
The Production of Intermediate Moisture Persimmon Variety NUI SCIN

by Using Antibrowning Agent System

.
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ABSTRACT

The purpose of this study was to use antibrowning agents together with intermediate 

moisture persimmon to maintain natural color in order to replace sulfurdioxide. The suitable 

formula of antibrowning solution was found to contain 4-hexylresorcinol, ascorbic acid,  

citric acid and sodium erythorbate which were main factors affecting the characteristics of the 

intermediate moisture persimmon whereas sodium acid pyrophosphate had very little significant 

effect. The suitable antibrowning solution contained 4-hexylresorcinol 100 ppm., ascorbic acid 

2%, citric acid 1.7%, sodium erythorbate 1.7% and sodium acid pyrophosphate 0.5%.

The study on optimum temperature of solution and soaking time for intermediate 

moisture persimmon production was found to have significant effect to sensory properties in term 

of stickiness and overall acceptability (p<0.05). The optimum condition for soaking persimmon 

was at 30 oC for 28 minutes.

The drying methods of persimmon were studied since the intermediate moisture 

persimmon should contain a minimum of 30% moisture content. It was found that the drying time 

using a vacuum drier was 48 hours whereas the drying time using a tray drier was 67 hours and  

5 minutes. The physical characteristic of the products using both methods were compared and 

found that the product using the former device had more lightness (L) and yellowness (b*) than 

that of the product using the latter device. Hence a vacuum drier had been selected as it gave  

a shorter time of drying (2 days) and the product with more yellowish-orange.

Intermediate moisture persimmons produced using suitable antibrowning solution and 

processing were brought to study the effect of packing methods and temperatures during storage. 

The study showed that packing methods had no significant effects on quality of the products.  

The product packed in normal atmosphere had more yellowness (b*). The most suitable storage 

temperature was 0oC whereas storage temperature at 10 oC and 30 oC were not suitable conditions 

as the product had browning reaction taking place which made a lower acceptance especially the 

storage temperature at 30 oC made the product with the most browning color. The shelf-life 



prediction was found to be kept at room temperature (30 oC) with vacuum package which had the 

shelf life of five and a half month.
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1.1

 (Persimmon)  Diospyrod  Ebenaceace    

D. kaki

 ( , 2540) 

  ( , 2537)

 (Astringent)  (Non-astringent) 

 (Hachiya) 

(Tanenashi)  (Nightingale)  (Hong Sue)  (Ang Sai)  (Niu Scin) 

 (Fuyu) 

 ( , 2535)



2

 ( , 2535) 

 (Sapers, 1993)

 4-  (4-Hexylrescorcinol) 

 4-

 (PPO) 

4- -

 (PPO)  (Monsalve-Gonzalez et al., 1995)

-  (L-cysteine) 4-

 (Sapers, 

1993)  4-

 (Monsalve-Gonzalez et al., 1995)
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1.2

1.

2.

3.

4.

1.3

1.4

 5 

 1

 2

 3

 4 

 5 



 2

 (Persimmon)

 (Sub-tropical fruit)  Diospyros 

Ebenaceace (Ebony family)  Diospyros 

 ( , 2537)

 400 

 4 D. kaki L., D. lotus L., D.virginiana L., D.oleifera Cheng 

D. kaki ( , 2540)

. . 2470 

 ( , 2532)  

 5-6 

 (D. glandulosa)  (D. rhodocalyx)

(D. malabarica)  (D. dasyphylla)  (D. schmidtii)  ( , 2543)

 2 

1. (Sweet  Non-astringent persimmon)
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2.  (Astringent persimmon)

 (Soluble tannin) 

 0.80-1.94  ( , 2537)

 2  2 

1.  (Pollination constant)

2. (Pollination variant)

 2.1

 2.1  ( )  ( )

 :  (2537)
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 2.2 

 (Fuyu)

 (Hachiya)

 2.2  (Fuyu)  (Hachiya)

 :  (2537)
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1.  (Fuyu)

 15  4 

2-4

 100-200  250  7.0 

5.5

1,000

2.  1 (P1)

3.  2 (Xichu or P2)

 100-150 

4.  3 (Ang Sai or P3)  120

5.  4 (Niu Scin or P4)

 152 

-

 ( , 2537; , 2540)

6.  (Hyakume)

 151 
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7.  (Hachiya)

 ( ,

2540)

8.  (Nightingle)

 ( , 2537)

( , 2543)

 2.1
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 2.1

                      

           ( )         ( )                                             ( )    ( )              

            (20 oC)                                        ( )

                                                                                                       ( )

                (o )

  Aizumishirazu        243             79.00              1.074              18.0      5.5       0.46       0.38       0.74        0.92

  Atago                      178             79.10              1.075              18.6      5.5       0.47       0.33       0.51        0.80

  Hagakushi              167             78.00              1.074              19.0      5.3       0.45       0.40       0.68        1.58

  Hiratanenashi         288             80.40              1.072              19.0      5.3       0.47       0.33       0.63        1.47

  Schakokushi           277             76.80              1.080                    20.8      5.4       0.42       0.47       0.89        1.55

  Yokono                   282             80.00              1.074              19.6      5.4       0.37       0.39       0.55        1.51

  Yotsumizo              125             79.20              1.078              20.3      5.3       0.36       0.28       0.80        1.68

             205             79.10              1.076              19.5      5.4       0.43       0.37       0.68        1.41

   Fuyu                       249             82.40              1.066                    16.2      5.5       0.58       0.49       0.68          0

 : Itoo (1986)

 : 

 90 

 (Itoo, 1986) 

 14.8-17.9  2.2 (

, 2540)

 2.2  100 

(o )

( ) ( ) ( ) ( ) ( )

 :

Fuyu

Jiro

Suruga

Gosho

14.8

16.7

17.9

16.4

16.4

14.34

14.38

17.14

14.91

15.19

13.90

13.78

15.40

13.26

14.09

0.42

0.57

1.65

1.57

1.05

6.87

6.40

7.34

6.56

6.79

7.03

7.38

8.06

6.70

7.29

1 : 1.02

1 : 1.15

1 : 1.10

1 : 1.02

1 : 1.07

 : Ito (1971)



10

 :  4  (Fuyu, Jiro, Suruga  Gosho) 

 0.52-1.07  2.3  3 

 64-69  20-29 

 5-10 (Ito, 1971)

 2.3  100 

( )

Na-hexametaphosphate

( )

sodiumhydroxide

( ) ( )

Fuyu

Jiro

Suruga

Gosho

0.360

0.370

0.640

0.740

0.050

0.040

0.046

0.084

0.108

0.140

0.288

0.244

0.518

0.555

0.974

1.070

 : Ito (1971)

 :  Kaki-

tannin  2 

Phenolic hydroxyl groups 

 (Itoo, 1986) 

 ( , 2525) 

 Ferric chloride 

 Polymerized tannin 

 :  (Carotenoid pigment) 

 40 D. kaki 38 

D. lotus 2  Cryptoxanthin  30-40

 (Lycopene)  

 30-40  (Itoo, 1986)  

 Xanthophyll  10-20  ( , 2543) 
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 : 

 : 

 19  alanine, arginine, aspartic acid, glutamic acid, glycine, histidine,

leucine, isoleucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,

tyrosine, valine, cystine –amino butyric acid  asparagine

 (Ito, 1971)

 (Reducing sugar) 

 (

, 2540)  Leucodelphinidin-3-glucoside 

 Gallic acid, Gallocatechin  Gallocatechin gallate 

Diospyrin

 (Ito, 1971)  

 Phenol 

 (Francis, 1985) 

 (Ito, 1971)

 2.3

 2.4 
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 2.3

 : Itoo (1986)

 2.4  Kaki-tannin

 : Itoo (1986)

1.

 1 

 5-7 

 2-3 

 ( , 2537 ; , 2540)
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2.

 35-40 

 10  1  5-7 

 2-3 

3.

 40  15-24 

 ( )

4.

 2,000  10 

 1  5-7 

5.

 –25  10-90 

( , 2540)

6.

 0.15-0.25 Mrad

 (Itoo, 1986)
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7.

 2.5  18 x 24 

 3-4 

 20 

 5 

 1  4  ( , 2540)

 Constant Temperature Short Duration (CTSD)

 20  18-24 

30  3 

 2.5 

 CTSD-CO2

 24 

30  24-48 

 Dry ice (Solid-CO2)

 3-4 
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 2.5

 : Itoo (1986)

 (Anaerobic condition) 

 (Anaerobic respiration)  (CO2)

 (Acetaldehyde)  (Ethanol) (Pesis et al., 1986) 

 80

 1-3  (Stage of

maturity)

 2 

 (Gazit and Adato, 1972)
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 Itoo and Matsou . . 1982 

 2 

 1 : 

 60 

 Pyruvate Decarboxylase (PDC) 

 Alcohol dehydrogenase (ADH) 

 80  (Gazit and Adato, 1972: Ben-

Arie et al., 1988 : , 2540)

 2 :  nonenzymatic reaction 

 2 

 (Taira et al., 1997 : , 2542)

1.  2 
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2.  (Sulfur) 

 10  1 

 30 

3.   50 

6  40-45  

 4-5 

 40 

 4-5  35-40 

 ( , 2540)

 0.65-0.85 

 (Relative humidity)  65-85  15-30 

 Intermediate moisture food 

 ( , 2539)
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 (aw)

 aw

 aw

 aw

 (Reactants) 

 ( , 2545)

 (Intermediate-moisture food, IMF) 

 aw

 3 

1.  High Moisture Foods (HMF) 

 0.85-1.00 

2.  Intermediate Moisture Foods (IMF)

 0.65-0.85 

3.  Low Moisture Foods (LMF) 

 0.01-0.65 



19

 2.4

aw

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 perfringens

Salmonella, Vibrio

paraheamolyticus, Clostridium botulinum, Lactobacillus

Staphylococcus aureus

 Xerophile 

 Osmophile  Xerophile

 ( )

 :  (2545)

 (Lipid oxidation)

 (Non-enzymic browning reaction) 

 ( , 2539)
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 2.6

 :  (2539)

1.

 (Off flavour)  Maillard reaction 

 Maillard

reaction

2.

 Maillard reaction 

 Basic amino acid 

3.

 Maillard reaction 

 Organ enlargement  Pregnancy 

Glucose/amino acid system  Lysine  20 



21

 4.1 

-  Competitive microflora 

Staphylococcus aureus

 0.91 

 0.86  0.86 

 Lag phase 

 Growth curve 

Salmonella

Salmonella

 0.90 



22

 Xerophilic microfungi 

 Alflatoxin, Ochratoxin 

Fusarenon-x

 0.60-0.85 

 Osmophilic yeast

1.

2.
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3.  0.85

-  5 S .aureus

4.

Low redox potential 

5.  Fungistatic substances 

6.  Competitive microflora 

7.

 (Browning reaction in foods)

 2 

 (Enzymatic browning reaction) 

 (Non-enzymatic browning reaction) 

 ( , 2544)

(Poly Phenol Oxidase; PPO) -  (o-diphenol)

-  (o-quinone)
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 PPO  (Tyrosinase)  (o-diphenol

oxidase)  (Catechol oxidase) 

 PPO  (Catechins)  (Cinnamic acid ester)

3,4-  (3,4-Hydroxyphenylalanine  DOPA) 

-  PPO  5-7 

 (Halides) 

(Chelating agents)  (Reducing agents) 

(Cysteine)

 2.7

 :  (2544)

 PPO 

 ( , 2538)
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 (Non-enzymatic browning reaction)

 (Dehydration)  (Degradation) 

(Condensation)

 2 

1.  (Caramelization)

2.   

 Carbonyl-amine

reaction   

 intermediate 

 (Thermolysis) 

 200 

 (Anhydro ring) 

 (Caramel)

(aw > 0.2) 
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- -

 (N-substituted glycosylamine)

 Non-enzymatic

browning

1.

2.  (Imines  Schiff base) 

 Amadori rearrangement  (Aldoseamine) 

(Ketoseamine)  Amadon products  1- -1- -

-  5 

3.  Enolization  Amadori products 

 3-

4.  (Furan) 

 5- -2-  (5-Hydroxymethyl-2-furaldehyde  HMF)

5.  HMF 

 (Melanoidins) 

 (Mole per mole reaction)

 Heterocyclic amine 

(Dianhydrides)

 (Deoxyaldosulose)  5- -2-

 Sugar enolization -
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 (Saccharinic acid) 

(Aldol condensation) 

CH3-CH=O + CH3-CH=O CH3-CHOH-CH2-CH=O

 (Reductones)  (Deoxyhexosones) 

 (Pyrazines) 

 (Imidazoles) 

 Strecker degradation 



28

Strecker aldehydes 

-

 5-10 

-

-  3 

 aw

 30

 ( , 2543)



29

 2.8

 :  (2544)
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1.  (Sulfites)

 (Sulfur dioxide) 

(Sodium sulfite)  (Sodium bisulfite)  (Potassium

bisulfite)  (Sodium metabisulfite) 

(Potassium metabisulfite) 

 (Bleaching agent)  (Antioxidant) 

 (PPO) 

 (Intermediates) 

(Carbonyl intermediate) 

 1,000  FDA 

 300, 500  2,500 

 (Dehydrated potatoes)  (Dried fruit)  ( , 2538)



31

 FDA 

 1959  GRAS (Generally Recognized as

Safe)  1986 FDA 

GRAS

 GRAS 

84

 2,500

 ( , 2535)

2.

 (L-ascorbic acid) 

 Steriochemical isomer  3 

 D-isoascorbic acid  Erythorbic acid  sodium-isoascorbic

acid  Sodium erythorbate  2.9

 2.9 

 :  (2539)
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 PPO 

 2.10

 :  (2539)

(Dehydroascorbic acid; DHAA)  2.10 

 DHAA 

 PPO 

 50 

 ( , 2538)
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3.  PPO (PPO inhibitors)

 PPO 

 (Cinnamic acid)  (Benzoic acid) 

 (Carbon monoxide; CO) 

(Modified atmosphere)  CO  CO

 CO 

 4-  (4-Hexylresorcinol) 

 5-50 

 (Frankos et al., 1991)

 resorcinol m-diphenols

 (Competitive inhibitor)  PPO 

 4-

2.11  Hydrophobic  4  Aromatic resorcinol ring  Hexyl, Dodecyl

 Cyclohexyl  PPO (Monsalve-Gonzalez et al., 1995)

 2.11  4-

 : Kleemann, A. (1999)



34

4-  (Generally Recognized as Safe  ;

GRAS)    

(Monsalve-Gonzalez et al., 1995) 4-

 EverFresh (Lambrecht,  1995)  4-

 200-500  (Monsalve-Gonzalez et al., 1993 ; Monsalve-

Gonzalez et al., 1995)  50- 100  (Saper et al., 1998 

; Dong et al., 2000)

 (Kojic acid)  PPO 

 PPO 

4.  (Complexing agent)

 PPO 

 (Chealating agent) 

 (Ethylenediamine tetraacetic acid; EDTA)  EDTA

 (Sodium acid pyrophosphate) 

 (Citric acid) 

 PPO  (Acidic

polyphosphate)

-

 ( , 2535)
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5.  (Sulfhydryl – containing amino acid)

  PPO

 (Reduced glutathione)  – 

(n – acetyl cysteine) 

6.   (Other browning inhibitors)

 PPO  (Sodium

chloride; NaCl) 

 (Zinc chloride) 

 (Edible coating) 

 (Sulfate

polysaccharide)  (Carrageenan)  (Amylose sulfate)

 (Xylansulfate) 

 (Thixotropic

gum)  (Xanthan) 

 (Protease) 

 PPO  (Plum juice) 

 ( ,

2538)
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7.  (Exclusion of oxygen)

 50 

Clostridium botulinum  ( ,

2538)

 (Dehydration)

 (Drying) 

 (Freeze drying) 
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 0.7 ( , 2539) 

 ( , 2545)

 7-95 

 “ ”

(Free water)  (Bound water) 

 (Latent heat of vaporization) 

 2.12

 2.12

 :  (2545)
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 AB  2.13

(Constant rate period, BC)  

 ( , 2539 ; , 2545))

 ( )

 (Falling-rate period, CD)

 2.13

 :  (2545)
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 (Tray dryer)

 2-6 

 0.5-5 / / 2

 (1-20 / )

( , 2545)

 (Vacuum dryer)

1.
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2.

 10-20  

3.

4.

5.

 (

, 2539)
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-  6.5

-

 0.02-0.03 

(

, 2539)

 (Generally

Recognized As Safe ; GRAS) 

 84 

 1,000  1  ( , 2527)

 35

-

 5  0.03

( , 2526) 



42

 (2535) 

 4  Hachiya, 

Nightingale, Ang Sai (P3)  Nui Scin (P4) 

 17-18 

 37-54  30-44 

 0.08-0.44  34-41 

 21-135 ppm. 

 Hachiya  Nightingale, 

Ang Sai (P3)  Nui Scin (P4) 

 (2540)  (P3) 

 (P4) 

(P4)  (Sulfering method)  

 10  1  20  (

)  650 

 L  48.35  a*  14.75  b*  23.69  

 77  37  30 

 1  (191.63 )

59.11  2 

 0 
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Monsalve-Gonzalez et al. (1993) 

 4-

 4-

 4  25, 30, 35  45 

- -

 (  0.2  0.15  

 52 )  4-  200 

 0.2  10 

32  25 

Monsalve-Gonzalez et al. (1995) 

 4-  4-  0.03 

   4-  0.05 

Luo et al. (1995)  4- -

 4-

0.01  0.5  0.2  5 

 partial vacuum (20 inch Hg vacuum) 

50

Lee-Kim et al.(1997)  (PPO) 

 Burdock  4-

 4-  0.1  

 PPO  Burdock  70 

 20 

4-  1.0  
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PPO  Burdock  90  4-

 PPO  (Purified PPO)  Burdock  

 4-  PPO 

 (Crude PPO)  Burdock 

Sapers et al. (1998) 

 4   0.2   4- -

 100  1 

 (MAP)  4  14 

Buta et al. (1999) 

4-  0.001  0.5 -  0.025 

 5  5 

Dong et al. (2000) 

Bartlett, Bosc, Anjou  Anjou  30 

 1.0   1.0 

 Anjou, Bartlett 

Bosc  4-  0.01  0.5  

 1.0  2 

 2  5  15  30 

 14  4-  1  7  

 4-

  4- -

 0.01 



 3

-

- 4-  (4-Hexylresorcinol ; C12H18O2, Food grade, Fluka)

-  (Ascorbic acid, Food grade, Lab P&P, Thailand)

-  (Citric acid, Food grade, Lab P&P, Thailand)

-  (Sodium erythorbate, Food grade, Lab P&P, Thailand)

-  (Sodium acid pyrophosphate ; Na2H2P2O7, Food grade, 

Jirakorn Co. Ltd., Thailand)

-  (Potassium sorbate ; C6H7KO2, Food grade, Lab P&P, 

Thailand)

-

 (Nylon/EAA/LLDPE) 

( )

-  (Tray drier : Model HA 200, Thailand)

-  (Tray drier : pilot scale, Armfield : Model UOPS-Sohz, 

England)

-  (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)

-  (Vacuum Sealer, Audionvac : Model VM 2010, USA)

1.

-  (Minolta camera, Chroma Meter CR-310,  Japan)

-  (Instron Universal Testing Machine : Model 5565 )

2.

-  (Microprocessor pH-meter, Hanna 

Instrument : model HI 9321, USA)

-  Hand refractometer

-  (Aw-box, Novasina : AWC200, Switzerland)

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

-  (UV/VIS Spectrophotometer : Model V-530)

-  (Vacuum pump, Thomas, USA)

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

3.

-  (Laboratory blender stomacher : Model 400, Seward Chemical, England)

-  (Vortex geniez, Scientific Industries : Model G560E)

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

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

4.

-

-  ( )
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-  (Zinc acetate dihydrate ; C4H6O4Zn.2H2O, Fluka, Germany)

-  (Potassium Ferro Cyanide ; K4(Fe(CN6)).3H2O, Merck, 

Germany)

-  (Copper sulfate ; CuSO4.5H2O, Carlo Erba Reagenti, Germany)

-  (Sodium potassium tartrate ; C4O6H4NaK.4H2O, Carlo 

Erba Reagenti, Germany)

-  (Hydrochloric acid ; HCL, Merck, Germany)

-  (Sodium hydroxide ; NaOH, J.T.Baker, USA)

-  (Methylene blue ; (CH2)2NC6H3N:C6H3(N(CH3)2):SCl.3H2O, Fisher 

Scientific, UK)

-  (Metaphosphoric acid ; (HPO3)n, Merck, Germany)

-  (Petroleum ether ; (C2H5)O20, LAB-SCAN, Ireland)

-  (Diethyl ether ; (C2H2)O2, LAB-SCAN, Ireland)

-  (Sodium sulfate anhydrous ; Na2SO4 : Merck, 

Germany)

- PCA Plate Count Agar (Difco, USA)

- PDA Potato Dextrose Agar (Difco, USA)

- Peptone (Difco, USA)

-  (Tartaric acid ; C4H6O6, Merck, Germany)

-

-  Microsoft excel

-  SPSS version  10.0

-  Mathcad 7 professional

-  Statistica version 5.0
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 5 

4- -

 1:1 

 1  1  1 

 5 

 (weight by volume)

 (Niu Scin; P4)  2-2.5 

 70  16-17 

 50 x 30 

 2  30-35 

1  50  28-32  

 3 

 2-3 

 80  18-19 

 20 

 45 

24  40  30  

 8  1  (

)  2 

 (Case hardening) 
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 3  30 

 40  2 

 0 

 3.1

 70

 80

 20 

 45  24 

 40  30

(  8  2 )

 3  30 

 40  2 

 0 

 3.1
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 Ideal ratio profile 

Horizontal line scale 

 4 

 (Ideal) 

 Ideal ratio profile 

 1 

 1 

 Numerical product profile 

 (Cyclic profile)

 13 
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 5 

 1 

 4-

 20 

 5 

 Plackett and Burman design ( N=8 )  

 3.1  Plackett and Burman design

A B C D E F G

1 + + + - + - -

2 + + - + - - +

3 + - + - - + +

4 - + - - + + +

5 + - - + + + -

6 - - + + + - +

7 - + + + - + -

8 - - - - - - -

 : + 

             - 

 (-)           (+)

A  4-  ( )      5 50

B  ( )    0.5  3

C  ( )    0.5  3

D  ( )    0.5  3

E  ( )    0.5  3

F  Dummy variable

G  Dummy variable
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 3.1 

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

                                                        Meter CR-310, Japan (Minolta Camera CO.,

                                                                           Ltd., 1991)

-  Instron Model 5565, USA (Instron,

                                                                           1993)

- -  (pH) -  (Micro-

processor pH meter, Hanna Instruments :

Model HI 9021, USA)

 Ideal Ratio Profile Technique ( , 2539) 

 1.5 x 1.5  3 

 8-12 

 2 

 1 

 2n Factorial experiment 

2  n 

 1 
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 3 

 A : 

 B : 

 22 Factorial experiment with central composite design 

 2 

 3.2  CCD

1

2(a)

3(b)

4(ab)

5(- a)

6(+ a)

7(- b)

8(+ b)

9(Cp1)

10(Cp2)

-1

+1

-1

+1

-1.414

+1.414

0

0

0

0

-1

-1

+1

+1

0

0

-1.414

+1.414

0

0

-1.414 -1 Center point +1 +1.414

 ( )

 ( )

28

10

31

14

39

25

47

36

50

40
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 (  2) 

 4 

 1-3 

 Completely randomized design 

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

                                                        Meter CR-310, Japan (Minolta Camera CO.,

                                                                            Ltd., 1991)

 5 

 (

 2  (Normal)  (Vacuum)

 3  0, 10  30 

 2 x 3 Factorial experiment in completely randomized design 

 2, 4, 8, 

16  24 
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 :

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

                                                        Meter CR-310, Japan (Minolta Camera CO.,

                                                                           Ltd., 1991)

-  Instron Model 5565, USA (Instron,

                                                                           1993)

 :

- - -  (Micro-

processor pH meter,  Hanna Instruments :

Model HI 9021, USA)

-  Hand refractometer

-  AOAC (2000)

-  (Aw-box,

                                                                                  Novasina : AWC 200, Switzerland)

-  Lane and Eynon, AOAC (2000)

-  AOAC (2000)

 :

-  Total plate count (AOAC, 2000) 

-  Pour Plate (AOAC, 2000)

 :

 Ideal Ratio Profile Technique 

 ( , 2539)

 SPSS 10.0 



 4

 Ideal ratio profile 

 13 

1.

13

  1

2.

12

13

  4

  3

3.

13

4.

13
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 50  7 

 5 

 (Mean score)  (Mean ideal ratio score) 

 4.1  ( )

5.20 0.20 4.47 0.81 1.17 0.20*

4.99 0.54 6.18 0.23 0.83 0.22*

4.19 0.39 5.00 0.15 0.82 0.13*

5.15 0.67 4.95 0.66 1.07 0.19

6.35 0.17 10.00 0.00 0.64 0.11*

 :    

                  *   Ideal ratio score   Ideal (1.00)    95

          (p 0.05)

 (Mean  ideal  ratio  score)  4.1 

 1.00  

 4.1

  1.00  

  1.00  

  1.00 
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 4.1

 1 

(p 0.05)  1  

(p 0.05)

 (Fixed  ideals)  

0

0.5

1

1.5
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4.1

 (PPO)   

 5  4-

  Plackett and Burman design 

8

 4.2  4.3
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 4.2

L a* b* ( )

-

(pH)

1 49.04 + 3.65 15.42 + 0.91 33.05 + 0.63 20.26 + 1.15 3.94 + 0.01

2 30.55 + 2.03 17.56 + 1.38 25.23 + 1.42  19.36 + 0.27 4.42 + 0.02

3 37.97 + 1.07 14.96 + 0.79 31.42 + 0.96 20.19 + 1.07 3.98 + 0.02

4 37.25 + 1.18 15.10 + 1.26 27.35 + 1.14 20.18 + 1.24 4.29 + 0.03

5 35.67 + 0.69 16.82 + 2.10 24.62 + 0.52 18.48 + 0.51 5.12 + 0.02

6 41.33 + 2.12 15.74 + 1.98 25.28 + 2.25 22.07 + 2.15 4.35 + 0.01

7 44.28 + 1.71 15.28 + 1.12 28.74 + 1.48 20.36 + 0.25 4.14 + 0.02

8 38.31 + 1.33 15.29 + 1.31 25.84 + 0.72 20.85 + 1.70 4.52 + 0.02

:  + 

 4.2  L ( )

30.55-49.04  a* ( )  14.96-17.56  b* ( )  24.62-33.05  

  18.48-22.07 -  3.94-5.12
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 4.3

1 0.98 + 0.11 0.95 + 0.06 0.93 + 0.15 1.06 + 0.20 0.75 + 0.13

2 1.37 + 0.25 0.79 + 0.09 1.01 + 0.14  0.93 + 0.11 0.69 + 0.19

3 0.95 + 0.09 0.95 + 0.11 0.95 + 0.09 1.08 + 0.05 0.71 + 0.12

4 1.00 + 0.13 0.94 + 0.15 0.94 + 0.13 0.78 + 0.16 0.69 + 0.07

5 1.98 + 0.37 0.86 + 0.07 1.03 + 0.17 0.84 + 0.19 0.55 + 0.17

6 1.16 + 0.12 1.01 + 0.18 1.02 + 0.09 0.83 + 0.03 0.68 + 0.06

7 0.96 + 0.10 0.86 + 0.10 0.97 + 0.06 1.08 + 0.17 0.73 + 0.09

8 1.24 + 0.18 0.99 + 0.12 1.00 + 0.14 0.90 + 0.11 0.70 + 0.14

:  + 

 4.3 

 0.96-1.98  0.79-1.01 

0.93-1.03  0.78-1.08  0.55-0.75  

 (Mean ideal ratio score)  

  4.2
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 4.2

0

0.5

1

1.5

 1

 2

 3

 4

Ideal

0

0.5

1

1.5

2

 5

 6

 7

 8

Ideal
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 4.4

 L  a*  b*  (N)

Effect t-value Effect t-value Effect t-value Effect t-value

4- -1.958 -0.545 0.837 2.455b 1.778 2.493a -1.293 -1.919a

1.960 0.538 0.137 0.403 1.802 2.528a -0.358 -0.531

7.710 2.117a -0.842 -2.469b 3.863 5.416c 1.003 1.489

-2.685 -0.737 1.158 3.393c -3.448 -4.834c -0.303 -0.449

- 3.045 0.836 -0.002 -0.007 -0.233 -0.326 0.057 0.085

 4.5

-

Effect t-value

4- 0.040 0.304

-0.295 -2.245a

-0.485 -3.691c

0.325 2.474b

0.160 1.218

 :  Degree  of  freedom    2

a   80  t-table   1.886

b   85  t-table   2.282

c   90  t-table   2.920
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 4.6

Effect t-value Effect t-value Effect t-value

4- 0.230 1.874 -0.063 -2.650b -0.002 -0.200

-0.255 -2.078a -0.068 -2.862b -0.038 -3.000c

-0.385 -3.137c 0.048 2.014a -0.028 -2.200a

0.325 2.648b -0.078 -3.286c 0.053 4.200c

- 0.150 1.222 0.043 1.802 -0.002 -0.200

Effect t-value Effect t-value

4- 0.080 1.696 -0.025 -0.971

0.050 1.060 0.055 2.137a

0.150 3.180c 0.060 2.331b

-0.035 -0.742 -0.050 -1.943a

- -0.120 -2.544b -0.040 -1.554

 :  Degree  of  freedom    2

a   80  t-table   1.886

b   85  t-table   2.282

c   90  t-table   2.920
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 Plackett and Burman 

 (Main effect)   (Interaction  effect)  

 (Effect) 

  2   (Major  factors)  

 (Minor  factors)  

 4.4-4.6  

 80  4 

4-

 9 -

 4-  7, 6  4 

 1 

 L ( )  b* ( )

 (p 0.20  p 0.10 )

 a* ( )  (p 0.15  p 0.10 )

 PPO 

 PPO  ( ,

2538) -  (p 0.10)

 (p 0.20)

(p 0.20)  (p 0.10)  (p 0.15)
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-

 (p 0.15)  

 (

 Ideal ratio profile -

)  a* ( )  b* ( )  (p 0.10)

-  (p 0.10  p 0.15)  PPO 

 (p 0.10  p 0.20 )

 (p 0.20)

 (

 Ideal ratio profile -

)  b* ( )  (p 0.20)

 PPO 

 ( , 2543) 

-  PPO 

-  (p 0.20)

 (p 0.10  p 0.15 )

 (p 0.20)
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4-  a* ( )  b*

( )  (p<0.15  p<0.20 )

 4- m-diphenols

 (Competitive inhibitor)  PPO 

 (Monsalve-

Gonzalez et al., 1995) 

 4-

 (p<0.15  p<0.20 )

 0.79-1.01  18.48-22.07 

 4-

 4 

 (p 0.15)

-

 ionic strength  ( , 2535) 

Santerra et al. (1991) 

3  0.25  2 

 0.2 
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Saper and Miller (1995)   1 

 1  2 

 0.5

 4-

4-  50 

                                   40-100 

 0.5  0.2-2

               0.5  0.5-1.7

 0.5  0.5-1.7

 0.5
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4.2

 4.1 

4-

 4-

4.2.1  4-

 4-

 4-  4.1  

 0.5  22 Factorial 

experiment  2  6 

 4.7

 4.7  4-

  (-1)  (0)   (+1)

4-

( )

40 70 100

 ( ) 0.2 1.1 2.0

  4.8   4.9
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 4.8

4-

4-HR        AS L a* b* ( )

-

(pH)

40             1.1 30.75 + 0.49 16.27 + 0.21 23.57 + 0.22 23.96 + 0.15 5.18 + 0.01

100           1.1 31.31 + 0.12 15.62 + 0.18 26.72 + 0.32 24.11 + 0.40 5.23 + 0.02

70             0.2 36.92 + 0.17 14.55 + 0.19 24.35 + 0.11 19.97 + 0.16 5.27 + 0.01

70             2.0 36.73 + 0.33 17.74 + 0.16 27.65 + 0.17 26.96 + 0.11 5.33 + 0.01

70             1.1 36.15 + 0.51 15.73 + 0.35 30.04 + 0.26 19.46 + 0.23 5.44 + 0.01

70             1.1 36.89 + 0.13 15.21 + 0.56 29.05 + 0.41 19.57 + 0.14 5.35 + 0.01

:  + 

      4-HR  4-  ( )

      AS  ( )

 4.8 

 4-  L ( )

 30.75-36.92  a* ( )  14.55-17.74  b* ( )

23.57-30.04   19.46-26.96 -

5.18-5.44
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 4.9 

4-

4-HR        AS

40             1.1 1.30 + 0.25 0.94 + 0.12 0.86 + 0.17 1.11 + 0.26 0.55 + 0.16

100           1.1 1.10 + 0.19 0.80 + 0.13 0.84 + 0.27 1.00 + 0.14 0.65 + 0.07

70             0.2 1.19 + 0.13 0.86 + 0.28 0.97 + 0.09 1.03 + 0.18 0.61 + 0.16

70             2.0 1.07 + 0.13 0.89 + 0.24 0.87 + 0.16 1.05 + 0.25 0.73 + 0.12

70             1.1 1.14 + 0.33 0.84 + 0.13 0.92 + 0.13 0.95 + 0.08 0.64 + 0.17

70             1.1 1.18 + 0.20 0.87 + 0.11 0.98 + 0.10 0.95 + 0.17 0.70 + 0.12

:  + 

      4-HR  4-  ( )

      AS  ( )

 4.9 

 1.07-1.30  0.80-0.94 

0.84-0.98  0.95-1.11  0.55-0.73  

 4.3
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 4.3  4-

(Stepwise  multiple  regression)    (4-

)  ( )

 Stepwise  regression  

  SPSS version 10.0 

 4-

 (Coded equation) 

0.0

0.5

1.0

1.5

 1

 2

 3

 4

 5

 6

Ideal
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R2

 L                  =  36.520 + 2.897(AS) –2.592(4-HR)2

=  1.163 – 0.08(4-HR)

    =  0.950 + 0.097(4-HR)2

0.9900

0.7770

0.6620

 :    4-HR  4-  ( )

       AS  ( )

           R2   Coefficient  of  determination

  (Coded  equation)  

  (Decoded  equation)

 R2

R2

 4-

  =  – (  + )/2

                                                (  - )/2

  (Decoded  equation) 
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R2

 L                 =  18.867 +3.218(AS) + 0.403(4-HR) –0.002(4-HR)2

=  1.349 – 0.002(4-HR)

0.9900

0.7770

 :    4-HR  4-  ( )

       AS  ( )

           R2   Coefficient  of  determination

 4-

 L ( )  (Response

surface)  4.4

 4.4  4-  L

                     ( )
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 4-  L

( )  4-

 4.10  L ( )

 4-

 4.10  L ( )

 4-

4-

( ) ( )

 L

( )

40 0.2 32.43

40 1.1 35.32

40 2.0 38.22

70 0.2 37.92

70 1.1 40.81

70 2.0 43.71

100 0.2 39.81

100 1.1 42.70

100 2.0 45.60

4- (melanosis)  (Monsalve-

Gonzalez et al., 1995)  4-  1  PPO 

 80 (Montero et al., 2001) 

(Monsalve-Gonzalez et al., 1995)  Burdock (Lee-Kim et al., 1997)  (Sapers

et  al., 1998)  (Gonzalez-Aguilar, 2000)  (Reyes-Moreno et al., 2002) 

 (Gonzalez-Aguilar, 2001)  4-

 4-

 PPO 

 (Luo and
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Barbosa-Canovas, 1995)  Dong et al (2000) 

 4-  0.01  0.5 

 1.0  2  2-5 

 30 

-  PPO 

4-  4.5 

 4-

0.2-2  4-

1.00  100  1.14

 4.11  2.0 

 4.9  0.73 

 0.2  0.61

 4.11  4-

4-

( ) (Mean ideal ratio score)

40 1.26

70 1.20

100 1.14



77

 4.5  4-

 4-  100 

 2.0  1.14 

 L ( )

 45.60

1.12
1.14

1.16
1.18

1.20
1.22

1.24
1.26

1.28

20 40 60 80 100 120

4-  ( )

 (m
ea

n 
id

ea
l r

ati
o 

sc
or

e)



78

4.2.2

 2 

 4.1  4-

 4.2.1  4-

100  2.0  0.5

 22 Factorial experiment  2 

 6 

4.12

 (-1)  (0)  (+1)

 ( ) 0.5 1.1 1.7

 ( ) 0.5 1.1 1.7

 4.13  4.14
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 4.13

  CA    NE L a* b* ( )

-

(pH)

   5         5 29.59 + 0.28 11.16 + 0.17 21.68 + 0.22 22.98 + 0.40 5.11 + 0.02

  17        5 31.91 + 0.10 14.44 + 0.20 24.66 + 0.49 23.88 + 0.21 4.34 + 0.01

   5        17 33.79 + 0.85 13.26 + 0.18 16.50 + 0.28 39.37 + 0.17 5.03 + 0.01

  17       17 39.13 + 0.58 14.10 + 0.25 27.16 + 0.17 37.64 + 0.12 4.70 + 0.03

  11       11 34.73 + 0.69 14.04 + 0.42 26.93 + 0.14 37.23 + 0.19 4.61 + 0.02

  11       11 36.55 + 0.43 13.61 + 0.52 26.30 + 0.40 42.67 + 0.38 4.58 + 0.02

:  + 

      CA  ( )

      NE  ( )

 4.14

  CA    NE

   5         5 1.41 + 0.33 0.89 + 0.20 0.81 + 0.21 1.10 + 0.23 0.66 + 0.13

  17        5 1.03 + 0.07 0.96 + 0.11 0.66 + 0.10  1.12 + 0.36 0.67 + 0.09

   5        17 1.50 + 0.36 1.02 + 0.08 0.87 + 0.15 1.18 + 0.16 0.64 + 0.14

  17       17 1.13 + 0.20 0.97 + 0.16 0.84 + 0.14 1.17 + 0.18 0.72 + 0.08

  11       11 1.30 + 0.26 0.91 + 0.13 0.89 + 0.11 1.09 + 0.14 0.76 + 0.11

  11       11 1.17 + 0.22 0.94 + 0.20 0.80 + 0.16 1.16 + 0.21 0.68 + 0.09

:  + 

      CA  ( )

      NE  ( )
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 4.13 

 L ( )  a* ( )  b* 

( )  29.59-39.13, 11.16-14.44  16.50-27.16 

 23.88-42.67 

-  4.34-5.11 

-  active 

site  PPO  (Lee et al., 2003) 

 Gomez-Lopez (2002) 

 1 

 15 

 4.14 

 1.03-1.41 

 0.89-1.02  0.66-0.89 

-  4.34 

 1.09-1.18 

0.64-0.76
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 (Mean ideal ratio score)

  4.6

 4.6 -

(Stepwise  multiple  regression)  

 (Coded equation)

0

0.5

1

1.5

 1

 2

 3

 4

 5

 6

Ideal
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R2

-             =  4.728-0.275(CA)

              =  1.257–0.188(CA)

0.7130

0.8810

 :  CA   ( )

     R2   Coefficient  of  determination

 (Coded equation)  

 ( )  (Decoded equation) 

R2

-             =  5.232-0.458(CA)

              =  1.601–0.313(CA)

0.7130

0.8810

 :  CA   ( )

     R2   Coefficient  of  determination

 4.7 -

-
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 4.7 -

 4.8 

 1.00  1.7 

 1.06 -

 1.7  0.72

 0.84 

4.0

4.2

4.4

4.6

4.8

5.0

5.2

0.5 1.1 1.7

 ( )

-
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 4.8

 4.1-4.2.2 

- 4-  100  

-  2.0

-  1.7

-  1.7

-  0.5

 1:1 

 1  1  1 

 5 

0.8

1.0

1.2

1.4

1.6

0.5 1.1 1.7

 ( )

 (m
ea

n 
id

ea
l r

ati
o 

sc
or

e)
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4.3

 22 Factorial experiment with central composite design  

 10  4.15

 4.15

1 (1) -1 31 -1 14

2 a +1 47 -1 14

3 b -1 31 +1 36

4 ab +1 47 +1 36

5 - a - 28 0 25

6 + a + 50 0 25

7 - b 0 39 - 10

8 + b 0 39 + 40

9 cp1 0 39 0 25

10 cp2 0 39 0 25

  4.16   4.17
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 4.16

Temp  Time L a* b* ( )

-

(pH)

  31       14 34.83 + 0.28 18.37 + 0.04 28.96 + 0.05 15.13 + 0.16 5.09 + 0.02

  47       14 37.73 + 0.14 13.76 + 0.19 19.43 + 0.08 23.16 + 0.10 4.75 + 0.03

  31       36 37.86 + 0.05 13.82 + 0.25 21.49 + 0.14 30.01 + 0.19 4.59 + 0.01

  47       36 40.58 + 0.26 13.10 + 0.17 26.89 + 0.11 34.92 + 0.29 4.42 + 0.01

  28       25 30.51 + 0.25 16.07 + 0.15 25.00 + 0.09 18.86 + 0.17 4.87 + 0.02

  50       25 39.13 + 0.11 13.10 + 0.28 16.82 + 0.18 26.48 + 0.28 4.76 + 0.02

  39       10 34.01 + 0.21 16.54 + 0.16 27.29 + 0.21 26.16 + 0.15 5.08 + 0.01

  39       40 32.90 + 0.28 14.70 + 0.07 21.80 + 0.15 21.92 + 0.20 4.54 + 0.02

  39       25 33.58 + 0.20 15.19 + 0.12 27.82 + 0.22 22.86 + 0.16 4.68 + 0.03

  39       25 32.75 + 0.08 15.31 + 0.16 24.09 + 0.14 29.33 + 0.17 4.49 + 0.01

:  + 

   Temp  ( )

   Time  ( )

 4.16 

 L ( )  30.51-40.58

 a* ( )  13.10-18.37 

 L  a* 

 b* ( )  16.82-28.96 

 15.13-34.92 

-  4.42-5.09 
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-

 4.17

Temp   Time

    31       14 1.02 + 0.05 0.99 + 0.12 0.81 + 0.16 0.77 + 0.09 0.63 + 0.11

    47       14 1.16 + 0.19 0.97 + 0.13 1.03 + 0.15  1.05 + 0.18 0.72 + 0.08

    31       36 1.18 + 0.13 0.95 + 0.09 0.85 + 0.17 1.00 + 0.04 0.76 + 0.12

    47       36 1.15 + 0.23 0.94 + 0.15 0.79 + 0.14 1.22 + 0.13 0.66 + 0.17

    28       25 1.10 + 0.09 1.00 + 0.10 1.08 + 0.20 0.98 + 0.07 0.75 + 0.10

    50       25 1.08 + 0.14 0.98 + 0.09 0.85 + 0.04 1.16 + 0.16 0.71 + 0.05

    39       10 1.23 + 0.20 0.97 + 0.08 0.80 + 0.15 1.03 + 0.06 0.65 + 0.09

    39       40 1.09 + 0.18 0.98 + 0.11 0.78 + 0.08 1.07 + 0.13 0.70 + 0.14

    39       25 1.05 + 0.08 0.95 + 0.14 0.98 + 0.11 1.01 + 0.17 0.81 + 0.12

    39       25 1.03 + 0.12 1.01 + 0.05 0.99 + 0.15 1.05 + 0.09 0.79 + 0.08

:  + 

   Temp  ( )

   Time  ( )

 4.17 

 1.02-1.23 

 0.94-1.01  

 0.78-1.08 
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 0.77-1.22 

 0.63-0.81 

 (Mean ideal ratio score)

  4.9
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 4.9 
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(Stepwise  multiple  regression)  

 (Coded  equation)

R2

-             =  4.727-0.199(time)

               =  0.971-0.094(time)2

               =  1.034+0.09(temp)+0.06(time)

                 =   0.800+0.02(time)-0.048(temp)(time)-0.038(temp)2

                                                                              -0.065(time)2

0.6550

0.4400

0.7680

0.9620

 :   Temp  ( )

     Time  ( )

      R2   Coefficient  of  determination

 Coded equation  4 

 R2

-

-

-

-
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R2

               =  0.6327 - 0.0078(temp) + 0.004(time)

                  = -0.1076+ 0.0291(temp) +0.0265(time) -0.0003(temp)

                                               (time) – 0.0003(temp)2-0.0003(time)2

0.7680

0.9620

 :   Temp  ( )

     Time  ( )

      R2   Coefficient  of  determination

(Response surface)  4.10  4.11 

 4.18

 4.18

( ) ( )

30 25 0.97 0.74

31 26 0.98 0.75

32 27 0.99 0.75

33 28 1.00 0.76

34 29 1.01 0.76

35 30 1.03 0.75

 4.10, 4.11  4.18 

  33  28 

 1.00  0.76 
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 4.10

 0.911
 0.938
 0.965
 0.992
 1.019
 1.047
 1.074
 1.101
 1.128
 1.155
 above
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 4.11 

 0.594
 0.61
 0.626
 0.643
 0.659
 0.675
 0.691
 0.708
 0.724
 0.74
 above
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4.4

 2 

 30 

4.1  4.3 

 45  24  40 

 8 

2

 (

)

 4.12  4.13  30 

 8  2 
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4.19

 ( )

( ) ( )

0

0.083

0.17

0.25

0.33

0.42

0.50

0.67

0.83

1

1.5

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

18

20

22

24

26

28

30

32

34

859.5

858.0

856.5

854.5

849.0

845.0

843.5

840.5

837.0

832.5

815.0

806.0

787.5

768.0

741.5

721.0

700.0

680.0

650.5

631.0

616.5

598.0

587.0

571.5

557.5

544.5

507.5

478.5

453.0

435.0

404.5

384.5

367.5

348.5

329.5

5.39

5.38

5.37

5.36

5.32

5.29

5.27

5.25

5.23

5.19

5.06

5.00

4.86

4.71

4.52

4.36

4.21

4.06

3.84

3.69

3.59

3.45

3.37

3.25

3.15

3.05

2.78

2.56

2.37

2.24

2.01

1.86

1.73

1.59

1.45

5.39

5.38

5.36

5.34

5.30

5.28

5.26

5.24

5.21

5.13

5.03

4.93

4.79

4.61

4.44

4.29

4.13

3.95

3.77

3.64

3.52

3.41

3.31

3.20

3.10

2.91

2.67

2.46

2.30

2.12

1.93

1.80

1.66

1.52
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4.19 ( )

 ( )

( ) ( )

36

38

40

42

44

46

48

50

52

54

56

58

60

64

68

72

320.0

308.5

295.0

282.5

274.5

263.5

252.0

243.0

232.5

227.0

219.5

211.0

205.5

198.5

191.5

189.5

1.38

1.29

1.19

1.10

1.04

0.96

0.87

0.81

0.73

0.69

0.63

0.57

0.53

0.48

0.42

0.41

1.42

1.34

1.24

1.15

1.07

1.00

0.92

0.84

0.77

0.71

0.66

0.60

0.55

0.50

0.45

0.42

 :

-  45  24  40 

-  8  2 

-  70  (45 )  34 ; 

(40 )  40  (45 )  34 ; (40 )

 40

-  1.4 
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4.12

4.13
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 30 

 (Dry weight basis) 

 ( ) = 30 / (100-30)

= 0.428

 84.36 

 (Dry basis)  5.39 

 30  ( ) 0.428  40-45 

 ( )

      = 4.781 – 0.079 ( ) R2 = 0.9170

 0.428 

 55  5 

 8  1  2 

 55  5  6 

12  67  5 

 30

     = 777.092 – 10.607 ( ) R2 = 0.9170

 ( )
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 30  55  5  (

)

 192.75  6 

 859.50  143.25  1 

 30  32.12 

 (

)  4.20  4.14  4.15 

 20 

 84.36 

 (Dry basis)  5.39 

 30  ( ) 0.428

( )

      = 3.948 – 0.088 ( ) R2 = 0.8320

 40  8 

 1  2 

40  4  8 

48  30
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 4.20

 ( )

( ) ( )

0

0.5

1.0

1.5

2.0
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3.0

3.5

4.0

4.5

5.0

5.5
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7.5

8.0

8.5

9.0

9.5

10.0

10.5
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15.0
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16.0

16.5

17.0

890.5

861.5

833.5

808.0

784.0

757.5

737.5

719.5

702.0

684.5

669.0

652.5

639.0

626.5

615.0

603.0

589.5

575.5

557.0

544.5

534.5

525.0

514.0

506.0

498.0

489.0

481.5

475.0

468.0

462.0

455.0

448.0

436.5

424.5

416.5

5.39

5.19

4.98

4.80

4.63

4.44

4.30

4.17

4.04

3.91

3.80

3.69

3.59

3.50

3.42

3.33

3.23

3.13

3.00

2.91

2.84

2.77

2.69

2.63

2.58

2.51

2.46

2.41

2.36

2.32

2.27

2.22

2.13

2.05

1.99

5.29

5.09

4.89

4.72

4.53

4.37

4.23

4.10

3.98

3.86

3.74

3.64

3.54

3.46

3.37

3.28

3.18

3.07

2.95

2.87

2.80

2.73

2.66

2.60

2.54

2.48

2.43

2.39

2.34

2.29

2.24

2.18

2.09

2.02
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4.20 ( )

 ( )

( ) ( )

17.5

18.0
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20.5

21.0
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23.5

24.0

25.0

26.0

27.0

28.0
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410.0
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397.5
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364.0
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344.5

340.0

334.0
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295.5

289.0

283.0

276.5

262.0

252.0

243.5

237.5

229.0

222.0

218.5

215.0

208.5

204.0

1.94

1.90

1.85

1.80

1.77

1.73

1.69

1.65

1.61

1.58

1.54

1.51

1.47

1.44

1.40

1.29

1.23

1.17

1.12

1.08

1.03

0.99

0.88

0.81

0.75

0.71

0.64

0.59

0.57

0.54

0.50

0.46

1.97

1.92

1.88

1.83

1.78

1.75

1.71

1.67

1.63

1.60

1.56

1.53

1.49

1.46

1.42

1.34

1.26

1.20

1.15

1.10

1.05

1.01

0.93

0.85

0.78

0.73

0.67

0.62

0.58

0.56

0.52

0.48

 :

-  45  24  40  8 

-  20 
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 4.14

4.15
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     = 688.967 – 12.183 ( ) R2 = 0.8320

 ( )

 30  40   (

)

 201.64  6 

 890.50  148.41  1 

 30  33.60 

 4.21

 4.21  L, a*  b* 

 L ( ) 37.00 + 0.54b 44.76 + 2.29a

 a* ( ) 14.53 + 0.31 15.26 + 0.08

 b* ( ) 24.34 + 0.61b 27.42 + 0.53a

 :  + 

 p<0.05
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 30 

 48  67  5 

 4.22 

 L ( )  b* 

( )

 2 
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1.

- 4-  100  

-  2.0

-  1.7

-  1.7
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 5 
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 33  28 
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 48 
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4.5

 4.22

 4.22

 ( )

1
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5
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0

10
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0

10

30

 (

 (Nylon/EAA/LLDPE)) 

 0, 10  30 

 2, 4, 8, 16  24 

 6 

 4.23  4.16
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 4.23

 L ( )

 a* ( )

 b* ( )

 ( )

-

 ( )

 ( )

 ( )

 ( )

 (log cfu/g)

 ( / )

40.28 + 0.79

17.63 + 0.25

32.84 + 0.51

22.46 + 0.26

4.92 + 0.01

41.80 + 0.51

29.10 + 0.03

0.783 + 0.001

36.06 + 0.06

953.73 + 3.14

1.95 + 0.04

0.97 + 0.05

1.02 + 0.04

0.95 + 0.07

0.96 + 0.02

0.89 + 0.04

 :  + 
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 30 

0

0.5

1
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 L ( )

 L  4.24 

 4.17  0, 10  30  

 (p<0.05) 

 0  38.86  10  30 

 36.30  33.73 

 (p<0.05)  40.28  24 

 33.18

 4.18 

 (p<0.05)   

 0  37.22  10  30  

 36.00  32.85 

 (p<0.05) 

 40.28  6  32.23 

 4.19  (p>0.05) 
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 a* ( )

 a*  4.25 

 4.20  0  10 

 (p>0.05)  15.68  15.23  

 30  14.18 

(p<0.05)  30 
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 4.5 

 (p<0.05) 

 L ( )  b* ( )  a* ( )

-

 0  10 

 30 

 30 

 (p>0.05) 

 b* ( )  (p<0.05) 

 ( , 2543) 

 ( , 2542) 

24
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 Logarithmic 

 k  Arrhenius ( )

 4.41  4.65

4.41

          ( )      (k ; 1/ )

       0 0.0050

      10 0.0121

      30 0.0376

       0 0.0070

      10 0.0205

      30 0.0328

 4.41 

 (k) 

 0  10 
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 4.65

 k  k –1  4.65  

 (k) 

 k  (Linear regression) 

k = 0.3409 – 92.21 (1/T) R2 = 0.9773 …………………(1)

k = 0.2613 – 68.94 (1/T) R2 = 0.9641 …………………(2)
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2.  1.50 
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 30  25.29 
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109.58



 5

1.  Ideal ratio profile 

 5 

2.

  Plackett and Burman (N=8)  4-

 0.5 

3.  4 

 2  4-

 22 Factorial experiment  2 

 22 Factorial 

experiment  2 

 (p<0.05) 

 4-

 L                 =  18.867 +3.218(AS) + 0.403(4-HR) –0.002(4-HR)2 R2 = 0.9900

=  1.349 – 0.002(4-HR) R2 = 0.7770

: 4-HR  4-  ( )

AS  ( )
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 4-

 100  2.0 

-             =  4.728-0.275(CA) R2 = 0.7130

              =  1.257–0.188(CA) R2 = 0.8810

 : CA   ( )

 1.7

4.

 22 Factorial experiment with central composite design 

               =  0.6327 - 0.0078(temp) + 0.004(time) R2 = 0.7680

                  = -0.1076+ 0.0291(temp) +0.0265(time) -0.0003(temp) R2 = 0.9620

                                               (time) – 0.0003(temp)2-0.0003(time)2

:  Temp  ( )

Time  ( )

 33  28 
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 Hunter Lab (Minolta Camera Co., Ltd., 1991)

 Minolta  Camera : Model CR-310  

(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

 1.75 x 1.75 

10



-  (pH)   AOAC (2000)

 10  90 

-  Microprocessor  pH  meter  

 4.00   7.00   

-  3 

 AOAC (2000)

 10  90  1 

Refractometer  9  (oBrix)

 3 

 (aw)

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

  25  3 

  AOAC (2000)

1.  (moisture can)    30  

2.  5 

  105   16 

3.  20 



4.

 ( , ) =  (A – B) x 100

          A

 A =  ( )

 B =  ( )

 (Reducing Sugars) Lane and Eynon (AOAC, 2000)

-  Fehling no.1

 (Copper sulfate pentahydrate : CuSO4.5H2O)  34.639 

 500 

-  Fehling no.2

 (Sodium potassium tartrate  rechelle salt : 

KNaC4O6.4H2O)  173  (Sodium hydroxide)  50 

 500 

-  Carrez I

 Zinc acetate dihydrate 21.9  3 

 100 

-  Carrez II

 10.6 

100

-  1

 1  100 



 (D1)

 0.8  2 

 250 

 Clearing agent  Carrez I  Carrez II  5 

 250  20 

 (D1)

Preliminary titration

 50  ( )

 Fehling reagent  Fehling no.1

 Fehling no.2  5  125 

2-3

 1-2 

 3 

Accurate titration

 Fehling’s reagents  Fehling no1.  Fehling 

no.2  5  125  2-3 

1-2  2  1-2 

 3 

 3 



 AOAC (2000)

-

 5  250 

1

-

 1 : 1

-

 0.134  100 

 1,  2,  3,  4,  5  6   100 

5  250  100  1 

5  250 

 ( )

 Blank

 5 

 10  (  Blank )

 100  1  10 

 4   5 

 100 



 1  ( )  5 

 250 

 3 

 (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  



1.

1.

2.  10 

 (Stomacher bag)    90 

 (Stomacher)  

1:10  10-1

3.  1:10   (10-1)

 1  9 

 1:100  10-2

2.

1.  1 

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

2.   Plate Count Agar (PCA)  

45 – 55  15 – 20 

3.

3.

  34 + 2  48 + 3 

4.

 30 – 300  2 

  Mesophilic  aerobic  bacteria



 (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 

)

1.

1.



2.  10 

 (Stomacher bag)   90 

 (Stomacher)   1:10  

 10-1

3.  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 



 (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



•  (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


