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Abstract

Shelf life of vacuum deep fried fruit and vegetable snack, which made by banana, pumpkin, 

pineapple, carrot and zukini, has been studied at 30 and 40 degree Celsius. This product 

should be deteriorated by water which cause the loss of crispness and oxygen which cause 

rancidity. To know the effect of water absorption of this product, sorption isotherm, percent 

of moisture content, water activity and sensory were evaluated. TBA No. and sensory 

evaluation on rancid taste were chosen to represent the rancidity. The qualities of palm oil 

that is normally used repeatedly before and after bleach were analyzed. The study found 

that the qualities of palm oil before and after bleach are the same. The deterioration of the 

product by losing of crispness occurred prior to rancidity. Therefore, the loss of crispiness 

indicated shelf life. From sensory evaluation, the study found that banana and pineapple 

were unacceptable by test panels at  6th week (42 days). The shelf life from calculation is 37 

days at 30 degree Celsius. TBA No. starts to increase in week 12 even though the test 

panel cannot detect the change of rancidity.The study at 40 degreeCelsius was quit in week 

6th due to the browning of the product. 
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2.  Nonenzymatic browning, Lipid hydrolysis, Lipid oxidation, 

Protein denaturization, Degradation of specific natural pigment 

3.
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 3   1. 

 pH, Aw, nutrient content  2.  storage 

temperature, relative humidity, presence and concentration of gases in the environment 3. 

 Water Vapour Transmission Rate (WVTR), Gas Transmission Rate 

(GTR), Area  Thickness 

 2 

 1.  moisture sorption isotherm  2. 

 WVTR, GTR, Area  Thickness 3. 

  Oxygen Tranmission Rate (OTR) 

 TBA 

 TBA  20 

Malonaldehyde  (Shamberger , 1977)  TBA 

  4.16 – 6.14  Malonaldehyde  (Satyanarayana ,

1989)  (sanck 

food)  3.5 
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  180   60 - 70

 1 



5

 1   :    

 (% )  (%) 

2.5

4.7

35.0 

1.8

3.4

52.6 

555 kcal 

100 mg 

1.7 mg 

17 mg 

400 mg 

1,200 mg 

2.0 

4.1 

14.8

1.2 

1.4 

76.5

461 kcal 

108 mg 

2.14 mg 

11.7 mg 

9.8 mg 

575 mg 

 :        100  

 :  (2543)

 Jagoba   Moreira  (2002) 

1.

2.

3.

 (2543)   (Fried  Fruit  and  

Vegetable  by  Vacuum  Deep  Frying  Method) 
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1.   (Raw Material  Preparation) 

 (Production  

Planing)

 (Yield) 

 (Yield loss) 

2.   (Washing  and  Trimming) 
   

 20 – 50  (ppm)  2 –3  

 (Slice)  Slicer ,  (Ring)   Slicer 

,  (Stick)  Slicer   (Dice)  Dicer  

 (Enzymatic Browning Reaction)  

 (Citric  acid)  0.03-0.05 %  (Potassium / 

Sodiummetabisulphite) 20-200 

3.  (Texture Preparation) 

(Attractive)  2 

,
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 0-5 

4.  ( Vacuum  Deep  Frying ) 

  90 

 3  (Vacuum  

Chamber  Stainless  Steel  Basket) 

  700  .

 90 

   

 (Activated  Carbon) 

5.  

(Centrifugal  Machine)  11-15  

6.  ( Product Packaging ) 

 4   Oriented  

Polypropylene (OPP)  Cast  Polypropylene (CPP)  
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 12 

 1

 : 

1.  (Vacuum  Deep  Frying  Chamber)  

2.  (Vacuum  System  by Water  Circulation)  

3.  (Edible  Oil  Refining System)  

4.  (Stainless  Steel  Basket  and  Car)  

5.  (Oil  Separating

       by  Centrifugal  Machine)  

6.  (Vacuum  Mixing  Machine)  

7.  (Slicer) 

8.   500   /  (Boiler)

9.
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 (Moisture  Requirement) 

 (free  water) 

 (bound  water) 

 3.5 % 

  15-20 % 

 (Preservative  

agent) 

  (Water  Content)

 % 

  %     =   -  

      

   , Cellulose, Protein 

  (Water  Activity  :  Aw)

water Activity   ( p ) 

                 Aw    =   p / po

  Aw

Aw

 2

   

 monolayer  water   Aw   0 - 0.2 
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 2 :

Aw     

Monolayer  water 

Aw  0 – 0.3 

Capillary  water 

Aw   0.3 – 0.8 

Loosely  bound 

Water  Aw  0.8 – 1.0 

Enzymatic  activity 

Nonenzymatic  

browning 

0

0

0

0

0

0

*

*

0

*    Aw   0.7   

      :   (2539) 

 Aw    

 Aw

 Aw

 monolayer water  

multilayer  adsorption  Capillary  

  Aw
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 Aw

  Aw

  Aw  0.85 

  Aw  0.3   Aw   0.15  

 Aw   0.6-0.8  

 Aw   Aw   0.65 

Aw

 Aw

 Aw

 Aw

 Aw

   

 (  ,2529) 
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(Wallance ,1968)

 Thiobarbituric acid number

TBA number  oxidation 

malonaldehyde  1000  TBA  malonaldehyde 

 TBA pigment  2 

 2 :  TBA  malonaldehyde 
                                      :  Allen  Hamilton,  1994             

 100 – 500 

 2-  20 –30  malonaldehyde 

 TBA 

spectrophotometer  535 

(intact sample)    (Allen  Hamilton,  1994) 
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 1 :

1.

2.  : Peroxide value  Acid value 

 2 : 

1.

 Laminate  flush  N2 (  5 

, , , )

2.  :  % Moisture content, Water activity (Aw), Sorption isotherm 

 2 

3.  30 oC  40  oC  2 

 4 

4.  :  % Moisture content, Water activity (Aw) 

 3 : 
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1.

 Laminate  flush  N2

2.  :   Thiobarbituric acid 

3.  30 oC  40  oC  2  4 

4.  :  Thiobarbituric acid 

 :   Acid value  Peroxide value  (AOAC, 1990) 

 % Moisture content  (AOAC, 1990) 

 Water activity  Water activity meter (Aqua Lab Series  

      3 and 3TE) 

  Thiobarbituric acid  (Pearson’s,  1991) 
        



1.

 3 : 

1.83 g/sq.m.day 1,256 cc/ sq.m.day 

 laminated  0.65 g/sq.m.day 2.12 cc/ sq.m.day 

:

 Water vapour transmission rate-transfer time method: Lyssy L80-4000J  38 

 90% 

 ASTM D3985-95 Oxygen Gas Transmossion Rate Through Plastic Film 

and Sheeting Using a Coulometric Sensor  23  0% 

 4 : -

,

36

 13 

 15 

 15 

 21 

 100 
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2.

 5 : 

Peroxide Value (PV), meq/kg Acid Value (AV) 

 2545 

2546

 2545 

2546 

21.0 18.1 0.78 3.42 

 15.0 19.5 0.85 3.60 

 Peroxide Value 

, ,

,  Acid Value 

,

 (Fennema, 1996) 

 5 

 PV  10 mEq/kg 

 20-40 mEq/kg  AV 

 0.6 

 (Pearson’s,  1991) 

3.

 3  4  Sorption Isotherm -  5 
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 6 :  100 

 66.5 31.2 (93.98) 1.0 (3.01) 0.6 (1.88) 0.4 (1.2) 

 89.6 7.3 (70.87) 1.9 (18.45) 0.7 (6.8) 0.4 (3.88) 

 84.9 14.0 (92.1) 0.4 (2.65) 0.5 (3.31) 0.3 (1.95) 

 85.1 12.4 (82.67) 1.3 (8.67) 0.9 (6.0) 0.4 (2.67) 

 95.1 3.4 (68.0) 0.9 (18.0) 0.6 ( 12.0) 0.1 (2.0) 
:  %dry basis 

 :  2513

 6 -

-

 sorption 

isotherm 

 caramelization 

 Maillard 

caramelization  maillard 

-  4%,  3.45%, 

 7.3%,  3.8%  6.25% 

 30%  70-80% 
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 7 :  Aw 

 Aw 

 0.90 

 0.95-0.87 

 0.75

Halophilic bacteria  0.75 

Xerophilic mold 0.62-0.60 

Osmophilic yeast 0.60

 :   (2529) 

 7 :  Aw 
             l    

             ll   

             : Lubuza (1984) 

 5  6  Aw -  5 

0.25-0.45  30  40 

 7  Aw 

 7 
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 19  20 -

 5 

 4  1-3 

5.

  t  =  Q/A.P. p

  t  =  ,

  Q =  ,

  A  =  ,

  P  =  , g/ m2.day.mmHg 

p   =  

 14   trend  line  

  Y  =  0.1226X  +  3.8838 

  Y  =  0.0607X  +  3.5724 

 Y  =  0.1196X  +  7.1011 

  Y  =  0.0547X  +  3.8838   

  Y  =  0.0736X  +  6.6236 

 (Y  =   aX  +  b)   8 
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 8  :   % 

 % 

 (b) 

%  6

(aX)

%

3.8838 

3.5724 

7.1011 

3.8838 

6.6236 

4.6194

3.9366

7.8187

4.2120

7.0652

0.7356

0.3642

0.7176

0.3282

0.4416

 %  % 

 9  :

 % 

( )

36

13

15

15

21

0.2648

0.0473

0.1076

0.0492

0.0927

 100 0.5615 …………Q 

 laminated  (  3 ) 

0.65   / .   90 % RH, 38  

  49.81  mmHg 
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          =        0.654 g/m2.day

          90/100  x  49.81  mmHg     

          =   0.0145   g/ m2.day.mmHg 

  38   (311 oF)

 30  (303 oF)

P38 C           =   P30 C e Ea/R (1/T30  -  1/T38) 

0.0145 =   P30 C e 1200/1.987 (1/303  -  1/311) 

   P    =    

 Ea  =    Activation  Energy 

 R    =    Gas  Constant 

P30 C  =  0.01377  g/ m2.day.mmHg   ……………P   

  0.22   0.175    A  =  0.22 x 0.175 x 2  =  

0.077 ……………A

 75 % RH 

 30% (  Sorption  Isotherm)  

 30   =  31.8  mmHg  

p   =  (75  -  30)    x  31.8  mmHg =  14.31  mmHg 

        100

      (t)      =                  0.5615  g 

                 0.077 m2 . 14.31  mmHg .  0.01377 g/ m2.day.mmHg 

             =    37
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1.

 PV  AV 

-

 0.04 – 0.06 % 

 Chelating 

agent   Citric acid  ascorbylpalmitate 

(Lusan  Rooney, 2001 ; Allen  Hamilton 1994) 

2.

 6 

 36 %   15 % 

 batch 

 21 % 
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 Aw  0.25 – 0.45 

16

3.  TBA No. 

 12 

 16 

4.  40 

 6 

 40  6 

5.   6 

 (42 )  37 

p

p

 (

)
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    129,900  

 2 

   108,220  

     21,680  

1.  (Hygrometer)      19,500  

2.         2,180  

 2 
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