssamjang during storage

Exp. Storage time (wk) . Probability
No. 5 5 1 6 3 10 12 1 Coefficients (p)
1 24.7 23.0 20.6 19.1 14.1 12.7 11.1 10.0 0.9768 0.0001
2 24.0 25.0 19.5 14.7 14.7 135 16.7 14.0 0.8344 0.0112
3 24.6 24.4 25.8 237 21.2 20.7 20.2 199 0.8239 0.0121
4 23.6 24.0 21.8 214 215 19.2 19.1 17.3 0.9357 0.0010
5 249 23.8 243 22.0 21.9 209 19.6 19.2 0.9513 0.0005
6 23.1 23.8 23.6 235 24.1 239 24.3 239 0.6676 0.0637
7 24.4 231 22.0 224 195 16.2 13.0 10.0 0.9855 0.0001
8 24.2 249 24.5 235 245 24.1 237 238 0.3007 0.4089
9 239 26.1 24.6 25.9 19.2 18.1 14.6 12.0 0.9289 0.0014
10 24.4 24.8 20.9 19.8 179 153 13.0 11.0 0.9827 0.0001
11 23.8 21.6 21.7 186 16.8 16.2 15.0 13.0 0.9738 0.0001
12 24.2 24.2 24.1 249 23.7 234 22.3 234 0.5319 0.1499
13 246 24.0 247 229 234 22.3 22.8 23.3 0.6446 0.0753
14 24.2 234 22.0 20.7 20.4 20.2 19.3 19.1 0.9817 0.0001
15 245 23.3 195 175 15.7 155 12.7 11.0 0.9793 0.0001
16 241 234 235 21.8 219 19.8 194 189 0.9513 0.0005
17 25.2 250 25.0 247 24.4 24.0 23.3 245 0.6122 0.0936
18 24.3 235 23.2 229 22.8 24.1 225 222 0.4362 0.2386
19 239 24.1 234 216 21.3 21.1 195 19.5 0.9375 0.0010
20 237 23.8 25.1 237 24.2 24.8 24.1 24.0 0.2198 0.5376
21 245 230 20.3 185 16.5 146 13.8 11.0 0.9932 0.0001
22 244 239 24.1 232 235 225 23.0 228 0.7873 0.0208
23 245 234 229 21.6 214 21.1 19.9 19.0 0.9760 0.0001
24 24.1 239 24.2 22.7 222 21.4 214 20.1 0.9366 0.0010
25 247 24.0 244 237 235 237 23.1 23.3 0.8325 0.0115
26 239 24.8 245 224 21.7 219 21.1 216 0.7717 0.0249
27 255 24.3 23.3 22.2 216 21.8 20.7 20.0 0.9737 0.0001
28 249 23.6 23.3 22.5 214 22.3 21.1 21.2 0.9185 0.0019
29 25.1 232 239 225 22.1 216 21.2 20.1 0.9243 0.0016
30 25.1 249 23.0 22.2 22.0 20.9 21.3 20.1 0.9490 0.0006
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Table 6. Changes in b™ value and polynomial regression of Ssemjang during storage

EXxp. Storage time (wk) e Probability

No. 0 5 4 6 3 10 Ic 1 Coefficients ()

1 32.4 27.0 23.6 19.3 155 139 119 95 0.9967 0.0001
2 29.1 30.1 227 15.8 15.0 13.8 16.7 14.0 0.8839 0.0046
3 29.4 31.2 321 30.1 26.4 25.4 24.4 24.4 0.7957 0.0188
4 30.0 31.0 26.6 23.5 23.1 23.8 195 20.3 0.8756 0.0054
5 31.3 311 30.8 28.8 27.4 27.1 24.7 24.3 0.9647 0.0002
6 28.7 31.1 30.3 30.8 30.7 29.8 313 30.1 0.3441 0.3483
7 309 30.1 279 30.0 240 188 157 15.0 0.9278 0.0014
8 30.9 322 29.2 31.2 314 30.3 315 305 0.0167 0.9587
9 29.6 324 285 336 216 20.0 154 14.0 0.8506 0.0086
10 29.5 30.6 24.5 23.8 20.1 17.0 14.0 11.0 0.9741 0.0001
11 30.4 26.9 25.1 21.7 19.1 176 15.0 13.0 0.9966 0.0001
12 30.1 316 29.6 33.3 30.6 30.7 28.6 305 0.1755 0.6172
13 29.7 30.2 30.6 28.9 29.0 30.3 29.3 29.4 0.1084 0.7505
14 30.6 28.7 26.5 25.8 25.1 258 239 22.8 0.9231 0.0016
15 31.3 29.2 227 20.6 175 155 13.7 11.0 0.9870 0.0001
16 29.4 23.8 28.6 28.4 277 25.0 24.0 22.7 0.9674 0.0002
17 33.4 33.0 334 315 31.1 317 31.1 325 0.6440 0.0752
18 30.2 29.6 30.2 29.9 29.8 31.0 29.5 28.6 0.4079 0.2697
19 30.3 317 29.1 28.0 212 26.4 25.3 24.8 0.9196 0.0018
20 30.9 31.1 31.0 307 30.4 32.1 32.1 30.0 0.0505 0.8784
21 338 29.0 24.7 21.3 19.1 16.2 154 14.0 0.9982 0.0001
22 30.3 31.3 31.1 29.5 29.5 29.4 29.9 20.1 0.5171 0.1620
23 29.9 287 276 2718 26.5 265 257 223 0.8972 0.0034
24 30.3 31.2 309 29.4 28.0 27.4 279 25.1 0.8827 0.0047
25 33.0 31.0 314 30.0 29.0 299 30.2 29.0 0.7908 0.0200
26 30.7 31.1 28.6 28.3 27.1 26.2 25.2 25.9 0.9265 0.0015
27 29.7 31.9 28.9 27.8 25.5 25.0 25.8 24.6 0.8088 0.0160
28 30.8 29.6 29.0 29.1 26.4 28.0 274 26.3 0.8059 0.0166
29 30.6 28.5 30.4 286 27.2 26.8 26.0 24.3 0.8837 0.0046
30 30.3 324 28.7 28.8 27.3 26.0 26.2 247 0.8587 0.0075
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Fig. 7. Changes in 4E value of Ssamjang during storage.
Exp. No. 2; X;: 20 day, Xz 20 day, X3 60%, X4 65°C, X5 30°C.
Exp. No. 9; X2 25 day, Xy: 15 day, Xy 55%, X 70°C, X5 30°C.
Exp. No.10; Xi: 25 day, X2 25 day, X3 55%, X4 60°C, X5 30°C.
Exp. No.21; X;: 15 day, Xy 15 day, X3 65%, X4 70°C, X5 30°C.
Exp. No23; X1 20 day, X' 20 day, Xs 65%, X' 65°C, Xs' 20°C.

X1, Xo, X3, X4 and Xs are the same as Table 1.
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Fig. 8. Effect of sterilization and storage temperature on 4E
value of Ssamjang during storage.

Exp. No. 2; X;: 20 day, Xo 20 day, X3 60%, X4
Exp. No.13; X1t 20 day, X2 20 day, X3 60%, X4
Exp. No.16; Xi: 20 day, X2 20 day, X3 609, X4 60°C, X5: 20°C.
Exp. No.26; X1 20 day, X2 20 day, X3 60%, X4 70°C, X5 20°C.
Center point; X;: 20 day, X2 20 day, X3 60%, X4 65°C, X5 20°C.
X1, Xy, X3, X4 and Xs are the same as Table 1.

: 65°C, Xs: 30°C.
1 65°C, X5 10°C.
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Fig. 9. Effect of storage temperature on total free amino acid
content of Ssamjang during storage.

Exp. No. 2; Xi: 20 day, X2t 20 day, X3 60%, X4 65°C, X5 30°C.
Exp. No.13; Xi: 20 day, X2 20 day, X3 609, X4 65°C, X5 10°C.
Center point; X;: 20 day, X2 20 day, X3 60%, X4 65°C, X5 20°C.
X1, Xg, X3, X4 and Xs are the same as Table 1.
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Fig. 10. Effect of storage temperature on total free sugar
content of Ssamjang during storage.

Exp. No. 2; X;: 20 day, Xz 20 day, Xa: 60%, X4 65°C, X5 30°C.
Exp. No.13; Xi: 20 day, X2t 20 day, X3 60%, X4 65°C, Xs: 10°C.
Center point; Xi: 20 day, X2 20 day, Xs: 60%, X4 65°C, X5 20°C.
X1, Xz, X3, X4 and Xs are the same as Table 1.
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