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(Dehydration of foamed sardine-starch paste by
microwave heating.)
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{Abstract)

In this part of the studies on dielectric dehydration of foamed fish-starch paste,
quality stability and shelflife of the product of which the preparation formula and
processing conditions were described in the previous report (Lee et al., 1982) were
determined by means of accelerated reaction test.

The product was stored for 50 days nnder the conditions of temperatures at 35,
45, and 55°C in steady state and various water activities of 0.44, 0.52, 0.65, and
0.75, respectively. The loss of available lysine, the extent of TBA value, and the
development of browning during the storage were measured and reaction kinetically
analysed to assess quality stability and shelf-life of the product for the storage at
room temperature of 25°C.

The extent of browning was accelerated with the increase of water activity and
temperature marking the time to reach a limit of color and flavor deterioration, or
to reach brown color density of 0,17 O0.D./g at 420nm, 106 days at a,=0, 44, 35°C,
and 41 days at a,=0.65, 55°C. These reaction rates resulted in a prediction of
shelf-life, 130 to 110 days in the storage at a,=0.44 to 0.75, 25°C.

The quality limit assessed by TBA values and sensory evaluation of rancidity
was 87 days at a,=0.44, 35°C, and 30 days at 2,=0.75, 55°C which gave a
predicted shelf-life, 128 to 113 days at a,=0.44 to 0.75, 25°C storage.
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Table 1, Davelopment of browning (0.D./g solid) in foamed and dried fish-starch paste under
different storage conditions.

Water activity (a,)

Storage time(day) 0,44 0.52 0.65 0.75

LR 55-C 45°C 55°C 45°C 55°C 45°C j 55°C

0 0.0621 | 0.0701 | 0.0892 | 0.0982 | 0.0745 | 0.0983 szlwm

3 0.0610 | 0.0745 | 0.0901 | 0.098¢ | 0.0852 | 0.1061 | 0.0983 | 0.1021

0.0645 | 0.0923 | 0.0942 | 0.1023 | 0.1023 | 0.1072 | 0.0949  0.1159

16 0.0798 | 0.1038 | 0.1067 | 0.1098 | 0.1125 | 0.1126 | 0.1077 | 0.1294

23 0.0854 | 0.1102 | 0.1116 | 0.1257 | 0.1177 | 0.1236 | 0.1115 | 0.1371

30 0.0996 | 0.1176 | 0.1219 | 0.1313 | 0.1233 | 0.1342 | 0.1187 | 0.1428

37 0.1063 | 0.1246 | 0.1225 | 0.1365 | 0.1241 | 0.1632 | 0.1321 | 0.1532

44 0.1177 | 0.1295 | 0.1284 | 0.1408 | 0.1468 | 0.1947 | 0.1401 | 0.1759

Table 2. Browning reaction rate constant(0.D./gsolid days x 10°)

Activation energy

Storage a, l 35°C 45°C t 55°C (Kcal/mole) } Quo*
0.44 L 0.9226 1.3378 1. 3541 3.88 [ 1.21
0.52 I 0.9625 0.9775 1.0786 1.13 f 1.06
0.65 12860 L3802 | 1954 4.12 } 1.23
0.75 | 1.0233 1. 0422 1.6044 4.47 1.25
0.65° 1.4885 1.7426 ' 1. 9591 2.76 1.15

a : Calculated for T=40"C.
b : A sample added with barley flour instead of potato starch.
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Table 3. Loss of available lysine during the storage of foamed and dried fish-starch paste.

Water activity (a.)
Storage time(days) 0.44 .52 0.65 0.75
$55C | sC | a5°C | s5°C | 45C | s5°C | 45°C | 55°C
0 100 100 100 100 100 100 100 ‘ 100
3 97.4 93.8 96.0 91.8 90.‘6 82.4 95.1 ‘ 89.6
9 97.4 92.5 95.6 89.9 90.1 80.6 95,2 ; 85.9
16 95.9 90.8 94.0 85.3 89.4 \ 80.0 91.2 \ 85.7
23 95.2 91.2 92.1 84.7 86. 6 73.6 90.1 | 85.7
30 94.6 89.3 91.1 81.8 83.6 72.0 90.1 82.5
37 88.0 88.1 88.6 81.0 80.1 71.0 88.7 77.8
44 87.4 84,7 84.4 80.8 74.7 70.8 82.1 76.0
Table 4. Rate constant for available lysine loss (DNP-method, K,/day™!)
i 7 i
Storage ax 35°C 45°C 55°C AT o8 | Qu(T=40°C)
0.44 1.2056 2.7634 2. 8347 7.85 1.48
0.52 2.1243 3.1716 4.2543 6. 98 1.42
0. 65 2.9270 5.2615 6. 2331 7.62 1,46
0.75 2.7808 3.4327 4, 9305 5.73 1.33
0.65 2,5345 3.7735 9. 3700 12. 06 1.92

Table 5. Changes of TBA value (0.D./g solid) in foamed and dried fish-starch paste during storage.

Water activity (a.)
Storage time (day) 0.44 0.52 0.65 0.75
45°C 55°C 45°C 55°C 45°C 55°C 45°C 55°C
0 0.426 0.426 0.456 0. 456 0.470 0.470 0.451 0.451
3 0. 542 0. 601 0. 643 0.648 0.625 0. 899 0.635 0.702
9 0.786 0.821 0. 801 0.838 0.893 0.708 0. 887 0.901
16 0. 801 0.789 0,821 0.708 0. 802 0. 386 0. 882 0.832
23 0.789 0.389 0.708 0.224 0.708 0.240 0. 685 0. 650
30 0. 681 0.242 0. 669 0.230 0.612 0.213 0. 563 0.268
37 0.616 0.240 0.617 0.192 0.517 | 0.184 0. 481 0.180
44 0. 587 0. 199 0. 560 0. 141 0.491 } 0.152 0. 469 0.157
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Table 6, Sensory evaluation® score of rancidity

in foamed and dried fishstarch paste
during storage at 55°C

B = Ezstyl o
azZ e PR EReA &
AL MRz AlsA & w 7hR]

Storage‘ Water activity Sazrélepée Sa?;gf(}e
time | with | Sith
| | 0.05% | 0. 0032
(days) | 0.44 | 052 | 0,65 0.75 | ginger | By
junce
o jo Jo Jo Jo | o 0
3 1o {0 o o | o 0
9 0 o o Jo | o 0
16 L S U E U T 0
22 13 |5 |4 |8 | o 0
30 18 8 11 4| 2 0
7 14 5 14 17 ' 5 1
4 18 17 19 20 | 7 8
| 160|150 [1so|Leo| — | -

* The score indicates numbers of panel person
who evaluated the odour of rancidity, as
“moderate” or “strong.”

Table 7, Shelf-life, the time to reach the
quality limit of foamed and dried
fish-starch paste.

Storage |
;Zt?:/eliy e(m(l:)f ﬁ:(dayS)“%ﬁx(daVS)" f.(days)*
35 103 529 80
0.44 45 84 250 50
55 70 233
35 102 314 78
0.52 45 83 215 52
55 69 150 31
35 78 237 76
0.65 45 63 133 48
55 41 100 30
35 85 237 71
0.75 45 76 184 45
55 44 120 28
35 45 264 134
0.65 45 31 193 84
55 26 66 52

a: Time to gain brown color density of O.D.
0.17/g solid.

b: Half-life of available lysine loss.

c: Storage time when the panel score indicate
“rancid odour.”

w17% 54 H(1984. 12)

Table 8, Prediction of shelf-lives for room
temperature storage at 25-C

" Water | 0:(days) | 6:(days) | O.(days)

I activit or for for

| Y browning | lysine loss | rancidity

\

oo | 130 712 128
0.52 124 453 127

0.6 112 344 191

| 0.75 126 ! 347 113

2 Ael = A zto® shelf-life = -39 o),
Z el gk shelflife = 35°C a, 0.449
106H 55°C, a, 0.65¢ &l 41Helglex 4%
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Table 8¢ Table 8¢ &tz Hg
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ol A 128H a, 0.759 A& 113H0] gl t}.

% (25°0)
@ goleh,

/‘Dg ] %T’]

Aolel iy B i BRe e 2 5EYy
SAAE &7 Hse BPRURE 35 45 ¥ 55°C
o} KoiEM: 0.44, 0.52, 0.65 2 0.759 {54
Toll i HRT SRv o33k 2

1 BEEe = HES ARG IR U
< 35°C, a, 0.4%¢9+= 106H, 55°C a, 0.65
o = 41Heolglon £%h lysine o] 4y2Ee |
— il A 22 529H, 100Helw EERgE)
% RYEUUIRT-S 80H 281 o] giw)

2. 19 BFREAIRDS 25°Col MrRE sz o
23F gh2 a, 0.44¢ a, 0.6549 # Aoz o
23} ghe ZbZ 1305 112H olgl.om FeRrE =
A ol ¢ RPN a. 0.449 # 128H a,
0.75¢ = 113H o]+l



References

Booth, V.H. 1971, Problems in the determination of
FDNB available lysine, J. Sci. Food Agr. 22
(12) : 658,

Choi, R.P., A.F. Koncus, C.M. O’Malley and B.W,
Fairbanks, 1949,
determination of color of dry products of milk,
1. Diary Sci. 32: 580

Chun, S.S., M.N. Kim and K.H. Lee 1982, Nonenz-
ymatic browning reaction of the dried fliefish,
Korean ). Nutr, and Food. 11(3), 21~27,

Kim, M.N., M. Saltmarch and T.P. Labuza, 1981.
Nonenzymatic browning of hygroscopic whey

A proposed method for the

powders in open versus sealed pouches. J. Food
Proc. and Preserv, 5 : 49,

Labuza, T.P. and M. Saltmarch, 1981,
browning and protein quality loss in whey powders

Kinetics of

during steady state and nonsteady state storage
conditions. J. Food. Sci. 47 ; 92~96,

Lea, C.H. and R.S. Hannan, 1949. Studies on the
reaction between proteins and reducing sugars in
the “day” state. 9. The effect of activity of
water, of pH and of temperature on the primary
reaction between casein and glucose. Biochem. et
Biophys, Acta, 3:313.

Lee, K.H,, B.H. Lee, B.J. You, D.S. Song, J.S.
Suh, Y.G.Jea and H.S. Ryu, 1982a. Dehydration

— 14—

of foamed fish (Sardine) starch paste by micr-
Formulation and processing
283~

owave heating. 1.
conditions Bull. Korean Fish Soc. 15(4),
290,

Lee, K.H., D.S. Song and M.N. 1982b. Changes in
available lysine and extractable nitrogen and
extent of browning during the storage of dried
fish meat, Bull, Korean Fish. Soc. 15(4), 271~
282,

Mizrahi, S., T.P. Labuza and M. Karel, 1970,
Feasibility of accelerated tests of browning in
dehydrated cabbage. J. Food Sci, 35 804,

Saltmarch, M. 1979. The influences of temperature,
water activity and physicochemical state of loctose
on the kinetics maillard reaction in spray dried
sweet milk whey powder stored under Steady and
nonsteady storage conditions. Ph. D. Thesis Univ.
Minnesota.

Waletzko, P. and T.P. Labuza, 1976, Accelerated
shelf-life testing of an intermediate moisture food
in air and in anoxygenfree atmosphere. J. Food,
Sci. 41 :1338~1344,

Warmbier,H.C., R.A. Schnickels and T.P. Labuza,
1976. Nonenzymatic browning kinetics in an
intermediate moisture model effect of
glucos to lysine ratio. J. Food Sci. 41 : 981~983,

You, B.J. and K.H. Lee. 1982, Kinetics of lipid
oxidation in dried fish meat stored under different

system:

conditions of water activity and temperature,
Bull. Korean Fish. Soc. 15(1), 83~93,

BB @ik



