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   2 ppm  

4, 7  10ºC   30   PET  LLDPE 

 7±1ºC  20   

    

   

 L*, b*, hº  C*   a*  

    

     

 -   

  DPPH 

 

  4ºC    

  3.12  3.16  0.86  2.15 log CFU/g 

  

  

 (p>0.05)  4ºC 
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52403212 : MAJOR : FOOD TECHNOLOGY 
KEY WORD :  POMELO / GASEOUS OZONE / QUALITY 

SUTHEP  NIYOMYAT : THE EFFECT OF OZONE ON THE QUALITY CHANGES OF 
FRESH-CUT POMELO DURING STORAGE. THESIS ADVISORS : ASST.PROF. BUSARAKORN 
MAHAYOTHEE, Ph.D., AND ASST.PROF.ARUNSRI LEEJEERAJUMNEAN, Ph.D.  115 pp. 

This research aimed to study the effect of gaseous ozone on the physical, 
physiological, chemical and microbiological quality of fresh-cut pomelo during storage. Flesh 
of fruit was fumigated with gaseous ozone at the concentration of 2 ppm at 4, 7 and 10ºC for 
30 min. Samples were kept on PET trays, sealed with LLDPE film and stored in refrigerator at 
7±1ºC, 85±2% RH for 20 days. The results showed that gaseous ozone treatments had no 
effect on weight loss, respiration rate, ethylene production rate and gas composition in 
package. Changes in color L*, b*, Hº and C* of the ozone treated pomelo were increased, 
while the a* value was decreased during storage. Changes in the chemical quality showed 
that the amount of total phenolics content, total flavonoids content and ethanol build up were 
not significantly different throughout the storage period. The amount of titratable acidity and 
pH increased throughtout storage period whereas naringin content was decreased. Ozone did 
not affect the ability of DPPH free radical scavenging activity associated with substances that 
have health benefits, vitamin C and limonin contents.  Changes in the microbiological quality 
showed that gaseous ozone treatment at 4ºC was highest efficiency in reducing the number 
of initial load of microorganism by reducing the total microbial, yeast and mold population 
from 3.16 and 3.12 to 0.86 and 2.15 log CFU/g, respectively, which were less than the 
standard of the Ministry of Public Health. Sensory analysis showed that the score of color 
intensity, off-ordor and off-flavor of the fresh-cut pomelo treated with gaseous ozone at all 
temperature was lower than those of the control, but not significanyly different. (p> 0.05) In pomelo 
treated with gaseous ozone at 4ºC had highest preference score throughtout 15 days of storage.
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1

  1  
 

 
1.1  

 

  (fresh-cut fruits)  

      

  

   

   

    ( , 2546) 

 

  

    

    

  

( , 2546)  

 (Watada  Ling, 1999)   

     

 

       

    

  (Bolin , 

1977; Bolin  Huxsoll, 1991)   50-

200 ppm   (Simons 

 Sanguansri, 1997; Watada  Ling, 1999)  

 (Day, 2001)  

    

 
 
 
 

 
 
 
 

 
 



2

  (O3)  

  

 

   (oxidize) -

 (sulfhydryl)  (peptide)  

  

 (peroxides acid) 

  (Guzel-Seydim , 2004a) 

  

  Zhang  (2005)  fresh-cut celery  0.18 

ppm  1.69 log CFU/g  4 C 

 

  (pomelo)  

      

          

    

   

 

  “

” 

  0-2 C  2       

( , 2545)  0-2 C  

 7 C  (2545)  

    

   

   (2552) 

 0.5 ppm  1.0 ppm  

 (p<0.05)  16   7±1 C 

 89±2%  6 /  

 30   20   

 
 
 
 

 
 
 
 

 
 



3

 

   

 

 

1.2  
 

 1.2.1   

    

7±1ºC  89±2% 

   1.2.2  

     

7±1ºC  89±2% 

 
1.3  
  

 

 

  

 

1.4  
 
  1.4.1  

  1.4.2  4, 7  10°C 

  7±1°C  89±2% 

 

  1.4.3  250  (  2-3 )  

Polyethyleneterephthalate (PET)  linear low density polyethylene (LLDPE) 
 

 
 
 
 

 
 
 
 

 
 



4

 2 
 

  
2.1  
 

   Citrus maxima  Merr.  Citrus grandis (L.) Osbeck 

 Rutaceae  pummel  pomelo ( , 2535) 

  2548 

 6,293   99.68  (

, 2549)  

  non-climacteric 

  (Ting  Attaway, 1971)  ( , 2535) 

 3  5 mg CO2/kg.hr  10°C  7  12  

mg CO2/kg.hr  20°C  0.1 l C2H4/kg.hr  

20°C (Kader, 2002)  

-   

 8   7 

 10  ( , 2531)  1100-2000   

 5       

  1 ( , 2541)  

       

        

     

 (Kimball, 1999)  (  2) 

    

  

   

 (Cookes  Gerison, 1983)

 
 
 
 

 
 
 
 

 
 



5 

 1  

 

  

    

    

 

   

   

    

   

    

    

 

    

  

   

    

     

 

 :   (2553) 

 

 

 

(flavonoid)  (antioxidant)        

(naringin)  40-60%   

 (70 mg/100g FW)   (ascorbic acid) 

 (50 mg/100ml) ( , 2553) 

  

 1 

 
 
 
 

 
 
 
 

 
 



6 

 2  
 

  100  

 (%) 89.10 

 (KJ) 159 

 (g) 0.76 

 (g) 0.04 

 (g) 0.48 

 (g) 9.62 

 (g) 1.0 

  

 (mg) 4 

 (mg) 0.11 

 (mg) 6.00 

 (mg) 17 

 (mg) 216 

 (mg) 1 

 (mg) 0.08 

 (mg) 0.048 

 (mg) 0.017 

  

 (mg) 61.0 

 (mg) 0.034 

 (mg) 0.220 

 6  (mg) 0.036 

 : http://www.all-creature.org (  15  2553) 
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   ( )     ( ) 

 1  ( )  ( )  

 :   (2553) 

 

  Theppakorn  Chaiwong (2009) 

   

    

 71.37 /100   67.15 

/100      

   

DPPH  148.44-231.98 molTE/100g 

 
2.2  
 
     

 

    

      

 

 (ready to eat food)  

 (natural antioxidant) 

   

 

31
34 32

4750

0
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g/
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8 

 (fresh–cut fruit and vegetable products) 

    

   

 2  

 

 

 
 2  1997-

 2006 

 : Nicola  (2009) 

 

   

-     

  (  3) 

 (minimal process)  

  

   

 

    

     

   

 

   

 
 
 
 

 
 
 
 

 
 



9 

 
 

 3  
 : Nicola  (2009) 

 

 

 

  

 (Good 

Manufacturing Practice)  

 

 

 

 

  

      

 
 
 
 

 
 
 
 

 
 



10 

 

 

 

 

   

 (Soliva-Fortuny  Martin 

– Bellose, 2003)  

 

2.3  
 
2.3.1  

 

   

    

  

   40 C 

 60 C  

 

 (fermentation)  

 

   

       

 

 

 12-15 C ( , 2546)      

   

   

 (chilling injury) 

 0-2 C  2  ( , 2546) 

 2-4 C  1-2  ( , 2535)  
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(2546)  

 5 C  

 

2.3.2 /  
  (O2)  21%,  (CO2) 0.03% 

 (N2) 

  

 

 

  

 

  

  

   ( ) 

 ( , 2535) 

2   

1)  (controlled atmosphere, CA) 

  

  

  

 

 

  

 (Kader, 1993) 

 Lemon (Citrus limon)  

 5  10  5 (SeaLand, 1991) 

 0  10  5  10 

(Kader, 1992; Bisshop, 1996)  Lime 

 
 
 
 

 
 
 
 

 
 



12 

(Citrus aurantifolia)   0  10 

 5 (SeaLand, 1991) 

 (Yahia, 1998) 

2)  (modified atmosphere, MA)  

 

 

   

    

( , 2546)   

  

  (lime)  (Wardoski , 1973) 

 

2.3.3  
  

 

 

 

 (Mathlouthi, 

1994) 

 

2.3.4  
  mesophilie 

microflora, lactic acid bacteria, coliform, fecal coliforms, yeast and molds  pectinolytic 

microflara (Nicola , 2009)  mesophilic microflora 
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  lactic acid bacteria   

   fresh-cut   

50-200 ppm   

  Botrytis 
cinerea  Aspergillus niger    Canidia, Cryptococcus, 
Fabospora, Kluyveromyces, Pichia, Saccharomyces  Zygosaccharomyces 

 

-        

Escherichia coli -  

    Campylobacter jejuni     

(Olga  Robert, 2006)   

 

2.4  (ozone) 
 

2.4.1  
 (O3)   (O) 3   1 

  

   O2  O  O3 

 Corona discharge  O2 

  (50  60 Hz) 

 (60-1000 Hz)  (  1000 Hz) (   , 2548) 

  

  

2 O3 + heat & light 3 O2 

 

O2  (stable) 

 (unstable)    

 (oxidation)  O3  2.07 

 (oxidation potential)    

  (   ) 

 
 
 
 

 
 
 
 

 
 



 

 3 
 

 : Gluzel

 

 

 

 

 4 
 : Gluzel

 

(oxidation) 

  

 

  

 

B

M

C

C

l-Seydim 

 

l-Seydim 

 2.07 

 

Boling point 

Melting point 

Critical tempe

Critical pressu

 (2004b

 (2004b

 

 

rature 

ure 

b) 

 

 
b) 

 4 (M

 

-111.9±0.

-192.5±0.

-12.1ºC 

54.6 atm 

 

Manley  N

 3 

3ºC 

4ºC 

 4 

 

 

 

Niegowski, 19

 (  

 

 (fluor

967) 

14 

4) 

 

 

rine) 
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 4  
 

Oxidizing agent Oxidation potential (V) 

Fluorine 

Ozone 

Permanganate 

Chlorine dioxide 

Hypochlorus acid 

Chlorine gas 

3.06 

2.07 

1.67 

1.50 

1.49 

1.36 

 : Manley  Niegowski (1967) 

 

2.4.2  
   

 (ultraviolet)  

 2   corona discharge  (Chawla, 2006) 

 185  

   1  2  3 

  (Whangchai , 2006; Azarpazhooh  Limeback, 2008; 

Somboonchai , 2008)  

    

corona discharge (  5) 

 corona discharge  2  1  

  

 

  (Kim ,1993) 

   

 

O2    +    e (high energy)      2(O) + e (low energy) 

O +   O2      O3 

 
 
 
 

 
 
 
 

 
 



 5 
 : Rice 

 

 6 
 :  

 

Coro

 (hi

 1-3 

1981; Selma

, 20

 (198

  

ona discharg

igh tension) 

 

) 

a , 2

004a) 

 C

81) 

(2548) 

ge 

 5 

008) 

 (Nakag

 

 

Corona discha

 

 2 

 (

 

 6 

 

gawa 

arge method  

Corona disch

 (elec

low tension 

 

, 2001; Par

   

harge method

ctrode) 

 ground e

 

 

rk , 

 

 
d 

electrode)  

 (

 6 (Rice 

2006; Gluze

16 

 6-7 

 

, 

el-Seydim 

 
 
 
 

 
 
 
 

 
 



17 

 

(electrolysis) (Benli , 2008; Ping , 2004)  

  

   

  2  

 3 - 4  corona discharge (Kim , 1993)  

 
2.4.3  

 1997  CODEX  GRAS (Generally Regcognized 

As Safe)   

 (Electric Power Research Institute; EPRI)  

 

 (antimicrobial agent) 

 (Zambre , 2010)   

    (Gaseous Ozone) 

 (fumigation) 

  

  

        

 ( , 2551; 

 , 2547)         

  

   H2C=CH2  +  O3   CO2 +  H2O 

 

Tiwari  (2009)  

    Akbas  Ozdemir (2008) 

 pH   

 

 

 
 
 
 

 
 
 
 

 
 



18 

Najafi  Khodaparast (2009) 

 1, 3  5 ppm   1  

 4.06 log CFU/g  3.8, 3.6 

 3.5 log CFU/g  /  3.93 log 

CFU/g  3.80, 3.63  3.50 log CFU/g  

 /  

 95% 

/   

Aguayo  (2005)  

 

  5 C  15  

 

 Warakul (2006) 

   0.4 

ppm  25 C   20   

/  3.28  2.34 log CFU/g  2.88  2.15 log CFU/g    

   

  

 20  13  

     

 20  13 

 31 

 

2.4.4  
  

  

 

(Parish , 2003) 

 (electrophilic)  (nuecleophilic)  

 

 
 
 
 

 
 
 
 

 
 



19 

 

  

 

(cell envelopes)  Khadre  Yousef (2001)  

 

 (unsaturated fatty acid)  

 (lipoprotein)  (polysaccharide)  2 

  (amino 

acid)   

 

  (glycosidic bond) 

 (aliphatic acid)  (aldehyde) 

  (aliphatic alcohol)  1  2 

 (hydroxyl-hydroperoxide)  (hydroxyl 

radical)  

   

 (nucleo base)  (thymine)  

(guanine)  (uracil) 

   

 2   

1.  

 (free radical-mediated)  (  , 2546) 

   

    

(respiration system)   

2.   (deoxyribonucleic acid, 

DNA)  (ribonucleic acid; RNA)  

 

     (Hudson 

, 2007)  
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 (Ketteringham , 2006)  

   

(lipopolysaccharide)   

  7 

   

  

 -SH  S-S    

-    ( -galactosidase)   (alkaline 

phosphatase)  (cytoplasm)  E. coli 
 (genetic material)  E. coli 

(Hunt  Marioas, 1997)  (pyrimidine) 

     (cytosine)  

    

 

 
 

 7  (1.  2. 

  3.  4. 

  5.  6. 

 ) 

 : www.ozoneapplications.com  (  15  2554) 

 

 

(polypeptide)  

 
 
 
 

 
 
 
 

 
 



21 

 

  Sarig  (1996)  

 

Rhizopus stolonifer    Hunt  Marioas (1997)  

 E. coli  

  

  Thanomsub  (2002)   

0.1 ppm   0  120   Bacillus subtilis 

   30 

   60   

  120   
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 3 
 

 
3.1  
 

 3.1.1   

7  .  .  

 ( , 2553)   

 1100-1300  

 3.1.2   Polyethyleneterephthalate (PET) 

 (LLDPE)  Amcor Flexibles  (

)  26 m    7300 cm3/linear 

metre/day/atm       

 

 

3.2  
 

  3.2.1   Ethanol (Merck) 

  3.2.2   Sodium hydroxide (Merck) 

  3.2.3   Gallic acid(Fluka)   

  3.2.4  Folin-Ciocalteu phenol reagent (Fluka) 

  3.2.5   Distilled water 

  3.2.6 Aluminiumchloride hexahydrate (Ajax) 

  3.2.7 Potassium acetate (Ajax) 

  3.2.8 Quercetin (Sigma) 

  3.2.9 Sodium carbonate (Ajax) 

  3.2.10 Methanol (Merck) 

  3.2.11 Acetic acid (Mallinckrodt)
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  3.2.12 n-Propanol (Ajax) 

  3.2.13  Ethyl alcohol absolute (Mallinckrodt) 

  3.2.14 Sodium chloride (Merck)   

  3.2.15 Acetronitrile (Fisher Scientific) 

  3.2.16 2,2-Diphenyl-1-piracyldazyl (DPPH) (Sigma) 

  3.2.17 Ascorbic acid (Supelco) 

  3.2.18 Peptone water (Merck) 

  3.2.19 Plate count agar (Merck) 

  3.2.20 Potato dextrose agar (Merck) 

  3.3.21 Tartaic acid (Ajax) 

  3.3.22 Limonin (Sigma) 

  3.3.23 Naringin (Sigma) 

   

3.3  
 

  3.3.1    (Pocket Refractometer PAL-1,  Atago, Japan) 

  3.3.2    (Miniscan  XE Plus  Hunter Lab, (USA) 

  3.3.3   -  (pH meter  PHM 210 Metro Lab, France) 

  3.3.4   (  Genesys-20 Thermo Spectronic,  

   USA)   

  3.3.5   (  Universal 16  Hettich, Germany) 

  3.3.6    2  (  Sartorius, Germany) 

  3.3.7    4  (  BP 221S  Sartorius,   

                                      Germany) 

3.3.8  25  (Hotpack  352601, PA, USA) 

3.3.9  35  (Memmert   600, Schwabach, Germany) 

3.3.10  (Seward stomacher  400, London, UK) 

3.3.11  (Tomy Autoclave  SS-325, Tokyo, Japan) 

3.3.12  (Labnet   VX100, Woodbridge, NJ, USA) 
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3.3.13  (Compact Dry SL 240 plates, Nissui   

   Pharmaceutical, Japan) 

3.3.14  (Active science 

   Co., Ltd, Thailand) 

3.3.15  (OS-4 Ozone SwitchTM, Eco Sensors®, 

   INC, USA) 

3.3.16  (Sanden Intercool   SEC-1000SBD, Bangkok, Thailand) 

3.3.17  (GC)  Shimadzu GC-8A   

porapak Q80/100 in Iron tube  1.93    CO2 

 Thermal conductivity detector (TCD) (Shimadzu, Japan) 

3.3.18  (GC)  Shimadzu GC-8A   

porapak Q80/100 in Iron tube for long 1.93 meters   

Flame ionization detector (FID) (Shimadzu, Japan) 

3.3.19  (HPLC) 

 Luna 5u C18(2) 100A    Phenomenex  UV 

detector  (Shimadzu, Japan) 

3.3.20  (witt-gasetechnik  MFA-O2/CO2 

 witt, Thailand)  

3.3.21  (Flow board) 

    .)  

 

3.4  
  

 3.4.1  
 
    

25 C  20   (Good 
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Manufacturing Practice, GMP)  

 PET  250   LLDPE 

 8 

  7±1 C  

89±2%  20    

 

 
 

 8  

 

 3.4.2  
 
  

 Coronar discharge ozone generator (  9 

)  2 ppm  4, 7  10 C (

)  89±2%  30  (  

 (2552) ) 

 (OS-4 Ozone SwitchTM) (  9 )  

LLDPE  3.4.1 
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    ( )          ( ) 

 9  Coronar discharge ozone generator ( ) 

   ( ) 

 3.4.3  
   
    

 

  3.4.3.1    2   3  

 CIE LAB  L* a* b*  L*     0 - 100 

 0   100 , a*  b*   +a*  

 –a* , +b*   –b* 

 (  ) 

  3.4.3.2  (total soluble solids, TSS) 

 (A.O.A.C., 2000)  (oBrix)  

  3.4.3.3 -  (pH) -  

-  (pH meter) (A.O.A.C., 1995) (  ) 

 3.4.3.4  (titratable acidity, TA) 

 0.1   pH  8.1 (

 ) 
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  3.4.3.5 

 (TSS/TA)  TSS  TA  

 

 3.4.4  
 20   

7±1oC  89±2% 
    

   3.4.1 

 4, 7  10 C  3.4.2  

completly randomized design (CRD)  3  

 

  3.4.4.1  CIE LAB  

L* a* b*   hue angle (hº)  Chroma 

(C*) (  ) 

  3.4.4.2  (weight loss) 

 2   2  

 

   % weight loss = initial weight – final weight x 100 

                                                  initial weight 

  3.4.4.3  

 2   2   witt-

gasetechnik  MFA-O2/CO2  witt  

  3.4.4.4  (respiration rate)  (ethylene 

production) 

  

 (flow board) 

 barostate  

100 ml/min  7±1 C         

 0, 1, 2, 3, 4, 5, 7, 10, 15  20 (  ) 
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  -  

  10    Gas 

chromatograph  porapak Q80/100 in Iron tube  1.93   CO2 

 Thermal conductivity detector (TCD)  70 C  injecter port 200 C 

 (carrier gas)  200 kPa   retention time 

 0.9 min 

.  (mg CO2/kg.hr) 

  -  

  10   Gas chromatograph 

 porapak Q80/100 in Iron tube  1.93   Flame 

ionization detector (FID)  80 C  injecter port 200 C 

 (carrier gas)  250 kPa  (flame 

gases) 

.  ( l C2H4/kg.hr)  

 

 3.4.5  
 20   7±1oC 

 89±2% 
  

   3.4.1 

 4, 7  10 C  3.4.2  

completly randomized design (CRD)  3   

 

  3.4.5.1  (total soluble solids, TSS) 

 (AOAC, 2000)  (oBrix)  2  

 2   

  3.4.5.2 -  (pH) -  

-  (pH meter) (A.O.A.C., 1995)  2  

 2   
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  3.4.5.3  (titratable acidity, TA) 

 0.1   pH  8.1 

 2   2  (  ) 

  3.4.5.4   

(TSS/TA)  TSS  TA  2   

  3.4.5.5   4  

 2   Wang  (2007)  HPLC  Luna 

5u C18(2) 100A    Phenomenex  UV detector  

acetronitrile:acetic acid:water  75:2:25  mobile phase  1 ml/min 

 oven 25oC  20 l  retention 

time  254 nm 

 (  ) 

  3.4.5.6   4 

  2   Gas Chromatograph  Gaskropack 54 80/100 

in stainless tube  3m x 0.5mm   Flame ionization detector (FID) 

 180 C  injecter port 200 C  (carrier gas)  120 kPa 

 (flame gases)  1 ml 

 (  ) 

  3.4.5.7    

 4   2  Pichaiyongvongdee  Haruenkit 

(2009)  HPLC  

  -   HPLC  Luna 5u C18(2) 100A    

Phenomenex  UV detector  acetronitrile:deionised water  25:75 

 mobile phase  1 ml/min  oven 30oC  20 l 

 retention time  280 nm 

  (  )  

  -   HPLC  Luna 5u C18(2) 100A    

Phenomenex  UV detector  acetronitrile:deionised water  35:65 

 mobile phase  1 ml/min  oven 30oC  20 l 
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 retention time  210 nm 

  (  )  

  3.4.5.8  (Aluminium chloride colorimetric method) 

 Lin  Tang (2007) 

 Quercetin  2   2 

 (  ) 

 3.4.5.9   Folin-Ciocalteu 

 Lin  Tang (2007) 

  2  

 2  (  ) 

  3.4.5.10  

  Xu  (2008)  

DPPH (2,2-Diphenyl-1-piracyldazyl) 

 (mg Vitamin C Equivalent Antioxidant Capacity, mg VCEAC/ml) 

 2   2  (  ) 

 

 3.4.6  
 20   7±1oC 

 89±2% 
 

   3.4.1 

 4, 7  10 C  3.4.2  

completly randomized design (CRD)  3  

  viable plate count  

 2   A.O.A.C. (2000)  Salmonella spp. 
 (Compact Dry SL 240 plates)  4  

 (aseptic technique)  2   2  

 (  1x106 CFU/g 

 1x104 CFU/g) (  ) 
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 3.4.7  
 20   

7±1oC  89±2%  
   
   3.4.1 

 4, 7  10 C  3.4.2 

      

 15   generic descriptive analysis 

(GDA)  0-10 (  ) 

 0, 5, 10  15   randomized 

completely block design (RCBD)  Block   

 (analysis of variance, ANOVA)  duncan’s new 

multiple range test (DMRT)  95%  
 
 3.4.8   
 
   completly randomized design (CRD) 

 3   (analysis of variance, ANOVA) 

 mean±S.D.  duncan’s new 

multiple range test (DMRT)  95% 
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 4 
 

 
4.1   
 
  lot  5  

lot  (p<0.05)  L*  41.31-

42.02 a*      (-0.79)-(-0.76)  b*  3.33-3.40 

  (p>0.05) 

 (TSS)  10.98-11.07   0.71-0.74 

 TSS/TA 14.98-15.61  -  3.20-3.31 

 

 5  

 

 lot 1 lot 2 lot 3 

L* 41.87b±0.13 41.31c±0.13 42.02a±0.18 

a* -0.76a±0.02 -0.78b±0.02 -0.79b±0.02 

b* 3.37b±0.05 3.40a±0.07 3.33c±0.01 

 

(TSS) ( ) ns 

11.07±0.28 11.07±0.40 10.98±0.41 

 (TA) 

( ) ns 

0.74±0.02 0.72±0.04 0.71±0.05 

TSS:TA ns 14.98±0.12 15.27±0.98 15.61±0.97 

-  ns 3.28±0.10 3.31±0.11 3.20±0.12 

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

       ns   (p>0.05) (n=3)
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4.2  
 20  7±1oC 

 89±2% 

  

 

 2 ppm  30    20  

 7±1oC  89±2%  

 

 4.2.1   
 

   (L*) 

 20    10  L* 

   10oC  L* 

   (p>0.05) 

 7oC     4oC  

  L*  (p>0.05)  (  10, 

 )   Artés-Hernández  (2007)   L* 

 Lisbon  0, 2, 5  10oC   L* 

 

   L* 

 pH  (pH~3.25) 

 (PPO) 

 (Rocha , 

1995)  

   Pearson’s correlation coefficients   L*

 6   L*  a*, hº, C*   

 b* 
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 10  (L*) 

     20   7±1oC  89±2% 
 

   a*  11 

  

 a*  (p<0.05)  (  11,

 )  4oC  a* 

 11  (a*)      

    20   7±1oC  89±2% 

 

30.00

35.00

40.00

45.00

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

 (L
*) Control

4ºC

7ºC

10ºC

-1.00

-0.90

-0.80

-0.70

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

 (a
*)

Control

4ºC

7ºC

10ºC
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   b*  12  b*  

(p<0.05) (  12,  )   

 4oC  b* 

 7oC  10oC  (p<0.05) 

   18  20    b* 

 (p<0.05)    

 

 12  (b*)      

    20   7±1oC  89±2% 

  

   13-14  Hue angle (ho) 

 Chroma (C*)    

ho    C*  

(saturation)    C* 

  ho (Zuo , 2008)  

 ho  

(p<0.05) (  13,  )   

   C*  

  (  14) 

 (p<0.05) (  14,  )

3.00

3.20

3.40

3.60

3.80

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

 (b
*)

Control

4ºC

7ºC

10ºC 
 
 
 

 
 
 
 

 
 



36

 4oC  C*  16    

 42 (  ) 

 

  (juice sac  juice vesicle) 

 

   

  ( , 2551) 

 (  27) 

  Pearson’s correlation coefficients 

 (  6)  a*  C* 

 

 
 13  Hue angle (ho)   

         20   7±1oC    

    89±2% 

-1.37

-1.36

-1.35

-1.34

-1.33

-1.32

-1.31

-1.30

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

 H
ue

 an
gl

e (
ho )

Control

4ºC

7ºC

10ºC
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 14  Chroma (C*) 

      20   7±1oC  

89±2% 

 

 6 Pearson’s correlation coefficients  

         20   

   7±1oC  89±2% 

 

 L* a* b* h° C* O2 CO2 Phe. Fla. TPC Y&M 

L* 1 . . . . . . . . . . 

a* -0.553* 1 . . . . . . . . . 

b* 0.424* -0.617* 1 . . . . . . . . 

h° -0.553* 1.000* -0.617* 1 . . . . . . . 

C* -0.553* 1.000* -0.617* 1.000* 1 . . . . . . 

O2 -0.696* 0.124 -0.268* 0.124 0.124 1 . . . . . 

CO2 0.629* -0.033 0.274* -0.033 -0.033 -0.901* 1 . . . . 

Phe. 0.189* -0.040 -0.312* -0.040 -0.040 0.004 -0.075 1 . . . 

Fla. -0.646* 0.352* -0.002 0.352 0.352* 0.432* -0.364* -0.165 1 . . 

TPC 0.749* -0.154 0.278* -0.154 -0.154 -0.637* 0.634* -0.191* -0.387* 1 . 

Y&M 0.614* 0.187* -0.058 0.187* 0.187* -0.761* 0.738* -0.025 -0.329* 0.764* 1 

: *   (p<0.05) 

3.00

3.20

3.40

3.60

3.80

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

 C
hr

om
a (

C*
)

Control

4ºC

7ºC

10ºC
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 4.2.2  (weight loss)  
 
  

  7 

 

  (p>0.05)  

  

 0.23-0.33 

 Palou  (2001)  0.3 ppm 

 Zee Lady  5oC 

 2   

  

 

    

 (  16) 

 non-climacteric  (7±1oC) 
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 7       

     20   7±1oC  

   89±2% 

 

 ( ) 

 ( ) 

 

Control 4ºC 7ºC 10ºC 

0ns 0.00H±0.00 0.00H±0.00 0.00H±0.00 0.00G±0.00 

2 ns 0.02GH±0.00 0.03GH±0.01 0.03GH±0.01 0.04FG±0.02 

4 ns 0.03FG±0.01 0.04FGH±0.01 0.05FG±0.01 0.07EFG±0.03 

6 ns 0.07F±0.00 0.06EFG±0.01 0.09EF±0.01 0.10DEF±0.03 

8 0.11bcE±0.01 0.09cDEF±0.01 0.13abDE±0.00 0.14aCDE±0.01 

10  0.13abE±0.01 0.11bCDE±0.02 0.15abCD±0.00 0.16aBCD±0.02 

12 ns 0.17D±0.02 0.13BCD±0.03 0.18C±0.01 0.18BC±0.01 

14 0.19abCD±0.02 0.14bBCD±0.02 0.24aB±0.04 0.19abBC±0.01 

16 0.22abBC±0.01 0.16bBC±0.02 0.28aA±0.02 0.22aAB±0.03 

18 0.24abAB±0.01 0.18bBA±0.02 0.32aA±0.02 0.26abA±0.05 

20 ns 0.27A±0.03 0.23A±0.05 0.33A±0.01 0.28A±0.06 

 : A, B, C, D  a, b, c, d   (p<0.05) 

         ns 

       (p>0.05) (n=3) 

 

 4.2.3  
 
  

  (  15)  

  

 (p>0.05) (  15,  ) 

 8 
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 (Warakul, 2006)  

 Pearson’s correlation coefficients  

(  6) 

   

 20   4oC 

  4oC 

 (  29-30) 

   

  7  10 oC 

 6   4oC 

   10  

 (p>0.05)   (  16,  )  

   non-

climacteric  (Ting  Attaway, 1971) 

 68.65 

mg.CO2/kg.hr.  (  16) 

 
 15 

     20  

    7±1oC  89±2% 

0.00

5.00

10.00

15.00

20.00

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

  (
)

Control

4ºC

7ºC

10ºC

O2 

CO2 
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 4.2.4  
   

   16 

 polynomial  

 (p>0.05) (  17,  ) 

 (4.25 mg CO2/kg.hr) 

   

 

   20  

 4oC  (68.65 mg CO2/kg.hr) 

 (p>0.05)  7oC  R2 

 0.7478 

    10oC, 

4oC     

 

 

 16  

    20   7±1oC  89±2% 
 

R2 = 0.1725

R2 = 0.4842

R2 = 0.7478
R2 = 0.6053

0.00

20.00

40.00

60.00

80.00

0 5 10 15 20 25

 ( )

 (m
g C

O 2/k
g.h

r.)

Control 4ºC 7ºC 10ºC

Poly. (Control) Poly. (4ºC) Poly. (7ºC) Poly. (10ºC)
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  (stress response) 

  

  

 (  29-30) 

 (  15) 

  

 17  

(p<0.05)  (  18,  ) 

 

 (p>0.05) 

 (  , 2547)  20

 (p<0.05) 

 

 (p>0.05)  non-climacteric  

 (Kader, 2002) 

 

  (Reyes, 1996)  

   

(Lamikanra, 2002)  
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 17     

     20   7±1oC  89±2% 

   

4.3  
 20  7±1oC  89±2% 

 

 4.3.1  (total soluble solids,TSS) 
   
   TSS 

  18   4oC  

TSS  (p<0.05) ( 19,  )  

 7  10oC  TSS 

  20   TSS   Aguayo 

 (2005)  TSS   

   (citrus)  non-climacteric  

  

 (Kader, 2002) 

 3  (Siriphanich , 1987)  

TSS   (Artés-Hernández , 

0.00

1.00

2.00

3.00

4.00

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

(
l C

2H
4/k

g.h
r.) Control

4ºC

7ºC

10ºC
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2007)   (2530)  (2530)  (2530)  

 TSS 

   

 

 18   

     20   7±1oC 

    89±2% 
 

 4.3.2 -  (pH)  
 

   pH  

   19 

 pH   4oC 

 pH  (p<0.05) (  20,  ) 

 20   pH 

 (p<0.05)  

0.0

5.0

10.0

15.0

20.0

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

 

(o Br
ix

)

Control

4ºC

7ºC

10ºC
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 19 -     

     20   7±1oC  89±2% 
 

 4.3.3  (titratable acidity, TA)  

    TA 

 20  (  20) 

 (2546)   

  TA  (p<0.05) 

(  21,  )  20  

 (p<0.05) 

 10oC  

 TA  

   

 ( , 2530; , 2530; , 2530) 

 Luengwilai  (2007)   

Clemenules Clementine  W. Murcott  5oC 

 8   33  40 

2.00

2.50

3.00

3.50

4.00

4.50

5.00

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

-
Control

4ºC

7ºC

10ºC
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 20    

     20   7±1oC  

   89±2% 
 
 4.3.4  
(TSS/TA) 
 

    

 

(TSS/TA)   21  4oC 

 TSS/TA  

(p>0.05) (  22,  )  7  10oC  TSS/TA 

 (p<0.05)    

 20   TSS/TA  (p<0.05) 

 TA  

  TSS/TA     

  (2532)   TSS/TA 

 1   

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

 (
)

Control

4ºC

7ºC

10ºC
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TSS/TA  Luengwilai  (2007)   

Clemenules Clementine  W. Murcott 

 5oC  8  TSS/TA  

 
 21  TSS/TA   

     20   7±1oC  

   89±2% 

 4.3.5  
   
  

   10oC 

 (14.79 ppm)  22   

 16  7oC 

  (p<0.05) (  23,  ) 

 (10.40 ppm)   

 (2551) 

 0, 5, 10  20oC  

 20oC 

 

0

5

10

15

20

25

0 2 4 6 8 10 12 14 16 18 20 22

 ( )

 T
SS
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4ºC

7ºC

10ºC

 
 
 
 

 
 
 
 

 
 



48

  

 

   Pesis (2005) 

 climacteric  non-climacteric -    

  citrus 

  

 

 (fermentation)  (Pesis, 2005)  

 

 
 22   

     20   7±1oC  89±2% 
 

 4.3.6  

   

 (  23-24) 

 8-12  

  20 

 (p<0.05) (  24,  ) 

0.00

5.00

10.00

15.00

20.00

0 4 8 12 16 20

 ( )

 (p
pm

)

Control

4ºC

7ºC

10ºC
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 10oC  293.38 ppm  20  

Pichaiyongvongdee  Haruenkit (2009)  242.63-

386.45 ppm 

 

 

 23  

    20   7±1oC  89±2% 

 

 24  

    20   7±1oC  89±2% 

 

   

 Pichaiyongvongdee  Haruenkit (2009)  

40-60  ( , 2553)  

 7oC 
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 (p<0.05) (  25,  )  24 

  20 

 (p>0.05)  8.69-49.68 ppm  

Pichaiyongvongdee  Haruenkit (2009)  

10.07-29.62 ppm  

4-5  (Wattanasiritham , 2005) 

 

 4.3.7  

  

 

 

 (p>0.05) (  26, 

 )  20  

 (p>0.05)   12 

  10oC 

 1.44 mg/100g FW  25   

 (oxidation)   Brody (1994) 

 

9   Tiwari  (2009) 

 (direct reaction)  (indirect reaction)  
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 25  

    20   7±1 oC  89±2% 

 4.3.7  
   
         

   (DPPH)   

 
  4.3.7.1  
 
  

 4  10oC  (p>0.05) 

 (  27,  )  7oC 

 (70.96 mg GAE/l) 

 (  23)   20 

 4  7oC  (p>0.05)  

 10oC  67.73 mg GAE/l 

 Artés-Hernández  (2007)  

 0, 2  5oC  
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 (Kulkarni  Aradhya, 2005)  

26  12    7  

10oC   

(p<0.05) 

 (Macheix , 1990) Cordenunsi  (2005)  

    (2546) 

 

primary injury     compartment  

 

 

 26     

     20   7±1oC 

    89±2% 

 

  4.3.7.2  
 

   

  4  7oC 

 (p>0.05) (  28,  ) 
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 (  27)  

10oC  

 

 

 0-10oC   0, 5, 10  20oC 

 (Shin , 2008) 

 (Cordenunsi 

, 2005) 

 

 

 27     

     20   7±1oC  

   89±2% 

 

  4.3.7.3  (DPPH-assay) 
 

   

(DPPH)    

  (  25) 

 (  26) 

  (p>0.05) 

(  29,  ) 

0.00
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2.00

3.00
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 10oC  1.62 mg VCEAC/ml 

 (p<0.05)  

 4, 7  10oC   

 

 
 28 

     20   7±1oC 

    89±2% 

 

4.4  
 20  7±1°C  89±2% 

 

 

   2 ppm  30    

(total plate count)  106 CFU/g  (yeast and mold) 

 104 CFU/g (  , 2543) 

 29-30 

 4oC 

 (p<0.05) (  30-31,  )  3.12  3.16  0.86  2.15 log 

CFU/g    (cuticle)  
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 ( , 2546) 

  

(Thanomsub , 2002)  (20-60 ) 

 

 (Whangchai, 2006) 

 

 

 
 

 29 
      20   7±1oC   

    89±2% 
: 18  20  

 

  29 

   16 

 10oC  

   

4  7oC  (p<0.05) 

 20   4oC 
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   30  4oC 
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 (Modified atmosphere packaging, MAP) 

 (

, 2535) 

  Salmonella spp.  8 
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4.5 
 20  7±1°C  89±2% 

  

   

 15     

 5   

 0-10              9   

   31-34 
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    15 
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 (  6) (Warakul, 2006)  

Aguayo  (2005)   
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 33 

 4  7oC  

(p>0.05)  10oC  0, 5  15 

  

(  23)    

 

 (Watada  Ling, 1999) 

  

  lipoxidase  

(Ahvenainen, 1996) 

    

   

 

 

 
 34  

     20   7±1oC  

   89±2% 

a
a

b
b

a a a
aa a

a
a

b ab ab a

0.00

2.00

4.00

6.00

8.00

10.00

0 5 10 15

 ( )

Control

4ºC

7ºC

10ºC

 
 
 
 

 
 
 
 

 
 



61

 9   

     20   7±1oC  89±2% 

 

 ( ) 

 ( )* 

 

Control 4ºC 7ºC 10ºC 

0 93.33 93.33 86.67 46.67 

5 93.33 93.33 60.00 73.33 

10 80.00 100.00 80.00 60.00 

15 73.33 100.00 80.00 66.67 

 : * n=15 

 

 

   34 

 4oC 

 (p>0.05) (  34,  )  15 

  73.33 (  7) 

 4, 7  10oC  100, 

80  66.67   

 

  

 

 
 
 
 

 
 
 
 

 
 



62

 5 
 

 
  2 ppm  

30   7±1ºC  89±2% 

   

   -

  L*, b*, hº  C*   a* 

   

   

     -   

 

 DPPH 

   4ºC 

 

 

 

  

 4ºC  15  
  

 
 
 
 

 
 
 
 

 
 



63

 
 . 

 . [ ] : http://www.dmsc.moph.go.th 

 [  24  2536] 

        . 2546.  

  

 . .  41.  3-7 

  2546.  . : 

  230-235. 

 . 2546. .  

 . :  361-370. 

    . 2535. .  

 . . 146 . 

         . 2547.  

 .   

 .  

    . 2552. 

 . .  

 . 2531. .  

  , . 175 . 

 . 2545. .  

 . . 

 . 2551. 

 . . . . 

 . 2530.  

  . . , , 

 , . 

 . 2532.    

  CO2  C2H4  pectin methylesterase . 

 . . 

 
 
 
 

 
 
 
 

 
 



64

 . 2535.  II ( ).  542.  

 , , , . 

 . 2530. 

 . , . 

. 2551.   7  1 

 [ ]  1  2554. http://www.phtnet.org  

 . 2549.  

   2548.   404. 

 . 2553. . . 

 , . 88 . 

 . 2530.  

 . . , , 

 , . 

 . 2541.  21 .  

 . 88 . 

    . 2548. .  

 .  43.   . 

 :  570-575. 

. 2553.  (Thailand Standard for 

 Pummelos). [ ]  1  2554. http://www.mof.or.th./food-

 standard/pummelos.pdf. 

Aguayo, E., Escalona, V.H. and  Artes, F. 2005. Effect of cyclic exposure to ozone gas on 

 physicochemical, sensorial and microbial of whole and sliced tomatoes. Postharvest 

 Biology and Technology. 39: 169-177. 

Ahvenainen, R. 1996. New approaches in improving the shelf life of minimally processed fruit 

 and vegetables. Food Science and Technology. 7: 179-187.  

Akbas, M.Y. and Ozdemir, M. 2008. Application of gaseous ozone to control population of  
 Estericia coli, Bacillus cereus spores in dried figs. Food  Microbiology. 25: 386-391. 

A.O.A.C. 1995. Official methods of analysis of AOAC International. Cunniff P. editor. Arlington.  

 Va: OAC International. 

 
 
 
 

 
 
 
 

 
 



65

A.O.A.C. 2000. Official Methods of Analysis. 17th ed.  Vol. 1. Washington: Association of 

 Official  Analytical Chemists. 

Artés-Hernández, Rivera-Cabrera, F.F. and Kader, A.A. 2007. Quality retention and potential 

 shelf-life of fresh-cut lemons as affected by cut type and temperature. Postharvest 

 Biology and Technology. 43: 245-254. 

Azarpazhooh, A. and Limeback, H. 2008. The application of ozone in dentistry: A systematic 

 review  of literature. Journal of Dentistry. 36:104-116. 

Benli, H., Hafley, B.S., Keeton, J.T., Lucia, L.M., Cabrera-Diaz, E. and Acuff, G.R. 2008. 

 Biomechanical and microbiological changes in natural hog casings treated with ozone. 

 Meat Science. 79: 155-162. 

Bishop, D. 1996. Controlled atmosphere storage. In C.J.V. Dellino, ed. Cold and chilled 

 storage technology. Blackie, London. 

Bolin, H.R. and Huxsoll, C.C. 1991. Effect of preparation procedures and storage parameters on 

 quality retention of salad-cut lettuce. Journal of Food Science. 56: 60-62.  

Bolin, H.R., Stafford, A.E., King A.D. and Huxsoll, C.C. 1977. Factors affecting storage stability 

 of shredded lettuce. Journal of Food Science. 42: 1319-1321. 

Brody, A.Y. 1994. Modified Atmosphere Food Packaging, Intetrated Products, p. 12. 

Chawla, A.S. 2006.  Application of Ozonated Water Technology for Improving Quality and 

 Safety  of  Peeled Shrimp Meat. Submitted to the Graduate Faculty of the Louisiana 

 State University  and Agricultural and Mechanical College in partial fulfillment of the 

 requirements for the degree of Master of Science. Gujarat Agricultural Univeristy, India. 

Citrus grandis [Online]. Accessed 15 September 2010. Available from http://www.all-

 creatures.org/recipes/i-pummelored.html  

Cookes, P.R. and Grierson, D. 1983. Ultrastructure of tomato fruit ripening and the role of 

 polygalacturonase isoenzymes in cell wall degradation. Plant Physiology. 72: 1088-1093. 

Cordenunsi, B.R., M.I. Genovese, J.R.O. Nescimento, N.M.A. Hassimotto, R.J. Santos and 

 F.M.Lajolo. 2005. Effect of temperature on the chemical composition and 

 antioxidantactivity of three strawberry cultivars. Food Chemistry. 91: 113-121. 

 
 
 
 

 
 
 
 

 
 



66

Day, B.P.F. 2001. Fresh prepared produce: GMP for high oxygen MAP and non-sulphite dipping. 

 Guideline No. 31, Campden and Chorleywood Food Research Association Group, 

 Chipping Campden, Gloucestershire, UK. 

Gluzel-Seydim, Z.B., Bever, P.I., and Greene, A.K. 2004a. Efficacy of ozone to reduce bacterial 

 populations in the presence of food components. Food Microbiology. 21: 475-479. 

Gluzel-Seydim, Z.B., Greene, A.K. and Seydim, A.C. 2004b, Use of ozone in food industry. 

 Lebensmittel-Wissenschaft and Technology. 37: 453-460. 

Hudson, J.B., Sharma, M. and Petric, M. 2007. Inactivation of Norovirus by ozone gas in 

 conditions relevant to healthcare. Journal of Hospital Infection. 66: 40-45. 

Hunt, N.K. and Marioas, B.J. 1997. Kinetics of Escherichia coli inactivation with ozone. Water 

 Research. 31:1355-1362. 

Kader,  A.A. 2002. Postharvest Biology Technology: an overview. pp. 39-48. In. A.A. Kader  ed. 

 Postharvest Technology of Horticultural Crops. University of California, Division of  

 Agriculture and Natural Resources, Publication 3311, Oakland, CA, USA. pp. 39-48. 

Kader, A.A. 1992. Postharvest technology of horticulture crops. Division of Agriculture and 

 Natural Resources, University of California, 2nd eds, Oakland, California, USA. ANR 

 Publications 3311. 

Kader, A.A. 1993. A Summary of CA requirements and recommendations for fruits other than 

 pome fruits, pp. 859-887. In Proc. Sixth Int. Controlled Atmosphere Research 

 Conference, Ithaca, NY. 

Ketteringham, L., Gausseres, R., James, S.J. and James, C. 2006. Application of aqueous ozone 

 for treating pre-cut green peppers (Capsicum annuum L.). Journal of Food Engineering. 

 76: 104-111. 

Khadre, M.A. and Yousef, A.E. 2001. Sporicidal action of ozone and hydrogen peroxide: a 

 comparative study. International Journal of Food Microbiology. 71:131-138. 

Kimball, D.A. 1999. Citrus processing.  Aspen Publishers,  Maryland. pp. 7. 

Kim, D.M., N.L. Smith and C.Y. Lee. 1993. Quality of minimally processed apple slices from 

 selected cultivars. Journal of Food Science. 58: 1115-1117. 

Kulkarni, A.P. and S.M. Aradhya. 2005. Chemical change and antioxidant activity in 

 pomegranate arils during fruit development. Food Chemistry. 93: 319-324. 

 
 
 
 

 
 
 
 

 
 



67

Lamikanra, O. 2002. Preface. In: O. Lamikanra, ed. Fresh-cut fruits and vegetables Science 

 technology and market. Boca Raton, FL: CRC Press. 

Lin, J. and Tang, C. 2007. Determination of total phenolic and flavonoid contents in selected 

 fruits and vegetables, as well as their stimulatory effects on mouse splenocyte 

 proliferation. Food Chemistry. 101: 140-147. 

Luengwilai, K., Sukjamsai, K.  and Kader, A.A. 2007. Responses of “Clemenules” “Clementine” 

 and “W. Murcott” mandarins to low oxygen atmospheres. Postharvest Biology and 

 Technology. 44: 48-54. 

Macheix, J.J., A. Fleuriet and J. Billot. 1990. Importance and role of phenolic compounds in 

 fruits, pp. 239-278. In. Fruit Phenolics. CRC Press, Boca Raton, Florida, USA 

Manley, T.C. and Niegowski, S.J. 1967. Ozone. In Encyclopedia of chemical technology (2nd 

 ed). Wiley: New York. pp. 410–432. 

Mathlouthi, M. 1994. Food Packaging and Preservation, Champman & Hall. 152-155.  

Najafi, M.B.N. and Khodaparast,  M.H.H. 2009. Efficacy of ozone to reduce microbial 

 populations in  date fruits. Food Control. 20: 27–30. 

Nakagawa, H., Okazaki, S., Asakura, S., Shimizu, H. and Iwamoto, I. 2001. A new ozone sensor 

 for an ozone generator. Sensors and Actuators B: Chemical. 77: 543-547. 

Nicola, S., Tibaldi, G. and Fontana, E. 2009. Fresh-cut produce quality: implications for a 

 systems approach. In: Postharvest handling a system approach. 2nd ed. Edited by 

 Shewfelt, R.L., Brueckner, B. and Prussia, S.E., Elsevier Inc. USA, 247-275. 

Olga, M. and Robert, S. 2006. Effect of modified atmosphere packaging on the quality of fresh-

 cut fruits. Department of Food Technology. Stewart Postharvest Review. 2: 1-8. 

Palou, L., Crisosto, C.H., Smilanick, J.L., Adaskaveg, J.E. and Zoffoli, J.P. 2001. Effect of 

 continuos 0.3 ppm ozone exposure on decay development and physiological responses of 

 peaches and table grapes in cold storage. Postharvest Biology and Technology. 24: 39-

 48. 

Park, S.L., Moon, J.D., Lee, S.H. and Shin, S.Y. 2006. Effective ozone generation utilizing a 

 meshed- plate electrode in a dielectric-barrier discharge type ozone generator. Journal of 

 Electrostatics 64: 275-282. 

 
 
 
 

 
 
 
 

 
 



68

Parish, M. E., Beuchat, L. R., Suslow, T. V., Harris, L. J., Garrett, E. H. and  Farber, J. N. 2003. 

 Methods to reduce/eliminate pathogens from fresh and fresh-cut produce. 

 Comprehensive  Reviews in Food Science and Food Safety. 2: 161–173. 

Pesis, E. 2005. The role of the anaerobic metabolites, acetaldehyde and ethanol, in fruit ripening, 

 enhancement of fruit quality and fruit deterioration: Review. Postharvest Biology and 

 Technology. 37: 1-19. 

Pichaiyongvongdee, S. and Haruenkit, R. 2009. Comparative studies of limonin and  naringin 

 distribution in different parts of pomelo [Citrus grandis (L.)] cultiars grown  in Thailand. 

 Kasetsart Journal. (Natural Science.) 43: 28-39. 

Ping, L., Jie, L., Yan, W., Bin, L., Minghua, X., Sun, K. and Yu, G. 2004. Experimental Study On 

 Optimum Of Low-Ozone Negative Ion Generator. Recent Developments in  Applied 

 Electrostatics. Oxford: Elsevier Science Ltd. 203-206. 

Reyes, V.G. 1996. Improved preservation systems for minimally processed vegetables. Food 

 Australia. 48: 87-90. 

Rice, R.G., Robson, C.M., Miller, G.W. and Hill, A.G. 1981. Uses of ozone in drinking water 

 treatment. Journal of the American Water Works Association. 73: 44-57. 

Rocha, A.M.C.N., Brochado, C.M., Kirby, R. and Morais, A.M.M.B. 1995. Shelf-life of chilled 

 cut orange determined by sensory quality. Food Control. 6: 317-322. 

Sarig, P., Zahavi, T., Zutkhi, Y., Yannai, S., Lisker, N. and Ben-Arie, R. 1996. Ozone for control 

 of post-harvest decay of table grapes caused by Rhizopus stolonifer. Physiological and 

 Molecular Plant Pathology. 48:403-415. 

SeaLand. 1991. Shipping guide to perishables. SeaLand Services Inc., PO Box 800, Iselim, 

 New Jersey 08830, USA. 

Selma, M.V., Ibanez, A.M., Cantwell, M. and Suslow, T. 2008. Reduction by gaseous ozone of 

 Salmonella and microbial flora associated with fresh-cut cantaloupe. Food Microbiology 

 25: 558-565. 

Simons, L.K. and Sanguansri, P. 1997. Advanced in the washing of minimally processed 

 vegetables. Food  Australia. 49: 75-80. 

Shin, Y., Ryu, J.A., Liu, R.H., Nock, J.F. and Watkins, C.B. 2008. Harvest maturity, storage 

 temperature and relative humidity affect fruit quality, antioxidant content and activity, 

 
 
 
 

 
 
 
 

 
 



69

 and inhibition of cell proliferation of strawberry fruit. Postharvest Biology and 

 Technology. Article in press. Available Source: http://www.sciencedirect.com/science, 

 April 8, 2008. 

Siriphanich, J., Charoensub, R., and Chiraporn, U. 1987. Postharvest physiological and  

 technological studies on pummelo. Cropping Programmes and Agricultural Topic 

 Research. Technical Report. Faculty of Agriculture, Kasetsart University, Bangkok. 329-

 359. 

Soliva-Fortuny, R.C. and Martin-Belloso, O. 2003. New advances in extending the shelf-life of 

 fresh-cut fruits: a review. Trends in Food Science & Technology 14: 341-353. 

Soliva-Fortuny, R.C., Elez-Martínez, P. and Martín-Belloso, O. 2004. Microbiological and 

 biochemical stability of fresh-cut apples preserved by modified atmosphere  packaging. 

 ISFET. 5: 215-224 

Somboonchai, W., Nopharatana, M. and Songkasiri, W. 2008. Kinetics of cyanide oxidation   by 

 ozone in cassava starch production process. Journal of Food Engineering. 84: 563-568. 

Thanomsub, B., Anupunpisit, V., Chanphetch, S., Watcharachaipong, T., Poonkhum, R. and 

 Srisukonth, C. 2002. Effects of ozone treatment on cell growth and ultrastructural 

 changes in bacteria. The Journal of General and Applied Microbiology. 48:193-199. 

Theppakorn, T. and Chaiwong, S. 2009. Evaluation of bioactive compounds and antioxidant  

 capacities of pomelo cv. “Thong Dee” in Thailand for export. 35th Congress on Science 

 and Technology of Thailand. During : October 15-17. Burapha University, Thailand. 

Ting, S.V. and Attaway, J.A.1971. Citrus Fruits.In A.C. Hulme (ed.). The Biochemistry of fruits 

 and their products. Volume. II Academic Press, London. 107-161. 

Tiwari, B.K., O’Donnell, C.P., Patras, A. and Cullen, P.J. 2009. Effect of ozone processing on 

 anthocyanins and ascorbic acid degradation of strawberry juice.  Food Chemistry. 113: 

 1119-1126. 

Wardoski, W.F., Grierson, W. and Edwards, G.J. 1973. Chilling injury of stored lime and 

 grapefruit as affected by differentially permeable films. Horticultural Science. 8: 173-

 175. 

Wang, Y.-C., Chueh, Y.-C., and Ku, Y.-C. 2007. Quantitation of bioactive compounds in citrus 

 fruits cultivated in Taiwan. Food Chemistry. 102: 1163-1171. 

 
 
 
 

 
 
 
 

 
 



70

Whangchai, K., Saengnil, K. and Uthaibutra, J. 2006. Effect of ozone in combination with some 

 organic acids on the control of postharvest decay and pericarp browning of  longan fruit. 

 Crop Protection 25(8): 821-825 

Warakul, S. 2006. Effect of gaseous ozone exposure and modified atmosphere packaging on 

 qualities of minimally processed pomelo. A special research project submitted partial 

 fulfillment of the requirement for the degree of master of engineering. King Mongkut’s 

 University of Technology Thonburi. 

Watada A.E. and Ling, Q. 1999. Quality of fresh-cut produce. Postharvest Biology and 

 Technology. 15: 201–205. 

Wattanasiritham, L., Taweesuk, K. and Ratanachaimakorn, B. 2005. Limonin and Naringin in 

 Pummelos (Citrus grandis (L.) Osbeck). 31st Congress on Science and Technology of 

 Thailand at Suranaree University of Technology, 18-20 October 2005. 

Whangchai, K., Saengnil, K. and Uthaibutra, J. 2006. Effect of ozone in combination with some 

 organic acids on the control of postharvest decay and pericarp browning of  longan fruit. 

 Crop Protection 25: 821-825. 

Xu, G., Liu, D., Chen, J., Ye, X., Ma, Y. and Shi, J. 2008. Juice components and antioxidant 

 capacity of citrus varities cultivated in China. Food Chemistry. 106: 545-551 

Yahia, E.M. 1998. Modified and controlled atmospheres for tropical fruits. Horticultural Review. 

 22: 123- 183. 

Zambre, S.S., Venkatesh, K.V. and Shah, N.G. 2010. Tomato redness for assessing ozone 

 treatment to extend the shelf life. Journal of Food Engineering. 96: 463-468. 

Zhang, L., Lu, Z., Yu, Z. and Gao, X. 2005. Preservation of fresh-cut celery by treatment of 

 ozonated water. Food Control 16: 279–283. 

Zuo, L., Seog, E.J. and Lee, J. H. 2008 Effects of ascorbic and citeic acids  on CIE color values 

 of fresh-cut apple cubes. Food Technology. 6: 20-24 

 

 

 
 
 
 

 
 
 
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 
 

 
 



73

 
 

1.  (CIE-L*a*b*) 
  CIE-L*a*b*  Hunter Lab Colorimeter 

  L*  (  L*  0 

 L*  100 )  a*  (  a* 

  a*  )  b*  

(  b*   b*  )  3  

( ,  )  hº (hue angle)  1  C* (Chroma) 

 2 

     hº = tan-1(b*/a*)    (1) 

     C*= [(a*)2+(b*)2]1/2   (2) 
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10.   

11.  

 2.3        
   

10    

.  (mg CO2/kg.hr)  

 

   = %CO2 x (Flow rate (ml/min) x 60 min) x Conversion figure x 1000g 

           Weight (g) x 100ml 

  Conversion figure  7ºC  1.092 

 
 2.4  
   

 10   

.

 ( l C2H4/kg.hr)  

 

   = C2H4 x Flow rate (ml/min) x 0.06 x 1000  

        Weight (g) 

 

  %CO2    

    ( ) 

 C2H4     

   (  ppm) 

 Weight     ( ) 

 Flow rate    capillary 
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1.  (Total Soluble Solids) 
   Hand refractometer 

  

 

 
2. -  (pH) 
  pH   buffer pH 4  pH 7  

  100 ml   pH  

 

3.  
   5 g (

)  100  

 0.1   

  pH  8.1 (  pH 

- )  

 

 

%TA =   (N) ×  (ml) × 0.064 × 100 

 (ml) 

 

4.  (  Wang , 2007) 
 4.1  

  4.1.1  0.0025  ( ) 

  4.1.2   25   

stock solution  100 ppm 

  4.1.3  50, 25, 10  5 ppm  

 4.2  
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  4.2.1  0.1   

 acetronitrile: acetic acid: water  75:2:25  5  

  4.2.2  9000xg  10   

  4.2.3  0.45 m membrane filter  

  4.2.4  High Pressure Liquid Chromatograph  UV detector  

  4.2.5  

(  36)  mg/100g FW 

 
 36  

 

5.  
  

 5.1  

  5.1.1  0.127  ( ) 

 50   stock solution  2000 ppm 

  5.1.2  stock solution  1000, 500, 100  50 

ppm 

 5.2  n-propanol  internal standard 

  5.2.1  n-propanol  2.4907  ( ) 

 250   stock solution  10000 

ppm 

y = 46394x - 49697

R2 = 0.9996
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 5.3  

  5.3.1  3   vial  

  5.3.2  9  

n-propanol  1  

  5.3.3   water bath  65 

  15  

  5.3.4  head space  1  gas-tight 

syringe  Gas Chromatograph  Frame ionization detector (FID)  

  5.3.5  (

 37)  ppm 

 
 37  

 

6.  Folin-Ciocalteu method (  Lin  Tang, 
2007) 
 6.1   

  6.1.1   0.1±0.01  ( ) 

  6.1.2    5  

 50   stock solution 

  6.1.3  stock solution   
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y = 0.0003x + 0.0003

R2 = 0.9994
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 6.2  

  6.2.1   0.1  

 1  

  6.2.2  0.1    

2.8   

  6.2.3   2 (

)  2   vortex mixer    

  6.2.4  Folin-Ciocalteu reagent  50 (w/w) 

 0.1   

  6.2.5  30  

  6.2.6  750   

  6.2.7   calibration curve 

 5.3.2-5.3.5  

 38 

  6.2.8  

  (mg gallic acid equivalent; mg GAE) 

 

 
 38   

 

y = 0.0015x + 0.0039

R2 = 0.9975
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7.  aluminium chloride colorimetric method (  

Lin  Tang, 2007) 

 

 7.1  Quercertin 

  7.1.1  Quercertin 0.005±0.01  ( ) 

  7.1.2  80  100  

 stock solution 

  7.1.3  stock solution  Quercertin  

0, 5, 10, 25  50   

 7.2  

  7.2.1  0.5   1.5  

  7.2.2  aluminium chloride hexahydrate  10 

(w/v)  0.1   vortex mixer    

  7.2.3  Potassium acetate  1   0.1 

  vortex mixer    

  7.2.4   2.8   vortex mixer    

  7.2.5  40  

  7.2.6  415   

blank 

  7.2.7  Quercertin  standard curve 

  Quercertin  39 

  7.2.8  

 Quercertin  (mg Quercertin equivalent; mg GAE) 
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 39  Quercertin  

 

8.  DPPH radical scavenging 
 Jayaprakasha  (2007), Jang  (2007)  Yang  (2007) 

  

  DPPH radical 

scavenging  (mg Vitamin C 

Equivalent Antioxidant Capacity (VCEAC)/ml)  

 8.1  DPPH  

  8.1.1  2,2-Diphenyl-1-picrydazyl (DPPH)  0.349  

  100   stock solution  1.0  

  8.1.2  stock solution  1.0  10  

  100   0.1 

 

 8.2  

  8.2.1  L-ascorbic  0.025   

25   stock solution  1000 ppm 

  8.2.2  stock solution  1000 ppm  900, 800,700, 

600, 500, 400, 300, 200  100 ppm 

 8.3  

y = 0.0082x - 0.0124

R2 = 0.996

0
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  8.3.1  0.2  

 

  8.3.2  DPPH  0.1   2.8  

 30   

  8.3.3  515    

blank 

  8.3.4  % radical scavenging activity  mg Vitamin C 

Equivalent Antioxidant  Capacity/ml  

 

% Radical scavenging activity = [(A0-A1 )/ A0] x 100 

 

  A0    =  DPPH  0  (  DPPH)  

  A1    =  30  

 

  8.3.5  % radical 

scavenging activity  (  40)  

 
 40 

    DPPH

y = 420.98x + 4.089

R2 = 0.9952
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1.  0.1% peptone water  serial dilution  

 1.1  peptone 1 g  1000 ml 

 1.2  

 1.3  peptone water 9 ml  

 1.4  121oC  15 lbs  15  

2.  plate count agar  

 2.1  plate count agar 23.5 g  1000 ml 

 2.2  

 2.3  121oC  15 lbs  15  

3.  potato dextrose agar  

 3.1  potato dextrose agar 39 g  1000 ml 

 3.2  

 3.3  121oC  15 lbs  15  

 3.4  pH 3.5   10% tartaric acid 0.1 ml/100 g PDA 

4.  

 4.1  25 g  0.1% Peptone Water 225 ml  dilution  10-1 

 

 4.2  1 ml  0.1% Peptone Water 9 ml  dilution  10-2  

 4.3  10  (  41)   

dilution  (  41) 

 

  

 

 

 

 

 

 41  
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5.  pour plate 

 5.1  dilution  1 ml  petri dish  

dilution  2 plate 

 5.2  plate count agar (PCA)  45- 50oC (

)  petri dish  15-20 ml  

   

 5.3  35 1oC  24  

 5.4  PCA agar plate  plate  

30-300   

 5.5   plate  30-300   1 dilution 

 dilution factor  1  

6.  pour plate 

 6.1  dilution  1 ml  petri dish  

dilution  2 plate 

 6.2  potato dextrose agar (PDA)  45–50oC 

( )  petri dish  15-20 ml  

  

 6.3  22-25oC  48   

 6.4  PDA agar plate  plate  

30-300   

 6.5   plate  30-300   1 dilution 

 dilution factor  1  
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1.  generic descriptive 
analysis  

 
...................................................................................... ............................... 
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2.  Preference tests 
 

 
...................................................................................... ............................... 

...................................... ............................... ................................ 
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 10  (L*)       

        20   7±1oC  89±2% 
 

 ( ) 

 (L*) 

 

Control 4ºC 7ºC 10ºC 

0 40.83cI±0.09 40.76cFE±0.02 41.16bE±0.13 41.64aH±0.02 

2 40.99bH±0.07 40.63cF±0.09 41.13bE±0.01 41.81aG±0.12 

4 41.11cH±0.06 40.80dE±0.14 41.35bE±0.12 41.89aG±0.03 

6 41.32cG±0.17 40.87dE±0.02 41.70bD±0.13 42.03aF±0.07 

8 41.77bF±0.02 41.15cD±0.10 41.90bD±0.11 42.13aF±0.07 

10 41.78bF±0.03 41.34cC±0.06 41.92bD±0.10 42.40aE±0.11 

12 41.96cE±0.05 41.40dBC±0.03 42.14bC±0.08 42.54aD±0.02 

14 42.17cD±0.03 41.49dB±0.07 42.32bBC±0.04 42.57aD±0.06 

16 42.44bC±0.15 41.70cA±0.07 42.44bB±0.25 42.84aC±0.09 

18 42.74bB±0.10 41.64cA±0.06 43.09aA±0.16 43.19aB±0.12 

20 43.04bA±0.07 41.65cA±0.14 43.29aA±0.09 43.38aA±0.05 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

 
 



92

 11  (a*)        

       20   7±1oC  89±2% 
 

 ( ) 

 (a*) 

 

Control 4ºC 7ºC 10ºC 

0 -0.69aA±0.00 -0.80cA±0.00 -0.76bA±0.01 -0.76bA±0.00 

2 -0.70aB±0.00 -0.80cAB±0.01 -0.76bA±0.00 -0.76bA±0.00 

4 -0.70aB±0.01 -0.81cBC±0.01 -0.77bA±0.01 -0.78bB±0.01 

6 -0.72aC±0.00 -0.82cC±0.00 -0.80bB±0.01 -0.81bcC±0.01 

8 -0.74aD±0.00 -0.83cD±0.01 -0.82bC±0.00 -0.82bD±0.00 

10 -0.74aD±0.00 -0.85dE±0.00 -0.82bC±0.01 -0.83cDE±0.00 

12 -0.75aE±0.00 -0.85cE±0.00 -0.83bD±0.01 -0.84bE±0.00 

14 -0.77aF±0.01 -0.86cEF±0.00 -0.84bDE±0.00 -0.84bE±0.00 

16 -0.79aG±0.01 -0.87bFG±0.00 -0.85bE±0.01 -0.86bF±0.01 

18 -0.80aH±0.00 -0.87bG±0.01 -0.89cF±0.01 -0.88bcG±0.01 

20 -0.81aI±0.01 -0.89bH±0.01 -0.91cG±0.00 -0.91cH±0.01 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 12  (b*)     

        20   7±1oC  89±2% 

 

 ( ) 

 (b*) 

 

Control 4ºC 7ºC 10ºC 

0 3.10cH±0.03 3.28aF±0.00 3.19bE±0.04 3.15bH±0.01 

2 3.16cG±0.03 3.31aF±0.01 3.22bE±0.01 3.18cG±0.03 

4 3.24cF±0.04 3.37aE±0.03 3.29bD±0.02 3.23cF±0.00 

6 3.31bE±0.03 3.40aE±0.00 3.32bCD±0.01 3.24cEF±0.01 

8 3.38bD±0.01 3.45aD±0.01 3.34cCD±0.02 3.26dE±0.01 

10 3.41bCD±0.01 3.46aD±0.02 3.32cCD±0.01 3.29cD±0.02 

12 3.45bC±0.01 3.51aC±0.02 3.36cBC±0.02 3.34cC±0.01 

14 3.50bB±0.02 3.55aAB±0.02 3.39cB±0.01 3.36dC±0.01 

16 3.52aB±0.02 3.54aBC±0.01 3.38bB±0.05 3.35bC±0.01 

18 3.58aA±0.01 3.54bBC±0.02 3.50bA±0.03 3.40cB±0.02 

20 3.60aA±0.01 3.57aA±0.01 3.54bA±0.02 3.43cA±0.00 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 
 

 
 



94

 13  Hue angle (ho) 

         20   7±1oC  89±2% 
 

 ( ) 

 Hue angle (ho) 

 

Control 4ºC 7ºC 10ºC 

0 -1.35cA±0.00 -1.33aAB±0.00 -1.34bD±0.00 -1.33aD±0.00 

2 -1.35bAB±0.00 -1.33aAB±0.00 -1.34aD±0.00 -1.33aE±0.00 

4 -1.36cB±0.00 -1.34bB±0.00 -1.34bD±0.00 -1.33aD±0.00 

6 -1.35bAB±0.00 -1.33aAB±0.00 -1.34aC±0.00 -1.33aD±0.00 

8 -1.36cB±0.00 -1.33bAB±0.00 -1.33abB±0.00 -1.32aC±0.00 

10 -1.36cB±0.00 -1.33bAB±0.00 -1.33bB±0.00 -1.32aBC±0.00 

12 -1.36cAB±0.00 -1.33bAB±0.00 -1.33bB±0.00 -1.32aBC±0.00 

14 -1.35cAB±0.00 -1.33bAB±0.00 -1.33abB±0.00 -1.32aBC±0.00 

16 -1.35cA±0.00 -1.33bAB±0.00 -1.32aA±0.00 -1.32aBC±0.00 

18 -1.35cA±0.00 -1.33bAB±0.00 -1.32aA±0.00 -1.32aB±0.00 

20 -1.35dA±0.00 -1.33cB±0.00 -1.32bA±0.00 -1.31aA±0.00 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 14  Chroma (C*) 

        20   7±1oC  89±2% 

 

 ( ) 

 Chroma (C*) 

 

Control 4ºC 7ºC 10ºC 

0 3.18cH±0.03 3.38aH±0.00 3.27bE±0.04 3.24bH±0.01 

2 3.23cG±0.03 3.40aG±0.01 3.31bED±0.01 3.27abG±0.03 

4 3.31cF±0.04 3.47aF±0.03 3.38bCD±0.02 3.32cF±0.00 

6 3.38bcE±0.03 3.50aE±0.00 3.42bC±0.01 3.34cE±0.02 

8 3.46bD±0.01 3.55aD±0.01 3.43cCD±0.02 3.37dE±0.01 

10 3.49bCD±0.01 3.56aD±0.02 3.42cBC±0.01 3.40cD±0.02 

12 3.53bC±0.01 3.61aC±0.02 3.46cB±0.02 3.45cC±0.01 

14 3.58bB±0.02 3.65aB±0.02 3.49cB±0.01 3.46dC±0.01 

16 3.61aB±0.02 3.64aBC±0.01 3.49bB±0.05 3.46bC±0.01 

18 3.67aA±0.01 3.64abB±0.02 3.62bA±0.04 3.51cB±0.02 

20 3.69aA±0.01 3.68aA±0.01 3.65bA±0.02 3.55cA±0.00 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 15       

         20   7±1oC   

       89±2% 

 

 ( ) 

 (%) 

 

Control 4ºC 7ºC 10ºC 

0ns 18.83A±0.04 18.88A±0.04 18.85A±0.00 18.95A±0.14 

2 18.20abB±0.14 18.48aB±0.04 18.20abBC±0.00 18.05bB±0.21 

4 18.08abBC±0.25 18.43aBC±0.04 18.35abB±0.07 18.00bB±0.14 

6 17.95abBCD±0.21 18.33aBCD±0.04 18.05abBC±0.21 17.68bBC±0.04 

8 17.68abCDE±0.11 18.23aBCDE±0.18 17.83abC±0.04 17.60bBCD±0.14 

10ns 17.48E±0.11 17.90E±0.35 17.75C±0.35 17.30CD±0.14 

12 17.40cbE±0.14 18.35aBCD±0.00 17.98abBC±0.32 17.28cCDE±0.32 

14 17.33bE±0.18 18.05aDE±0.14 17.90abBC±0.07 17.23bCDE±0.25 

16 17.28bE±0.25 18.20aBCE±0.21 17.78abC±0.32 17.15bDE±0.21 

18 17.65abDE±0.28 18.08aCDE±0.04 18.05aBC±0.07 17.10bE±0.28 

20 17.38bE±0.11 18.15aBCDE±0.00 18.10aBC±0.00 17.15cDE±0.07 

 : A, B, C, D  a, b, c, d   (p<0.05) 

         ns 

       (p>0.05) (n=3) 
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 16 
        20   

      7±1oC  89±2% 
 

 ( ) 

 (%) 

 

Control 4ºC 7ºC 10ºC 

0ns 0.33C±0.04 0.15B±0.14 0.20B±0.07 0.23E±0.11 

2 0.93abBC±0.18 0.53cAB±0.04 0.73bcAB±0.04 1.15aD±0.21 

4 1.25abABC±0.28 0.70cAB±0.07 0.85bcA±0.14 1.35aCD±0.00 

6 1.38abAB±0.46 0.68bAB±0.04 1.03abA±0.18 1.60aBC±0.14 

8 1.53abAB±0.04 0.80cAB±0.21 1.28bA±0.11 1.65aBC±0.07 

10ns 1.93AB±0.32 1.05A±0.42 1.15A±0.49 1.80ABC±0.00 

12 1.83abAB±0.39 0.95bAB±0.42 1.20abA±0.57 2.13aA±0.11 

14ns 1.95A±0.00 1.20A±0.57 1.20A±0.21 1.90AB±0.35 

16ns 1.78AB±0.60 1.15A±0.42 1.25A±0.21 1.93AB±0.32 

18ns 1.83AB±0.67 1.18A±0.46 1.05A±0.14 1.80ABC±0.07 

20ns 2.23A±0.67 1.10A±0.49 1.08A±0.25 1.7aABC±0.28 

 : A, B, C, D  a, b, c, d   (p<0.05) 

         ns 

       (p>0.05) (n=3) 
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 17   

        20   7±1oC  89±2% 

 

 ( ) ns 

 (mg CO2/kg.hr) 

 

Controlns 4ºCns 7ºC 10ºC 

0 4.25±0.39 26.59±18.71 5.15C±0.33 33.47AB±42.11 

1 16.74±6.47 11.04±1.44 10.06BC±1.09 14.30B±1.58 

2 33.94±31.79 59.52±50.53 29.37ABC±39.61 42.35AB±24.40 

3 24.31±20.83 7.56±0.53 6.22C±0.58 22.22AB±3.33 

4 45.0±29.90 19.02±15.72 28.80ABC±12.44 27.79AB±2.99 

5 25.63±14.13 28.02±12.90 21.50ABC±18.90 34.11AB±3.55 

7 18.23±20.82 29.85±37.36 10.74BC±1.40 67.00A ±53.73 

10 9.96±0.56 38.95±29.74 35.42ABC±23.97 49.79AB±16.27 

15 16.69±9.32 42.25±31.69 51.50AB±44.63 64.24A ±17.79 

20 48.81±50.20 68.65±75.00 55.09A ±16.17 57.63AB±17.58 

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

       ns   (p>0.05) (n=3) 
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 18 
        20   7±1oC  89±2% 

 

 ( ) 

 ( l C2H4/kg.hr) 

 

Control 4ºC 7ºC 10ºC 

0ns 0.66C±0.59 1.38C±1.43 0.35C±0.38 0.38E±0.26 

1 1.81aB±0.31 1.25cAB±0.04 0.91bBC±0.22 1.02bD±0.05 

2 1.62aBC±0.49 1.32cAB±0.15 1.00bBC±0.21 1.12abCD±0.29 

3 1.85aAB±0.65 1.20bB±0.31 1.23aB±0.63 1.49aBCD±0.13 

4 2.17aAB±0.40 1.48cAB±0.20 0.97bcBC±0.25 1.76abABC±0.94 

5 2.03aAB±0.34 1.07dB±0.24 1.04cBC±0.26 1.51bBCD±0.12 

7 1.61aBC±0.49 1.29bAB±0.24 1.38aAB±0.28 1.87aAB±0.09 

10 1.32abBC±1.06 1.12cB±0.38 0.96bcBC±0.34 2.23aA±0.23 

15 2.03aAB±0.34 1.71bA±0.42 2.00aA±0.60 2.30aA±0.44 

20 2.84aA±0.11 1.01dB±0.28 1.25cA±0.08 1.71bABC±0.10 

 : A, B, C, D  a, b, c, d   (p<0.05) 

         ns 

       (p>0.05) (n=3) 
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 19       

        20   7±1oC   

       89±2% 

 

 ( ) 

 (oBrix) 

 

Control 4ºC 7ºC 10ºC 

0 11.33aCDE±0.18 11.50aAB±0.07 10.63bCD±0.04 10.55bB±0.07 

2 11.13bEF±0.11 11.40aAB±0.00 10.63cCD±0.04 10.38dB±0.04 

4 11.18aDE±0.04 11.15aBC±0.35 10.75aBCD±0.07 11.05aA±0.14 

6 10.95abF±0.14 10.88abCD±0.04 10.65bCD±0.14 11.10aA±0.07 

8 10.60aG±0.07 10.48aD±0.46 10.30aCD±0.07 10.05aC±0.14 

10 11.28aCDE±0.04 10.93bC±0.11 10.33cCD±0.04 10.48cB±0.04 

12 11.98aA±0.11 11.40bAB±0.00 11.23bAB±0.11 10.95cA±0.07 

14 11.75aB±0.00 11.65aA±0.00 10.88abABC±0.74 10.15bC±0.00 

16 10.65bG±0.07 11.13aBC±0.11 10.55bCD±0.14 11.08aA±0.11 

18 11.35aCD±0.07 11.38aAB±0.04 11.35aA±0.00 11.00bA±0.00 

20 11.40aC±0.04 10.93bC±0.00 10.28dD±0.00 10.50cB±0.35 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 20 -   

        20   7±1oC  

      89±2% 
 

 ( ) 

-  

 

Control 4ºC 7ºC 10ºC 

0 3.31aD±0.01 3.30aD±0.03 3.04cH±0.01 3.22bE±0.01 

2 3.12bcG±0.01 3.15aG±0.01 3.11cG±0.01 3.14abF±0.00 

4 3.41aB±0.02 3.41aB±0.01 3.35bB±0.01 3.33bC±0.00 

6 3.33cC±0.00 3.44aA±0.01 3.31cC±0.00 3.37bB±0.01 

8 3.24abE±0.02 3.26aE±0.01 3.22bE±0.01 3.22bE±0.01 

10 3.44aB±0.01 3.40bB±0.00 3.35cB±0.01 3.35cB±0.00 

12 3.11bG±0.01 3.19aF±0.01 3.05cH±0.00 3.02dH±0.00 

14 3.16aF±0.01 3.07bH±0.00 3.16aF±0.00 2.98cI±0.00 

16 3.35aC±0.00 3.24bE±0.01 3.21cE±0.00 3.11dG±0.00 

18 3.47aA±0.01 3.35cC±0.02 3.40bA±0.00 3.39bA±0.01 

20 3.36aC±0.00 3.17dFG±0.01 3.25cD±0.00 3.28bD±0.00 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 21    

        20   7±1oC  

      89±2% 
 

 ( ) 

 (%) 

 

Control 4ºC 7ºC 10ºC 

0ns 0.73F±0.01 0.75CD±0.03 0.75C±0.00 0.77D±0.02 

2 0.70aG±0.00 0.70aEF±0.01 0.68bEF±0.01 0.66cG±0.00 

4 0.76aEF±0.01 0.76aCD±0.03 0.73aCD±0.01 0.66bG±0.02 

6 0.76aE±0.00 0.66bcFG±0.00 0.64cF±0.03 0.73abDEF±0.04 

8 0.75abEF±0.01 0.74bDE±0.00 0.76aC±0.01 0.69cFG±0.01 

10 0.73aF±0.01 0.68bcF±0.04 0.64cF±0.01 0.70abEFG±0.00 

12 0.73aF±0.03 0.62bG±0.03 0.70abDE±0.05 0.77aD±0.01 

14 0.87abB±0.02 0.84bB±0.00 0.91aA±0.01 0.75cDE±0.03 

16 0.84aC±0.01 0.79bC±0.02 0.84aA±0.02 0.85aC±0.01 

18 0.81bD±0.01 0.84bB±0.03 0.83bB±0.02 0.90aB±0.01 

20 0.92cA±0.01 0.94bA±0.00 0.87dD±0.00 0.95aA±0.01 

 : A, B, C, D  a, b, c, d   (p<0.05) 

         ns 

       (p>0.05) (n=3) 
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 22  TSS/TA       

        20   7±1oC  89±2% 
 

 ( ) 

TSS/TA 

 

Control 4ºC 7ºC 10ºC 

0 15.52aB±0.12 15.33aCD±0.70 14.08bC±0.10 13.70bDE±0.42 

2 15.99abAB±0.23 16.27aBC±0.12 15.73abAB±0.27 15.62aB±0.04 

4 14.73bC±0.18 14.66bDE±0.10 14.79bBC±0.22 16.79aA±0.79 

6 14.50bC±0.18 16.54aB±0.04 16.67aA±0.97 15.28abBC±0.92 

8ns 14.16CD±0.09 14.24DE±0.66 13.53CD±0.20 14.65BC±0.45 

10 15.45abB±0.09 16.14aBC±0.68 16.09aA±0.27 14.98bBC±0.12 

12 16.47abA±0.87 18.32aA±0.99 16.17abA±1.24 14.20bCD±0.36 

14 13.54aD±0.25 13.86aE±0.06 12.00bE±0.72 13.60aDE±0.59 

16 12.74bE±0.13 14.06aE±0.17 12.49bDE±0.18 13.05bE±0.31 

18 14.08aCD±0.22 13.51aE±0.50 13.66aCD±0.27 12.25bF±0.18 

20 12.46aE±0.19 11.61bF±0.11 11.82bE±0.07 11.00cG±0.06 

 : A, B, C, D  a, b, c, d   (p<0.05) 

         ns 

       (p>0.05) (n=3) 
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 23 
        20   7±1oC  89±2% 

 

 ( ) 

 (ppm) 

 

Control 4ºC 7ºC 10ºC 

0 8.01bA±4.06 5.40bA±1.18 7.70bC±1.02 14.79aA±0.16 

4 7.52cA±1.65 12.46bA±0.90 17.62aA±0.77 7.30cC±1.29 

8 6.56bA±0.23 6.37bA±0.47 4.43cD±0.11 8.90aBC±0.14 

12 4.71bA±0.18 5.56bA±0.37 6.22abC±0.57 8.01aBC±1.37 

16 5.74cA±0.39 4.26dA±0.26 13.48aB±0.52 9.56bB±0.37 

20 5.08bA±0.20 4.16bA±0.16 10.40aB±0.84 4.64bD±0.68 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 

 
 24 

         20   7±1oC  89±2% 

 ( ) 

 (ppm) 

 

Control 4ºC 7ºC 10ºC 

0 279.63bC±2.68 341.28aB±28.19 321.85aC±0.38 198.25cC±1.83 

4 324.73bB±10.26 347.68bB±6.54 457.73aA±1.27 192.79cC±65.08 

8 339.68cB±0.42 361.39bB±0.57 461.81aA±5.00 289.60dB±1.43 

12 360.90cA±12.11 410.26bA±1.04 394.75bB±0.88 474.34aA±0.27 

16 237.58bD±3.28 215.93aC±1.74 195.32cE±2.70 194.04dC±1.86 

20 195.32dE±1.82 194.04bC±1.30 221.40cD±0.74 293.38aB±0.82 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 25  

        20   7±1oC  89±2% 

 ( ) 

 (ppm) 

 

Controlns 4ºCns 7ºC 10ºCns 

0 28.04b±0.60 24.02c ±0.25 46.63aA ±0.15 22.71d±0.11 

4 24.93a±1.00 15.57b±2.29 16.32bC±2.89 22.95a±0.50 

8 41.85a±22.30 31.88a±25.67 22.20aBC±5.31 24.46a±3.88 

12 15.26b±0.07 12.58c±0.78 28.10aABC±0.52 8.69d±0.15 

16ns 18.71±17.85 31.11±1.43 40.29ABC±18.35 49.68±11.25 

20ns 40.29±13.28 49.68±15.36 41.98AB±6.75 35.48±5.91 

 : A, B, C, D  a, b, c, d   (p<0.05) 

         ns          

       (p>0.05) (n=3) 

 

 26 
        20   7±1oC  89±2% 

 ( ) 

 (mg/100g FW) 

 

Control ns 4ºC ns 7ºC ns 10ºC 

0ns 1.28±0.20 1.41±0.08 1.38±0.16 1.08 AB ±0.02 

4 ns 1.13±0.24 1.23±0.16 1.53±0.32 1.25 AB ±0.20 

8 ns 1.14±0.12 1.21±0.12 1.28±0.18 0.93 AB ±0.00 

12 ns 1.22±0.17 1.29± 0.16 1.36±0.16 1.44 A ±0.21 

16 ns 1.07±0.14 1.08±0.11 1.12±0.08 1.24AB±0.10 

20 ns 1.12±0.18 1.24±0.11 1.20±0.09 1.34A ±0.185 

 : A, B, C, D  a, b, c, d   (p<0.05) 

         ns 

       (p>0.05) (n=3) 
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 27       

        20   7±1oC  

      89±2% 
 

 ( ) 

 (mg GAE/l) 

 

Control 4ºC 7ºC 10ºC 

0 58.51bAB±1.26 56.18bAB±7.39 70.96aAB±0.63 56.18bBC±2.67 

2 51.29bCD±2.99 49.07bBC±4.87 68.62aAB±6.76 52.51bC±0.94 

4 58.96bA±1.89 61.84bA±2.51 72.29aAB±2.83 52.51cC±0.00 

6 48.29bDE±1.89 47.62bBC±2.51 63.62aBC±5.34 52.84bC±1.10 

8 51.51bCD±2.67 48.96bBC±0.31 70.29aAB±1.26 46.40bD±2.04 

10 48.40bDE±1.73 49.51abBC±1.10 62.62aBC±9.59 59.51abB±1.41 

12 58.29bcAB±2.20 52.96bB±3.46 76.40aA±1.41 63.73bA±0.47 

14 53.96bBC±0.47 48.51bBC±1.57 65.62aABC±0.63 64.51aA±4.09 

16 45.51bE±2.36 47.96bBC±2.67 55.96aC±0.16 59.51aB±1.10 

18 48.51bcDE±0.31 42.73cC±2.20 61.40aBC±8.80 55.73abBC±0.16 

20 55.51bABC±2.36 50.51bBC±5.97 56.29bC±4.09 67.73aA±1.41 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 28       

        20   7±1oC  

      89±2% 

 

 ( ) 

 (mg QE/ml) 

 

Control 4ºC 7ºC 10ºC 

0 2.28aAB±0.06 2.22aA±0.09 1.74bCDE±0.07 1.59bBC±0.03 

2 2.30aA±0.15 2.22aA±0.02 1.94bAB±0.05 1.74bA±0.07 

4 1.78bCD±0.05 2.25aA±0.01 1.87bBC±0.13 1.75bA±0.04 

6 1.90aCD±0.11 1.78abBC±0.01 1.70bDEF±0.05 1.62bBC±0.00 

8 1.84abCD±0.01 1.65bC±0.11 2.02aA±0.11 1.64bB±0.04 

10 1.81aCD±0.01 1.80aBC±0.05 1.78aCDE±0.05 1.63bBC±0.02 

12 1.93bCD±0.08 2.21aA±0.03 1.80bBCDE±0.03 1.59cBC±0.09 

14 2.07aABC±0.21 2.09aA±0.04 1.84aBCD±0.05 1.40bD±0.01 

16 2.00aBCD±0.05 1.91aB±0.02 1.56bF±0.03 1.62bBC±0.01 

18 1.69abD±0.01 1.88aB±0.16 1.67abEF±0.01 1.54bC±0.03 

20 2.00aBCD±0.28 1.69abC±0.07 1.70abDEF±0.00 1.30bE±0.01 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 29    

        20   7±1oC  

      89±2% 
 

 ( ) 

DPPH (mg VCEAC/ml) 

 

Control 4ºC 7ºC 10ºC 

0 1.48aA±0.26 1.32aA±0.00 1.49aB±0.00 1.13aE±0.04 

2 1.20bA±0.16 1.21bB±0.01 1.63aA±0.09 0.94cF±0.03 

4 1.26aAB±0.27 1.31aA±0.05 1.32aC±0.00 1.21aCD±0.05 

6 1.20aAB±0.12 1.02aD±0.03 1.05aD±0.05 0.82bG±0.03 

8 1.00aB±0.22 0.93aE±0.06 1.11aD±0.01 0.63bH±0.00 

10 1.02abB±0.10 1.08abCD±0.02 0.93abE±0.02 0.90aF±0.01 

12 1.34aAB±0.14 1.37aA±0.04 1.36aC±0.02 1.55aAB±0.04 

14 1.37abAB±0.20 1.34abA±0.05 1.08bD±0.04 1.50aB±0.03 

16 1.17aAB±0.07 1.12aC±0.01 1.07aD±0.04 1.17aDE±0.03 

18 1.13bAB±0.11 1.11bC±0.01 1.35aC±0.04 1.27abC±0.05 

20 1.29bAB±0.15 1.34bA±0.01 1.31bC±0.02 1.62aA±0.02 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 30    

        20   7±1oC  

      89±2% 
 

 ( ) 

 (log CFU/g) 

 

control 4ºC 7ºC 10ºC 

0 3.12aEF±0.10 0.86bFG±0.12 0.95bE±0.14 2.69aD±0.98 

2 3.32aE±0.01 0.73cG±0.18 1.19bE±0.06 3.45aBCD±0.05 

4 2.90bF±0.26 0.91cFG±0.01 1.19cE±0.02 3.45aBCD±0.13 

6 2.79bF±0.02 0.93cFG±0.07 2.28dD±0.12 3.62aBC±0.22 

8 3.81aD±0.29 1.33cE±0.01 2.45bD±0.15 3.98aB±0.27 

10 4.41aC±0.08 1.09dF±0.03 2.43cD±0.25 3.10bCD±0.14 

12 4.45aC±0.02 2.15cD±0.21 2.33cD±0.26 3.60bCD±0.02 

14 4.76aB±0.03 3.31cC±0.05 3.27cC±0.02 4.19bB±0.01 

16 6.06aA±0.01 3.36bC±0.06 3.49bC±0.10 5.95aA±0.06 

18 - 4.68bB±0.08 4.75bB±0.04 6.05aA±0.06 

20 - 5.26bA±0.04 5.95aA±0.04 5.89aA±0.33 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 31  

       20   7±1oC  89±2% 
 

 ( ) 

 (log CFU/g) 

 

control 4ºC 7ºC 10ºC 

0 3.16aB±0.16 2.15bC±0.13 2.24bE±0.33 2.53bE±0.08 

2 3.29aB±0.02 2.20bBC±0.03 2.30bDE±0.34 2.66bDE±0.18 

4 3.31aB±0.16 2.26cBC±0.11 2.34cCDE±0.06 2.85bCDE±0.17 

6 3.38aAB±0.17 2.31cABC±0.27 2.47bcBCDE±0.40 3.09abCD±0.08 

8 3.43aAB±0.18 2.32cABC±0.30 2.55bcABCDE±0.11 3.27abBC±0.41 

10 3.62aAB±0.40 2.33bABC±0.23 2.63bABCDE±0.10 3.57aAB±0.24 

12 3.67aAB±0.13 2.39cABC±0.07 2.83bABCDE±0.16 3.67aAB±0.08 

14 3.72aAB±0.40 2.48bABC±0.31 2.89bABCD±0.11 3.71aAB±0.20 

16 3.89aA±0.16 2.54bABC±0.17 2.93bABC±0.21 3.70aAB±0.25 

18 - 2.68cAB±0.03 3.05bAB±0.14 3.76aA±0.06 

20 - 2.78aA±0.31 3.11aA±0.45 3.79aA±0.07 

 : A, B, C, D  a, b, c, d   (p<0.05) 

        (n=3) 
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 32 
        20   7±1oC  89±2% 
 

 ( ) 

 

 

Control 4ºC 7ºC 10ºC 

0 3.89a±1.95 3.55ab±2.03 2.88c±1.70 3.16bc±1.98 

5 3.89a±2.02 3.62a±1.88 3.17a±1.97 1.86b±1.58 

10 3.47a±2.46 3.57a±2.63 3.43a±2.32 2.93a±2.32 

15 4.76a±1.34 3.99bc±1.47 3.51c±1.27 4.44ab±1.59 

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

      (n=15) 

 

 33 
        20   7±1oC   

       89±2% 
 

 ( ) 

 

 

Control 4ºC 7ºC 10ºC 

0 1.01ab±1.61 0.91b±1.54 1.25a±1.60 1.01ab±1.60 

5 0.49a±0.51 5.33a±0.58 0.86a±1.28 1.24a±1.87 

10 0.89a±1.15 0.73a±0.86 0.59a±0.58 0.92a±0.90 

15 0.65a±0.67 0.67a±0.87 0.81a±1.71 1.00a±1.50 

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

      (n=15) 
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 34 
        20   7±1oC    

       89±2% 
 

 ( ) 

 

 

Control 4ºC 7ºC 10ºC 

0 0.77b±1.22 0.77b±1.25 1.08ab±1.59 1.33a±1.86 

5 0.51b±0.46 0.61ab±0.80 0.65ab±0.56 1.24a±1.67 

10 0.81a±1.01 0.97a±1.30 1.23a±1.80 1.01a±1.04 

15 0.47b±0.50 0.68ab±1.01 0.76ab ±0.75 0.83a±0.80 

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

      (n=15) 

 

 35  

       20   7±1oC  89±2% 
 

 ( ) 

 

 

Control 4ºC 7ºC 10ºC 

0 6.67a±1.40 7.07a±2.02 5.40b±1.45 4.53b±1.06 

5 6.13a±1.60 6.33a±1.50 6.47a±1.36 5.73a±1.16 

10 5.07a±1.67 4.67a±2.13 5.60a±1.76 5.27a±1.22 

15 3.67b±1.35 3.87ab±1.60 4.00ab±1.85 4.93a±1.39 

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

      (n=15) 
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