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50403206 : MAJOR : FOOD TECHNOLOGY 
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 Product color is the primary quality criterion affect consumer acceptance. The 
major problem of golden dried longan is the color turns to dark brown or black rapidly during storage 
at room temperature. The objective of this research is to prevent the dark color formation in golden 
dried longan without sulfites for maintaining the quality of golden dried longan during storage at room 
temperature. Study the effect of glycerol, trehalose and anti-browning agents on the color colour 
changes of golden dried longan during storage in polypropylene bag for 5 months at 32+0.5°C 
45+0.5%RH. The result showed that adding glycerol and trehalose in osmotic solution can 
decreased the aw of the sample significantly (p<0.05) compared with untreated sample. Browning of 
golden dried longan is caused by both enzymatic and non-enzymatic transformations. Blanching 
process using boiled water at 100°C for 10 minutes before immersing in osmotic solusion inhibited 
PPO activity that is cause of enzymatic browning reaction. After 5 months storage, The golden dried 
longan pre-treated with glycerol 20%+trehalose 5, 10% are the best conditions for preserving the 
color of dried longan. Considering the drying conditions, it was found that stepwise drying at 80°C for 
2 hours and 70°C for 1 hours 30 minutes gave the lower browning than drying with single step at 
70°C for 4 hours       
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 1 

1.1

(Dimocarpus longan Lour.)  non-climacteric  

 2552 ( - ) -

 3.5  2  58.58% 

 3.2  39.43%  2.5 

 1.94%  300  0.05% 

 10  ( ,

2552)  2 

 2 

2

 (polypropylene)



2

 (potassium metabisulphite) 

(Sodium metabisulphite)  (metabisulphite) 

(food allergen)  (sulphur dioxide: SO2)

 10 mg/kg 

 (Food Standards Agency, 2004) 

 (2549) 

-

 2 

 85 ºC 

-

( , 2545)

Mahayothee  (2009) 

 5% 

 5%  5%  5% 



3

1.2

 1.2.1   aw -

 (antibrowning) 

 1.2.2  

-

 1.2.3   2  (stepwise 

drying)

 1.2.4  

1.3

 aw

 non-reducing 



4

1.4

1.4.1

 AA (  20 – 25 )

 7 -

1.4.2  70  6 

 aw  0.6 

 1.4.3   10, 20  30% -

 aw

1.4.4  (antibrowning) -

 1.4.5   100 

 10 

1.4.6  (stepwise drying) 

 80  3  70 

 2  30 

1.4.7

 32+0.5  45+0.5%  5 

 0, 1, 2, 3  5 
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 2 

2.1

 (tropical and subtropical fruit) 

non-climacteric

 (total soluble solids: TSS) 

 (titratable acidity: TA)  (sugar/acid ratio) 

 (Jiang , 2002)  3-4 

 26-32  (Jiang  Li, 2001) 

 4 

 66% 

 10%  8%  7%  9% 

 ( , 2541) 

 16–25%  75% (Menzel  Waite, 2005) 

 1 

 (Paull  Chen, 1987; Li  Li, 1999) 

 9 

( , 2542)

 3 

 (Soong  Barlow, 2004; Rangkadilok , 2005) 
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 1 

 ( )

 ( )

 ( )

 ( )

 ( )

 ( )

 ( /100 )

 ( /100 )

 ( /100 )

 ( /100 )

 ( /100 )

 ( /100 )

 ( /100 )

 ( /100 )

 (  /100 )

 ( /100 )

81.10

0.11

0.28

0.97

0.56

16.98

72.79

5.70

0.35

35.30

69.20

-

-

-

-

-

17.80

0.40

1.60

4.60

2.86

72.70

311.80

27.70

2.39

159.50

137.80

4.50

2012.00

3.03

0.57

0.375

 :  (2543) 

-

 (Polyphenol oxidase: PPO)  (thylakoid 

membrane)  (Trebst  Depka, 1995)

Jiang (1999)  PPO 

 PPO 3.7%  PPO 

 pH  6.5  4-methylcatechol 

 pH  7  PPO 

 pH 4.0  pH 7.0  pH 7.0  pH 8.0  PPO 
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 35  50% 

50  20 

 PPO 

 (tyrosine p-cresol)  (resorcinol) 

 Clark O2 electrode  pyrogallol, 4-methylcatechol 

catechol   D-glutathione 

L-cysteine, thiourea, FeSO4  SnCl2  PPO 

 MnSO4  CaCl2  PPO 

 PPO 

 (enzymatic browning) 

(Fennema, 1985) 

 (Almeida  Nogueira, 1995) 

 PPO 

 (melanin pigment) 

 (organoleptic properties) 

 (Ruhiye  Marshall, 2003) 

2.2

-

 (hydroxylation) 

 PPO 

 PPO 

 (melanin pigment)  1
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 1 

2.2.1

 PPO (Terefe 

, 2009) 

 (Eskin, Henderson  Townsend, 1971) 

Ndiaye, Xu  Wang (2009)  PPO 

 POD  1 

 94+1  0, 1, 3, 5  7 

5  POD  PPO         

 7  3 

 2.85%  8.33%  PPO  POD 

Terefe  (2009) 

 PPO  POD 

 PPO  25-90 

 5, 15  30  80-100         



9

 PPO 

 PPO  28%        

 100  30 

 40-70 

 PPO  20-40% 

 (2006) 

 PPO 

40-90  0-30  PPO 

 PPO  60% 

 40-60  30 

 75 

 7%  85  5 

 1.2%  90  5 

Kumar, Mohan  Murugan (2008) 

 PPO  45, 55, 65, 75  85 -

 30  45 

 75 

 (terriary structure) 

Valle, Aranguiz  Leon (1998)  PPO 

 97.3 

 97.3  30  60 

 40, 55  65  15, 30  60 

 PPO  25-89% 

 60  PPO  30 

 24% 

Waliszewski, Marquez  Pardio (2009) 

PPO  60, 65, 70, 75, 80  85 
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85  18  PPO 

 PPO 

 intermediate  (Wedzicha, 1987) 

 (allergic) 

 (synergism) 

2.2.2

-

-

-

 (Sapers , 1993) 

 (Sapers  Ziolkowski, 1987)     

 (firming agent) 
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 PPO 

 dehydroascorbic acid 

 2 

 2

-

-

 (Sapers, 1988) 

 (Sapers  Ziolkowski, 1987) 

Lamikanra  Watson (2001) 

 POD  PPO 

200  4 

 1.25, 2.5 mM  2.5 mM  EDTA 

10 mM  2.5 mM  MnCl2  2.5 mM 

1  4 -



12

 PPO  POD 

 Mn
2+

Kumar, Mohan  Murugan (2008) 

 L-cysteine, L-ascorbate, sodium diethydithiocarbamate (SDDC), 

thiourea, EDTA, -mercaptoethanol, CaCl2  sodium metabisulphite 

10 mM  PPO  catechol 

SDDC, L-cysteine  L-ascorbate  PPO 

 %  100, 98  93%  EDTA  CaCl2

 PPO  29,  1%  Jiang 

(1999)  PPO  dog rose 

Waliszewski, Marquez  Pardio (2009) 

 PPO  EDTA 

 Dithiothreitol  4-hexylresorcinol  1 mM  catechol 

4-hexylresorcinol 

 PPO 

Guerrero-Beltran, Swanson  Barbosa-Canavas (2005) 

 PPO  4-hexylresorcinol 

 pH 3  3.5, 4.0  4.4  4-hexylresorcinol 

 40, 60  80  100, 200  300 

 250, 500  1000 

 pH 3.5  4.0 

 pH 4.4 

 300 

Ozoglu  Bayindirli (2002) 

-

 0.3, 1  1.8 mM 
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 0.49 mM  0.42 mM 

 0.05 mM 

Gopalan, Pendharkar  Subbulakshmi (1999) 

 PPO 

 PPO 

 PPO 

 1000 ppm 

 0.2 M  pH  4-6

 Sapers, Miller  Choi (1995) 

 (individual)  (combination)            

 (antimicrobial agent) 

 pH 

 4.5%        

 0.2-0.4%  EDTA 1000 ppm  pH -

 5.5

-

 (chelating agent)  PPO 

 pH 

-
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 (Son , 2001)

 PPO 

(Torreggini  Gilardi, 1993) 

Jiang, Pen  Li (2004) 

 PPO 

 0.1 M  0.1 M 

 Cu
2+

0.1 M  12 

Yang  (2000)  PPO 

PPO  pH 5-11  5  48 

 30  70 

 30  PPO 

 10 mM 

Son, Moon  Lee (2000) 

 catechol  PPO  (competitive) 

 1.1 mM 

 (kojic acid) 

Dogan  (2007)  PPO Ocimum

basilicum L.  catechol  4-methylcatechol 

 (noncompetitive inhibitor) 

 PPO 
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 PPO 

Robert, Rouch  Cadet (1997)  PPO 

(palmito stem)  4-methylcatechol  pH 5 

 pH  PPO 

-

 pH 

 PPO  PPO  

 pH  (AH) 

-

 PPO 

 Kahn (1985)  (cysteine)  PPO 

 (Richard-Forget , 1992) 

 (dipping agent) (Mathew 

 Parpia, 1971) 

Sun  (2008)  PPO 

 EDTA  Na2S2O3·5H2O Na2SO3

 0.1 M  PPO 

 epicatechin  Na2SO3

 epicatechin  catechol 
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 PPO 

Gawlik-Dziki, Zlotek  Swieca (2008)  PPO              

 (butter lettuce)  PPO 

 EDTA  0.1,1.0 

 10 mM  catechol  10 mM 

 PPO 

 PPO       

> = > >EDTA>

Altunkaya  Gokmen (2009) 

 0.05% -

 catechol  420       

-

 PPO 

 PPO 

 PPO  2 

 2 

Gorny  (2002)  pH  4 

 pH  4 

 pH  pKa  8.33 

 pH 
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Dogan, Turan  Dogan (2006) 

 PPO  (Thymusbra spicata)

 3  pH 6.5  25          

 catechol  4-methylcatechol 

 420  pyrogallol 

 320 

 PPO 

PPO  Dogan  Dogan (2004) -

 PPO  pH 6.5  25 

 PPO 

Gomez-Lopez (2002)  PPO  2 

 PPO 

 resorcinol  PPO 

 PPO 

> >resorcinol> >  Robert (1995) 

 PPO  0.1, 0.2, 0.3 

0.5 mM  4-methylcatechol  17.25 mM 

 PPO 

Ding  (2002) 

 loquat  (sulfhydryl compounds) 

 1.0 mM 

 30  pH 4.5 

 loquat       

 90%  loquat  0.6 mM 

Nagasaki  2.0 mM  Yukawa  Toi 

 loquat 

 2  1) 
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 2)  Cu
2+

 (active site) 

-

 PPO 

 (Amiot , 1992)  PPO 

 PPO  active site 

 (Janovitz-Klapp , 1990) 

Son, Moon  Lee (2001) 

 (kojic acid) 

 p-Coumalic acid, ferulic acid 

-

Chen, Wei  Marshall (1991)  PPO          

-

 PPO  (p>0.05) 

Narli, Kiralp  Toppare (2006) 

(tyrosinase)  0.001, 0.003 

0.005 M  PPO 

-

 PPO 

 PPO  PPO 
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Shi  (2005) 

 4-hydroxycinnamic acid  4-methoxy-          

cinnamic acid 

 2-hydroxycinnamic acid 

 4-methoxycinnamic acid 

 4-hydroxycinnamic acid 

-  (complexing agent) 

 (betacyclodextrin) 

 (cyclodextrin glycosyltransfe 

rase)  7  1,4 

(hydrophilic group)  (hydrophobic group) 

 (Szente  Szejtli, 2004) 

 (guest molecule) 

 3  hydrophobic interaction 

 guest molecule 

 (Kaulpiboon, 

2005)  PPO -

 (Martin Del Valle, 2004) 

 (Hicks , 1996) 
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 3

Hicks  (1996) 

 (hydroxyethyl  maltosyl)        

 1-1.5% (w/v) 

-

 1  (4-10%) 

 1 

-

-  1% 

0.5%  1 

 2-3  4 -

 Lante  Zocca (2010) 

 precooked potatoes -

 0.25  0.50  0.25  0.50 

 2 

 PE/PA  precooked  75  40 
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 catechol 

-

 0.50 -

 pH 

 2 (secondary antioxidant) 

 Sojo  (1999) 

 PPO 

 (dopamine) 

-

tert-butylcatechol

-, hydroxypropyl- -  maltosyl- -CDs

tert-butyl- catechol 

ophenol

 PPO 

-

 non-reducing  C12H22O11

 2  1,1  4      

 (Galmarini , 2008) 



22

45%  (Portmann 

 Birch, 1995)  non-reducing 

 pH 

 (Komes ,

2003)

 (Patist 

 Zoerb, 2005) 

 aw

 Aktas  (2007) 

 4

 Albanese  (2007) 

 1.5 

 0.8% (w/w)  0.1% (w/w)  1.0% (w/w)  5 

 aw

 2 
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Aktas  (2007) 

 1 

 20 

 20% 

 50  1.5 

-

2.3

 Krokida  Maroulis (2000) 

 (glycosilamine)  (N-subsituted 

glycosilamine)  (Amadori rearrange- 

ment)  pH  pH 

 7  1,2-enolization  (furfural) 

 (hydroxymethylfurfural; HMF)  pH  7 



24

 2,3-enolization  (reductone) 

4-hydroxy-5-methyl-2,3-dihydrofuran-3-one  acetol, 

pyruvaldehyde  diacetyl 

Strecker degradation  cyclisations, 

dehydrations, retroaldolisation, re- arrangement, isomerizations 

 (melanoidins)  5 

 5  Hodge,1953
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 pH 

 (Martin , 2001) 

 (Friedman, 1996) 

 (Bolin  Steele, 1987) -

 aw (Labuza  Saltmarch, 1981) 

 (Low , 1989)

 aw

 (Osorio 

, 2007)  Barbosa-Canovas  Vega-Mercado (1996) 

 3 

 ( )

 27 

 60% 

 Moreira  2007 

 aw  aw

 aw
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 aw  17.98%

 (2005)  aw

 5, 10, 15  20 

 20  aw

 (2008) -

 10 

 20%  10  20%  10%  10% 

 aw

 aw

 10  20%  aw

2  aw

Eichner  Kerel (1997)  aw

 aw

 (Mayino, 2003)  Davies 

Labuza (2003) 

 aw  aw

Schebor  (1999) 

 45 

2
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 3 

3.1

-

 20-25 

. . 2551 

 1 

 AA 

 7+0.5  85+0.9%

3.2

  1.    (Merck) 

  2.    (Merck) 

  3.    (Absolute Methanol; max. 0.05%H2O) (Merck) 

  4.    (Merck) 

  5.   Karl Fisher reagent (Hydranal Composite 5) (Riedel) 

  6.    (Fluka) 

  7.   Folin-Ciocalteu phenol reagent (Fluka) 

  8.    (Ajak) 

  9.    (JT) 

  10. Trichloroacetic acid (Riedel) 
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11. 2-Thiobabyturic acid (Fluka) 

12. 5-Hydroxymethyl-2-furaldehyde (Fluka) 

13. Disodium hydrogen phosphate (Ajak) 

  14. Sodium dihydrogen orthophosphate (Ajak) 

  15. Pyrocatechol (Fluka) 

  16. 

3.3

1.  (Refractometer) (Pocket Refractometer PAL-1) 

  2.    (colorimeter) (Miniscan  XE Plus  Hunter Lab,

              USA) 

  3.    (Thermoconstanter, TH200 Novasina,   

            Switzerland) 

  4.    Karl Fisher Titration  KF Titrino  787 KF

          Titrino, 703 Ti Stand  Metrohm, Switzerland 

  5.   -  (Radiometer  PHM 210  Metro Lab,

             France) 

  6.    (UV-Vis Spectrophotometer) (  Geneys-20

         Thermo Spectronic, USA) 

  7.    Homogenizer (  Ultra Turrax T25 Basic  Becthai,

             Malaysia) 

  8.    (Centrifuge) (  Universal 16  Hettich, Germany) 

  9.    (Refrigerated Centrifuge) (  Sorvall

          RC 6 N.Y.R, USA)  

  10.  2  (  Sartorius, Germany) 

  11.  4  (  BP 221S  Sartorius,

             Germany) 

  12.  (Tray dryer) 
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 13.  High Pressure Liquid Chromatography (HPLC) 

              Rezex RNM-Carbohydrate Na+ (8%)  Phenomenex 

             Refractive Index Detector (RI Detector) 

3.4

3.4.1

-  2  10 

 CIE LAB  L* a* b* (  L*a*b  L* 

 0 - 100  0  100 , a*  b* 

+a*  –a* , +b* 

 –b* )

-  (total soluble solids, TSS) 

 (Refractometer)

- -

-

-  (titratable acidity, TA) 

 0.1  (

.2)

-  Karl 

Fischer Titrator ( .3)

-  (aw)  (  Thermocon-       

stanter TH 200,  Switzerland)  25 
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-

 optical density           

 UV-Vis Spectrophotometer 

 420  Baloch  (1973) (

.5)

- -

 (High Performance Liquid Chromatography; HPLC) (AOAC, 2000)            

 Rezex 

RNM-Carbohydrate Na+ (8%)  detector  Refractive Index 

detector (RI detector) ( .8)

-  (total phenolic compounds; TPC) 

 Folin-Ciocalteu 

reagent  765 

 Soong  Barlow (2004) ( .4)

-  (polyphenoloxidase 

(PPO) activity)  crude enzyme  0.1 M  Polyvinyl- 

pyrolidone  crude enzyme  4-methylcatechol 

 410  1  20  Coseteng 

Lee (1987) ( .7)
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3.4.2

 (tray dryer)            

 (  6)               

 70+0.6  1 

6  stepwise  2  80 

 3  70  2.5 

 (  7) 

 2  2  aw  0.550 - 

0.600

 6
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 2

 Lot No. 

. . 2551 1  70  6 

 2  70  6 

 3  80  3 

 70  2.5 

 4  80  3 

 70  2.5 
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+

 CaCl2 0.5%+citric acid 0.3% 

+Sodium ascorbate 0.3%  2 

 100°C  10 

 (  3)  1 

 tray dryer  2  6 

 aw < 0.600 

 100 

 32+0.5°C  45+0.5%  5 

 7 
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-  (drying curve) 

 70  1  80 

 70  1 -

 20 

- -

 data collector 

 10  10 

3.4.3  (pre-treatment) 

 3.4.3.1  aw -

3  1 

 2 

 (CaCl2)

100  10 
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 3  pre-treatment -

*

1 Natural - - - 

2 Control / / - 

3 G10 / /  10% 

4 G20 / /  20% 

5 G30 / /  30% 

6 G20+T5 / /  20% +  5% 

7 G20+T10 / /  20% +  10% 

8 G20+BCD / /  20% + 1% 

9 G20+Asc / /  20% +  1% 

10 G20+Ery / /  20% + 1% 

   *  CaCl2 0.5%  0.3%  0.3% 

 3.4.2 

 70  1  2 

. . 2551 2  (Lot  1  2  2) 
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  3.4.3.2 

 PPO  100 

 10  PPO 

 CaCl2

 PPO 

-          

 3 

 Complete Randomized Design (CRD) 

 SAS  8.0 

 Least Significant Difference (LSD)  95% 

-  2  3 

10  CIE LAB  L* a* b* (  L*a*b  L* 

 0 - 100  0  100 , a*  b*          

 +a*  –a* ,

+b*  –b* )

-  Karl Fischer Titration (

.3)

-  (aw)  (  Thermocon-       

stanter TH 200,  Switzerland)  25 

-

 Folin-Ciocalteu reagent 

 765 

 Soong 

Barlow (2004) ( .4)
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-  (Browning index) 

 optical density  UV-Vis 

Spectro- photometer  420  (Baloch , 1973) 

( .5)

-  (Hydroxymethylfurfural; HMF) 

 ( .6)

-  crude enzyme 

0.1 M  Polyvinyl- pyrolidone  crude enzyme 

 4-methylcatechol  410 

1  20  Coseteng  Lee (1987) (

.7)

-

-

 (High Performance Liquid 

Chromatography; HPLC)(AOAC, 2000) 

 Rezex RNM-Carbohydrate Na+ (8%) 

 detector  Refractive Index detector (RI detector)(

.8)

3.4.4  2  (stepwise drying)         

 3.4.2 

3  3.4.3.1  80 -

 3  70  2  30 
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 1  aw < 0.600  2 

 2551

 3.4.3

 Complete Randomized Design (CRD) 

 SAS  8.0 

 Least Significant Difference (LSD)  95% 

3.4.5

-

 100 

. .  8 

 32+0.5°C  45+0.5%  5 

 0, 1, 2, 3  5 

 3.4.3 

 Complete Randomized Design (CRD) 

 SAS  8.0 

 Least Significant Difference (LSD)  95%

 8
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 4 

4.1

 7 

 2 lot 

 4  2 lot 

 L*  37.24–38.38  a* 

0.33–0.78  b*  1.93–2.24 

 (Jiang , 2002)  L*  47.18-47.56  a* 

11.83-12.14  b*  23.17-24.66 

 (TSS) 

(p>0.05)  18.85 – 19.20 

 Menzel  Waite (2005) 

 TSS  16 – 25% pH  7 

 0.06-0.07  100 

 (stepwise drying)    

 5  L*  35.61-35.73  a*  0.73-0.81 

 b*  1.93-2.24  TSS  19.25-19.95 
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 4  (single     

           step drying) 

Lot  1
ns

 Lot  2
ns

     L* 

     a* 

     b* 

     L* 

     a* 

     b* 

( )

-

(  100 )

( )

( )

(OD )

47.56 + 1.48 

11.83 + 0.80 

24.66 + 1.70 

37.24 + 1.10 

 0.73 + 0.18 

1.93 + 0.47 

18.85 + 0.24 

6.98 + 0.56 

0.06 + 0.01 

78.63 + 0.35 

0.989 + 0.02 

1.45 + 0.03 

0.050 + 0.11 

47.18 + 1.33 

12.14 + 0.39 

23.17 + 0.92 

38.38 + 1.82 

0.81 + 0.55 

 2.24 + 0.70 

19.20 + 0.06 

6.99 + 0.32 

0.07 + 0.02 

79.01 + 0.21 

0.991 + 0.00 

1.47 + 0.11 

0.050 + 0.06 

 : ns  (p>0.05)
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 5  (stepwise

                  drying) 

Lot  1
ns
 Lot  2

ns

     L* 

     a* 

     b* 

     L* 

     a* 

     b* 

( )

-

(  100 )

( )

( )

(OD )

45.62 + 0.98 

9.83 + 0.65 

24.88 + 1.70 

35.61 + 1.32 

 0.62 + 0.18 

2.35 + 0.36 

19.25 + 0.24 

6.94 + 0.72 

0.07 + 0.06 

73.52 + 0.38 

0.999 + 0.00 

1.87 + 0.02 

0.06 + 0.01 

45.44 + 1.33 

9.74 + 0.72 

24.42 + 0.92 

35.73 + 1.09 

0.74 + 0.55 

 2.43 + 0.64 

19.95 + 0.06 

6.68 + 0.84 

0.07 + 0.11 

73.81 + 0.77 

0.999 + 0.02 

1.89 + 0.01 

0.05 + 0.01 

 : ns  (p>0.05)
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4.2

 (Vega et al., 2007) 

 (Miranda, 2009) 

-

(data logger) 

 10  9  10              

 70-71 

 3  80 

 70 -

 80  70 
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 9

              (A:  1, B:  2, CH: channel )

 (
)

 ( )

B

A
 (

)

 ( )
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 10

               (A:  1, B:  2, CH: channel )

A

B

 (
)

 ( )

 (
)

 ( )
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4.3

 11  12 

 (free water) 

 11  ( )

M
R

=
(x

-x
e
q
)/
(x

i-x
e
q
)

 ( )
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 12  ( )

4.4

70  1  6 -

 5  32+0.5

 45+0.5%

M
R

=
(x

-x
e
q
)/
(x

i-x
e
q
)

 ( )
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4.4.1  (water activity, aw)

 aw  6 

 aw  0.75 

 aw  ( .1385/2550)

 (p<0.05)  aw

 0.565  aw  0.444 

 aw

0.297-0.337  30%  aw

0.280  5 

 aw  0.597  0.517 

 aw

 0.325-0.403 

 aw  Moreira  (2007) 

 aw  aw

 (Ledward, 

1981)  aw  (Obanu  Ledward, 1986)
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 5 

 aw

 Silveira  (1996) 

 0.25%  2%  50% 

 60  6 

4  35  aw  aw  0.70 

 aw  0.600 ( , 2545)

4.4.2  (Moisture Content) 

 7

30%  7.91% 

 10%  10.16% 

 (p<0.05) 

 (Cruess, 1966) 

 5 

 (p<0.05) 

 15.15%  30% 

 10.84% 

32+0.5  45+0.5%  5 

 ( .1385/2550)

 18% 
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4.4.3

 (Pott , 2005) 

 (Wong  Stanton, 1992)

Ozkan  (2002)  L* 

 L* 

13  L*  34.38-

37.82  L*  34.38 

 (p>0.05)

5  L* 

(p<0.05)  10%  L* 

 1 

 L*  32+0.5

45+0.5%  5  10%        

 L*  28.52  (p>0.05)

 20, 30% 

20%  5  10%  20% 

 1% (  7) 

 Aktas  (2007) 

-
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-

 Varanyanond  (2001) 

 50%  10% 

( L*)  14  20% 

 5% 

 (p<0.05) 

 13  (L*) 

 5  32+0.5 -

 45+0.5%

 (
L
*)
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 14  (L*) 

 5 

                32+0.5  45+0.5%

 15  (a*) 

 5  32+0.5

 45+0.5%

 (
a
*)

 

 (
L
*)
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 a* (  15) 

 a*  20% 

 10%  a* 

-

-

 (Barbosa-Canovas  Vega-Mercado, 1996) 

 a* 

 5  a* 

 (p>0.05)

 b* (  16) -

 b*  (p>0.05)  b* 

 5  20% 

 10%  b*  (p>0.05) -

 20%  5% 

 10%  b* 

 (p<0.05) 

 20%  10% 

 20%  1%
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 16  (b*) 

 5  32+0.5 -

 45+0.5%

-

 L* 

 (darkening) 

/  (Lozano , 1993) 

  Monsalve-Gonzalez  (1993)  L* 

 a* 

 (2551) 

 L*  b* 

 a* 

Pchayawarakorn  (2004) 

 L, a  b 

 L  b  a 

 Topoz (2008)  L*, a*  b* 

 (
b
*)
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 L*  b* 

 a* -

 a* 

 17  Hue 

 5  32+0.5

 45+0.5%

 H
u
e
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 18  Chroma 

 5  32+0.5

 45+0.5%

 17  18  hue  chroma -

 hue 

 chroma  (saturation) 

 chroma  hue (Zuo 

, 2008)  hue  chroma -

 (p<0.05)  (

 13 14)

 32+0.5

 aw 0.300-0.600 

 aw

 aw  (Fontana, 2003) 

 aw  0.300-0.700 (Maltini , 2003) 

 Maskan (2001) 

5.03±0.236  40±0.812 

 C
h
ro

m
a
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 60  1.29 

 chroma  hue  b* 

4.4.4

4.4.4.1

 PPO

 19 

20%  1% 

3.83

 20%  1%  3.28 

 (p>0.05)

 10, 20, 30% 

 20%  10% 

 20%  1% 

 20%  5%  1.17 
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 19

 5 

 32+0.5  45+0.5%

 5 

 (p>0.05)

 10% 

20%  1% 

20%  1% -

 5  20% -

 1%  1.47 

 (p>0.05)

 20%  1% (

 1) 

 1.46 

 (2549) 

 Rangkadilok  (2005) 

T
o
ta

l 
P
h
e
n
o
lic

 C
o
m

p
o
u
n
d
s

(m
g
/g

)

Storage times (months)After drying 1 2 3 5
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 80  48 

 (hydroxylation) 

 PPO 

 PPO 

 (melanin 

pigment) 

Cheng  Crisosto (1995) -

 PPO 

 PPO ( )

 Ye  (2007) 

 (r
2
 = 0.925) 

 (Liu, 

2004)  Golden Delicious, Empire  Rome  

 (Ye ,

2007)
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4.4.4.2  (HMF) 

-

 HMF  HMF    

 443  (Lara 

, 2001) 

 HMF 

 HMF 

 (p>0.05) (  8)  5 

 20% HMF  88.20 

 (p>0.05)

 10% 

 20%  5  10% 

 20%  1% 

 20%  1% 

 20%  1% 

  5  HMF 

 30%  HMF        

 8  HMF 

 (p<0.05)  5 -

 30%  HMF 

 (p>0.05)
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 HMF  intermediate            

-

 Grozdenovic  (2007) 

 HMF 

 HMF 

 HMF  HMF   

 HMF 

Burdurlu  (2003)  20  37 -

 HMF  (p<0.05) 

 4  5  HMF 

 HMF  100-142  Rada-Mendoza 

 (2004)  HMF 

 20  35  0, 2, 5, 9 

 12 

 20  HMF 

 2  35  HMF 

 12  HMF 

 Tosun  Ustun (2003) 

HMF  white hard grape pekmez 

-

 8  HMF  (p<0.01) 

 HMF 

 L  a  b 

 (p<0.01) 
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4.4.4.3

 optical density 

 420-490  ( , 2545)

-

 420 

 (p>0.05)

 20% 

 1%  20% 

 1%  20 

 (p<0.05)  1 

 Koca Burdurlu  Karadeniz (2007) 

 60 

 5 

(0.044 OD/ )

20%  1% (0.031 OD/ ) -

 20%  1% (0.025 OD/ )

 (0.022 OD/ )  (  4) 

 30% 

 20%  5  10% 

 (p>0.05)

 20%  20% 

 1%
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 20

 5  32+0.5

 45+0.5%

-

 (p<0.05)  aw

 aw

 aw  aw

 aw  aw

-

-

 20%  1% -

 20%  1% 

 aw

 4
2
0
 

(O
D

/g
)

Storage times (months)After drying 1 2 3 5
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 20%  5  10% 

 aw -

 non-reducing 

 pH 

 (Komes , 2005) 

-

 (desiccation) (Crowe , 1984)  aw

 (Galmarini , 2008)

 (p>0.05) -

 (Del Valle, 2004) 

 (hydrophilic group) 

 (hydrophobic group)(Jarunee, 2005) 

 PPO 

 (Del Valle, 2004) 

 PPO PPO  (Irwin 

, 1994) 

 Mahayothee  (2009) -

 70  1 

 25 -
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 (p<0.05) 

 5 

 5%  5% 

5%  5% 

 5%  5% 

4.4.4.4

-

 PPO 

 (Martinez and 

Whitaker, 1995) 

 PPO 

 PPO 

 PPO 

4-methylcatechol  catechol  PPO 

 7           

 100  10 

PPO  0.050+0.012  0.039+0.009

 22%  9 
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 9  PPO 

 PPO ( )

*

0.050+0.012
a

0.048+0.019
a

0.039+0.009
b

 :  a,b,c   (p<0.05) 

            *    0.5%  0.3%  0.3% 

 PPO  70-90 

 PPO  Valle  (1998) 

 PPO  25-89% 

Chutintrasri  Noomhorm 

(2006)  PPO 

 40-90  0-30 

 PPO 

 PPO  60%  40-60 -

 30  75 

 7% 

 85  5  1.2%  90 

 5  Castro  (2008) 

 98 

 PPO  PPO 
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 0.5% 

0.3%  0.3%  2 

 PPO  12.50% 

 6 

pH  PPO 

 (Pizzocaro , 1993) 

 PPO 

 PPO 

 10  PPO 

 PPO 

 10%  20%  5  10% 

 20%  1%  20% 

 1%  20%  1% 

 (p<0.05) 

 PPO 

 PPO 

 PPO 
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 10  PPO 

 PPO

( )

0.039+0.003
a

 10% 0.038+0.002
a

 20% 0.035+0.001
b

 30% 0.037+0.002
a

 20% +  5% 0.028+0.001
d

 20% +  10% 0.030+0.000
cd

 20% + 1% 0.035+0.001
b

 20% +  1% 0.032+0.002
c

 20% + 1% 0.035+0.001
b

 : a,b,c  (p<0.05) 

 PPO 

 PPO 

 (p<0.05) 

 PPO 

5  PPO 

 (p<0.05)  21 

 5  PPO 

(p>0.05)  PPO 0.000 

 (  6)  PPO -
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 21  PPO 

 5 

 32+0.5  45+0.5%

 Pearson’s correlation coefficients  95% 

 aw

 HMF 

 PPO  11

 Pearson’s correlation coefficients 

 70  6  aw

 HMF  PPO         

 (p<0.05)  aw

 HMF  Zanoni  (1999) 

 aw

 80  110  7 

 HMF  (p<0.05)

Storage times (months)After drying 1 2 3 5

 P
P
O

 

(
/

)
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 11 Pearson’s correlation coefficients 

 70 

                   6

    Correlations

a
w
 mc L* TPC HMF DB PPO 

a
w

Pearson Correlation 1 · · · · · · 

Sig. · · · · · · · 

N 10 · · · · · · 

mc Pearson Correlation 0.337 1 · · · · · 

Sig. 0.314 · · · · · · 

N 10 10 · · · · · 

L* Pearson Correlation -0.148 0.132 1 · · · · 

Sig. 0.682 0.716 · · · · · 

N 10 10 10 · · · · 

TPC Pearson Correlation -0.279 0.175 -0.134 1 · · · 

Sig. 0.435 0.628 0.713 · · · · 

N 10 10 10 10 · · · 

HMF Pearson Correlation -0.657 -0.105 -0.42 0.268 1 · · 

Sig. 0.039 0.773 0.227 0.455 · · · 

N 10 10 10 10 10 · · 

DB Pearson Correlation 0.621 0.420 -0.017 0.415 -0.399 1 · 

Sig. 0.056 0.227 0.962 0.233 0.254 · · 

N 10 10 10 10 10 10 · 

PPO Pearson Correlation 0.498 0.673 -0.217 0.041 -0.31 0.360 1 

Sig. 0.143 0.033 0.547 0.911 0.383 0.307 · 

N 10 10 10 10 10 10 10 

:   (p<0.05) 

 Toor  Savage (2006)  HMF 

 aw  HMF 

 Ameur, Trystram  Birlouez-Aragon (2006)  HMF 
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 200, 250  300 -

 aw  HMF  Maltini  (2003)       

 aw  intermediate moisture foods 

 aw

 aw 0.3-0.7  2 

1)  aw  2) 

 aw  Eichner  Karel 

(1972)  aw

 aw

 Pearson’s correlation coefficients 

 5  aw

 12 

Mahayothee  (2009)  aw

 aw

5  aw

 Chung  Toyomizu (1976) 

 aw  aw

 aw  aw  0  0.41-0.67  aw  0.67 

 Ozdemir  (2001) 

 aw 0.29-0.83  4  130 

 30  aw

 aw  aw 0.29 
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12 Pearson’s correlation coefficients 

 5  32+0.5  45+0.5%

    Correlations

a
w
 m/c L* TPC HMF DB PPO 

a
w

Pearson Correlation 1 · · · · · · 

Sig. · · · · · · · 

N 10 · · · · · · 

m/c Pearson Correlation 0.253 1 · · · · · 

Sig. 0.481 · · · · · · 

N 10 10 · · · · · 

L* Pearson Correlation 0.234 -0.212 1 · · · · 

Sig. 0.515 0.557 · · · · · 

N 10 10 10 · · · · 

TPC Pearson Correlation -0.025 -0.068 -0.646 1 · · · 

Sig. 0.946 0.853 0.043 · · · · 

N 10 10 10 10 · · · 

HMF Pearson Correlation -0.43 0.597 0.032 -0.132 1 · · 

Sig. 0.215 0.079 0.930 0.715 · · · 

N 10 10 10 10 10 · · 

DB Pearson Correlation 0.717 0.575 -0.384 0.192 -0.230 1 · 

Sig. 0.020 0.082 0.273 0.595 0.523 · · 

N 10 10 10 10 10 10 · 

PPO Pearson Correlation -0.447 -0.211 0.116 -0.251 0.110 -0.425 1 

Sig. 0.195 0.558 0.749 0.484 0.762 0.221 · 

N 10 10 10 10 10 10 10 

:   (p<0.05) 
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4.4.5

 70  22 

 (p<0.05) 

(p<0.05)

 22

 70+0.5

 1 m/s 

 (p<0.05) 

 Pedreschi, Kaack 

 (
p
p
m

) 
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Grandy (2004) 

50, 70  90 

 Yamaki  Ino (1992) 

 Nieto, Castro  Alzamora (2001) 

 (p<0.05)  5  23, 

24  25 

 1,2,3  5 

 (p<0.05)  (  15, 16  17) 

Wang  (2006) 

 (acid hydrolysis) 

-

 Chang, Chen  Shu (1998) 

 Mei syrup 

 HMF
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 23

 5  32+0.5 -

 45+0.5%

 24

 5 

32+0.5  45+0.5%

 (
p
p
m

) 

Storage times (months)After drying 1 2 3 5

 (
p
p
m

) 

Storage times (months)After drying 1 2 3 5
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 25

 5  32+0.5 -

 45+0.5%

-

 (p<0.05) 

 26 

 20%  5  10% 

-

 (
p
p
m

) 

Storage times (months)After drying 1 2 3 5
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 26

                5  32+0.5  45+0.5%

Laroque  (2008) -

 30 mg/ml  12 mg/ml 

55  24 

> > > ~

 Olivier  (2006) 

 4  1 

Kwak  Lim (2004) 

 100 

 (
%

) 
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 HMF 

 HMF  (p<0.05)   

 13  HMF 

 Makawi  (2009)  HMF     

 HMF 

-

 HMF 

 HMF 
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 13 Pearson’s correlation coefficients 

 HMF 

 5 

 32+0.5°C  45+0.5%

  Correlations 

GLU FRUC SU L* HMF DB 

GLU Pearson Correlation 1 · · · · · 

Sig. · · · · · · 

N 10 · · · · · 

FRUC Pearson Correlation -0.032 1 · · · · 

Sig. 0.931 · · · · · 

N 10 10 · · · · 

SU Pearson Correlation 0.181 0.247 1 · · · 

Sig. 0.617 0.492 · · · · 

N 10 10 10 · · · 

L* Pearson Correlation 0.483 0.483 0.286 1 · · 

Sig. 0.157 0.479 0.423 · · · 

N 10 10 10 10 · · 

HMF Pearson Correlation 0.009 -0.640 -0.233 0.032 1 · 

Sig. 0.979 0.046 0.516 0.930 · · 

N 10 10 10 10 10 · 

DB Pearson Correlation -0.549 0.557 0.379 -0.384 -0.230 1 

Sig. 0.100 0.094 0.281 0.273 0.523 · 

N 10 10 10 10 10 10 

:   (p<0.05) 
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4.5

 3 

80  3  70  2  30 

 0.1 

 5  32+0.5

 45+0.5%

4.5.1  (water activity, aw)

 aw

 14 -

 aw  0.531  aw

 (p<0.05) 

 30%  aw  0.226 

 aw  0.226  0.278 

 (p>0.05)  5 

 aw

 aw  0.632 

 10  20%  0.407  0.306 

aw
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4.5.2  (Moisture Content) 

 7.49-9.22% 

 (p<0.05)  5 

 13.16% -

 20%  5% 

 8.96%  (p<0.05) 

 15 

 ( .1385/2550)

 18% 
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4.5.3

-

 27 

 10%  41.39 

 (p>0.05)  30% 

 20%  5  10% 

 34.93 

(p>0.05)  20% 

1%  20%  1% 

-

 5 -

-

 (p<0.05) 

 23.89  (p>0.05)

 20%  1% 

 20%  1% 

 20%  5%             

 34.27  (p>0.05)

 10, 20, 30% 

 20%  5% 
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 27  (L*) 

 5  32+0.5

 45+0.5%

 (a*) 

 5  28 -

 (p<0.05)  4.60 -

 20%  10% 

2.77  (p>0.05) -

(p<0.05)  5  (  10) 

 20%  5% 

 4.82  (p>0.05)

 7.31  (p>0.05)

 10% 

 20%  1% 

 20%  1%

 (
L
*)
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 28  (a*) 

 5  32+0.5

 45+0.5%

 29 

 10% 

 20% (p>0.05)

 (p<0.05) 

 20% 

 20%  10% 

 20%  1%  5 -

 10% 

 20% (p>0.05)

 (  12) 

 (
a
*)
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 29  (b*) 

 5  32+0.5

 45+0.5%

 Hue  Chroma 

 5  16  17 

 Hue  Chroma 

(p<0.05)  Chroma  20%      

 20%  10% -

 20%  1% 

 (
b
*)
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4.5.4

 80  70 

4.5.4.1

-

 (p<0.05)  20% 

 1%  3.02 

 (p<0.05)  5 -

 10%  30    

 20% 

1%  20%  1%            

 1 

(Friedman, 1996)
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 5 

 20%  1%  0.83      

 (p>0.05) -

 20%  1%           

 0.81  (  2) 

 0.18 -

 PPO 

4.5.4.2  (HMF) 

 (HMF)  intermediate 

/

 (Rada-Mendoza , 2004) 

 HMF 

 31  5 -

 HMF  (p<0.05) -

 20%  10%  HMF 

 61.15 

 10%  HMF  94.22  (

 3)  HMF 
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                5  32+0.5  45+0.5%
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 Rada-Mendoza 

(2004)  HMF      

 20  35  12 

 aw  0.825-0.838 

 aw  0.226-0.531       

Buedu, Elustondo  urbicain (2001) -

 12-89  3, 15, 30  37 

 Burdurlu   Karadeniz (2003) 

 65, 70  75  5, 20  37 

 4  HMF 

 HMF 

 5  10,20  30% 

HMF

4.5.4.3

 (p>0.05)  32    

 0.008 OD 

 20% -

 1%  0.007 OD 

 20%  10% 

 0.003 OD  (  5) 
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-

 (p<0.05) 

 5 

 0.038 OD 

 20%  1% 

 20%  1% 

0.030  0.025 OD 

 20%  10%  0.012 

OD  (p>0.05)

 20%  5% 

 10, 20, 30% 

20%  1% 
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 32

 5  32+0.5

 45+0.5%

   

Storage times (months)After drying 1 2 3 5
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4.5.4.4

 PPO 

 18  0.5%  0.3% 

 0.3%  PPO           

 5.56% 

100  10 

 PPO  21.57% 

 PPO 

 18  PPO 

 PPO ( )

*

0.054+0.009
a

0.051+0.013
a

 0.040+0.011
b

 : a,b,c  (p<0.05) 

   *         0.5%     0.3%  0.3% 

 PPO  19 

 PPO 

 (p<0.05) 

 PPO 

 Amparo  (2005) 

 PPO 

 PPO 

-



100

 PPO 

 19  PPO 

 PPO 

( )

0.040+0.001
a

 10% 0.031+0.000
d

 20% 0.038+0.002
b

 30% 0.038+0.001
b

 20% +  5% 0.035+0.001
c

 20% +  10% 0.037+0.000
b

 20% + 1% 0.038+0.001
b

 20% +  1% 0.035+0.001
c

 20% + 1% 0.037+0.003
b

 : a,b,c  (p<0.05) 

 80  3 

 70  2  30 

 PPO  0.048+0.006

 (p<0.05) 

 20%  1%  PPO 

0.006+0.001  20



101

 2
0

 P
P

O
 

 5
 

 3
2

+
0

.5
°C

 4
5
+

0
.5

%

 P
P
O

 (
)

0
 

1
 

 
2
 

 
3
 

5
n
s

N
a

tu
ra

l
0

.0
4

8
+

0
.0

0
6

A
,a

 
0

.0
0

6
+

0
.0

0
2

C
,b

0
.0

0
5

+
0

.0
0

1
B

,b
 

0
.0

0
5

+
0

.0
0

1
A

,b
0

.0
0

0
+

0
.0

0
0

c

G
1

0
0

.0
2

7
+

0
.0

0
4

C
,a

 
0

.0
2

2
+

0
.0

0
3

A
,b

 
0

.0
0

7
+

0
.0

0
2

A
,c

 
0

.0
0

4
+

0
.0

0
1

A
,d

0
.0

0
0

+
0

.0
0

0
e

G
2

0
0

.0
2

6
+

0
.0

0
3

C
,a

 
0

.0
0

7
+

0
.0

0
2

C
,b

0
.0

0
4

+
0

.0
0

1
B

,c
 

0
.0

0
4

+
0

.0
0

1
A

,c
0

.0
0

0
+

0
.0

0
1

d

G
3

0
0

.0
2

9
+

0
.0

0
2

B
C

,a
 

0
.0

0
6

+
0

.0
0

1
C

,b
0

.0
0

4
+

0
.0

0
1

B
,c

 
0

.0
0

2
+

0
.0

0
0

B
,d

0
.0

0
0

+
0

.0
0

0
d

G
2

0
+

T
5

0
.0

3
2

+
0

.0
0

5
B

,a
 

0
.0

0
6

+
0

.0
0

2
C

,b
0

.0
0

4
+

0
.0

0
1

B
,c

 
0

.0
0

2
+

0
.0

0
0

B
,d

0
.0

0
0

+
0

.0
0

0
d

G
2

0
+

T
1

0
0

.0
2

5
+

0
.0

0
3

C
,a

 
0

.0
0

7
+

0
.0

0
2

C
,b

0
.0

0
7

+
0

.0
0

2
A

,b
 

0
.0

0
4

+
0

.0
0

1
A

,c
0

.0
0

0
+

0
.0

0
1

d

G
2

0
+

B
-C

D
0

.0
2

6
+

0
.0

0
3

C
,a

 
0

.0
1

6
+

0
.0

0
3

B
,b

 
0

.0
0

7
+

0
.0

0
1

A
,c

 
0

.0
0

4
+

0
.0

0
1

A
,d

0
.0

0
1

+
0

.0
0

1
e

G
2

0
+

N
a

 A
s
c

 
0

.0
1

8
+

0
.0

0
2

D
,a

 
0

.0
0

6
+

0
.0

0
2

C
,b

0
.0

0
1

+
0

.0
0

1
C

,c
 

0
.0

0
0

+
0

.0
0

0
C

,c
0

.0
0

0
+

0
.0

0
0

c

G
2

0
+

N
a

 E
ry

 
0

.0
0

6
+

0
.0

0
1

E
,a

 
0

.0
0

4
+

0
.0

0
0

D
,b

0
.0

0
1

+
0

.0
0

0
C

,c
 

0
.0

0
0

+
0

.0
0

0
C

,c
0

.0
0

0
+

0
.0

0
0

c

 :
 n

s
 (

p
>

0
.0

5
)

 
  
  
  
  
  
  
  

  
  
  
 A

,B
,C

,D
  
  

 (
p

<
0

.0
5

) 

  
 

  
  
  
  
  
  
 

  
  
  
a

,b
,c

,d
  
  
  

 (
p

<
0

.0
5

) 



102

 18  PPO 

 (p<0.05)  5 

 5 

0.000-0.001  PPO 

 (p>0.05)

 Pearson’s correlation coefficients 

 80  3 

 70  2  30  21 

 HMF  aw  HMF 

 PPO 

 Pearson’s correlation coefficients 

-

 5  32+0.5  45+0.5%

 22  aw

 aw

Labuza  Saltmarch (1981) 

 aw

 aw  aw

 aw  0.4-0.8  aw  0.8 
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 21 Pearson’s correlation coefficients 

 80  3

 70  2  30 

    Correlations

a
w
 m/c L* TPC HMF DB PPO 

a
w

Pearson Correlation 1 · · · · · · 

Sig. · · · · · · · 

N 10 · · · · · · 

m/c Pearson Correlation -0.159 1 · · · · · 

Sig. 0.684 · · · · · · 

N 10 10 · · · · · 

L* Pearson Correlation -0.699 -0.352 1 · · · · 

Sig. 0.049 0.353 · · · · · 

N 10 10 10 · · · · 

TPC Pearson Correlation -0.286 0.654 -0.281 1 · · · 

Sig. 0.456 0.056 0.464 · · · · 

N 10 10 10 10 · · · 

HMF Pearson Correlation -0.797 -0.235 0.848 0.056 1 · · 

Sig. 0.01 0.543 0.004 0.886 · · · 

N 10 10 10 10 10 · · 

DB Pearson Correlation 0.575 0.146 -0.482 0.265 -0.392 1 · 

Sig. 0.105 0.708 0.188 0.490 0.297 · · 

N 10 10 10 10 10 10 · 

PPO Pearson Correlation 0.646 -0.702 -0.097 -0.715 -0.337 0.363 1 

Sig. 0.06 0.035 0.804 0.030 0.375 0.337 · 

N 10 10 10 10 10 10 10 

:    (p<0.05) 
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 22 Pearson’s correlation coefficients 

 5  32+0.5  45+0.5%

    Correlations

a
w
 m/c L* TPC HMF DB PPO 

a
w

Pearson Correlation 1 · · · · · · 

Sig. · · · · · · · 

N 10 · · · · · · 

m/c Pearson Correlation 0.461 1 · · · · · 

Sig. 0.212 · · · · · · 

N 10 10 · · · · · 

L* Pearson Correlation -0.667 -0.455 1 · · · · 

Sig. 0.050 0.219 · · · · · 

N 10 10 10 · · · · 

TPC Pearson Correlation -0.525 -0.153 -0.098 1 · · · 

Sig. 0.146 0.695 0.802 · · · · 

N 10 10 10 10 · · · 

HMF Pearson Correlation 0.119 0.558 0.191 -0.105 1 · · 

Sig. 0.760 0.119 0.623 0.788 · · · 

N 10 10 10 10 10 · · 

DB Pearson Correlation 0.782 0.492 -0.870 -0.007 0.087 1 · 

Sig. 0.013 0.179 0.002 0.986 0.825 · · 

N 10 10 10 10 10 10 · 

PPO Pearson Correlation -0.212 0.099 -0.049 -0.033 -0.034 -0.234 1 

Sig. 0.584 0.800 0.9 0.932 0.93 0.544 · 

N 10 10 10 10 10 10 10 

:  (p<0.05) 
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4.4.5

 80  3  70 

 2  30  33 

 20% 

 1% 

 10%  20%  33 

-

 20% 

 10%  (

 18, 19  20) 

 33

 80 

 3  70  2  30 

 (
p
p
m

) 
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 (p<0.05) 

 5 

 10% -

 (p<0.05)  34, 35  36

 34

 5  32+0.5 -

 45+0.5%

 (
p
p
m

) 

Storage times (months)After drying 1 2 3 5
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 35

 5  32+0.5 -

 45+0.5%

 36

 5  32+0.5 -

 45+0.5%

 (
p
p
m

) 
 (
p
p
m

) 

Storage times (months)After drying 1 2 3 5

Storage times (months)After drying 1 2 3 5
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 5 

 20% 

 20%  5%             

 37 

 37

 5 

 32+0.5  45+0.5%

 Dills (1993) 
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 5  23   

 (p<0.05)
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 23 Pearson’s correlation coefficients 

 HMF -

 5 

 32+0.5  45+0.5%

    Correlations

    GLU FRUC SU L* HMF DB 

GLU Pearson Correlation 1 · · · · · 

Sig. · · · · · · 

N 10 · · · · · 

FRUC Pearson Correlation 0.869 1 · · · · 

Sig. 0.002 · · · · · 

N 10 10 · · · · 

SU Pearson Correlation 0.001 -0.243 1 · · · 

Sig. 0.998 0.528 · · · · 

N 10 10 10 · · · 

L* Pearson Correlation -0.559 -0.473 0.405 1 · · 

Sig. 0.117 0.198 0.279 · · · 

N 10 10 10 10 · · 

HMF Pearson Correlation 0.26 0.492 -0.464 0.191 1 · 

Sig. 0.499 0.179 0.208 0.623 · · 

N 10 10 10 10 10 · 

DB Pearson Correlation 0.774 0.600 -0.438 -0.87 0.087 1 

Sig. 0.021 0.088 0.238 0.002 0.825 · 

N 10 10 10 10 10 10 

:   (p<0.05) 



111

4.6

4.6.1  (water activity, aw)

 aw  aw

 38 

 aw

 80  3  70 

 2  30 

 70 

 38 

Water activity 
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 39 -
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4.6.2  (Moisture Content) 

-

 40 

-

 aw

 30% 

Water activity 
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 1% 

 40

 5 

 10.84-15.15% 

 8.96-13.16% 

 (p<0.05)  41 

 5-8% (Woodroof  Luh, 

1986)

Moisture Content (%) 
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 42 -
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 (p<0.05) 

(Chua , 2001)  Chua  (2000) 
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Moisture Content (%) 
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  (L*) 

 ( L*) -
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 (p<0.05)  43 

 Chua 

 (2001) 

 5 

 (p<0.05) 

 44  20% 
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 10, 20  30% (p>0.05)

 (
L
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 (p<0.05) 
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 (Zuo, Seog  Lee, 

2008)
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4.6.4.1

 50 

-      

 (p<0.05) 

 (thermal reaction)(Raynal, Moutounet 

 Souquet, 1989)  Larrauri, Ruperez   Saura-Calixto 

(1997)

red grape pomace peels

 60, 100  140 

 Caro  (2004)  85 

60  85 

 60 
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 Toor  Savage (2006)  (semi-
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 42 

 PPO  POD (peroxidase) 

Kerkhofs (2003)  Lavelli  (1999) 
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4.6.4.2  (HMF) 

 52  HMF -

 HMF -

 20% 

 HMF 

 20%  1%  HMF 
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                32+0.5  45+0.5%
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 54 -
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 54 

 Vega-Galvez  (2008)           

 50, 60, 70  80  2.5 

 CaCl2 1%  10 

 80  70, 60  50 

 60  70 

 0.011 OD 

 0.038 OD 

Miranda  (2009)  50, 60, 70, 80  90 

(O
D

/g
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90  (0.255 OD )  3  50 

 5 -

 (p<0.05) 

-     
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 55 

 5  32+0.5
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 20%  1% 
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 63

-

-

 pH 

 80  2  70 

 1  30 

 70 

Martins  (2001) 

 (k)  Arrhenius (Arrhenius 

equation)    

k = A*exp(-Ea/RT)

k         R   (8.3 Jmol
-1
K

-1
)

Ea   T   (K)

 (
%
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1.

 CIE L* a* b*  Hunter Lab (  Miniscan XE plus, 

USA)  D - light 65  10  Calibrate 

 10  2  2  h
o
 (hue angle) 
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o
 = tan

-1
 (b*/a*)    (1) 

   h
o
 = 90

o

         h
o
 = 180

o

         h
o
 = 270

o

         h
o
 = 0

o

 C* (Chroma)  2 

C* = [(a*)2 + (b*)2]1/2   (2)   
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2.

 5 

 5  ( )

100  0.1 

 pH  8.1 (  pH – )

 =  ( ) × 0.0067 × 100 

(  100 )  ( )

3.  Karl Fisher Titration

3.1

3.1.1  3 

 (parafilm) 

3.1.2  3 

3.2

 Karl Fischer Titrator  Titer 

 Titer  Karl 

Fischer Reagent (KFR) (  1  Karl Fischer Reagent 

 Composite 5  5 

)  In  (absolute methanol) 

 10  (formamide) 

 2:1 
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 mode  method H2O Titer  start 

conditioning  drift 

 cond.  cond.  drift 

OK  start  10 

0.01

enter  Hydranol Composite 5 

 2 

 mode  method KFT  start  conditioning 

cond.  drift OK  start 

(  0.2000 – 0.3000 

 3-4 )

 4 

 10  enter 

 KFR  (% MC) 

 stop  2 

4. (  Maisuthisakul , 2007) 

4.1

4.1.1  blender  1 

4.1.2  10±0.10  (

)  (Erlenmeyer flask)  250 

4.1.3  95  100 

4.1.4  3  continuous 

shaker
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4.1.5  Whatman No. 4 

4.1.6  rotary evaporator  50 

 50 

4.1.7

 4 

4.1.8  -20 

4.2

4.2.1  0.1±0.10  ( )

4.2.2  95  5 

 50 

 stock 

4.2.3  stock  0, 0.1, 0.2, 0.3, 0.4  0.5 

 10 

 0, 20, 40, 60, 80  100 

4.3

4.3.1  0.2±0.10  ( )

 (volumetric flask)  10 

10

 20 

4.3.2  200 

 Folin-Ciocalteu reagent  10 (

)  1  3 

4.3.3  (Na2CO3)  7.5 
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( )  0.8  vortex 

mixer

4.3.4  120 

4.3.5  765 

4.3.6  calibration curve 

 4.2 

 4.3.1-4.3.5 

 72 

4.3.7

 (mg gallic 

acid equivalent; mg GAE) 

 64

 ( )
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5.  (  Baloch , 1973) 

 5  100 

 2 % acetic acid 50  10  homogenizer

 UltraTurrax T25 basic 30  Whatman  4 

110  spectrophotometer  420 

 2% acetic acid  blank 

6.  HMF (5-hydroxymethyl-2-furfural) (

    Rttanathanalerk , 2005) 

 12 % w/w trichloroacetic acid (TCA), 0.025 M thiobabituric acid (TBA) 

 (5-hydroxymethyl-2-furfural)  0-25 mg/kg, 95 % ethyl alcohol 

 1  100  95 % ethyl alcohol 20 

Homogenized  UltraTurrax T25 basic  1  centrifuge 

9,000 rpm ×  40  2  screw cap tube     

 16  12 % w/w trichloroacetic acid 2  0.025 M thiobabituric 

acid 2  vertex mixer  screw cap tube 

 water bath  40+0.5  50 

 tap water  spectro- photometer 

 443  65
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 65  HMF (5-hydroxymethyl-2-furfural)

7.  (PPO) 

 monobasic sodiumphosphate monohydrate (NaH2PO4), dibasic 

sodiumphosphate (Na2HPO4), polyvinylpyrolidone (PVP), 4-methylcatechol 

 Sodium phosphate buffer pH 6.8  0.1 M

-  0.2 M monobasic sodiumphosphate monohydrate  monobasic

27.6  1000 

-  0.2 M dibasic sodiumphosphate  dibasic 28.4 

1000

-  0.2 M monobasic sodiumphosphate monohydrate  0.2 M dibasic 

sodiumphosphate  200 

 PPO 

7.1  2  0.1 M sodium phosphate buffer 10

 PVP 0.2  homogenizer 
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7.2  50 

 19000g  20 

 (crude enzyme extract) 

7.3  0.5  0.1 M sodium phosphate 

buffer 2  4-methylcatechol 0.1 M  1 

 vortex 

7.4  spectrophotometer 

 410  1  20 

 1 

 0.001 

8.  HPLC 

 AOAC (1995) 

 5  (60:40)  60 

 60  20  100 

 membrane filter 0.45 

 High pressure liquid chromatography 

(HPLC)  Rezex RNM-Carbohydrate Na+ (8%)  Phenomenex 

Refractive Index Detector (RI Detector)  20 

 0.4  80  40 

 0, 2000, 4000, 6000, 8000  10000 ppm  66, 

67  68 
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 24 

 5 

 32+0.5°C  45+0.5%

 ( / )

0  1  2  3  5 

Natural
ns

 1.65+0.20
AB

 0.95+0.22
C
 0.74+0.32

B
 0.63+0.11

C
 0.55+0.12

C

Control
ns

 2.15+0.18
AB

 2.03+0.21
ABC

 1.65+0.44
AB

 1.61+0.36
AB

 1.56+0.48
AB

G10 1.73+0.23
AB,a

 0.93+0.03
C,b

 0.87+0.16
B,b

 0.86+0.32
C,b

 0.61+0.06
C,b

G20
ns

 2.24+0.24
AB

 1.55+0.15
BC

 1.15+0.61
AB

 0.93+0.21
C
 0.93+0.50

C

G30
ns
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ABC

 1.05+0.06
AB

 0.81+0.02
C
 0.61+0.09

C

G20+T5
ns

 1.17+0.25
B
 1.05+0.11

C
 0.92+0.21

AB
 0.90+0.05

C
 0.68+0.07

C

G20+T10
ns

 1.77+0.17
AB

 1.69+0.35
ABC

 1.11+0.18
AB

 0.92+0.10
C
 0.78+0.06

C

G20+B-CD 2.29+0.31
AB,a
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C
 1.26+0.63

AB,b
 1.07+0.09

B,b
 0.92+0.11

BC,b

G20+Na Asc
ns

 3.28+0.35
AB

 2.79+0.21
AB

 2.60+0.64
A
 2.15+0.59

A
 1.61+0.52

A

G20+Na Ery 3.83+0.45
A,a

 2.92+0.48
A
 2.33+0.50

AB,bc
 1.73+0.42

A,bc
 1.47+0.46

A,c

 :  ns  (p>0.05)

     A,B,C,D    (p<0.05) 

      a,b,c,d     (p<0.05) 
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 5 

 32+0.5°C  45+0.5%

 ( )

0  1  2  3  5 

Natural
ns

 0.39+0.15
C
 0.30+0.25

C
 0.28+0.21

B
 0.27+0.18

B
 0.18+0.07

D

G10
ns

 0.77+0.11
BC

 0.62+0.07
BC
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B
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AB
 0.49+0.23

BCD
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 0.53+0.09
AB,b

 0.53+0.06
ABC,b

G30 0.99+0.05
BC,a

 0.80+0.05
B,b

 0.67+0.05
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 0.57+0.11
AB,cd

 0.48+0.03
BCD,d
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 0.57+0.09
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 0.45+0.04
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BCD,b
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 0.53+0.05
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 1.45+0.28
A,ab

 1.01+0.44
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 0.81+0.19
ABCD,b

G20+Na Ery
ns

 2.12+0.04
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 1.41+0.11
A
 1.34+0.46

A
 1.03+0.41

A
 0.83+0.29

A

 :  ns  (p>0.05)

    A,B,C,D      (p<0.05) 

     a,b,c,d      (p<0.05) 
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0 1
ns
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ns
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 65.98+20.78
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 81.07+7.24
AB,a
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b
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b
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b
 94.22+9.93
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 50.13+3.10 54.01+8.45 52.04+19.71 61.15+8.16
AB

G20+B-CD
ns

 48.34+3.21
A
 49.66+4.71 55.42+22.04 58.89+20.37 76.93+4.77

AB

G20+Na Asc 43.80+0.45
AB,b

 50.32+8.44
ab

 48.23+9.15
ab

 46.75+18.30
ab
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G20+Na Ery 40.41+2.19
B,b

 55.84+1.18
ab

 53.19+6.37
ab

 55.06+21.21
ab

 73.59+7.93
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 :  ns  (p>0.05)

    A,B,C,D      (p<0.05) 

     a,b,c,d      (p<0.05) 
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