
5

 2 

2.1  (Honey)

 ( , 2528)

2.1.1

70-80%  10-20% 

 (Ouchemoukh et al., 2007) 

 2.1 

 ( , 2550) 

 (enzymatic antioxidants) 

 (non-enzymatic antioxidants) 

-

(Ahmed et al., 2007) 
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 2.1 

1.  (%) 80.5 79.0 80.0 

2.  (%) 0.11 0.07 0.09 

3.

(pH)

3.53 4.49 3.84 

4.  (%) 19.5 21.0 20.0 

5. Water activity (aw) 0.52 0.53 0.52 

6.

 (%) 

0.06 0.02 0.03 

7.  (%) 40.66 43.89 48.54 

8.  (%) 32.1 33.85 31.13 

9.  (%) 7.67 1.26 0.33 

10.  (%) <0.1 <0.1 <0.1 

11.  (%) 

12.

0.06

1.27

0.05

1.30

0.06

1.56

 :  (2550) 

1.

 17-18% 

 ( , 2550) 

 osmophilic yeasts  (Belitz and Grosch, 1999) 
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2.

 95% 

Zamora and Chirife (2006) 

2.1  ( )

 80-85% 

2.2  ( )

2.3

 5% 

 (  2.2) 

 ( , 2550) 

3.

 (Belitz and Grosch, 1999)

4.

 2.3

5.
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 2.2 

.  CODEX 

1.

    (%) 65 65

2.  (%)  21 21 

3.  (%)  5 5 

4.  (%)  0.1 0.1 

5.  (%)  0.6 0.6 

6.

1000 40 40

7.  (diastase activity)

(hydroxyl methyl furfural) 

 7.1 

 7.2 

8

40

3

15

3

80

-

-

: . (2526)  Codex alimentarius (2009) 
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 2.3 

 100

( )

 100

( )

(Asp) 3.44  (Tyr) 2.58 

(Asn) +

(Gln)
11.64  (Phe) 14.75 

 (Glu) 2.94 -  ( -Ala) 1.06 

 (Pro) 59.65 
-

( -Abu)
2.15

 (Gly) 0.68  (Lys) 0.99 

 (Ala) 2.07  (Orn) 0.26 

 (Cys) 0.47  (His) 3.84 

 (Val) 2.00  (Trp) 3.84 

 (Met) 0.33  (Arg) 1.72 

 (Ile) 1.12 24.53

 (Leu) 1.03  118.77 

 : Belitz and Grosch (1999) 

6.

(invertase)

 (glucose oxidase) 

 ( , 2550) 

(diastase)

 (hydroxyl methyl furfural) 

 (Belitz and Grosch, 1999) 
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 (Crane, 1984)  (diastase 

activity)  2.2 

7.

2 (riboflavin) 3 (niacin) 6

8.  (inhibine)  

2.1.2

 ( , 2550)

 (crystallized honey) 

 (Hebbar et al., 2008) 

 1.5 

 D-enantiomer 

-monohydrate, -anhydrous -anhydrous (Yong, 2003) 

 2.1
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 2.1

A) -Monohydrate; B) -Anhydrous; C) -Anhydrous

 : Ullmann (2003) 

 60ºC 

 (inhibine) 

 ( , 2550) 

 55ºC  3 

 ( ,

2550)

 ( , 2545) 

 95% 

 50°C  24 

 Differential Scanning Calorimetry (DSC) 

 2  82.95°C 

 2 
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 193.48°C ( , 2550) 

 Conforti et al. (2006) 

 (Lazaridou et al., 2004) 

 2 

 Dyce (1931) 

 14ºC 

 (creamed honey) 

 (Comforti et al., 2006) 

2.1.3

1.

 (Zamora and 

Chirife, 2006) 

 (aw)

 280-300 /

 1.14 (Bogdanov, 1993) 

 2.1 (White, 1974) 

(Zamora and Chirife, 2006) 
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2.

 (Yong, 2003) 

3.

 (nuclei) 

 Escobedo et al.

(2006)  tajonal  27.8ºC 

 4  nuclei 

 8 

2.1.4

 0-10°C 

 (biochemical activity) 

 osmophilic yeast  (Varju 

et al., 1970)  White et al. (1953) 

(tranglucosylase)

 White et al. (1962)  26 ± 3°C  2 

 9% 

 Paine et al. (1934)

 (reducing sugar)  melanoidin 
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 (Cathaway, 1932) 

 osmophilic yeast 

Nematospora ashbya gossypii, Saccharomyces bisporus, S. torulosus, Schizosaccharomyces

octosporus, Schwanniomyces occidentilis, Torula mellis, Zygosaccharomyces spp., Z. barkeri,     

Z. japonicus, Z. mellis, Z. mellis acidi, Z. mussbaumeri, Z. priorianus  Z. richteri (Crane,

1984)

 0.6-2.0 mg/kg 

 40 mg/kg (Crane, 1984)

2.2

(drying)

 (freeze drying) 

 aw

 ( , 2546) 

 (hot air drying)     

 (spray drying)  (vacuum shelf drying) 

 (freeze drying  sublimation) 

 2-3%  aw
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( , 2549) 

2.2.1

 triple point 

0ºC  610.5 Pa ( , 2546)

 3  ( , 2546) 

 (Freezing stage)

 (Primary drying stage)

 (Secondary drying stage)

 (Heat of sublimation) 

 (Fellow, 2000) 

 (Freeze drying) 

 (Desai and Park, 



16

2005)  (heat sensitive materials) 

 (Song et al., 2005) 

 (Lin et al.,

2005)

 (Onwulata, 2005) 

 (Schoug et al., 2006) 

 2 

(collapse temperature, Tc)

critical thermal threshold  Tc

 desorption 

(Schoug et al., 2006) 

 (27-

133 Pa) 

 (Fellows, 2000) 

 (Desai and Park, 

2005)

 ( )
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 (Ramaswamy and Marcotte, 2006) 

 (Rahman and Perera, 1999) 

 2.4  2.5 

 4 

50  (spray dry) 

 (Madene et al., 2005) 

 2.4 

1.
1.

2. 2.

3.
3.

4. 4.

5. 5.

6.

    ( )

: Schwartzberg (2009)
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 2.5 

1. 1.

2.  2. 

3.  37-93°C  3. 

4.  4.  (27-133 Pa) 

5.  5. 

6. 6.

7. 7.

8.  8. 

9. 9.

10.   10. 

11.  11. 

12.  12. 

13. 13.  4 

:  (2546) 
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2.2.2

 65-75°C (Anon, 1952; Copley et al., 1956) 

 ( , 2544) 

 100ºC 

 0.6107 kPa  0ºC 

 ( , 2540) 

 4  (

, 2552) 

Vacuum shelf dryer

 steam ejector 
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Conical rotating vacuum dryer

Rotary vacuum dryer

Continuous vacuum drying
 (belt dryer) 

(infrared heater) 

 (Vacuum drying) 

 (Rahman 

and Perera, 1999) 

 (Ramaswamy and Marcotte, 2006) 

Mowlah et al., (1982)  [Musa

(Sapientum L.) ‘Valery’] 

 (dehydro-freeze drying)  (dehydro-

vacuum drying)  absorption isotherm 
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 (freeze drying)  (0-10%) 

(monolayer moisture content)  5.2-5.4% 

 6.2% 

2.2.3

 (spray drying) 

( , 2533) 

 (Barbosa-Cánovas and Vega-

Mercado, 1996) 

 ( , 2546) 
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 (direct-contact dryer) 

 (conveyer-band dryer) 

(Masters, 1991) 

 (70-80%) 

 chamber 

chamber

 (Roos et al., 1996) 

 (Bhandari et al., 1997) 

 (Wang 

and Langrish, 2008) 

2.3 Glass Transition 

Glass transition temperature (Tg)

 (amorphous system)  (glassy state) 

 (rubbery state) 

 (  1012 Pa s) (Silva et al.,

2006)  Differential scanning calorimetry (DSC) 

 stickiness, elasticity, collapse, 

shrinkage  crystallization  glass transition (Sopade et al., 2007) 
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Tg

 (Rahman, 1995)  (Onwulata, 2005)  Tg

 (Barbosa-Cánovas and Vega-Mercado, 1996) glass transition 

 (Omar and Roos, 

2007)  70-80% (Ouchemoukh et al., 2007) 

 Tg  -42  -43ºC  (Rahman, 1995)  Tg

 -54.14  -33.64ºC (Ahmed et al., 2007)  -47.2  -34.6ºC 

(Lazaridou et al., 2004)  Tg

 Tg  Tg

 Tg

 (free volume) 

 (thermal expansion) 

 (collapse) 

 Tg

 (monolayer 

moisture)  aw  0.1-0.3  Tg (Goula et al., 2005) Tg

 Tg (Silva et al., 2006)  Fitzpatrick et al.

(2007)  glass transition 

 (cohesiveness) 

 (glassy state)  (rubbery state) 
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 Tg

 glass transition 

 glass 

transition

Roos and Karel (1991) 

 glass transition  10-20oC

glass transition  Tg  Tg

 Tg

 Tg  Tg

 (Boonyai et al., 2006, Bhandari et al., 1997) 

 (Hydrolyzed starch derivatives) 

 Tg  Tg

 Tg

 (Boonyai et al., 2006)  Tg

 ( )  Tg

 Tg  -135ºC 

 Tg  Tg

 Tg  Tg

(Onwulata, 2005) 

 guar  locust bean gum  Tg  Tg

 ( )

 Glass transition 
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2.4

  : 

 dextrose equivalents (DEs)  DE  degree of starch polymer hydrolysis 

(Rahman, 1995)  DE 

 (Klinkesorn et al., 2004) 

 dextrose equivalent (DE)  20  1,4  1,6- -D-

glucopyranose-linked residues (Klinkesorn et al., 2004)  DE  reducing power -

 D-glucose 

 DE < 20  corn syrup solids  DE > 20 

 (anticaking)  (Madene 

et  al., 2005)  (oxidation) 

 (Onwulata, 2005) 

 (Adhikari et al., 2003)  DE 

 (low hygroscopicity) 

 DE 

) -

 (Klinkesorn et al., 2004)  DE 

 Tg  DE 10  20 

 1800  900  Tg  160  141ºC  aw  0.00 

(Rahman, 1995)  DE 

DE  Tg  DE 
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 30% 

 DE 20  camu-camu (Myreiaria dubia (HBK) Mc Vaugh)  reducing 

sugar ( /100 )  3.25 ± 0.03 

 Tg  (Silva et al., 2006) 

Jaya and Das (2004)  (vacuum drying) 

 0.25 - 0.65 

-

 (glycerol monostearate : GMS)    (tricalcium phosphate : TCP) 

 0.01-0.02 

 GMS  TCP 

 (hygroscopicity) 

 (flowability)   (sticky temperature)  5% 

 0.43-0.57 

 TCP  GMS  0.015 

 Sahu (2008) 

 3 

 (glycerol monostearate : GMS) 

 (tricalcium phosphate : TCP) 

 0.429-0.55, 0.0121-0.0157  0.0147-

0.0156

2.5

2.5.1 Water activity (aw ) 

 aw

 aw

 aw
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 (Rahman, 1995)  2.1

aw = P/P0 = ERH (%)/100     (2.1) 

 P = 

Po = 

aw =  critical water activity 

ERH =  (%) 

 aw  aw  0.6-0.7 

(Stencl, 2004)  aw  0.6 

 aw  0.7  aw  0.8 

0.9  aw

 0.97-1.00 (Fellows, 2000)  aw

 aw

 pH 

 aw

 (Chirife et al., 2006) 

 aw

 ( , 2546)  aw

 aw

 aw  aw

 aw  Chilled-Mirror dew point 

 5 
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 Electronic Capacitive Sensors  30-90 

 aw

 Chilled Mirror  

 aw  Electronic Capacitive Sensors 

0.030  1.000 ( , 2007) 

2.5.2  (flowability)

 (Angle of 

repose)  Terzaghi and Peck (1948) 

 (Bodhmage, 2006) 

 2  static angle of repose 

static angle of repose  2.2a  dynamic angle of repose 

 (rotating cylinder)  2.2b (Bodhmage, 2006) 

 2.2 Static  dynamic of angle of repose 

 : Bodhmage (2006) 

a) static angle of repose b) dynamic angle of repose
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1. (static angle of repose) 

 2.3 

 (Geldart, 2006) 

 2.3  Static angle of repose 

 : Bodhmage (2006) 

2.  (dynamic angle of repose)

 dynamic angle of repose  Electrical Capacitance Tomography (ECT) 

Dury  Ristow  1998  (rotating drum) 

 dynamic angle of repose 

 S (S shape profile) 

 2 

 dynamic angle 

of repose (Bodhmage, 2006)  2.4 
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 2.4  Dynamic angle of repose 

 : Bodhmage (2006) 

Carr (1965, 1970) and Raymus (1985) 

 30 

 30-45 

 45-55 

 >55 

 (Geldart et al., 2006) 

 (cohesiveness)  ISO 3435 

 (Bodhmage, 2006) 

Shittu and Lawal (2007) 

 200 ml 

 20 cm 

 25.0 

37.7  0.8-3.6%  52.4-90.5% 

 Antoine et al.

(2003)  Carr index  38.33 ± 1.106  Carr 

index  26.72 ± 1.06% 
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100% (Zou and Brusewitz, 2002) 

 skim milk powder  whole 

milk powder, cream powder  whey protein concentrate  skim milk powder 

whole milk, cream  whey protein powder 

 (Kim et al., 2005) 

 (Fitzpatrick et al., 2007) 

2.5.3  (Solubility) 

 (instant powder) 

 (wettability)  (sinkability) 

 (dispersibility)  (solubility) 

(Masters, 1991)  (reconstitution) 

(Barbosa-Cánovas and 

Vega-Mercado, 1996) 

1. Wettability 

 wettability 

 (agglomeration) 

(surface active agent) 

2. Sinkability 
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3. Dispersibility 

 dispersibility  250 

m

4. Solubility 

 (Rahman, 1995) 

 4 

2.5.4 Sorption isotherm 

 (Goula et al, 2008) 

 aw

 aw

 aw  (sorption isotherm) (Barbosa-

Cánovas and Vega-Mercado, 1996)  sorption isotherm 

 (rehydration)  (Goula 

et al., 2008)

 sorption isotherm  S (sigmoidal shape) 

 2  desorption  adsorption isotherm  desorption 

 adsorption 

 aw

 desorption isotherm  

 adsorption isotherm 
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 (Bell and Labuza, 2000)

adsorption  desorption isotherms  aw  desorption 

 adsorption  aw  desorption  adsorption 

 (irreversible process) 

 (hyteresis)  2.5 

 2.5  sorption isotherm 

: Chaplin (2008) 

 2.5  sorption isotherm  3 

 aw ( , 2549) 

 1  monomolecular layer 

 aw  0-0.25  0.3 

 2  capillary water 

 aw

 3-7%  aw  0.3-0.8 

 3 

 12-25%  aw  0.8-1.0 
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 desorption isotherm 

 desorption isotherm  adsorption 

 resorption isotherm 

  adsorption isotherm 

 hygroscopic product 

 nonhygroscopic 

product  2.6 

 2.6  adsorption isotherm  hygroscopic product (A) 

nonhygroscopic product (B)

:  (2549) 

 adsorption  2.6 

 aw  low  hygroscopicity 

  high hygroscopicity   2.7 

adsorption isotherm  capillary 

adsorption  hygroscopicity 

 ( , 2549)

A

B

%

%
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 2.7  sorption isotherm  capillary 

adsorption

:  (2549) 

Isotherm  5  2.8  Brunauer, Deming and 

Teller  1938

 1  Langmuir isotherm 

 (porous solid) 

 2  Sigmoid isotherm 

 aw  1

 3  Flory-Huggins isotherm 

 Tg

(Rahman, 1995)

 4 

(Swellable hydrophilic soid)  hydration

 5  B.E.T (Brunauer, Emmett and Teller, 1938) multilayer adsorption 

isotherm  isotherm  2 

 3 

%

%
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 isotherm 2  isotherm 

 2  4 (Mathlouthi and Roge, 2003) 

 2.8  Sorption isotherms 

 : Mathlouthi and Roge (2003) 

 isotherm 

 (Mathlouthi and Roge, 

2003)  sorption isotherms 

 ( , 2546) 

 sorption isotherm 

sorption isotherm 

% H2O

1

Type 1 Type 2

Type 5Type 4

Type 3

% H2O

% H2O% H2O% H2O

awaw

awawaw

00

000

1

111
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 (adsorbed phase) 

 aw

 aw

Myhara and Sablani (2001)  (equilibrium moisture content) 

 aw  aw 0.55 

 aw

(Goula et al, 2008)  Yan et al. (2007)  sorption isotherm  10 

 40 

 aw

Ahmed et al. (2005)  sorption isotherm 

(p< 0.05)  aw  0.55 

Lee and Lee (2008)  sorption isotherm 

 sorption isotherm 

 2.7 
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 (Ramaswamy and Marcotte, 

2006)

 2.6  aw  25°C 

 aw

LiCl 0.11-0.15 
CH3COOK 0.20-0.23 
MgCl2·6 H2O 0.33
K2CO3 0.44 
Mg(NO3)2·6 H2O 0.52-0.55
NaCl 0.75 
CdCl2 0.82 
K2CrO4 0.88 
KNO3 0.93-0.94 
K2SO4 0.97 

: Barbosa-Cánovas and Vega-Mercado (1996) 

 sorption isotherm 

 ( , 2546) 

(amorphous glass)  (amorphous rubber)  aw

 aw  0.4    

 sorption isotherm  (Bell and 

Labuza, 2000) 
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 sorption isotherm 

 (Stencl, 2004)  sorption isotherm 

 sorption isotherm 


