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The effect of gamma-irradiation on the microbiological and general qualities of Kanjang (fermented soy sauce,
Korean type) and Shoyu (fermented soy sauce, Japanese type) was studied. Samples were prepared, irradiated
at 5, 10 and 20 kGy, and then stored at 25°C for 18 weeks. The results showed that the Bacillus spp. was inac-
tivated by 3 log cycles with the irradiation dose of 10 kGy and the number of Bacillus cells that survived from
10 to 20 kGy of gamma irradiation was decreased gradually during storage. Yeasts and Lactobacillus were nearly
eliminated at 5 to 10 kGy of irradiation. The D,, values of Bacillus, yeast and Lactobacillus in Shoyu were 2.67
kGy, 0.81 kGy and 1.30 kGy, in Kanjang were 2.75 kGy, 0.99 kGy and 1.47 kGy, respectively. The general qual-
ity of gamma irradiated Shoyu and Kanjang, such as total nitrogen, amino nitrogen, protease activity and pH
were more stable than that of control during storage periods. Decolorization was observed just after irradiation,
but the color was recovered during storage. The sensory evaluations showed that irradiated samples were more
acceptable. Therefore, it was considered that gamma irradiation was effective for maintaining better quality of

Shoyu and Kanjang during storage.
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Table 1. Specifications of the Shoyu (fermented soy sauce,

Japanese type) and Kanjang (fermented soy sauce, Korean
type) used in this study

Shoyu Kanjang
Salt (%) 13.4 19.2
pH 5.38 571
Total nitrogen (%) 1.20 0.90
Amino nitrogen (mg%) 822 658
Water content (%) 73.2 694
Pure extract (%)" 11.2 8.4

DThe value was calculated by subtracting the salt content from the
weight of dried Shoyu and Kanjang.
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Fig. 1. Changes of Bacillus cells in gamma irradiated Shoyu (A)
and Kanjang (B) during storage at 25°C for 18 weeks

@ : non irradiation, l: heating at 90°C for 1 h, [ : S kGy, A : 10
kGy, O : 20 kGy



340 S A E3EE)A] A 33 A A 3 (2001)

or NI (B)
6 F 2
4 - L

0 3 6 9 12 15 18 0 3 6 9 12 15 18
Storage time (week)

Cell number {logN/mL)

Fig, 2. Changes of yeast cells in gamma irradiated Shoyu (A)
and Kanjang (B) during storage at 25°C for 18 weeks
@ : non irradiation, M heating at 90°C for 1 h, [ : 5kGy, A : 10

kGy, O : 20 kGy
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Fig. 3. Changes of Lactobacillus cells in gamma irradiated
Shoyu (A) and Kanjang (B) during storage at 25°C for 18 weeks
@ : non irradiation, M: heating at 90°C for 1 h, (1 : 5 kGy, & : 10
kGy, O : 20 kGy
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Fig, 4. Effects of gamma irradiation on the viability of Bacillus
( @ ), yeast(ll ) and Lactobacillus(A ) cells in Shoyu (A) and
Kanjang (B)

D,, value is the expression of the dose of irradiation needed to
reduce the number of microorganisms by 10 folds and was
calculated with the equation of survival plot. The D, values of
Bacillus, yeast and Lactobacillus in Shoyu were 2.67 kGy, 0.81
kGy and 1.30 kGy, in Kanjang were 2.75 kGy, 0.99 kGy and 1.47
kGy, respectively.
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Table 2. Changes of total nitrogen contents in gamma irradiated Shoyu and Kanjang during storage at 25°C for 18 weeks  (unit: %)
Storage time (week)
Sample
0 3 6 9 12 15 18
Shoyu .
0 1.20 1.21 1.18 1.16 1.127 1.13 1.12
Radiation 5 1.17 1.19 1.18 1.17 1.19 1.15 1.17
dose(kGy) 10 1.21 INE] 1.19 1.20 1.18 1.18 1.19
20 1.19 1.20 1.20 1.18 1.19 1.17 1.18
Heating 1.23 1.20 1.17 1.18 1.15 1.15 1.14
Kanjang
0 0.90 091 0.88 0.89 0.89 0.88 0.87
Radiation 5 091 0.90 0.89 0.90 0.88 0.89 0.88
dose(kGy) 10 0.89 0.87 0.89 0.89 0.90 0.88 0.89
20 0.90 0.88 0.90 0.91 0.89 0.87 0.90
Heating" 0.87 0.87 0.86 0.88 0.86 0.85 0.85

UThe samples were heated at 90°C for 1 h.

Table 3. Changes of amino nitrogen contents in gamma irradiated Shoyu and Kanjang during storage at 25°C for 18 weeks

(unit: mg%)

Storage time (week)

Sample
0 3 6 9 12 15 18
Shoyu
0 728 725 742 764 793 814 816
Radiation 5 719 722 724 739 755 766 764
dose(kGy) 10 733 728 736 741 760 765 772
20 725 731 735 747 754 769 770
Heating 717 723 718 726 730 721 729
Kanjang
0 572 566 581 595 633 674 681
Radiation 5 548 553 553 574 597 609 610
dose(kGy) 10 559 562 560 572 588 616 622
20 563 560 569 577 581 605 625
Heating 550 547 553 562 560 568 569
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Table 4. Changes of protease activity in gamma irradiated Shoyu and Kanjang during storage at 25°C for 18 weeks

A EEEA A 33 A Al 3 5 (2001)

(unit: [U/g)

Storage time (week)

Sample
0 3 6 9 12 15 18
Shoyu
0 031 0.30 032 0.37 0.36 0.38 0.38
Radiation 5 0.30 0.29 031 0.32 0.28 027 0.28
dose(kGy) 10 032 032 0.30 0.27 0.25 026 0.25
20 0.29 0.30 0.28 0.28 025 0.24 0.23
Heating 0.02 0.02 0.01 0.03 0.03 0.05 0.04
Kanjang
0 027 0,26 0.29 0.28 033 0.34 0.35
Radiation 5 0.26 027 025 0.25 0.24 025 022
dose(kGy) 10 0.25 0.22 0.23 022 0.24 0.24 0.23
20 0.27 027 0.28 024 0.23 021 021
Heating 0.01 0.01 0.02 0.01 0.03 0.02 0.03
Table 5. Changes of pH in gamma irradiated Shoyu and Kanjang during storage at 25°C for 18 weeks
Storage time (week)
Sample
0 3 6 9 12 15 18
Shoyu
0 548 543 541 5.36 5.20 5.03 5.01
Radiation 5 5.46 545 5.42 542 4.40 5.38 536
dose(kGy) 10 548 547 544 5.41 5.42 5.39 5.40
20 549 547 5.48 5.45 5.45 544 542
Heating 5.50 546 547 542 538 5.36 5.31
Kanjang
0 571 5.64 5.62 557 5.46 5.39 532
Radiation 5 571 571 5.68 5.64 5.66 5.62 5.60
dose(kGy) 10 5.70 5.69 5.69 5.68 5.69 5.67 5.64
20 5.73 571 5.70 5.69 5.68 5.67 5.65
Heating 573 5.73 5.70 5.66 5.65 5.61 555
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Fig. 5. Changes of browning in gamma irradiated Shoyu (A)
and Kanjang (B) during storage at 25°C for 18 weeks

Samples were diluted with 10-fold of water, filtered, and measured
for absorbance at wavelength of 500 nm. @ : non irradiation, l :
heating at 90°C for 1 h, [J : 5 kGy, & : 10kGy, O : 20 kGy

el 718t BEZ|Z
Folu} olulzite] A
BT e D] 9
joilfeRei3 7}—1_9_& H

==

maillard vHg- 4t
o] 7=} tf]r
Al o @J)ri RS 5]‘4'
& in vitro2] model systemol thE HA-77)
A



L NENREDEEY 343
Table 6. Sensory evaluation of Shoyu and Kanjang, just after irradiation and after storage at 25°C for 18 weeks
Sample Taste Flavor Color accoe;ggliiity
After irradiation
0 3.83 3.67 333 3.75
Radiation dose 5 3.92 3.75 3.92¢ 3.83
(kGy) 10 3.83 3.83 4.08° 3.92
20 375 375 4.00* 375
Heating 3.92 3.83 3.25° 3.75
Shoyu
After storage for 18 week
0 2.58" 2.25¢ 3.50 2.33°
Radiation dose 5 3.50°* 3.50® 3.75 3.75°
(kGy) 10 3.67° 375 375 3.83°
20 3.58" 3.58% 3.67 3.67°
Heating 292 2.92° 3.58 2.83°
After irradiation
0 4.00 3.67 3.58° 3.75
Radiation dose 5 4.08 3.75 3.92° 3.83
(kGy) 10 4.17 3.83 4.08° 3.92
20 4.00 375 4.00° 3.75
) Heating 4.17 3.83 367 3.75
Kanjang
After storage for 18 week
0 1.92¢ 2.17¢ 342 2.08°
Radiation dose 5 3.42® 3.67° 3.67 3.75°
kGy) 10 3.92° 3.83° 3.83 3.83"
20 3.58* 3.50° 3.83 3.58%
Heating 2.75° 2.92 375 2.67°
*»9Superscript letters indicate significant at p<0.05 by Duncan's multiple comparison.
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