KOREAN J. FOOD SCI. TECHNOL.
Vol. 5, No. 2 (1973)

Z0HR R410l 2|8t Pork Sausage2| fra@0l BASt Hi3E

W3 ARAKE 252 WE 452 Redol nixs nR X 20He RE2 EE

€ F -1 BR X8 EH

BHBREWRER AR 1EHRE
(19739 14 159 2]

Studies on the Preservation of Pork Sausage
by Gamma Radiation

Part 3. Effects of Heating and Gamma Radiation on
the Stability of Amaranth and Tartrazin

by
Yun Jin Kim, Un Young Kong and Jung Cheul Kwon

Food Technology Division, Radiation Research Institute in Agriculture, Seoul
(Received January 15, 1973)

Abstract

Discoloration by heating and gamma-radiation of aqueous solutions of two coal-tar food dyes used
in meat products was observed.

Tartrazin with sodium tri-polyphosphate or cinnamon oil was slightly discolorized by heating at 75°C,
but Amaranth was comparatively resistant. Effect of gamma rays of coal-tar food dyes was generally
increased with irradiation doses, and especially by the addition of sodium tri-polyphosphate and cinna-
mon oil. This tendency was higher in Tartrazin than Amaranth. The addition of sodium nitrate and

ascorbic acid, and storage at low temperature, however, seems to be effective in decreasing the discolor-

ation of irradiated solutions.
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Table 1. Concentrations of coal-tar food dyes

and

additives

Concentrations 1n

Concentrations in
initial solution jtest solution*
Coal-tar food dyes i E
Amaranth 0.001(%> 0.0001(%)
Tartrazine 0.001 0. 0001
Additives
Sodium nitrate 0.7 0.07
Sodium chloride 3 0.3
Sodium tripolyp-
hosphate
(Na-TPP) 4 0.4
Ascorbic acid 1 0.1
Sugar i 10 !
Cinnamon oil f 1 0.1

* pH of the test solution was not considered.

Table 2. Effects of heating* on the Gardner color values of Amaranth

N Additives . ) ) )
~ Sodium Sodium Ascorbic Cinnamon
Min \ofTééting—\\ Control chloride nitrate Na-TPP acid Sugar oil

0 44.0 43.7 4.2 42.3 43.3 43.7 43.3

al 30 42.6 43.7 43.9 42.1 43.3 44.3 43.5

60 43.5 43.8 41.0 43.0 43.8 4.1 4.3

90 43.0 4.2 43.7 42.7 4.2 43.0 4.1

0 3.32 3.38 3.23 3.56 3.18 3.44 3.43

,a% 30 3.31 3.17 3.4 3.52 3.29 3.38 3.68

b 60 3.34 3.56 3.47 3. 40 3.36 3.41 3.63

90 3.42 3.49 3.40 3.50 3.37 3.35 3.59

0 63.72 62.64 61.31 62. 90 62.27 62.65 63.05

gees 30 62. 80 61.08 63.15 63.00 62.61 62.82 63.05

60 63.00 63-00 63.58 62-42 62.57 63.07 62.67

90 63.10 63. 26 62. 90 62.85 62.95 61.88 63.40

* Heated at 75°C for 30, 60 and 90 minutes.
** AE=v/ L% dal: Ab12
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Table 3. Effects of heating® on the Gardner color values of Tartrazin

T Additives ] ) ; )

T Sodium Sodium Ascorbic Cinnamon

Min of heating\! Control chloride nitrate Na-TPP acid Sugar oil
0 —1.4 —1.6 —1.1 —1.5 —1.2 —1.8 —1.3
aL 30 —0.8 —1.5 —1.4 —0.3 —3.0 —1.7 —0.5
60 —1.6 —1.3 —~1.0 —1.3 —1.3 —1.6 —1.4
90 —0.8 —2.4 —1.6 —0.4 —1.0 —1.4 —0.5
0 e —0.05 —0.05 —0.04 —0.05 —0.04 —0.08 —0.04
_%Lf 30 —0.03 —0.05 —0.05 —0.01 —0.10 —~0.06 ~0.02
60 —0.05 ~0.03 _  —0.03 —0.04 —0.04 —0.05 —0.05
60 —0.03 —0.08 —0.05 —0.01 —0.04 —0.05 —0.02
0 37.88 38. 42 38.09 38.30 38.08 37.91 38.35
AE** 30 38.03 37.52 38.09 38.15 37.25 38.02 28.23
60 38.04 37.80 - 37.93 37.35 37.53 38. 04 38. 07
%0 38.13 37.98 37.61 38.15 38.47 38.15 40.43

* Heated at 75°C for 30, 60 and 90 minutes.
** fE=y fEF i Aot
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Table 4. Effects of gamma-irradiation on the Gardner color values of Amaranth stored at 5°C

T~__Does(Mrad) al aL/bL AE*
\\-\
Days in storage ~.__| 0.0 0.25 0.5 0.7 0.0 0.25 0.5 0.75 0.0 025 05 0.75
0 43.7 40.6 40.4 38.4 3.50 3.30 3.48 3.42] 63.05 61.09 61.56 59.61
Amaranth 15 42.7 41.7 42.2 38.0] 3.28 3.13 3.22 2.94 60.34 60.76 60.81 57.93
30 42.6 41.0 40.7 380 3.16 3.21 3.11 3.04 60.49 59.53 59.43 58.15
Amaranth 0 43.7 41.2 39.1 38.8 3.50 3.46 3.71 3.68 63.20 62.29 62.18 61.41
+ 15 42.2 40.9 39.2 38.4 3.34 3.20 3.44 3.34 61.97 60.99 59.91 5879
NaCl 30 42.2 40.6 39.0 387 3.21 3.1 3.45 3.28 62.47 60.28 5811 59.23
Amaranth 0 44.7 44.0 43.3 429 3.56 3.54 3.43 3.46| 63.16 62.44 61.86 60.92
+ 15 43.3 4.2 42.7 42.7) 3.06 3.27 3.34 3.38 60.86 60.77 60.26 59.16
NaNO, 30 43.2 433 435 42.8§ 323 3.29 3.35 3.35 6190 60.96 59.42 50.37
Amaranth 41.0 37.0 33.4 29.9 3.49 3.70 3.54 3.45 61.86 61.68 60.28 58.97
+ 15 43.0 39.4 36.2 33.6, 3.39 3.43 3.37 3.08 61.28 60.95 57.56 58.19
Na-TPP 30 42.2 38.0 37.9 351 3.3¢ 3.15 3.27 3.11 61.88 59.51 59.93 58.21
Amaranth 0 4.1 43.7 42.5 41.2] 3.49 3.50 3.47 3.34 62.80 61.34 58.39 36.56
+ 15 41.5 42.1 40.9 40.7 3.43 3.34 3.17 3.21) 61.21 52.27 58.37 57.33
Ascorbic acid 30 41.0 42.0 40.3 40.5 3.18 3.33 3.17 3.15 61.03 55.78 56.03 56.28
Amaranth 0 44.3 43.6 42.7 39.6, 3.53 3.44 3.22 2.55 62.21 62.37 61.23 36.69
+ 15 44.5 42.7 42.3 352 3.26 3.11 3.10 2.16 61.64 60,72 60.72 51.82
Sugar 30 44.5 42.4 41.6 322 3.27 3.31 2.98 2.07] 61.98 60,48 59.47 49.09
Amaranth 0 43.4 431 424 3.2 392 3.48 3.29 2.38 63.20 6419 53.45 54.50
+ 15 43.5 43.6 43.0 35.5| 3.87 3.18 3.08 2.14 62.54 61.76 59.98 5l.
Cinnamon oil 30 43.4 42.8 42.2 33.7 3.73 3.27 3.14 2.14 63.08 53.49 52.54 50.79

* fE=y/ 7T @+ A6
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Table 5. Effects of gamma-irradiation on the Gardner color values of Amaranth stored at 25°C

Dose{Mrad) aL al/bL 4E*
Days in storage‘\ C 0.25 0.5 075 C 0.25 0.5 0.75 0.25 0.5 0.75
0 43.7 40.6 40.4 38.4 3.50 3.30 3.48 3.42 63.05 61.09 61.56 59.61
Amaranth 10 43.7 41.7 42.0 38.61 3.18 3.32 3.18 2.88 62.23 60-88 60.49 58.03
30 41.0 39.4 40.2 38.2 3.06 2.8 3.00 2.78 59.15 57.21 58.67 56.61
Amaranth 0 43.7 41.2 39.1 38.8 3.50 3.46 3.71 3.68 63.20 62.29 62.18 61.41
+ 10 43.9 42.4 42.0 399 3.4 3.4 3.31 3.23 62.80 61.95 61.19 59.45
NaCl 30 42.2 41.5 40.0 38.8 3.30 3.28 3.61 3.22 62.08 59.24 59.24 59.18
Amaranth 0 44.1 44.0 43.3 42.9 3.5 3.54 3.43 3.46| 63.16 62.44 61.86 60.92
T+ 10 43.5 43.6 43.7 43.7] 3.26 3.09 3.47 3.37 62.00 60.42 60.43 59.22
NaNO, 30 41.2 41.7 42.3 43.9 3.06 3.22 3.52 3.39 61.07 60.73 55.89 59.51
Amaranth 0 41.0 37.0 333 29.9 3.49 3.70 3.54 3.45 61.81 61.68 60.28 58.97
+ 10 43.4 39.7 38.5 352 334 322 3.23 3.00 62.22 60.51 60.57 57.22
Na-TPP 30 44.2 39.3 38.6 358 3.03 3.20 3.54 2.95 60.29 60.49 57.75 56.90
Amaranth 0 44.1 43.7 42.5 41.2} 3.49 3.50 3.47 3.34/.62.80 61.34 58.39 56.56
10 43.0 41.7 344 31.7 3.8 3.31 2.09 1.21| 60.30 58.59 40.53 32.20
Ascorbic acid 30 41.4 40.0 14.3 10.70 2.94 3.15 Q.97 0.71] 59.62 56.87 34.69 24.88
Amaranth 0 44.3 43.6 42.7 39.6, 3.53 3.44 3.22 2.55 62.21 62.37 61.23 56.60
10 43.2 43.4 43.4 32.4] 3.17 3.27 3.12 2.07] 60.30 58.59 40.53 32.29
Sugar 30 43.1 43.5 437 353 3.36 3.27 3.28 2.15 59.62 56.87 34.69 24.88
Amaranth 0 43.4 431 42.4 37.2 3.93 3.48 3.29 2.38 63.20 64.19 53.45 54.50
) . 43.6 43.6 42.9 347 3.38 3.28 3.13 2.200 62.49 61.45 60.41 52.55
Cinnamon oil 30 41.4 42.3 42.6 35.3 3.17 3.37 3.24 2.15 61.54 60.50 58.98 52.27
* ME=V 24 dal i Abl?
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Table 6. Effects of gamma-irradiation on the Gardner color values of Tartrazin stored at 5°C

WMrad) aL al/bL AE*
Days in storagx c 0.25 0.5 0.75 C 0.25 0.5 0.75 0.25 0.5 0.75
0 | —1.62 —1.44 —0.72 —1.58 —0.050 —0.048 —0.025 —0.053) 37.50 37.97 38.86 39.04
Tartrazin @ 9 | —2.66 —1.30 —0.76 0.12 —0.086 —0.044 —0.025 0-004 36.45 38.18 38.46 38.00
30 | —3.08 —2.44 —0.86 —0. 16| —0.077 —0.081 —0.028 —0.005 36.34 37.32 37.87 37.50
Tartrazin = 0 | —1.96 —0.92 —0.28 —0.02 —0.061 —0.01. —0.00¢ —0.001| 38.46 38.10 38.81 33153
+ 9 | —2.70 —1.50 —0.09 —0. 18 —0.08. —0.050 —0.003 —0.006, 35.01 37.17 37.39 37.81
NaCl 30 | —3.26 —2.18 —1.40 —0.92 —0.107 —0.072 —0.047 —0.030, 37.69 27.60 38.42 37.39
Tartrazin =~ 0 | —1.38 —2.08 —2.28 —2.50| —0. 045 —0.069 —0.075 —0.082 37.15 37.45 37.44 37.08
+ 9 | —2.36 —2.48 —2.70 —2.80 —0.078 —0.080 —0.086 —0-080| 37.67 36.36 36.21 34.9¢
NaNO; 30 | —3.32 —3.84 —2.98 —2.76 —0.106 —0.121 —0.096 —0.091{ 36.77 35.38 36.74 37.8>
Tartrazin = 0 | —1.74 6.86 11.28 14.26| —0.058 0.254 0.445 0.610| 37.75 43.37 47.02 50.56
+ 9 | —1.74 4.56 8.18 11.74 —0.056 0.127 0.316 0.463 36.52 41.62 42.45 47.06
Na-TPP 30 | —2.56 4.06 7.64 9.70, —0.082 0.107 0.288 0.372] 36.47 41.14 44.77 45.39
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Tartrazin 0 | —1.68 —1.57 —2.36 —2. 14 —0.056 —0.052 —0.079 -—-0.073| 37.83 38.05 37.69 37.17
+_ . 9 | —1.78 —2.06 —2.38 —3.20; —0.058 —0.067 —0.078 —0.112] 37.8 37.13 37.79 36.23
Ascorbic acid 30 | —1.92 —2.42 —2.68 —2.88 —0.061 —0.080 —0.088 —0.097| 36.38 36.74 36.77 36.45
Tartrazin 0 | —2.22 —2.18 —2.48 —2.44] —0.074 —0.072 —0.018 —0.088) 37.79 37.17 36.41 39.90
-+ 9 | —2.70 —2.78 —3.36 —3.24| —0.088 —0.090 — 1.09 —0.111] 37.36 36.74 36.38 37.97
Sugar 30 | —3.02 —3.18 —3.48 —3.94 —0.097 —0.103 —0.102 —0.129/ 36.56 36.01 36.54 35.56
Tartrazin 0 | —1.94 —0.8 —0.32 —0.02, —0.065 —0.028 —0.011 O 38.13 37.81 38.05 38.63
9 | —2.08 —2.60 —2.74 —3.02| —0.069 —0.068 —0.089 —0.102| 38.85 37.64 36.54 37.84
Cinnamon 0il30 | —4.16 —2.72 —2.92 —4.72| —0.134 —0.090 —0.095 —0.157] 36.52 38.46 37.08 36.01
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Table 7. Effects of gamma-irradiation on the Gardner color vaues of Tartrazin stored at 25°C

Dose/ Mrad) alL al.-bL AJE*
Days in storage N C 0.25 0.5 0.75 C 0.25 0.5 0.75 C 0.25 0.5 0.75
. 0 | —1.62 —1.44 —0.72 1.58 —0.050 —0. 48 —0.026 0.053] 37.50 37.97 38.86 39.04
Tartrazin 14 | —2.14 —0.70 —0.20 0.16; —0.068 —0.023 —0.007 (0.006] 36.39 37.33 38.44 39.05
—2.92 —2.32 —0.60 0.02] —0.094 —0.007 —0.020 0.000 36.77 37.64 37.52 38.39
Tartrazin 0 | —1.96 —0.92 —0.28 —0.02| —0.061 —0.031 —0.009 —0.001| 38.46 38.10 38.81 38.53
+ 14 1 —2.32 —1.12 .30 —0.52| —0.07S —0.038 —0.010 —0.017| 36.47 37.37 37.87 37.96
NaCl 3 —3.32 —2.14 —1.16 —0.86; —0.106 —0.079 —0.038 —0.029] 36.13 37.64 37.49 38.18
Tartrazin 0 ! —1.38 —2.08 —2.28 —2.50 —0.045 —0.069 —0.075 —0.082| 37.15 37.45 37.44 37.08
+ 14 | —2.42 —2.12 —2.52 —2.70| —0.070 —0.069 —0.081 —(0.090! 36.25 36.90 35.86 38.29
NaNO; 30 | —3.74 —3.46 —2.98 —3.00{ —0.117 —0.111 —0.098 —0.096, 35.57 36.06 37.18 36.38
Tartrazin 0 | —2.90 6.8 11.28 14.26 —0.058 0.254 0.445 0.610{ 37.75 43.37 47.02 50.56
+ 14 | —2.56 4.24 9.48 9.80/ —0.060 0.150 0.340 0.370{ 36.37 41.59 43.09 45.32
Na-TPP 30 | —2.56 4.06 7.64 10.18 —0.063 0.142 0.287 0.392] 36.15 40.67 44.30 45.74
Tartrazin 0 {—1.68 —1.57 —2.36 —2.14] —0.056 —0.052 —0.079 —0.073] 37.83 38.05 37.69 37.17
+ 14 | —0.86 —1.20 —2.06 —1.9%4] —0.020 —0.040 —0.060 —0.070| 37.03 35.32 3..36 36.92
Ascorbic acid 30 0.72 —1.30 —1.52 —2. 06f —0.024 —0.043 —0.050 —0.072| 38.14 37.01 37.36 37.20
Tartrazin 0 | —2.22 —2.18 —2.48 —2.44| —0.074 —0.072 —0.081 —0.088] 37.79 37.17 36.41 39.90
+ 14 | —2.36 —2.48 —2.80 —3.54] —0.080 —0.080 —0.090 —0.110/ 38.16 36.98 37.19 36.25
Sugar 30 | —2.98 —3.96 —4.08 —3.70; —0.098 —0.129 —0.132 —0.121| 37.07 35.80 36.48 35.57
Tartrazin 0 | —1.94 —0.86 —0.32 —0.02 —0.065 —0.028 —0.011 0 38.13 37.81 38.05 38.68
14 | —1.54 —2.12 —2.24 —2.70| —0.050 —0.070 —0.070 —0.090; 38.88 36.90 36.13 36.49
Cinnamon jol 30 | —2.76 —3.60 —4.86 —3.83 —0.089 —0.116 —0.157 —0.110] 36.62 35.74 35.92 36.09
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