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ABSTRACT 

The study of consumer acceptability on the herbal used in formulation, it was found that 

rosemary and thyme were more acceptable than balm and oregano. The best composition of the 

herbals were 19.38% oregano, 24.71% balm, 28.11% thyme and 27.80% rosemary. The optimization 

of the total component system was studied. The total component system  composed of 46.77% sugar, 

16.15% salt, 25.30% soy sauce powder and 11.78% herbal. In addition,  quantity 33 g of the total 

component system and curing time for conditioning was suitable for  500 g of chicken with 20 min 

curing time at room temperature (28 – 30 oC).

The panelists accepted the final product with mean ideal ratio scores of brown color, 

flavor of herbs, sweetness, saltiness, softness and overall acceptability by the scores of 1.03, 0.93, 

0.95, 1.07, 0.96 and  0.85, respectively. 

Mixed herbal seasoning for chicken developed from suitable formula and processing were 

brought to study the effect of silicon dioxide as anticaking agent and temperatures during storage. The 

study showed that silicon dioxide had no significant effects on quality of the seasoning. 

The most suitable storage temperature was 25 oC. The shelf-life prediction was found to 

be kept at 25 oC with no anticaking agent which had the shelf-life of 6 months.  
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1.

 2-3 
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 (poultry seasoning) 
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2.  (meat seasonings) 

3.  (snack seasonings) 
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 2 
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 (culinary herbs) 
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2.2  (caramelization) 

 (150 )
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2.3  (hydrolysis reaction) 

 (protein hydrolysate) 

 HVP  hydrolyzed vegetable protein 

 (enzymeolysis) 

 (neutralization) 

 (dried inactivated yeast) 

 (yeast extract) 

 (cell wall) 

 (emulsifier)  (thickeners) 

 2 

 (profile) 
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3.  (synthetic flavours) ( , 2540  ; , 2535)

3.1  (flavor enhancers) 

 (monosodium glutamate)  M.S.G. 

 (nucleotides) 

3.2

3.3  (texturizing agents, stabilizers) 
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3.4

3.4.1  (anticaking agents)

(free – flowing property) 

 (silicon dioxide) 

 (sodium aluminium silicate)  1-2 

3.4.2  (antioxidants)

BHA  butylated hydroxyanisole 

BHT  butylated hydroxytoluene 

 (synergist)  BHA 

 (tocopherol) 

3.4.3  (emulsifiers)
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 (Heath, 1978) 

 (flowering plant)  dried 
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 (stuffing)  Fish 

dressing  (basil)  (mint)  bay  marjoram  sage  parsley   

rosemary  savory  thyme ( , 2544)

( , 2540) 

1.

2.

3.

4.
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1.

terpene
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  (Rosemary)

 2.1  (Rosemary) 

 : www.flower.riri.info/f/rosemary.jpg 

Rosmarinus  Officinalis

 2-4 

 ( , 2542)  2 

 (Keville, 1991) 

0.5(Merory, 1968)  flavonoid, phenolic acids, carnosic acid, rosemaricine, rosmanol 

 carnosol   cineole, borneol, camphor, linalool (Newall et al., 1996 ; Prakash, 

1990)
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 (Keville, 1991) 

  (Thyme)

 2.2  (Thyme) 

 : www.aromatherapy-oil.co.uk/images/lemon-thyme.jpg 

Thymus  citroodows 

 (Keville, 1991) 
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 2.5 

 thymol ( )  - pinene, terpinene, camphene, carvacrol, geraniol,   

terpen – 4 ol, borneol, l – linalool (Newall et al., 1996 ; Prakash, 1990)

 (Keville, 1991) 

 (Newall et al., 1996 ; Prakash, 1990)

 thymol 

  labiatic  acid 

 thymol 

 (Steam distillation)  1.0 – 2.5 

thymol  carvacrol   (Pokorny et al., 2001) 

 thymol  carvacrol 

  (Dapkevicius et al., 2002) 

labiatic acid 

 thymol 

  (Wang et al., 1999) 
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  (Balm)

 2.3  (Balm) 

 :  (2544) 

Melissa  Officinalis  (

, 2542)  1 

(Keville, 1991)

0.1 – 0.2  citral, caryophyllene oxide, 

citronellal, eugenol acetate, geraniol  terpene hydrocarbon  polyphenols (caffeic 

acid, protocatechuic acid) glucoside  geraniol, nerol, eugenol, benzyl alcohol,  - phenylethyl

alcohol, neric  acid   geranic  acid (Prakash, 1990)
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 (vermouth )

 (Keville, 1991)

 (Oregano) 

 2.4  (Oregano) 

 : www.bbcfarm.org.uk/…/flowers/main/oregano.jpg 

Origanum  vulgare  majoram 

 28  8  20 

 0.5  thymol, 

origanene  carvacrol 
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 (aromatherapy) 

 (Keville, 1991) 

 (Ruiter, 1979) 
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 67.1  100 

 100  100  487 
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2532)

( ,  2528)

1.
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2.

3.  (body or texture) 

 “mouth  feel” 

4.

5.  175 

6.

 (sodium chloride) 

 sodium chloride (NaCl) 

 2  5 

 ( , 2540 )

   

 (Karmas, 1976) 
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 hardness 

 (Joslyn and Heid, 1964) 

 26.4 

 (Borgstrom, 1971) 

 Pearson (1976) 

 (plasmolysis) 

( , 2540 )

1.

 (dendritic salt) 

2.

 (anticaking) 

 (tricalcium phosphate)  (calcium 

polysilicate)
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3.

4.

 ( , 2540 )

 (fermented soy sauce powder) 

 shoyu 

 (White and White, 1997)  soy sauce 

 (seasoning sauce) 

 ( , 2521) 

 kekap  kecap  kanjang 

 toyo ( , 2532) 

 (drying) 

(freeze  drying) 

 (water activity, Aw) 



26

 ( , 2543) 

  (hygroscopic  materials)  

 (non-hygroscopic  materials)  ( ,  2543 ; ,  2541 ; Fellows,  1997) 

 (unbound moisture) 

 (capillaries)  (bound 

moisture)  ( , 2543) 

 (water  activity,  Aw) 

  (water  activity, Aw)

 (bound  water)

 (free  water)

 ( , 2543 ; Fellows, 1997) 

  0.2 - 0.4  

 2.1 
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0.95

0.90

0.85

0.80

0.75

0.70

0.65

0.60

0.55

0.40

0.25

Pseudomonas,  Bacillus,  Clostridium  perfingens

Salmonella,  Vibrio  

parahaemolyticus,  Lactobacillus
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  Halophillic  bacteria 
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 (Maillard  reaction) 
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  fungi 

 : Fellows (1997) 
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2.

3.

4.

( , 2543)

1.

2.

3.

4.
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1.   (Polyethylene Terephthalate – PET) ( ,

2541)

PET

 PET 

 PET 

2.  (Polyethylene – PE) 

PE  PE 

  3.     (Aluminium Foil) (Wilmer and James, 1991) 

4.  (surlyn) (http://www.portplastics.com/download/pdf/plastics/      

Commodities/Commodities138.pdf)

 / 
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 Minimally Processing Technology 

 (hurdle technology)  Leistner 

. . 1978 (Leistner, 1978) 

 (barriers) 

 (hurdle effect) 

1.  (physical hurdles)  – 

 (

)  (ultrahigh pressure)  (ultrasonication) 

 (modified – atmosphere packaging) 

2.  (physicochemical hurdles) 

 pH 
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3.  (biological hurdles) 

 (competitive flora)  (protective cultures) 

 (bacteriocins) 

 (antibiotics) 

4.  (miscellaneous hurdles) 

 (chitosan) 

 ( , 2543)

 – 

 (Leistner 

and Gorris, 1995) 

 (dehydrated food) 

1.    Bishov et al. (1971) 

(zero oxygen headspace) 

 5 

 0.001 

 2 

 0.5 

 37.7  1 

2.   Salwin (1963) 

 (Freeze drying) 
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 (monomolecular moisture content) 

(Freeze drying)  2  (

)

 (hysteriosis activity) 

 Aw  (humectant) 

3. ( , 2543) 

4.

 Davis et al. (1993) 

 30  41 

 82 

 200 
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Chipault et al. (1952) 

 (rosmaridiphenol)  (rosmariquinone)  (carnosol) 

 (rosmanol) 

 0.02 – 0.5 

Chipault et al. (1956) 

  17  (substrate)  6 

  allspice, cloves, oregano, rosemary, sage 

thyme   rosemary   sage  

 (  / )  cloves 

Cort (1974) 

 (whole spice)  (spice  

extract)   9   nutmeg, mace, rosemary, allspice, turmeric, sage,  

clove, marjoram  thyme 

 rosemary 

 mace 

Brookman (1991) 

 BHA 

(oregano, rosemary, mace, nutmeg, sage and tumeric) 
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 ascorbly palmitate 

 80  ascorbly palmitate  500 ppm 

 ascorbly palmitate  BHA  BHT 

 100  16  40 

 ascorbly palmitate, di – alpha 

– tocopherol  lecithin  BHA  BHT 

 80  3 – 5 

Iriarte et al. (1992) 

(1)  300 ppm

(2)  150 ppm

(3)  300 ppm 

(4)

 (peroxide Value)  4, 8, 12, 16  

 20  (11 - 23 )  (19 - 24 )

 (8 - 9 )

 300 ppm 

Pizzocaro et al. (1994)  (  0.3 

)  (  0.3 )

 BHT  0.03 

 10  20 
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 (hypoxanthin value) 

(  TBA  )  

Wada and Xin – Fang (1994) 

 2 

 5  

 30  50   5 

 0.07 

 0.035 

hydroperoxidase

 eicosapentaenoic (EPA)  docosahexaenoic (DHA)  16 

 (C16 : O)  EPA  DHA 

 2 

 2 

 hydrolysis 

 2 

Gerard et al. (1995)  phenolic diterpenes 

 phenolic diterpenes 

 carnosol acid (  77  phenolic diterpenes 
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)  200 

ppm

 paprika oleoresin  

Yanishlieva et al. (1999) 

  thymol  carvacrol 

 (thymol -   :  thymol -  : carvacrol - 

: carvacrol - )  22 

 thymol 

 carvacrol  thymol

 carvacrol 

 thymol  carvacrol 

Andreja et al. (2000) 

 4  -  tocopherol  ascorbyl palmitate  

 60  peroxide 

anisidine

Bitznane and Dalaine (2000) 

 TBHQ 

 65  0, 5, 8, 14, 20  28 
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 TBHQ 

 Sanchez – Escalante et al. (2001)  (taurine)       

 (carnosine) 

 (  70 

 20   10) 

 500 ppm   50 

 50  1000 ppm

 2 1  20  (L*, a*, 

b*, C*  Ho)  TBARS  metmyoglobin (  myoglobin )

 metmyoglobin 

myoglobin

Mc Carthy et al. (2001) 

 (fenugreek)  

 (  35) 

 (-20 )
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0.25  0.10  0.05 

 0.10 

a  Hunter  0, 3 

6  0.01  a 

 L  b 

 –  – 

 – 

 3  – 

Nassu et al. (2003) 

 2  thiobarbituric 

reactive substance (TBARS) 

 90  TBARS 

TBARS

 75 

 0.05 

 TBARS 

 0.025 



 3 

-  (Rosemary , . )

-  (Lemon balm , . )

-  (Lemon thyme , . )

-  (Oregano , . )

-  ( )

-  ( )

-  (Fermented soy sauce powder ; FK 1537, Inthaco, Thailand) 

-  (Anticaking agents ; Silicon dioxide 99.5 %, Food grade, 

Intergoods, Thailand) 

-  40 

 7  30 

 12  (PET 12 / PE 30 / ALU 7 

/ Surlyn 40)  135 x 187  (Huhtamaki, Thailand LTD.) 

-  (TEFAL UNIVERSALIS 1000) 

-  (Mixer, KitchenAid : Model 5K5SS, USA) 

-  (Tray drier : Model HA 200, Thailand) 

-  (Vacuum drier : Model of Royal Project 

Foundation, Chiangmai, Thailand) 

-  2  (Semi-accurate balance, Mettler : Model 

BB120, Switzerland) 
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-  4  (Analytical balance, Precisa : Model XT320M,

Switzerland)

-  (Blender, National : Model MX-T1PN, Taiwan) 

1.

-  (Aw-box, Novasina : AWC200, 

Switzerland)

-  (Hot air oven, Memmert : Model ULM-400, USA) 

-  (Oven, Gallenkamp, Muffle Furnace, England) 

2.

-  (Minolta camera, Chroma Meter CR-300,  Japan) 

-  (Instron Universal Testing Machine : Model 5565 ) 

3.

-  (Vortex geniez, Scientific Industries : Model G560E) 

-  (Incubator, Hereaus : Model D-6450 Hanna, Germany) 

-  (Autoclave, Iwaki Glass CO.,Ltd : Model AVC-3167, Japan) 

-  (Water bath, GFL : Model D1004, Germany) 

4.

-

-  ( )

- PCA Plate Count Agar (Difco, USA) 

- PDA Potato Dextrose Agar (Difco, USA) 

- Peptone (Difco, USA) 

-  (Tartaric acid ; C4H6O6, Merck, Germany) 
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-

-  Microsoft excel 

-  SPSS version  10.0 

-  Mathcad 7 professional 

-  Statistica version 5.0 

-  XVERT 

-  POM 

 40  16  50  6 

( . )

 3.1 
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 +  + 

              

 3.1

3 x 3 x 2 

 500 

 3  27.5 

 1  (  3 

)

 180  8  (

)
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 ( , 2545) 

 Ideal ratio profile 

Horizontal line scale 

 4 

 (Ideal) 

 Ideal ratio profile 

 1 

 1 

 Numerical product profile 

 (Cyclic profile)

 10 
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 5 

 1

1.1

 4 

 4 

 4 

 4 

 Hedonic scale scoring test ( , 2545)   

 4 

1.2  4 

 1.1  4 

 4 

 4 

 Mixture design ( , 2539 )

 1.0  100  

-      AOAC (2000) 

 -        (Aw-box,

                                                                             Novasina : AWC 200, Switzerland) 
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-  Hunter (L, a  b)  Minolta camera, Chroma

                                                         Meter CR-300, Japan (Minolta Camera CO.,  

                                                                      Ltd., 1991) 

 Ideal Ratio Profile Technique ( , 2539 )

 3  8-12 

 4 

 2

 4 

 Mixture Design

     40 - 60 

     10 - 20 

     20 - 30 

       5 – 15 

 Mixture design  4  XVERT 

 3.1 
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 3.1  Mixture design 

 ( )  ( )  ( )  ( )

1

2

3

4

5

6

7

8

9

55

55

45

55

45

45

40

40

40

10

20

20

10

10

20

20

15

20

30

20

30

20

30

20

30

30

25

5

5

5

15

15

15

10

15

15

(  1.2) 

 3

 A : 

 B : 

 22 Factorial experiment with central composite design 

(CCD)  2  3.2 
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 3.2  Central composite 

design (CCD) 

 A B 

1

2(a)

3(b)

4(ab)

5(- a)

6(+ a)

7(- b)

8(+ b)

9(Cp1)

10(Cp2)

11(Cp3)

-1

+1

-1

+1

-1.414

+1.414

0

0

0

0

0

-1

-1

+1

+1

0

0

-1.414

+1.414

0

0

0

 -1.414 -1 Center point +1 +1.414 

( /  500 )

( )

10

20

15.856

34.64

30

70

44.144

105.36

50

120

(  1.2)  : 

 -   Instron Model 5565, USA (Instron,

                                                                      1993) 
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 4

 1 2  3

 1, 2  3 

 : 

-     AOAC (2000) 

 -        (Aw-box,

                                                                             Novasina : AWC 200, Switzerland) 

 -   AOAC (2000) 

 : 

-  Hunter (L, a  b)  Minolta camera, Chroma

                                                         Meter CR-300, Japan (Minolta Camera CO.,  

                                                                      Ltd., 1991) 

 : 

-  Total plate count (AOAC, 2000)   

-  Pour Plate (AOAC, 2000)  

 : 

 Ideal Ratio Profile Technique 

 ( , 2539 )
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 5  (anticaking agent) 

 40  7  30 

 12  (PET 12 / PE 30 / ALU 7 / Surlyn 40)  135 x 

187

 2 

 0.8 (Intergoods, Thailand)

 3  25, 30  40 

 2 x 3 Factorial experiment in completely randomized design 

 2, 4, 

8, 12, 16, 20  24  (  4) 

 SPSS 10.0 



 4 

 Ideal ratio profile 

 27.5  500  1 

 180  8 

 10 

1.

    8  

    3  

         3  

2.

    8  

     7  

     8  

       1  
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3.

              10  

                  4  

      1  

   1  

   1  

4.    

   10  

 5  6 

(Mean score)  (Mean ideal ratio score) 

 4.1  ( )

5.80  1.19 5.89  1.10 0.99  0.16 

4.44  1.21 7.03   0.84 0.64  0.16* 

4.17  1.46 4.04   0.88 1.07  0.43 

4.24  1.00 4.73   0.87 0.89  0.13 

3.96   0.79 5.94   0.89 0.67  0.08* 

5.62  1.28 10.00   0.00 0.56  0.13* 

 :  +

*  Ideal ratio score   Ideal (1.00)    95 

(p 0.05)
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 (Mean  ideal  ratio  score)  4.1 

 1.00  

 4.1 

  1.00  

  1.00

  1.00 

 4.1

 1 

 (p 0.05)

0

1
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 1 

(Fixed  ideals)

4.1

4.1.1

 4 

 4 

 4 

 4 

 Hedonic scale scoring test ( ,

2545)

 4.2  Hedonic scale scoring test 

 4 

7.9  0.99a

7.8  1.03a

6.6  1.65b

6.0  1.25b

 : 
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 (p 0.05)

 4.2 

 Analysis of variance (ANOVA) 

 Duncan ,s multiple range test 

 4 

4.1.2  4 

 4 

 Mixture design  ( , 2539 )

 XVERT 

 4.1.1 

  10 - 40 

  15 - 45 

  20 - 75 

  20 - 80 

 Mixture design  4  XVERT 

 4.3
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 4.3  Mixture design 

 ( )  ( )  ( )  ( )

1

2

3

4

5

6

7

8

10

10

40

10

10

40

15

40

15

45

15

15

45

15

45

20

20

20

20

55

25

25

20

20

55

25

25

20

20

20

20

20

 8  8 

 SPSS version 10.0 

 (Linear regression)  POM 

 (Linear programming)  4 

 (Constrains)  Lag range 

  4.4, 4.5, 4.6, 4.7 

 4.2
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 4.4 

( )

1 0.18  0.00 3.53  0.14 

2 0.18  0.00 3.45  0.14 

3 0.18  0.00 3.38  0.08 

4 0.18  0.01 4.01  0.72 

5 0.18  0.00 3.65  0.50 

6 0.17  0.00 3.49  0.46 

7 0.17  0.00 3.60  0.34 

8 0.18  0.00 3.23  0.16 

 : 

 4.5  ( )

 L a b 

1 69.62  0.72a -2.86  0.08a 18.62  0.11a

2 72.91  1.29b -3.26  0.11bc 17.71  0.08b

3 74.64  1.00c -3.08  0.04a c 19.37  0.25c

4 73.02  0.29b -2.92  0.15a 18.67  0.26a

5 72.60  0.92b -3.23  0.12bc 18.70  0.28a

6 74.87  0.81c -3.47  0.15b 19.19  0.51cd

7 72.94  0.68b -3.47  0.05b 19.07  0.15acd

8 72.51  0.40b -3.47  0.22b 18.87  0.11ad

 : 

 (p 0.05)
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 4.4  (

)  8 

 (p>0.05)  0.17  0.18  3.23  4.01 

  4.5   ( )  8 

 L ( )  69.62  74.87  a (  - )   -3.47 

 -2.86  b (  - )  17.71  19.37  8

 L, a  b  (p 0.05)

 4.6  ( )

 L a b 

1 45.98  2.30abc 9.96  0.79a 28.12  0.36a

2 48.24  2.59b 5.04  1.08b 23.29  1.46 bcd

3 46.97  4.25bc 5.70  1.20bc 23.54  1.20bcd

4 40.99  1.57de 8.00  0.39d 21.81  2.01b

5 43.34  2.58e 7.07  1.82cd 24.75  3.23cd

6 46.29  2.30abc 7.09  1.45cd 25.68  2.22ad

7 44.25  1.51ace 7.12  0.79cd 22.14  0.81bc

8 39.09  1.95d 7.49  1.27d 22.11  2.45bc

 : 

 (p 0.05)

 4.6  ( )

 8  L ( )  39.09  48.24  a (  - 

)  5.04  9.96  b (  - )  21.81  28.12 

 8  L, a  b  (p 0.05)
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 4.7  (Mean ideal ratio scores)

1 0.89  0.19 0.89  0.14 0.88  0.15 0.97  0.16 0.81  0.21 0.61  0.17 

2 0.82  0.22 0.81  0.16 0.93  0.12 0.91  0.17 0.86  0.25 0.63  0.19 

3 0.92  0.19 0.86  0.21 0.95  0.17 0.95  0.14 0.86  0.21 0.67  0.20 

4 1.03  0.13 0.97  0.12 0.98  0.11 0.98  0.10 0.83  0.22 0.70  0.16 

5 0.94  0.14 0.87  0.12 0.94  0.14 1.00  0.12 0.83  0.19 0.70  0.19 

6 0.96  0.14 0.84  0.16 0.92  0.14 0.95  0.11 0.88  0.21 0.68  0.12 

7 1.03  0.14 0.91  0.14 0.94  0.11 0.96  0.09 0.81  0.26 0.69  0.19 

8 0.96  0.13 0.91  0.08 0.97  0.13 0.98  0.10 0.85  0.19 0.67  0.16 

 : 

 (Mean ideal ratio score) 

  4.2
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 4.2

0

1

 1

 2

 3

 4

0

1

 5

 6

 7

 8
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 4.7  4.2 

 (Linear regression) 

 4 

 (Interaction) 

 (Interaction) .1

  (Linear regression)  Partial derivatives 

Lag range 

 (POM) .1
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 4.8

 ( ) ( ) ( ) ( )

 19.79 24.88 28.05 27.27 

 19.31 24.81 28.05 27.81 

 19.41 24.94 27.90 27.75 

 19.27 24.85 28.09 27.78 

 19.42 24.67 27.97 27.94 

 19.49 24.94 28.12 27.43 

 L 19.46 24.74 27.96 27.84 

 a 20.13 25.48 27.41 26.99 

 b 19.60 24.66 27.93 27.81 

 L 19.15 24.56 27.79 28.49 

 a 18.49 23.62 29.73 28.18 

 b 19.01 24.33 28.32 28.33 

 (mean) 19.38 24.71 28.11 27.80 

 (SD) 0.40 0.44 0.55 0.43 

 4.8  

 L, a, b  L, a  b  :  :  :      

 4.8 

     19.38  0.40 

     24.71  0.44 

     28.11  0.55 

     27.80  0.43 
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4.2

 Mixture design ( , 2539 )

 9  9 

 4.1.2 

 SPSS version 10.0 

 (Linear regression)  POM  (Linear 

programming)

 (Constrains)  Lag range 

 4.9, 4.10, 4.11, 4.12  4.3 

 4.9

( )

1 0.17  0.00ab 4.84  0.25a

2 0.17  0.00bd 3.69  0.14b

3 0.14  0.00c 4.26  0.04cd

4 0.18  0.01d 4.72  0.22a

5 0.16  0.00a 5.40  0.09e

6 0.17  0.00bd 4.28  0.19cd

7 0.15  0.00c 4.20  0.39c

8 0.17  0.01ab 4.60  0.09ad

9 0.16  0.01a 4.28  0.20cd

 : 

 (p 0.05)
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 4.9  (

)  9 

 (p 0.05)  0.14  0.18 

 3.69  5.40 

 9 

 4.10  ( )

 L a b 

1 78.59  0.28a -3.03  0.15a 20.77  0.43a

2 79.31  0.21b -3.74  0.09b 18.88  0.26b

3 77.42  0.31c -2.77  0.13c 21.34  0.28c

4 74.69  0.63d -4.39  0.08d 17.14  0.12d

5 74.74  1.16d -3.24  0.15e 19.57  0.44e

6 73.29  0.24e -4.27  0.08d 17.7  0.23f

7 74.05  0.28f -2.99  0.06a 21.34  0.21c

8 72.17  0.35g -3.67  0.07b 20.68  0.34a

9 70.20  0.87h -3.95  0.14f 19.88  0.35e

 : 

 (p 0.05)

 4.10  ( )  9 

 L ( )  70.20  79.31   a (  - )  -4.39 

 -2.77   b (  - )  17.14  21.34  9

 L, a  b  (p 0.05)
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 4.11  ( )

 L a b 

1 43.84  6.91a 6.92  2.42 21.85  4.07abc

2 44.02  3.56a 7.83  2.09 23.89  3.39bc

3 44.53  3.47a 5.66  2.34 24.60  3.54c

4 37.67  4.96bc 8.88  2.03 18.93  4.70a

5 37.07  4.45bc 7.41  1.90 19.64  3.64ab

6 40.84  5.56abc 8.12  1.80 22.13  3.24abc

7 42.14  7.30ac 7.96  1.99 24.42  5.81c

8 35.81  3.51b 9.16  1.63 19.77  3.54ab

9 41.23  4.55ac 8.51  1.91 23.29  4.34abc

 : 

 (p 0.05)

 4.11  ( )

 9  L ( )  35.81  44.53  b (  -

)  18.93  24.60  9  L  b 

 (p 0.05)  a (  - )  5.66  9.16 

 (p>0.05) 
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 4.12  (Mean ideal ratio scores) 

1 0.93  0.10 0.90  0.10 1.01  0.15 1.00  0.14 0.96  0.08 0.75  0.13 

2 0.94  0.10 0.87  0.08 0.93  0.10 1.02  0.16 0.91  0.07 0.73  0.16 

3 0.97  0.06 0.93  0.11 0.88  0.30 1.09  0.21 0.88  0.12 0.74  0.14 

4 1.10  0.16 0.99  0.06 1.00  0.13 0.89  0.12 0.87  0.13 0.74  0.15 

5 1.18  0.19 1.00  0.09 1.01  0.03 0.96  0.10 0.85  0.13 0.77  0.16 

6 1.11  0.16 1.00  0.07 0.91  0.24 1.02  0.11 0.94  0.08 0.78  0.11 

7 0.97  0.13 0.90  0.13 0.89  0.09 1.03  0.14 0.92  0.10 0.76  0.13 

8 1.11  0.14 0.89  0.09 0.96  0.11 0.93  0.16 0.89  0.08 0.75  0.13 

9 1.16  0.19 0.96  0.06 0.83  0.29 1.14  0.27 0.89  0.10 0.75  0.16 

 : 

 (Mean ideal ratio score) 

  4.3 
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 4.12 

 Mixture design 

 4.3 

 (Linear regression) 

 4  (Interaction) 

(Linear regression)  Partial derivatives  Lag range 

(POM) .1
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 4.13

 ( ) ( ) ( ) ( )

 45.93 15.50 24.66 13.89 

 46.29 15.94 25.60 12.13 

 43.58 17.76 25.82 12.85 

 47.63 17.32 24.37 10.70 

 44.18 19.38 24.36 12.08 

 45.77 15.73 26.03 12.47 

 a 56.14 10.72 25.53 7.75 

 b 47.40 15.32 26.74 10.54 

 L 44.77 17.74 24.02 13.47 

 b 46.05 16.11 25.83 12.00 

 (mean) 46.77 16.15 25.30 11.78 

 (SD) 3.53 2.30 0.89 1.77 

 4.13 

 a, b  L  b  : 

 :  :  4.13 

         46.77  3.53 

     16.15  2.30 

     25.30  0.89 

     11.78  1.77 
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4.3

 22 Factorial experiment with central composite design 

 11  4.14

 4.14

1 (1) -1 15.86 -1 34.64 

2 a +1 44.14 -1 34.64 

3 b -1 15.86 +1 105.36 

4 ab +1 44.14 +1 105.36 

5 - a - 10 0 70 

6 + a + 50 0 70 

7 - b 0 30 - 20

8 + b 0 30 + 120

9 cp1 0 30 0 70 

10 cp2 0 30 0 70 

11 cp3 0 30 0 70 

 0.16  0.01  2.75  0.06  L ( )

75.78  0.04  a (  - ) -3.90  0.09  b (  - ) 18.73  0.25

  4.15  4.16 
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 4.15 

L a b ( )

1 42.24  4.34abc 8.73  2.89 22.11  3.05abc 52.36  13.03

2 42.54  2.82abc 5.39  2.76 20.52  2.31ab 48.30  17.63 

3 46.12  3.78c 8.71  1.74 26.56  3.30c 51.76  16.00 

4 44.42  2.94bc 4.99  2.37 21.43  3.47ab 47.81  16.56 

5 46.91  3.34c 7.32  1.19 24.70  3.42bc 45.32  18.14 

6 43.08  5.56abc 5.94  3.10 21.21  3.40ab 51.62  14.90 

7 39.97  6.57ab 6.75  2.26 19.10  5.44a 53.79  21.57 

8 42.33  5.31abc 7.86  3.22 22.49  2.86abc 42.45  14.71 

9 38.19  3.05a 6.31  2.16 20.40  3.63ab 45.25  11.20 

10 44.86  3.26bc 7.44  1.60 25.08  3.05bc 48.06  20.58 

11 39.38  3.81ab 8.83  3.49 23.62  4.25abc 39.00  12.71 

:  +

 (p 0.05)

 4.15  11

 L ( )  38.19  46.91   b (  -           

)  19.10  26.56   11  L  b 

 (p 0.05)  a (  - )  4.99  8.83 

 (p>0.05) 

 11 

 (N)  39.00  53.79 

(p>0.05)
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 (N) 

 2 

 4.16

 (Mean ideal ratio scores) 

1 0.94  0.22 0.77  0.23 0.81  0.20 0.74  0.21 0.76  0.30 0.67  0.19 

2 0.99  0.27 0.92  0.20 1.06  0.34 1.14  0.20 0.91  0.17 0.63  0.24 

3 0.81  0.25 0.75  0.20 0.85  0.31 0.77  0.18 0.82  0.21 0.65  0.20 

4 1.08  0.24 0.99  0.15 1.11  0.26 1.14  0.33 0.95  0.12 0.68  0.16 

5 0.72  0.27 0.62  0.28 0.64  0.30 0.58  0.21 0.77  0.27 0.54  0.23 

6 1.03  0.32 1.07  0.13 1.05  0.36 1.20  0.22 0.94  0.21 0.68  0.16 

7 1.04  0.20 0.89  0.20 0.99  0.23 1.03  0.26 0.90  0.19 0.69  0.21 

8 0.96  0.11 0.95  0.11 1.00  0.20 0.94  0.15 0.87  0.25 0.80  0.07 

9 0.97  0.30 1.01  0.17 1.06  0.27 1.01  0.27 0.99  0.12 0.70  0.14 

10 0.95  0.13 0.94  0.11 0.95  0.15 0.96  0.19 0.82  0.26 0.77  0.12 

11 0.97  0.28 0.97  0.09 1.12  0.28 1.03  0.14 0.94  0.20 0.78  0.16 

 : 

 (Mean ideal ratio score) 

 4.4 
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(Stepwise multiple regression)  (

)  ( )

 Stepwise 

regression

 ( , 2536) 

 SPSS 10.0 

 4.17 

 4.17  (Coded equation) 

 R2

 L

 a

=   41.148 + 2.177(Q)2

=   7.115 – 1.127(Q) 

0.3830

0.5500

=   0.951 + 0.095(Q) 

=   0.942 + 0.128(Q) – 0.06(Q)2

=   1.029 + 0.136(Q) – 0.09(Q)2

=   0.995 + 0.206(Q) – 0.05(Q)2

=   0.879 + 0.065(Q) 

=   0.743 – 0.07(Q)2

0.6750

0.8760

0.9000

0.9760

0.5710

0.5960

 : Q  ( /  500 )

                   R2   Coefficient of multiple determination 
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 (Coded 

equation)

 (Decoding) 

 (Decoded equation) 

 R2 (Coefficient of multiple determination) 

0.8000

 (Decoding) 

 =  – (  + )/2

               (  – )/2

-

 4.18

 4.18  (Decoded equation) 

 R2

(1)

(2)

(3)

=   0.615 + 0.0154 (Q) – 0.00015(Q)2

=   0.6225 + 0.0203 (Q) – 0.000225(Q)2

=   0.5735 + 0.0178 (Q) – 0.000125 (Q)2

0.8760

0.9000

0.9760

 : Q  ( /  500 )

                   R2   Coefficient of multiple determination
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 (10 – 50 /  500 )

 Mean ideal ratio score  1 

(1)    =   0.615 + 0.0154 (Q) – 0.00015(Q)2  R2 = 0.8760 

 f ( )

 f(40) = 0.991   f(43) = 1 

 f(41) = 0.994   f(44) = 1.002 

 f(42) = 0.997   f(45) = 1.004 

 43 ( /  500 )  Mean ideal ratio score 

 1  

 (Response surface)  4.5 

(2)    =   0.6225 + 0.0203 (Q) – 0.000225(Q)2   R2 = 0.9000 

 f ( )

 f(24) = 0.98   f(26.2) = 1 

 f(25) = 0.989   f(26.3) = 1.001 

 f(26) = 0.998   f(27) = 1.007 

 26.2 ( /  500 )  Mean ideal ratio score 

 1 

(Response surface)  4.6 
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(3)    =   0.5735 + 0.0178 (Q) – 0.000125 (Q)2   R2 = 0.9760 

 f ( )

 f(28) = 0.974   f(30.5) = 1 

 f(29) = 0.985   f(31) = 1.005 

 f(30) = 0.995   f(32) = 1.015 

 30.5 ( /  500 )  Mean ideal ratio score 

 1 

(Response surface)  4.7 
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 4.5

 0.754
 0.783
 0.812
 0.841
 0.871
 0.9
 0.929
 0.958
 0.988
 1.017
 above
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 4.6 

 0.751
 0.784
 0.817
 0.85
 0.883
 0.916
 0.949
 0.982
 1.014
 1.047
 above
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 4.7

 0.706
 0.753
 0.8
 0.847
 0.893
 0.94
 0.987
 1.034
 1.081
 1.128
 above
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 4.19 

 4.19   ( /  500 

)

( /  500 )

 43.00 

 26.20 

 30.50 

 33.23 

 4.19   33.23 

 33 ( /  500 )

 0.96   1.05 

 1.02 

 33 ( /  500 )

 20 
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4.4

 4.1, 4.2  4.3 

4.1,  4.2  4.3  2.75 

 3 ( , 2533) 

 60  3  (Adam et al., 

2000)

 4.20  4.8 
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 4.20

 ( )

 ( )

 :  L ( )

 a (  - )

 b (  - )

 :  L ( )

 a (  - )

 b (  - )

 (log cfu/g) 

 ( / )

 (Mean ideal ratio scores) 

1.97 + 0.05 

0.122 + 0.001 

30.55 + 0.98

74.92 + 0.13 

-3.78 + 0.06 

20.68 + 0.15 

38.70 + 5.69 

10.26 + 2.80 

21.23 + 3.96 

3.71 + 0.09 

< 30 

1.03 + 0.12 

0.93 + 0.08* 

0.95 + 0.08 

1.07 + 0.08* 

0.96 + 0.07 

0.85 + 0.14* 

 :  +

          *  Ideal ratio score  Ideal (1.00)  95 (p 0.05)
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 1.97 

 10 5  100 

 Ideal ratio profile technique 

 4.8  

0

1
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 1.03  0.12  0.93  0.08

0.95  0.08  1.07  0.08  0.96  0.07  0.85  0.14 

 (p>0.05) 

 (p 0.05)

 (p 0.05)
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4.5  (anticaking agents) 

 4.21 

 4.21

 ( )

1

2

3

4

5

6

 0.8 

 0.8 

 0.8 

25

30

40

25

30

40

 40  7  30 

 12  (PET 12 / PE 30 / ALU 7 / Surlyn 40) 

 135 x 187 

0.8  25, 30  40 

 2,  4, 8, 12, 16, 20  24  6 
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 4.22 

 4.9 

 (p>0.05) 

 1.61 - 1.66 

 (p<0.05)

 1.97  24  1.66 

 4.10  25  40 

 1.66  1.63  30 

 1.56  40 

(p>0.05)

 (p>0.05)  1.82 

 24  1.73 

 3       

( , 2533) 

4.11  (p>0.05) 
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 4.9

 24 

 4.10

 24 

 4.11 

 24 

 4.9  4.10   25   30  40 
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 4.23 

 4.12 

 25  30 

 0.129  0.134  40 

 0.148  (p<0.05)

 (p<0.05)

 0.122  24  0.156 

 4.13  30  40 

 0.142  0.146 

 25  0.133  (p<0.05)

 (p<0.05)

0.124  24  0.165 

 4.14 

 (p>0.05) 
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 4.5 

(p>0.05)

 (p<0.05)

 L ( )  a (  - )

 b (  - )  (p<0.05)

 L ( )  b (  - )

(p>0.05)  a (  - )

 (p<0.05)  

 (p>0.05) 

 25 

 (p>0.05)        

 b (  - )

(p<0.05)  b (  - )

 0, 2, 4, 8  16  b (  - )
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 24 

 5 log cfu/g  20 

30  40 

 (Total plate count) 

Logarithmic

 k  Arrhenius ( )

 4.39  4.57
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4.39

          

                  

                   ( )                  (k ; 1/ )

 25 0.0118 

 30 0.0156 

 40 0.0165 

 25 0.0112 

 30 0.0154 

 40 0.0162 

 4.39 

(k)

 25, 30  40 
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 4.57

 k  k –1  4.57

 (k) 

 k 

 (Linear regression) 

k = 0.102 – 26.655 (1/T)  R2 = 0.748 …………………(1) 

k = 0.105 – 27.547 (1/T)  R2 = 0.723 …………………(2) 

  T  ( )

 1 

 2 

0.01

0.012

0.014

0.016

0.018

0.0031 0.0032 0.0033 0.0034

1/  (1/K)

 (k
;1

/
)
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 k 

 1  2 

 Arrhenius 

 ( )  4.32  3.71 

3.75 log cfu/g 

 5.07  5.10 log cfu/g 

 25, 30  40 

 25, 30  40 

 6.22, 5.56  4.64 

 25, 30  40 

6.12,  5.46  4.52 

 25 

 6.22  6 



141

( , 2539 )

1.

 4.40 

( )

 1,000 

 ( ) 1,000  ( )

 3.28 730 23.94 

 3.32 630 20.92 

 2.91 580 16.88 

 2.29 330 7.56 

 46.80 14 6.55 

 16.10 10 1.61 

 25.30 170 43.01 

 1000  120.47 

 1  (70 ) 8.43

2.  1.50 

3.
 30  2.98 

 1  (70 )

-    8.43 

-    1.50 

-    2.98 

   12.91

 16 

 100 



 5 

1.  Ideal ratio profile 

 6 

2.  4 

 Mixture design 

L, a, b  L, a  b 

     19.38  0.40 

     24.71  0.44 

     28.11  0.55 

     27.80  0.43 

3.

Mixture design 

a, b  L  b
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         46.77  3.53 

     16.15  2.30 

     25.30  0.89 

     11.78  1.77 

4.

 22 Factorial experiment with central composite design 

  =   0.615 + 0.0154 (Q) – 0.00015 (Q)2 R2  = 0.8760 

   =   0.6225 + 0.0203 (Q) – 0.000225 (Q)2 R2  = 0.9000

                                            =   0.5735 + 0.0178 (Q) – 0.000125 (Q)2 R2  = 0.9760 

 : Q  ( /  500 )

         R2   Coefficient of multiple determination 

 500  33 

 20 

 5. 

 1.97 + 0.05   0.122 + 0.001  

 30.55 + 0.98  L (

)  74.92 + 0.13   a (  - )  -3.78 + 0.06   b (  – 

)  20.68 + 0.15   L ( )  38.70 + 5.69   a (

 - )  10.26 + 2.80  b (  - )  21.23 + 3.96 

3.71 + 0.09  log cfu/g   < 30 /
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 Ideal ratio profile test 

 1.03 + 0.12   0.93 + 0.08    

 0.95 + 0.08   1.07 + 0.08   0.96 + 0.07  

 0.85 + 0.14

6.

 0.8 

 25, 30  40 

 2, 4, 8, 12, 16, 20  24  6 

 25 

 b (  - )

 (p>0.05) 

 (Total 

plate count) 

    k = 0.102 – 26.655 (1/T) R2 = 0.748

    k = 0.105 – 27.547 (1/T) R2 = 0.723

  k  T  ( )

 k 

Arrhenius

 25, 30  40 
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 12.91  (70 )



146

 1. 

 2. 

 3. 

 500 

 4. 

5. 

6. 



.  2541.  .

.

.  2528. .

.

.  2543.  .

.

.  2541.  .

. .

.  2532.  .

. .

.  2521. . . .

.  2539 . .

.

.  2539 .  2.  

.

.  2545.  .

.

.  2542.  . .

. .

.  2544.  “ ”

.

.  2540. . . .

.  2544.  .

.



148

.  2532.  .

. .

.  2543.  .

.

.  2535.  .

. .

.  2540 . . .  8(2) : 45 - 52. 

.  2540 . . .  8(3) : 4 - 13. 

.  2543.  “ ” .

. .  164 - 172. 

.  2543.  

 - .

.

.  2533.   : 

. 932 - 2533. .

.  2536.   Statistix version 1.1  3.5.  

.

Adam, E., Muhlbauer, W., Esper, A., Wolf, W. and Spiess, W.  2000.  Quality changes of onion 

(Allium Cepa L.) as affected by the drying process. Nahrung . 44 : 32 - 27.

Andreja, R. H., Majda, H., Zeljko, K. and Davorin, B.  2000.  Comparison of antioxidative and 

synergistic effects of rosemary extract with alpha - tocopherol, ascorbyl palmitate and 

citric acid in sunflower oil. Food Chemistry.  71(2) : 229 - 233. 

Andrew, J. T.  2002.  Food Flavour Technology. Sheffield Academic Press.  UK.

AOAC.  2000.  Official Methods of Analysis of AOAC International.  17th ed.  AOAC 

International.  Maryland.  USA.

Ashurst, P. R.  1995.  Food Flavorings.  Blackie Academic and Professional.  Glasgow. 

Bishov, S. J., Henick, A. S., Nil, J. W., Prell, P. A. and Wolf, M.  1971.  Quality and stability of 

some freeze - dried foods in ‘zero’ oxygen head space. J. Food. Sci.  36 : 532 - 535. 



149

Bitzane, G. and Dalaine, K.  2000.  Potential antioxidant benefits of sage, thyme, rosemary and 

alpha - tocopherol at sensory acceptable levels on shelf stability of cottonseed oil.  

[Online] Available. http://www.dbonline.lib.cm.ac.th/dao/detail.nsp  (30 September 

2003)

Borgstrom, G.  1971.  Principle of Food Science Vol 1.  New york : Macmillan Company. 

Brookman, P.  1991.  Antioxidants and consumer acceptance.  Food Technology in New Zealand.

26(10) : 24 - 28.

Chipault, J. R., Mizuno, G. R., Hawkins, J. M. and Lundberg, W. O.  1952.  The antioxidant 

properties of natural spices. Food Res Technol.  17 : 46 - 55. 

Chipault, J. R., Mizuno, G. R. and Lundberg, W. O.  1956.  The Antioxidant properties of spices 

in foods. Food  Technol.  10 : 209 - 211. 

Cort, M. W.  1974.  Heamoglobin peroxidation test screens antioxidant.  Food  Technol.  50(10) :  

54 - 99. 

Davis, L., Goodwin, L., Smith, G. and Hole, M.  1993.  Lipid oxidation in salted - dried fish : the 

effect of temperature and light on the rate of oxidation of a fish oil.  J. Sci. Food 

Agric. 62 : 355 – 359. 

Dapkevicius, A., Van Beek, T. A., Lelyveld, G. P., Veldhuizen, A. V., Groot, A. D., Linssen, A. 

P. H. and Venskutonis, R.  2002.  Isolation and structure elucidantion of radical 

scavengers from Thymus Vulagaris leaves. J. Nat. Prod.  65 : 892 - 896. 

Fellows, P. J.  1997.  Food Processing Technology Principles and Practice.  Woodhead Publishing 

Limited.  Cambridge.  England.

Gerard, D., Quirin, K. W. and Schwarz, E.  1995. CO2 extracts from rosemary and sage.  Food - 

Marketing & Technology.  9(5) : 46 - 55.

Heath, H. B.  1978.  Flavor Technology : Profiles, Products, Application.  AVI publishing 

company Inc.  London. 

http://www.Aromatherapy - oil.co.uk/Lemon - thyme.htm  (2 February 2004) 

http://www.bbcfarm.org.uk/picture gallery/flowers/Oregano.htm  (2 February 2004) 

http://www.flower.riri.info/2.html  (2 February 2004) 

http://www.portplastics.com/download/pdf/plastics/Commodities/Commodities138.pdf

(5 November 2004)



150

Instron Corporation.  1993.  Instron Series 5565.  Load Frams and Instron Merlin Software. 

Canton, Massachusetts.  USA. 

Iriarte, J., Villanueva, M. R. and Iturri, J. M.  1992.  Comparative study of antioxidants in meat 

products.  Effects of substitution with extract of rosemary. J. Alimentacion - Equipos 

- y –Tecnologia.  11(3) : 87 - 92. 

Joslyn, M. A. and Heid, J. L.  1964.  Food Processing Operation.  Wesport : The AVI Publishing. 

Karmas, E.  1976.  Meat Product Manufacture.  New Jersey : Noyes pata corporation. 

Keville, K.  1991.  The Illustrated Herb Encyclopedia. Michael Friedman Publishing Group, Inc. 

USA.

Leistner, L.  1978.  Food Quality and Nutrition.  Downey, W. K., (ed).  Elsevier.

Leistner, L. and Gorris, L. G. M.  1995.  Food preservation by hurdle technology. Trends in Food 

science and Technology.  6 : 41 - 46. 

Man, C. M. D. and Jones, A. A.  1994.  Shelf - life Evaluation of Food.  Chapman & Hall. 

London.

Mc Carthy, T. L., Kerry, J. P. Kerry, J. F., Lynch, P. B. and Buckley, D. J.   2001.  Assessment of 

the antioxidant potential of natural food and plant extracts in fresh and previously 

frozen pork patties. Meat Science.   57 : 177 - 184. 

Merory, J.  1968.  Food Flavorings Composition Manufacture and Use.  The AVI Inc. 

Connecticut.

Minolta Camera Co., Ltd.  1991.  Choma Meter CR - 300 Instruction Manual.  Chuoku Osaka. 

Japan.

Nassu, R. T., Goncalves, L. A. G., Silva, M. A. A. P. and Beserra, F. J.  2003.  Oxdative stability 

of fermented goat meat sausage with different lavels of natural antioxidant.  Meat

Science.  63 : 43 - 49. 

Newall, C. A., Anderson, L. A. and Phillipson, J. D.  1996.  Herbal Medicines.  CRC Press. 

Pearson, D.  1976.  The Chemical Analysis of Foods.  7th edition.  London : Churchill Livingstone

Publishing.

Pizzocaro, F., Senesi, E. and Babbini, G.  1994.  Protective effect of rosemary and  sage on frozen 

beef hamburgers. J. Industrie – Alimentari.  33(324) : 289 - 294. 



151

Pokorny, J., Yanishlieva, N. and Goron, M.  2001.  Antioxidants in Food Practical Applications. 

Woodhead Publishing Limited.  Cambridge.  England.

Prakash, V.  1990.  Leafy Spices.  CRC Press, Inc.  USA.

Ruiter, A.  1979.  Color of smoked food. Food Tech.  33(5) : 54. 

Salwin, H.  1963.  Moisture levels required for stability of dehydrated food.  Food Technol.  17 : 

1114 - 1120. 

Sanchez - Escalante, A., Djenane, D., Torrescano, G., Beltran, J. A. and Roncales, P.  2001.  The 

effects of acorbic acid, taurine, carnosine and resemary powder on colour and lipid 

stability of beef patties packaged in modified atmosphere. Meat Science. 58 : 421 - 429. 

SPSS.  1999.  SPSS for Windows Release 10.0.  SPSS.  Inc.  USA. 

Statsoft.  1995.  Statistica for Windows Release 5.0.  Statsoft.  Inc.  USA. 

Wada, S. and Xin - Fang.  1994.  Synergistic antioxidant effects of rosemary and alpha – 

tocopherol at different storage temp. and its application for inhibiting dried sardine 

meat oxidation. J. The Japan Oil Chemists’ Society.  43(2) : 109 - 115. 

Wang, M., Shao, Y., Li, J., Zhu, N., Rangarajan, M., Edmond, J. and Ho, C. T.  1999. 

Antioxidative phenolic glycosides from sage (Salvia officinalis).  J. Natural Products.

62(3) : 454 - 456. 

White, J. S. and White, D. C.  1997.  Source Book of Enzymes.  CRC Press LLC.  Florida. 

Wilmer, A. J. and James, P. H.  1991.  Packaging Foods with Plastics.  Technomic Publishing 

Company.  USA.

Yanishlieva, N. V., Marinova, E. M., Gordon, M. H., Raneva, V. G.  1999.  Antioxidant activity 

and mechanism of action thymol and carvacrol in two lipid systems.  Food Chem.  64 

: 59 - 66. 

Ziegler, E. and Zeigler, H.  1998.  Flavorings.  Wiley - VCH.  Weinheim.  Germany.





153

-1

-2



154

-3  ( )

-4



155

-5

-6  TEFAL UNIVERSALIS 1000 



156

-7

-8



157

-9  ( )

 ( )

-10  2  ( )

 ( )  25, 30  40 



158

-11  4  ( )

 ( )  25, 30  40 

-12  8  ( )

 ( )  25, 30  40 



159

-13  12  ( )

 ( )  25, 30  40 

-14  16  ( )

 ( )  25, 30  40 



160

-15  20  ( )

 ( )  25, 30  40 

-16  24  ( )

 ( )  25, 30  40 





162

……………………………………………………….. ……… …………………. . ……………

 :  4 

…

1.  “ ”

2.  I 

3.  X 

…………………  l---------------------------------------------------------------------------------------------l 

  …………     …………. 

…………………  l---------------------------------------------------------------------------------------------l 

  …………     …………. 

…………………  l---------------------------------------------------------------------------------------------l 

  …………     …………. 

…………………  l---------------------------------------------------------------------------------------------l 

  …………     …………. 

…………………  l---------------------------------------------------------------------------------------------l 

  …………     …………. 

…………………  l---------------------------------------------------------------------------------------------l 

  …………     …………. 

…………………  l---------------------------------------------------------------------------------------------l 

  …………     …………. 

…………………  l---------------------------------------------------------------------------------------------l 

  …………     …………. 



163

……………………………………………………….. ……… …………………. . ……………

1.

 ------------------------------------------------------ -------------------------------------

                       

2.

  ---------------------------------------------------------------- ---------------------------

                             

 ------------------------------------- ------------------------------------------------------

             

 -------------------------------------------- -----------------------------------------------

             

3.

 ------------------------------------------------------- ------------------------------------

                

4.

   -------------------------------------------------------------------------------------------

             



164

…………………………………………………….. ………………………………

 632 108 347 594 

     

     

     

     

     

     

     

     

     

 632 :…………………………………....  108 :…………………………………………… 

 347 :……………………………………  594 :…………………………………………….. 





166

 (aw)

  (aw–box, Novasina : AWC 200,Switzerland)

  25  3 

  AOAC (2000) 

1.   (moisture can) 

3

2.  2-3 

  105

3.  

20

4.

 ( , )  =   (A – B) x 100 

                A 

  A =  ( )

   B =  ( )

 AOAC (2000) 

 2-3 

 (muffle furnace)  525-500 

 3 
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 (  100 )  =  ( ) * 100 

                      ( )

 Hunter Lab (Minolta Camera Co., Ltd., 1991) 

 Minolta Camera : Model CR-300 

(Hunter Lab)  L   (Lightness), a  

(Redness/Greeness)   b  (Yellowness/Blueness) 

 L   0  100 

  a    a 

 a

  b    b

 b

 (Calibration) 

 (White blank ; L = 97.67, a = -0.18, b = 1.84) 

 5 

 (   Shear  force)    Instron (Series  5565) 

(Instron  Corperation, 1993) 

  shear force ( )

 Instron Series  5565    Warner  Bratzler  Meat  Shear-

Compression  (2830-013)  Load cell  5   Crosshead  

200
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 3 x 3 x 2  6 

 (Total Plate Count)  AOAC (2000) 

-  (Petri dish) 

-  (Test tube) 

-  1  10

-  (Memmert : Model WB14, Germany) 

-  (Haraeus : Model D-6450 hanau, Germany) 

-  (Hirayama : Model HA-300MIV, Japan) 

-  Plate Count Agar (Bactor   Plate  Count  Agar, Difco Laboratory, USA) 

-  0.1  (Bactor   Peptone, Difco Laboratory, 

USA)

1.  23.5  1 

2.

3.  121 – 124  15 

-   7.0 + 0.2  25  
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1.

1.

  90 

10

2.  1:10  

(10-1)  1  9 

 1:100  10-2

2.

1.  1 

 (10-3, 10-4, 10-5)  1 

 2 

2.  Plate Count Agar (PCA)

45 – 55  15 – 20 

3.

3.

  34 + 2  48 + 3 

4.

 30 – 300  2 

  Mesophilic  aerobic  bacteria  
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 (Yeast and Mold)  AOAC (2000) 

-  (Petri dish) 

-  (Test tube) 

-  1  10

-  (Memmert : Model WB14, Germany) 

-  (Haraeus : Model D-6450 hanau, Germany) 

-  (Hariyama : Model HA-300MIV, Japan) 

-  Potato Dextrose Agar (Bactor  Dextrose Agar, Difco Laboratory, USA) 

-  0.1 (Bactor   Peptone, Difco Laboratory, 

USA)

-  10 

1.  39  1,000

2.

3.  121 – 124  15 

4. -  3.5

 10  (  100   1.9 

)
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1.

1.

  90 

10

2.  1:10  

(10-1)  1  9 

 1:100  10-2

2.

1.   1 

 (10-1, 10-2, 10-3)  1 

 2 

2.  Dextrose Count Agar (PDA)  

 45 – 55  15 – 20 

3.  

3.

  30 + 2  72 + 3 

4.

 30 – 300  2 
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Mixture design 

.1  interaction 

 A B T R AB AT AR BT BR TR 

1 0.1 0.15 0.2 0.55 0.015 0.02 0.055 0.03 0.0825 0.11 

2 0.1 0.45 0.2 0.25 0.045 0.02 0.025 0.09 0.1125 0.05 

3 0.4 0.15 0.2 0.25 0.06 0.08 0.1 0.03 0.0375 0.05 

4 0.1 0.15 0.55 0.2 0.015 0.055 0.02 0.0825 0.03 0.11 

5 0.1 0.45 0.25 0.2 0.045 0.025 0.02 0.1125 0.09 0.05 

6 0.4 0.15 0.25 0.2 0.06 0.1 0.08 0.0375 0.03 0.05 

7 0.15 0.45 0.2 0.2 0.0675 0.03 0.03 0.09 0.09 0.04 

8 0.4 0.2 0.2 0.2 0.08 0.08 0.08 0.04 0.04 0.04 

 :  A  

  B  

  T  

  R  

.1   (  :  :  : )

 Mean ideal ratio score 

 Linear regression  2 

 polynomial 
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 Mean ideal ratio score 

 Regression  ( .1)

 6  (  Interaction) 

 Regression 

 = 4.301A + 3.319B - 20.413AB  --------- (1) 

 = 5.968A + 3.475T - 25.958AT  --------- (2) 

 = 6.433A + 3.492R - 28.106AR  --------- (3) 

 = 4.504B + 3.639T - 19.837BT  --------- (4) 

 = 5.134B + 3.810R - 23.152BR  --------- (5) 

 = 4.268T + 4.033R - 19.917TR  --------- (6) 

 (1)  Regression  Mean ideal ratio score 

 A, B  AB .1

 (2)  Regression  Mean ideal ratio score 

 A, T  AT .1

 (3)  Regression  Mean ideal ratio score 

 A, R  AR .1

 (4)  Regression  Mean ideal ratio score 

 B, T  BT .1

 (5)  Regression  Mean ideal ratio score 

 B, R  BR .1

 (6)  Regression  Mean ideal ratio score 

 T, R  TR .1

 6  Partial derivatives 

 (POM)  Partial derivatives 

  4.301A + 3.319B - 20.413AB   Partial derivatives  A 

 B  Partial derivatives   Lag range 
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 Partial derivatives 

 (1)  = 4.301A + 3.319B - 20.413AB 

Partial derivatives 

 = 0 = 4.301 – 20.413 B --------- (1.1) 

                 A 

 = 0 = 3.319 – 20.413 A --------- (1.2) 

                 B 

 (2)  = 5.968A + 3.475T - 25.958AT 

Partial derivatives 

 = 0 = 5.968 – 25.958 T --------- (2.1) 

                 A 

 = 0 = 3.475 – 25.958 A --------- (2.2) 

                 T 

 (3)  = 6.433A + 3.492R - 28.106AR 

Partial derivatives 

 = 0 = 6.433 – 28.106 R --------- (3.1) 

                 A 

 = 0 = 3.492 – 28.106 A --------- (3.2) 

                 R 

 4  6  Partial derivatives  1, 2  3 

 Lag range ( )  1.1  3.2 
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  20.413 B -  =  4.301 

  20.413 A -  =  3.319 

  25.958 T -  =  5.968 

  25.958 A -  =  3.475 

  28.106 R -  =  6.433 

  28.106 A -  =  3.492 

 (Constrains) 

 0.10  A  0.40  0.15  B  0.45 

 0.20  T  0.75  0.20  R  0.80 

 A + B + T + R = 1.00 

 (POM) 

 19.31

24.82  28.05  27.82 
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 (Man and Jones, 1994) 

 (Order and rate constant or reaction) 

- d CA = k . CA
n

              dt 

  CA =  t 

  t    =  

  k   =  

  n   =  

•  (n=0) 

    

t

CAt = -kt + CA0 

      CAt  t  k 

   •  (n=1) 

     Logarithmic 

 t 

Ln (CAt/ CA0) = -kt 

      Ln (CAt/ CA0)  t  k 
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    •  (n=2) 

    t 

Hyperbolic  1/ CAt

(1/ CAt) - (1/ CA0) = -kt 

        1/ CAt  t  k 

 t 

 (Rate constant; k values) 

(Slope)  k  t 

Logarithmic  Ln (CAt/ CA0)  t 

 k  (t) 

Ln (CAt/ CA0) = -kt


