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 (Wall material) 

 2 

 GC - MS 

 - Pinene  21.77 Camphor  15.85   1,8 - Cineole   11.40          

1 - Verbenone  10.16  Camphene  7.54  

 1,8 - Cineole  27.77    - Pinene  20.48  

Camphor  17.86   Camphene  12.58  ß - pinene  6.99

 2 

(Maltodextrin)  (Cyclodextrin) 

 60   1 

 32

 1 

 (TEF) 

  1,8 - Cineole  33.98   - Pinene  29  Camphene  16.38  ß - Pinene      

 8.56  Camphor    3.25    9.96  



0.56   g/cm3    L ( )    77.71    a  (  - )  -0.12  b

(  - )  -0.15 

 10 

 (25 )

1.25    10   2

 3 



Abstract

The objective  of  the  research  was  to  study  encapsulation  of  rosemary  oil  by  spray  

drying  technique  and  its  application.  Moreover,  the  property  and  concentration  of  rosemary

oil  and  wall  material  were  also  investigated  for  rosemary  oil ’s encapsulation  production.  

Additionally,  the  property  and  shelf  life  of  the  capsule  was  studied.  Moreover, its  

application  in  royal  project  foundation  muesli  bar. 

 Firstly,  GC-MS  technique  was  used  to  analyze  the  composition  of  the  oil  which  

was  extracted  from  rosemary  (from  royal  project  foundation)  and  commercial  rosemary  

oil.  It  was  found  that  the  five  main  compositions  of  the  extracted  rosemary  oil  were 

21.77%  - Pinene, 15.85% Camphor, 11.40% 1,8 - Cineole, 10.16% 1 - Verbenone and 7.54% 

Camphene  whereas  commercial  rosemary  oil  was  compound  of  27.77%  1,8 - Cineole,  

20.48%  20.48%  - Pinene, 17.86% Camphor, 12.58% Camphene and 6.99% ß - pinene. 

Because  of  the  composition  of  commercial  rosemary  oil  was  similar  to  extracted  rosemary

oil.  Therefore,  commercial  rosemary  oil  was  used  to  study  in  other  experiment. 

 Secondly,  the  optimization  of  concentration  of  the  coating  material  (maltodextrin  

and  Cyclodextrin)  and  concentration  of  rosemary  oil  were  studied.  It  was  found  that  the  

optimum  condition  of  using  maltodextrin  as  coating  material  was  60%  maltodextrin  with  

1%  rosemary  oil,  while  the  optimum  condition  of  using  Cyclodextrin  as  coating  material  

was  32%  Cyclodextrin  with  1%  rosemary  oil.  Using  Cyclodextrin  as  coating  material  was  

also  gave  more  true  encapsulation  flavor  (TEF)  and  more  efficiency  than  maltodextrin,  

therefore  the  using  Cyclodextrin  as  coating  material  should  be  advantage. 

Thirdly,  the  quality  of  encapsulated  rosemary  oil  was  verified.  It  was  found  that  

the  five  main  compositions  were  33.98% 1,8-Cineole, 29% -Pinene,16.38% Camphene, 

8.56%  ß - Pinene and 3.25% Camphor with 9.96% moisture content and  density  of  0.56  g/cm3.

The color of  the product  (L, a, b)  was 77.71, -0.12, -0.15 respectively. 

Fourthly,  the  shelf  life  of  the  encapsulated  rosemary  oil  was  also  investigated.  If  

the  product  was  kept  at  25  oC,  its  shelf  life  could  be  predicted  as  1.25  years.  Moreover,  

at     10 oC,  its  could  be  2  years  shelf  life. 



Finally,  the  encapsulated  rosemary  oil  was  applied  to  use  in  royal  project  

foundation  muesli  bar  recipe.  It  was  found  that  3%  encapsulated  rosemary  oil  was  the  

most  suitable  to  give  the  good  quality  product  in  terms  of  physical,  chemical  and  sensory

quality  partially   in  color  and  flavor. 
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 (Essential oil) 

 (Flavor) 

Oxidation    Encapsulation  

 Encapsulation  (Coating) 

(Entrapment) 

 5 - 300 

 10 - 90 

 Bacterial spores  (Thies, 2001;    

, 2527)  Encapsulation 

 (Spray drying) 

 Encapsulation 

 (Emulsion) 

 (Droplet) 



2

 ( , 2542) 

 ( , 2544) 

 (Antioxidant)  Rosemanol, Rosemarinic acid 

 Carnosic acid (Tsimidou and Boskou, 1994) 

 Encapsulation 



3

1.

2.   (Wall material) 

3.  

4.

5.

6.  

 Encapsulation 

 (Essential oils) 

(Merory, 1968) 

 (Lees and Jackson, 1973) 
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Distillation, Solvent extraction  Expression (Dziezak, 1989)  Distillation 

 ( , 2544) 

 1,500 

 3 

1. Water distillation  ( )

2. Water  Steam distillation 

3. Direct steam distillation 

 3 

 (Condenser) 

 (Cold press) 

 400 

  1 



5

 1

Allspice  (Garlic) 

 (Almond)  (Ginger) 

 (Anise)  (Lemongrass) 

 (Basil)  (Lemon oil) 

Bay  (Lime oil) 

Bergamot  (Mace) 

 (Black pepper)  (Nutmeg) 

Bois de roes  (Onion) 

 (Camphor)  (Orange peel) 

 (Carawey) Patchouly 

 (Cassia)  (Peppermint) 

 (Celery seed) Pimento leaf 

 (Cinnamon bark) Sage 

 (Clove) Spearmint 

 (Coriander)  (Tangerine) 

 (Eucalyptus) Thyme 

 (Fennel (sweet)) Wintergreen 

 : , 2545 

 2  Terpenoids  Nonterpenoids

 (Terpenoids) 

 (Isoprene)  2 

 (Terpene hydrocarbons) 

1. Acyclic monoterpenes (C10H16)

 3  ocimene, myrcene   geramial, neral  

 geraniol, neol, linalool  



6

2.  Monocyclic monoterpenes (C10H16))  4 

D - limonene,  - terpinene,  - phellandrene   Perillaldehyde, Phellandral  

- terpineol, Menthol, Carveol  Menthone, Carvone, Pulegone 

3.  Bicyclic monoterpenes (C10H16)   Thujane group - thujene,  Carane group 

 Car - 3 - ene,  Pinane group - pinene,  Camphane group  Camphor,  Fenchane 

group  Fenchone 

4.  Sesquiterpenes (C15H24)   Acyclic sesquiterpenes  Farnesol,  Monocyclic 

sesquiterpenes  Zingiberene,  Azulenes sesquiterpenes    Azulene,  Other sesquiterpenes 

 Caryophyllene 

 Geraniol  Citral 

 D - citronellol 

 (Lemon oil)  L - citronellol  (Rose oil) 

Geranium oil  D -  L - citronellol 

 Nonterpenoids 

 Nonterpenoids   

  2  

  3 

 2  Nonterpenoids 

Benzyl alcohol 

Phenyl ether ethyl alcohol 

Tiglic acid  Star anise  Geranium 

Anisic aldehyde  (Anise) 

Methyl n - amyl ketone 

Anethole  (Anise) 

Thymol  (Thyme) 

Coumarin

Mono -, di -  tri – sulfides 
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  3 

 (Spices) 

 (Anise)  (E )- Anethole, Methyl chavicol 

 (Capsicum peppers)  Capsaicin, Dihydrocapsaicin 

 (Caraway)  D - Carvone, Carvone derivaties 

 (Cardamon) -Terpinylacetate, 1- 8 - Cineole, Linalool 

 (Cinnamon)  Cinnamaldehyde, Eugenol 

 (Clove)  Eugenol, Eugenylacetate 

 (Coriander)  D - Linalool, C10 - C14 2 - Alkenals 

 (Dill)  D - Carvone 

 (Fennel)  (E) - Anethole, Fenchone 

 (Ginger)  Gingerol, Shogaol, Neral, Geranial 

 (Mace) Aril  - Pinene, Sabinene, 1 - Terpenin - 4 - ol 

 (Mustard)  Ally isothiocyanate 

 (Nutmeg)  Sabinine,  - Pinene, Myristicin 

 (Parsley)  Apiol 

 (Pepper)  Pinperine, - 3 - Carene,  - Carophyllene 

 (Saffron)  Safranal 

 (Vanilla)  Vaillin, p - OH – Benzyl  methyl ether 

 (Herbs)

 (Basil, sweet)  Methylchavicol, Linalool, Methyl eugenol 

Bay laurel  1,8 - Cineole 

Marjoram C -, t - Sabinene hydrates,Terpinen - 4 - ol 

Oregano  Carvacrol, Thymol 

Origanum  Thymol,Thymol 
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 3

 ( )

Rosemary  Verbenone, 1,8 - Cineole, Camphor, Linalool 

Sage, clary  Salvial - 4 - (14) - en - 1 - one, Linalool 

Sage, Dalmation  Thujone, 1,8 - Cineole, Camphor 

Sage, Spanish  c -, t - Sabinyl acetate, 1,8 - Cineole, Camphor 

Savory  Carvacrol 

Tarragon  Methyl chavicol, Anethole 

Thyme  Thymol, Caracrol 

Peppermint  L – Methol, Menthone, Menthofuran 

Spearmint  L - Carvone, Carvone derivatives 

 : , 2545 

  4 

  4

 Spearmint, Wintergreen 

 Wintergreen 

 Allspice 

 : , 2545 
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 (Metallic flavour) 

 (Flavour form) 

 3 

 1.  

Encapsulated flavours, Crystal,  Spray - dried powders,  Freeze - dried powders, Dried extracts  

  Plated powders 

 Gum  Starch hydrolysates 

 2. 

 (Paste) 

3.
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 (Flavor strength) 

 6 - 12 

Spray - dried citrus powders  3 - 6 

 Encapsulation 

 5 

 2 

 1. Flavor - dependent foods 

 (Hard boiled candy)  (Gelatin desserts) 

(Carbonated beverages) 

 2. Flavor - independent foods 

1.  (Low - fat - foods)  

 (Reduced - calorie foods) 

 - 
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 (Lipophilic) 

(Hydrophilic)

2.   (Beverages)  

Flavor - product interactions,  Flavor - flavor interactions   Flavor - product - 

package interactions

3.  (Dairy products) 

4.  (Meat products) 

 Forced - air chamber 

 Forced - air smoking
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5.   (Mayonnaise & Salad dressing)  

 80  Thickening agent 

 50  20 - 30 

 (Spice extracts) 

 High - performance liquid chromatography, Gas 

chromatography, Mass spectroscopy  Infrared spectroscopy 

(Sensory evaluation) 

 1.  5 - 10 

 5 - 10

 2. 

 5 

 3. 

 5 

 4.  5

 5 .  10  

 ( , 2545) 
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 (Rosemary) 

Rosemarinus officinalis L.  Lamiaceae 

 20  2 - 4 

 ( , 2542) 

 2 

 (Keville, 1991)

 1.0 - 2.5  (Stream 

distillation) 

 Monoterpenes  1, 8 - cineole  Camphor    

 1, 8 - cineole  Eucalyptus globules 

Camphor  Cinnamomum 

1.

 -  1, 8 - cineole  15 - 30

 -  Camphor  15 - 25 

 -  Camphene  5 - 10

 -   - pinene  25

 -  Borneol  10 - 20

2.  2 - bonanone, Acetic 

acid, Bornyl acetate, Campholenal, Bisabolol

 ( )

 Cineole  Oil  active  properties 
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1.

Salmonella sp.

2.

3.

 (

, 2546)

    3 - 5 

 Condensing chamber 
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 (Encapsulation)

 Encapsulation    40

(Coating)  (Entrapment) 

  5 - 300  10 - 90

 Bacterial spores  (Thies, 2001; , 2527) 

 (Dziezak, 1988; Shahidi and 

Naczk, 1995; King,  1995; Gibbs et. al. 1999; Thies, 2001; Gouin, 2004). 

Spray drying 

Spray chilling or Spray cooling 

Extrusion coating 

Fluidized bed coating 

Liposome entrapment 

Inclusion complexation 

Rotational suspension separation 

Coacervation

 3 

 (Versic, 1988) 
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 (Transfer rate)  (Thies, 2001; Versic, 

1988)

 (Flavoring agents)

 - 

 (Gibbs et. al., 1999) 

 (Spray Drying) 

 (Feed) 

(Spray dryer) 

 (Spray dry) 
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 4 

   1.  (Atomization of feed) 

 (Atomizer) 

 3 

Rotary atomizer  

 5,000 - 10,000 

 30 - 120 

 1  Rotary atomizer

Pressure nozzles atomizer  

 120 - 250 
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 2  Pressure nozzles atomizer

Two - fluid nozzle atomizer (Pneumatic nozzle atomizer)  

  Nozzle

 Nozzle 

2.

  (Co - current flow)

 Spray dryer 

 (Counter - current flow)

 (Mixed flow)  

 Co - current  Counter - current 
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 3  Spray dryer 

 Co - current flow, Counter - current flow, Mixed flow 

3.

4.

 Cyclone 

 Cyclone  Wet scrubber, Bag filter  Electrostatic 

precipitator

 Spray dryer

Open cycle system 

Closed cycle system



20

 Spray dryer 

 (Co - current)

Open  cycle system                                    Closed  cycle system

 4   Open cycle system Closed cycle system 

 5  (Spray dryer) 

  1.  ( )
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   2. 

   3. 

   4. 

 10 - 300 

 1 - 20 

Evaporative cooling 

 (

)  (

) ( , 2532) 

 1 

6,000

 25 - 60 

 Reverse osmosis  Filler 
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 200 

300

 -  - 

0.5  DE 25  40  1,000 

 (Homogenizer) 

 170+5

95+5  -  0.29 

 40  - 

 - 

 200 

 (Flavor Encapsulation) 

(Spray dryer)

. . 1930 

 (Reineccius, 1988) 

1.  

 (Homogenizer)

2.  

 (Droplet) 

 10 - 200 

3.  

 150 - 300 

 1 - 10 
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4.  

 Cyclone separator  ( , 2545; 

Risch, 1995) 

1.

 (Diffusion) 

 (Reineccius, 1988) 

2.

 (King, 1995) 

 Hydrolyzed starches  Maltodextrin 

Corn syrup solids 

 75  Dextrose equivalent (DE) hydrolysates 

 ( , 2544)  Corn syrup solids  DE   25 - 36 

 Oxidation 
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 (Maltodextrin)  

 -  (D - glucose)  (Dextose) 

 1 - 4  (Dextrose Eqnivalent; DE)  20  

( , 2540) 

 20 

 ( , 2540) 

Stabilizers

3.

 (Reineccius, 1988) 

   - 
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   - 

 (Droplet) 

 Beristain et  al. (2001)

 Mesquite gum 

 1:4  2,590 

( )
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 Bertolimi et  al. (2001)  Monoterpenes  Gum 

arabic  Monoterpenes  10      

 20  30

(Monoterpenes)  10  (Percentages of retention) 

 50 

33  20 

 ß - pinene 

 Citral, Limonene, ß - myrcene, Linalool 

 Beristain  et  al. (2002)  Mesquite gum 

 30  1:4        

 Water activity   Oxidation  Water activity   

0.11 - 0.74  35    

 Oxidation  Water activity 0.51 - 0.63 

Water activity  0.63 

Water activity 0.74  0.82 

 Martinez  et  al. (2004)

 N - lok (Modified  starch) 

  25 - 45 Arabic gum  15 - 25  

(Encapsulation efficiency)  N - lok (Modified  starch) 

 19.10  184.90  113.90 

  96.24  

Arabic gum  91.99 



27



 -  

 -  

-

-  Rotary evaporator 

1.

  -  (Minolta camera, Chroma Meter  CR - 300/310, Japan, 1991) 

2.

  -  -  (EUTECH Instrument, Cyberscan 

pH 510, Singapore, 2000) 

-  Hand Refractometer (ATAGO, Japan, 2002) 

  - Aw - box (Novasina: AWC 200, Switzerland, 1995) 

  - Gas Chromatography - Mass Spectroscopy (GC - MS) (Hewlett packgard 

Model 5973, Germany) 

3.

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

  -   (Incubator, Heraeus: Model D - 6450 Hanau, Germany.) 

4.

  - 

  -   ( )
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-   Statistix  version  7.0  (Analytical  software, 2000) 

 (Homogenization) 

 60 - 70 

90    220 

 3 

 1

Encapsulation  2 

    1.1 

     1.2  

 2 

Gas Chromatography - Mass Spectroscopy (GC - MS) (Hewlett packgard Model 5973, Germany) 

 2  (Wall material) 

 (Wall material) 
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 (Maltodextrin) 

 (Cyclodextrin)

 2  22 Factorial experiments with 2 center points 

 (Wall material) 

 5 

  5  22 Factorial experiment with 2 center points 

 1(1)  -1 -1 

2(a) +1 -1 

3(b) -1 +1 

4(ab) +1 +1 

5(Cp1) 0 0 

6(Cp2) 0 0 

     

  -1      20    

0  40   

 1  60   

-1   1 

0  3 

1   5 

Cp  Center point 
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-  Hunter (L a b)  (Minolta camera, Chroma Meter                 

CR - 300/310, Japan, 2002) 

-  ( , 2549) 

-  (Sartorius MA30, Germany, 2000) 

-  (Bersistain, 2001) 

-

-  True encapsulation flavor (TEF) 

 3

 2 

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

CR - 300/310, Japan, 2002) 

-  (Sartorius MA30, Germany, 2000) 

-  (Bersistain, 2001) 

-  Gas chromatography (Hewlett 

packgard Model 5973, Germany) 
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 4

 Completely 

Randomized Design (CRD) ( , 2547) 

 30 

   10,  25,  37  45  

 0 - 8

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

300/310, Japan, 1991) 

-  (Sartorius MA 30, Germany) 

 -  Aw - box (Novasina: AWC 200, Switzerland, 1995) 

-   Ideal Ratio Profile Technique ( , 2545) 

 5

 Complete Randomized Design                 

( , 2547)   5

  6 
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  6  Complete Randomized Design 

( )

Control 0 

1 3 

2 5 

3 8 

4 10 

 :  2 

 49  (

 45 )    0, 3, 7, 14, 21, 28, 35, 42  

49

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

CR - 300/310, Japan 2002) 

-  Instron Model 5565, USA. 

-  Peroxide value (AOAC, 2000) 

-  (Sartorius MA30, Germany) 

-  (Total Plate Count) (AOAC, 2000)

-  (Yeast and Mold)  Pour plate (AOAC, 2000) 

-  E. coli  Coli form (AOAC, 2000) 

-   Ideal Ratio Profile Technique ( , 2545) 



 1

 2 

 (Essential oil)  (Water distillation) 

  GC - MS  (Gas Chromatography Mass Spectrometer) 

GC - MS (Gas chromatography Mass spectrometer)  GC - MS  Hewlett 

Packard Model 5973  Mass Spectrometer  Agilent Model Agilent 6890 

Series GC System

 250 

 AT - 1MS (  30×0.25 mm.)  5            

(5% Phenyl methyl siloxane)  (Helium gas) 

 250 

 100 - 240 

Oven  Oven  100  10 /

 240  25  20 

 (Water distillation)  3 - 5 

 GC - MS 

6 - 7  7 - 8 
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 GC - MS 

 6    7

 6

 7

Peak Number Compounds Percent Relative 

1

2

3

6

7

 - Pinene 

Camphene

ß - pinene 

1,8 - Cineole 

Camphor

20.48

12.58

6.99

27.77

17.86

 7 

 5  1,8 - Cineole  27.77  - Pinene  20.48  Camphor 

17.86   Camphene  12.58  ß - pinene  6.99 
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 GC - MS  7   8 

 7

 8

Peak Number Compounds Percent Relative 

1

2

8

14

20

 - Pinene 

Camphene

1,8 - Cineole 

Camphor

1 - Verbenone 

21.77

7.54

11.40

15.85

10.16

 8 

 5  - Pinene  21.77 Camphor          

 15.85  1,8 - Cineole  11.40  1 - Verbenone  10.16   Camphene            

  7.54
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 GC - MS  7    8 

 - Pinene, Camphor, 1,8 - 

Cineole Camphene  - Pinene Camphor

Camphene  1,8 - Cinole 

 Camphene  1,8 -Cinole 

   

 2  (Wall material) 

 2 

(Maltodextrin)  (Cyclodextrin) 

 2 

22 Factorial experiments with 2 center points  9 
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 9  22 Factorial experiment with 2 center points 

 ( )  ( )

1(1) 20 1 

2(a) 60 1 

3(b) 20 5 

4(ab) 60 5 

5(Cp1) 40 3 

6(Cp2) 40 3 

Cp  Center point 

 10 

 11 

 10

L a b 

MD CD MD CD MD CD

1 71.55+0.08a* 72.77+0.03b -0.14+0.01b  -0.09+0.02 1.73+0.01f -0.02+0.01d

2 70.24+0.05d 72.68+0.04c -0.26+0.05a  -0.09+0.05 3.92+0.05a -0.05+0.01c

3 71.42+0.14b 72.85+0.03a -0.12+0.05bc  -0.09+0.01 1.83+0.04e -0.15+0.01a

4 71.20+0.03c 72.55+0.06d -0.24+0.01a  -0.05+0.03 2.55+0.04b -0.15+0.18a

5 71.25+0.03c 72.85+0.05a -0.08+0.03c  -0.10+0.02 2.14+0.01d -0.11+0.02b

6 71.21+0.05c 72.85+0.02a -0.10+0.02bc  -0.11+0.05 2.31+0.01c -0.16+0.01a
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 10 ( )

 (g/cm3)  (ESI)
( )

MD CD MD CD MD CD

1 0.50+0.01c* 0.42+0.02d 1.00+0.05a 0.99+0.05b 31.50+0.71a 42.75+0.07b

2 0.36+0.01d 0.65+0.05a 1.00+0.05a 0.98+0.05c 30.63+0.53a 14.95+0.07d

3 0.54+0.01b 0.33+0.05e 0.91+0.05b 1.00+0.05a 30.75+0.35a 43.45+0.07b

4 0.25+0.01e 0.47+0.05c 0.97+0.05a 1.00+0.05a 24.95+0.05b 29.75+0.07c

5 0.60+0.03a 0.54+0.01b 1.00+0.05a 1.00+0.05a 24.15+0.07c 55.25+0.78a

6 0.61+0.02a 0.54+0.01b 0.98+0.05a 1.00+0.05a 25.75+0.35bc 56.20+0.57a

  :  *  +

       MD       CD

        

 (P<0.05)

 11

 (TEF) ( )  ( )

MD CD MD CD

1 7.20+0.05e* 80.80+0.05a 5.79+0.17a 8.06+0.06a

2 69.88+0.05b 62.65+0.05c 2.08+0.25d 4.77+0.04b

3 0.96+0.05f 35.36+0.05e 4.30+0.26b 3.74+0.27c

4 76.74+0.05a 51.56+0.05d 2.62+0.13c 3.08+0.05c

5 34.67+0.05d 69.87+0.05b 4.20+0.07b 3.96+0.20c

6 49.33+0.05c 69.87+0.05b 2.59+0.20c 2.74+0.31c

  :  *  +

       MD       CD

        

 (P<0.05)
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 10 

 L ( )  70.24 - 71.55 

 20  1 

  a  (  - )  (-0.08) -  (-0.26) 

 a 

 60  5   b (  - )

 1.73 - 3.92

 b 

 60  1  0.25 - 0.61 g/cm3

 40  3   0.91 - 1.00   

20  1   60  1   40  3

24.15 - 31.50  

 20  1

 L ( )  72.55 - 72.85 

 20  5 40  3  a (  - )

(-0.05) - (-0.11)  

   a  40  3  b

(  - )  (-0.02) - (-0.16) 

  b 

  40    3    0.33 - 0.65 g/cm3

 60  1

0.98 - 1.00  

 20  5   60  5  40  3                         

 14.95 - 56.20  



41

 40 

 3

 11 

 6 

 0.96 - 76.74 

 60  5  2.08 - 5.79 

 60  1 

 35.36 - 80.80 

 20  1 

  2.74 - 8.06 

 40 3

 12

L a b (g/cm3)
 (ESI) ( )

1 71.55+0.08* -0.14+0.01 1.73+0.01 0.50+0.01 1.00+0.05 31.50+0.71

2 70.24+0.05 -0.26+0.05 3.92+0.05 0.36+0.01 1.00+0.05 30.63+0.53

3 71.42+0.14 -0.12+0.05 1.83+0.04 0.54+0.01 0.91+0.05 30.75+0.35

4 71.20+0.03 -0.24+0.01 2.55+0.04 0.25+0.01 0.97+0.05 24.95+0.05

5 71.25+0.03 -0.08+0.03 2.14+0.01 0.60+0.03 1.00+0.05 24.15+0.07

6 71.21+0.05 -0.10+0.02 2.31+0.01 0.61+0.02 0.98+0.05 25.75+0.35

  :  *  +
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 13

 (TEF) ( )  ( )

1 7.20+0.05* 5.79+0.17

2 69.88+0.05 2.08+0.25

3 0.96+0.05 4.30+0.26

4 76.74+0.05 2.62+0.13

5 34.67+0.05 4.20+0.07

6 49.33+0.05 2.59+0.20

  :  *  +

 (Multiple regression) 

 (Coded equation)   14 
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 14  (Coded equation) 

 (Coded)   R2

   

 L ( ) = 71.14 - 0.38(MD) + 0.28(MD)(RM) 0.98 

 a (  - ) = 0.09 + 0.06(MD) + 0.10(MD) 2 0.98 

  b (  - ) = 2.41+ 0.73(MD)  0.96 

 (g/cm3) = 0.60 - 0.11(MD) - 0.19(MD) 2 0.99 

   

 (TEF) ( ) = 39.80 + 34.61(MD) 0.97 

    R2  Coefficient of determination 

                    MD  

               RM  

 (Coded 

equation) 

 (Decoding) 

 (Decoded equation) 

 R2 (Coefficient of multiple determination) 

 (Decoding) 

  =  - (  + )/2

                    (   -  )/2 
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 - 

 15  (Decoded equation) 

 (Decoded)   R2

   

 L ( ) = 72.73 - 0.04(MD) + 

0.01(MD)(RM) - 0.27(RM) 

0.98

 a (  – ) = 0.37 + 0.02(MD) + 2.50x10-4(MD)2 0.98 

  b (  - ) = 0.96 + 0.04(MD)      0.96 

 (g/cm3) = 0.05 + 0.03(MD) - 4.81x10-4(MD) 2 0.99 

   

 (TEF) ( ) = -29.43 + 1.73(MD) 0.97 

    R2  Coefficient of determination 

                    MD  

               RM  

 L ( )

 (Interaction) 

  L  ( )  70.49 - 71.80 

  20   1    L  

( )   8     a  (  - )

 a (  - )  (-0.09) - (-0.25) 
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 60  a  (  - )

 9  b (  - )

 b (  - )  1.69 - 3.14 

 60  b (  -  )   10  

 0.21 - 0.51  g/cm3   40

  11  (TEF) 

 5.18 - 74.42  60 

  12 

 70.780
 70.900
 71.020
 71.140
 71.260
 71.380
 71.500
 71.620
 71.740
 71.860
 above

 8  L 

( )
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0.00

0.10

0.20

0.30

20 30 40 50 60

 ( )

 a
 (

 - 
)

 9  a (  - )

0.00

1.00

2.00

3.00

4.00

20 30 40 50 60
 ( )

 b
 (

 - 
)

 10  b (  -            

)

Y = 0.37 + 0.02( ) + 2.50x10-4( )2

Y = 0.96 + 0.04( )
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0.00

0.20

0.40

0.60

20 30 40 50 60

 ( )

 (g
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m
3 )

 11

0.00

20.00

40.00

60.00

80.00

20 30 40 50 60

 ( )

 (
)

 12

 (TEF) 

Y =  -29.43 + 1.73( )

Y = 0.05 + 0.03( ) - 4.81x10-4( ) 2
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 16

 ( )

( )

 L 

 ( )

 a

(  - )

  b

(  - )

(g/cm3) (TEF) ( )

20 1 71.80 -0.13 1.69 0.42 5.18 

20 3 71.53 -0.13 1.69 0.42 5.18 

20 5 71.26 -0.13 1.69 0.42 5.18 

40 1 71.15 -0.09 2.41 0.51 39.80 

40 3 71.15 -0.09 2.41 0.51 39.80 

40 5 71.15 -0.09 2.41 0.51 39.80 

60 1 70.49 -0.25 3.14 0.21 74.42 

60 3 70.76 -0.25 3.14 0.21 74.42 

60 5 71.04 -0.25 3.14 0.21 74.42 

 60 

 74.42   

 60    1 
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 17

L a b
(g/cm3) (ESI) ( )

1 72.77+0.03*  -0.09+0.02  -0.02+0.01 0.42+0.02 0.99+0.05 42.75+0.07

2 72.68+0.04  -0.09+0.05 -0.05+0.01 0.65+0.05 0.98+0.05 14.95+0.07

3 72.85+0.03  -0.09+0.01 -0.15+0.01 0.33+0.05 1.00+0.05 43.45+0.07

4 72.55+0.06  -0.05+0.03 -0.15+0.18 0.47+0.05 1.00+0.05 29.75+0.07

5 72.85+0.05  -0.10+0.02 -0.11+0.02 0.54+0.01 1.00+0.05 55.25+0.78

6 72.85+0.02  -0.11+0.05 -0.16+0.01 0.54+0.01 1.00+0.05 56.20+0.57

  :  *  +

 18

 (TEF) ( )  ( )

1 80.80+0.05* 8.06+0.06

2 62.65+0.05 4.77+0.04

3 35.36+0.05 3.74+0.27

4 51.56+0.05 3.08+0.05

5 69.87+0.05 3.96+0.20

6 69.87+0.05 2.74+0.31

  :  *  +
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 (Multiple regression) 

 (Coded equation) 

 19  (Coded equation) 

 (Coded)    R2

   

 b (  - ) = 0.13 + 0.06(RM) 0.90 

 = 0.49 + 0.09(CD)  0.85 

 (ESI) = 1.00 + 0.01(RM) 0.86 

 ( ) = 55.73 - 10.38(CD) - 23.00(CD)2 0.91

   

(TEF) ( )

= 69.87 - 14.13(RM) + 8.59(CD)(RM) - 

12.28(CD)2

1.00

    R2  Coefficient of determination 

                    CD  

               RM  

 (Coded 

equation) 

 (Decoding) 

 (Decoded equation) 

 R2 (Coefficient of multiple determination) 
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 (Decoding) 

  =  - (  + )/2

                    (   - )/2 

 - 

 20  (Decoded equation) 

 (Decoded)   R2

   

 b (  - ) = 0.05 + 0.03(RM) 0.90 

 = 0.31 + 0.01(CD)  0.85 

 (ESI) = 0.98 + 0.004(RM)  0.86 

 ( ) = -15.51 + 4.08(CD) - 0.06(CD)2 0.91 

   

(TEF) ( )

= 67.72 + 1.81(CD)  - 15.65(RM) + 0.22(CD)(RM) 

- 0.03(CD)2

1.00

    R2  Coefficient of determination 

                    CD  

               RM  
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 b (  -  

)   b (  - )

 (-0.08) - (- 0.19)  5  b           

(  - )   13  

 0.40  - 0.58  g/cm3

 60    14 

 (ESI) 

 0.99 - 1.01  3  

  15   1 

 1         

 22.26 - 56.14  32  

  16   

(TEF)

 (Interaction) 

 34.87 - 85.47  

 32   1 
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0.985

0.990

0.995

1.000

1.005

1.010

1 2 3 4 5

 ( )

 (E
SI

)

 15

(ESI)

0

20

40

60
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 ( )

 (
)

 16

Y = 0.98 + 0.004( )

Y = -15.54 + 4.08( ) – 0.06( )2
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 35.282
 39.894
 44.507
 49.119
 53.731
 58.343
 62.956
 67.568
 72.180
 76.792
 above

 17

 (TEF) 
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 21

 ( ) ( )

  b

(  - 

) (g/cm3) (ESI) ( )  (TEF) 

( )

20 1 -0.08 0.40 0.99 43.06 80.31 

20 3 -0.14 0.40 1.00 43.06 57.59 

20 5 -0.19 0.40 1.01 43.06 34.87 

32 1 -0.08 0.45 0.99 56.14 85.47 

40 1 -0.08 0.49 0.99 55.66 84.00 

40 3 -0.14 0.49 1.00 55.66 69.87 

40 5 -0.19 0.49 1.01 55.66 55.74 

60 1 -0.08 0.58 0.99 22.26 63.14 

60 3 -0.14 0.58 1.00 22.26 57.59 

60 5 -0.19 0.58 1.01 22.26 52.05 

32  1 

 85.47 

 56.14  b (  - )  -0.08 

0.45  g/cm3  (ESI)  0.99 

 32 

 1 

 60  1 
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 32    1 

 (TEF) 

 32  1

 3 

GC - MS  18 

 18 
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 22

Peak Number Compounds Percent Relative 

3

4

5

9

12

-Pinene

Camphene

-Pinene

1,8-Cineole

Camphor

29.00

16.38

8.56

33.98

3.25

 23 

 (g/cm3) 0.56+0.01*

 L ( ) 77.71+0.05

 a (  - ) -0.12+0.02

 b (  - ) -0.15+0.03

 ( ) 9.96+0.04

  :  *  +

 GC - MS 

 1,8 - Cineole  33.98   - Pinene  29   Camphene  16.38  - Pinene 

 8.56 Camphor  3.25  

 (  8)  1,8 - Cineole,  - Pinene, 

Camphene  Camphor 

 9.96  0.56 
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g/cm3   L ( )  77.71    a (  - )  -0.12  b (  -         

)   -0.15 

 4

 10,  25, 37  45 

0 - 8

   24   10,   37  45

 (P<0.05)

  25

 (P>0.05)   

 (P>0.05)  19 

 a  

   24     25,   37   45  

  a   (P>0.05)  

  a  

  10    a   

 (P<0.05)   

 (P>0.05)   20 

 b  

   24   b

 (P<0.05)    b  

 (P>0.05)      

  21 
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, 2535)  

 10  8  5 

 (P<0.05) 

 (  0)  

0,  3,  5,  8   10   49  1.88,  1.80,  1.56,  1.52   1.35

log cfu /g   2  log cfu /g ( , 2535) 

 1.42,  1.39,  1.40,  1.40  1.27  log cfu /g  

 10 

 (P<0.05)
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  49 

 0,  3,  5,  8   10  

 a  b 

 (P<0.05)    a   b  

 8  10  (P<0.05)

 0,  3,  5,  8   10   

 8  10 

(P<0.05)   

Peroxide value  (P<0.05)   Peroxide value 

 (P>0.05)

 3  

0.99  1.00   

0.94

 (P>0.05)      

 (P<0.05)  3 

 1.24 

 1.15
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(P>0.05)

 49 



 (Wall material) 

1.   2 

 (Water distillation) 

GC - MS 

 - Pinene  21.77 Camphor 

15.85   1,8 - Cineole  11.40  1 - Verbenone  10.16   Camphene  7.54 

 1,8 - Cineole  27.77         

 - Pinene  20.48 Camphor  17.86 Camphene   12.58  ß - pinene 

6.99    - Pinene, 

Camphor, 1,8 - Cineole  Camphene

2.   2  

(Maltodextrin)  (Cyclodextrin) 

 60 

 1 

 32   1   
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(TEF)

 32   

 1 

3.

GC - MS  0.56 g/cm3    L ( )    77.71   a               

(  - )  -0.12     b (  - )  -0.15   

9.96  1,8 - Cineole  33.98  - Pinene  29   Camphene 

 16.38 - Pinene  8.56 Camphor  3.25 

4.

  10,  25,  37   45

  8

  25   37

  10    45  

  10

5.

 3 
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. 2527.  (Micro encapsulation).
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 True Encapsulation Flavor (TEF) (Saiyavit et.al, 2001) 

1.  Spray dry  50 

2.  Petroleum ether 100 

Petroleum ether  Stirring  10 

3.  30  Petroleum ether 

Residue power 

4.  Residue power  10 

5.  15 

6.

 (  C) 

 True Encapsulated Flavor (TEF) 

% TEF = [C/A] x 100 

A  1 

C  1 
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 (AOAC official method 925.45, 2000) 

 3 

 Moisture can 

100  3 

  =               x  100

 (Emulsion Stability Index; ESI) 

1.

2.  50  Cylinder  50 

3.  Cylinder  Oven  100  6 

4.

  Emulsion Stability Index (ESI) 

ESI = 1 -   Total volume of separated water 

         Total volume of water in emulsion 

 ESI  0 - 1  0 
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 GC-MS (Gas chromatography Mass 

spectrometer)

GC-MS (Gas chromatography Mass spectrometer)  GC-MS  Hewlett Packard 

Model 5973  Mass Spectrometer  Agilent Model Agilent 6890 Series GC 

System

 250 

 AT-1MS (  30×0.25 mm.)  5 (5% Phenyl 

methyl siloxane)  (Helium gas) 

 250 

 100 - 240 

 Oven  Oven  100  10 /

 240  25 

 20 
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 Hunter L, a, b (Minolta Camera Co., Ltd., 1991) 

  Minolta Camera: Model CR - 300/310

 (Hunter L, a, b)  L  (Lightness), a 

(Redness/Greeness)  b  (Yellowness/Blueness) 

  L  0  100 

 a  a

 a

 b  b

     b

 (Calibration) 

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

 5 
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  (Total  plate  count)  (AOAC official method 925.45, 2000) 

 1.  (Petri  dish) 

 2.   (Test  tube) 

 3. 1  10 

 4.  (Waterbath “Memmert’’ model 4999, Germany) 

 5.   (Incubater “Gallenkamp’’, England) 

 6.  (Autoclave “Gallenkamp’’ model  AUX-700-010, England) 

 1.  0.1

 2.   Potato  Count  Agar (PCA)

 1.  PCA  23.5  1 

 2.

 3.  121  15 

 4.  -  7.0±0.2  25 

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

 1.  1 

 1  2 
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 2.  PCA 

 15 - 20  1 - 5 

 3.

 37  48

 2 

 (Dilution)    300 

1  (N) 

                                        N   =                      C 

                                               v  (n1+ 0.1 n2) d

 C 

  v  (ml) 

  n1

  n2

  d

 2   1.0 - 9.9 

10 x  X 

 (10-3) = 171 194

 (10-4) = 14 20

  = 1 ml 

 N =  (171 +194 +14+ 20) / (1x(2+(0.1x2))x10-3 =  399/0.0022  =  181,363 

 1.8 x 105
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 (Yeast and mold) (AOAC official method 925.45, 2000)

 1.  (Petri  dish) 

 2.   (Test  tube) 

 3. 1  10 

 4.  (Waterbath “Memmert’’ model 4999, Germany) 

 5.   (Incubater “Gallenkamp’’, England) 

 6.  (Autoclave“ Gallenkamp’’ model  AUX-700-010, England) 

 1.  0.1 (Merk, Germany) 

 2.   Plate   dextose  agar (PDA) ( Merk, Germany) 

 3.  10 

 1.  PDA  39  1 

 2.

 3.  121  15 

 4.  -  3.5 

 10  (  100  

 1.9 )

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

 1.  1 

 1  2 
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 2.  PDA 

 15 - 20  1 - 5 

 3.

 37  72

2  (Dilution)    300 

  1  (N) 

                                        N    =                      C 

                                               v  (n1+ 0.1 n2) d

 C 

  v  (ml) 

  n1

  n2

  d

 2  1.0 - 9.9 

10 x  X 

 (10-3) = 171 194

 (10-4) = 14 20

  = 1 ml 

 N= (171 +194 +14+ 20) / (1x(2+(0.1x2))x10-3 =399/0.0022 = 181,363 

 1.8 x 105
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