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Abstract

To investigate the combination effects of natural preservatives such as rosemary extract and o-tocopherol, and
vacuum packaging method on the shelf-life of herring (Clupea pallasi) fillet during cold and frozen storage,
quality attributes including moisture content, pH, K-value, volatile basic nitrogen (VBN), viable cell count,
peroxide value (POV) and color value were analyzed. Good qualities of the samples with air and vacuum
packaging stored at 4°C were maintained at least for 3 days (control; one day in air) and for 7 days (control; 3
days in vacuum), and those of the samples stored at -20°C were for 90 days (control; 80 days in air, 90 days
in vacuum), while those of the samples stored at 20°C deteriorated in one day.
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Fig. 1. Changes in moisture, pH and K-value of herring
fillet treated with preservatives, packaged in air (a) and
vacuum (b) during storage at 20°C. [ }—{J: untreatment,
B—M: rosemary extract (0.2%), @--@: o-tocopherol
(0.02%), O—C: BHA (0.1%).
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Fig. 2. Changes in moisture, pH and K-value of herring
fillet treated with preservatives, packaged in air (a) and
vacuum (b) during storage at 4°C. [—{: untreatment,
W—M: rosemary extract (0.2%), @—@: o-tocopherol
(0.02%), O—CO: BHA (0.1%).
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Fig. 3. Changes in moisture, pH and K-value of herring
fillet treated with preservatives, packaged in air (a) and
vacuum (b) during storage at -20°C. (1—{: untreatment,
W—MW: rosemary extract (0.2%), @—@: «-tocopherol
(0.02%), O—CO: BHA (0.1%).
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Fig. 4. Changes in VBN, viable cell count and POV of
herring fillet treated with various preservatives, packaged
in air (a) and vacuum (b) during storage at 20°C.
[{J: untreatment, l—M: rosemary extract (0.2%), @—@:
o-tocopherol (0.02%), O—O: BHA (0.1%).
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Fig. 5. Changes in VBN, viable cell count and POV of
herring fillet treated with various preservatives, packaged
in air (a) and vacuum (b) during storage at 4°C.
[—{1: untreatment, l—M: rosemary extract (0.2%), @—@:
a-tocopherol (0.02%), O—C: BHA (0.1%).
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Fig. 6. Changes in VBN, viable cell count and POV of
herring fillet treated with various preservatives, packaged
in air (a) and vacuum (b) during storage at -20°C.
C3{: untreatment, l—M: rosemary extract (0.2%), @—®:
a-tocopherol (0.02%), O—O: BHA (0.1%).
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Table 1. Changes in color value of herring fillet treated with various preservatives, packaged in air during storage at 20°C

Storage Untreatment Rosemary extract a-Tocopherol BHA
time (day) 1 a1 b AE L a b AE L a b AE L a b AE
0 574 22 36 583 570 20 92 589 516 45 52 625 548 28 48 610
1 568 26 81 612 565 22 73 620 479 68 44 659 523 22 43 655
3 515 7.1 22 635 481 82 1.8 655 502 92 16 634 428 144 56 65.6

Table 2. Changes in color value of herring fillet treated with various preservatives, packaged in vacuum during

storage at 20°C

Storage Untreatment Rosemary extract o-Tocopherol BHA
time (days) ¢ a2 b AE L a b AE L a b AE L a b AE
0 542 42 24 3596 562 23 46 595 538 56 19 622 556 23 41 618
1 457 46 27 669 526 19 44 652 3501 33 16 655 529 26 32 647
3 426 136 12 689 503 24 24 o682 478 51 -1.0 678 474 75 03 665

Table 3. Changes in color value of herring fillet treated with various preservatives, packaged in air during storage at 4°C

Storage Untreatment Rosemary extract a-Tocopherol BHA
time (days) y , b AE L a b AE L a b AE L a b AE
0 574 22 36 583 570 20 92 589 516 435 52 625 548 28 48 610
1 531 44 43 633 515 33 50 651 500 20 26 675 537 51 86 615
3 467 92 1.8 660 484 28 24 683 488 69 45 650 428 149 43 655
5 451 114 26 656 497 95 50 695 523 66 42 636 454 46 43 689
7 419 128 09 68.0 402 104 16 704 523 32 32 650 396 69 34 723

Table 4. Changes in color value of herring fillet treated with various preservatives, packaged in vacuum during
storage at 4°C

Storage Untreatment Rosemary extract a-Tocopherol BHA
time (days) |, p AE L a b AE L a b AE L a b AE
0 542 42 24 596 562 23 46 595 538 56 19 622 556 23 41 618
1 507 09 08 690 521 57 38 637 504 81 23 638 523 35 39 649
3 443 68 1.7 694 471 69 28 668 484 75 15 659 501 32 37 667
7 431 -12 431 727 513 13 32 672 489 92 1.8 644 451 50 05 701
11 346 127 01 747 443 94 1.1 680 432 93 16 688 412 109 22 694
15 341 127 02 752 403 101 -03 713 367 138 01 725 461 77 23 672
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Table 5. Changes in color value of herring fillet treated with various preservatives, packaged in air during storage at

-20°C
Storage Untreatment Rosemary extract a-Tocopherol BHA

tme(days) | 5, b AE L a b AE L a b AE L a b AE
0 574 22 36 584 570 20 92 589 516 45 52 625 548 28 48 61.0
10 456 27 32 701 460 55 82 671 461 41 53 684 498 32 36 666
20 460 4.0 40 688 539 33 9.8 624 491 50 88 650 498 19 45 673
30 487 35 52 669 509 48 109 636 466 38 31 688 482 54 75 656
40 443 37 51 669 481 46 120 654 468 48 46 675 492 47 7.0 653
50 415 83 38 669 417 35 83 715 472 34 48 678 497 14 62 670
60 396 65 34 724 441 32 35 706 465 35 27 688 505 08 57 669
70 380 69 56 729 464 13 61 694 500 17 54 666 483 27 61 670
80 40.7 4.4 57 719 473 25 75 677 450 3.7 61 690 434 56 85 686
90 396 41 40 736 439 27 54 707 461 33 62 685 433 59 82 672

Table 6. Changes in color value of herring fillet treated with various preservatives, packaged in vacuum during

storage at -20°C

Storage Untreatment Rosemary extract a-Tocopherol BHA

tme (days) | ., b AE L a b AE L a b AE L a b AE
0 542 42 24 596 562 23 46 595 538 56 19 622 556 23 41 618
10 536 40 62 628 496 49 47 655 536 03 48 656 527 14 57 652
20 480 55 45 662 511 21 54 659 416 95 31 693 518 12 35 664
30 51.8 35 77 641 403 83 61 705 447 35 71 696 507 16 54 666
40 519 22 69 649 504 25 57 661 496 3.0 55 664 433 06 74 665
50 532 43 56 630 489 29 69 668 493 28 59 666 518 32 63 645
60 479 45 59 o666 S41 08 49 648 3536 25 66 637 525 48 78 626
70 461 42 24 689 474 66 70 655 512 3.1 6.7 649 500 25 54 664
80 465 32 49 685 548 23 83 624 506 43 50 647 582 16 7.6 607
90 467 35 51 694 503 21 38 665 512 39 61 654 594 21 69 625
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Aol A%, 7 EA A B BEAAE T B
T 90 (=1, 80U)YEeH, AFEA AFAME
=7 % BEA AP BF 908 Fok FAe] o
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