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   א אא א    א 
אאאאK 

אא 
 אאאאW 

١ JאאאאאאאאK 
٢ JאאאK 
٣ JאאאאאאK 
٤ Jא  א    א א  א א א  

אאאאאאאאאאK 
אאאGeneral properties of water 

 אאא،אאאאW 
١ Jאאאאאאאאאא

 א  א(NH3)א    ، (SO2)،א   
(H2S)אאאK 

٢ JאאDielectric constantאא
א،אאאאאאFאא

אאC2،C1אrאאאא
DאאאW 

C1 × C2 
F = –––––––––– 

D × r2 
Where: 

F – The force between C1 and C2 (charges). 
r2 – The square of distance between C1, C2. 

D – Dielectric constant = 78.5 for water. 
C1 and C2 – The two charges in the media. 

א    א א   א א א אD  F
אאאאאא

אאאK 
אאאאאאאPolarity 
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H2O                       H
+
 + 

–
OH 

  א א     א  א  א א א
אאאאא

אאאאאאאאW 
D = C liquide / C air 

C airC liquidאאאאאאK 
  א  א א  א  א   א  

      א  א   א  Water 

layers   א א א א     א  
אאאHydrationאא

Ion charge density א      א    א
א אא   א  א    K+ > Na+ 

אאאאK 
٣ JאאאאאאאאאאאK 
٤ JאאאאאK 
٥ Jאא

אאאא
אאאאאאא

אLatent heat of fusionאאאאא
אאא٨٠Lאא،

Kאאאאא
  א      אא    א א 

K 
٦ J א   אMelting point (MP)    Boiling point (BP)

אאאאאאKאא
אאאאאאאאאאK 
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F٢Eאאאאא 
Substances Formula Molecular 

weight MP (°C) BP (°C) 

Methane CH4 16 -184 -161
Ammonia NH3 17 -78 -33
Water H2O 18 0.0 +100
Hydrogen fluoride HF 20 -83 +20
Hydrogen sulfide H2S 34 -86 -61
Hydrogen chloride HCl 36 -115 -85
Oxygen O2 36 – -183
Nitrogen N2 28 – -196

אאאאאא
 א א  א  א א  א א    

Hydrogen bondsאK 
٧ Jאאא١אC١٠ J٧

א٥٥אאW 
١C١٠ J٧ 

אאאZ–––––––––––––Z٠٠٠٠٠٠٢}٠٪ 
٥٥ 

א٥٠אא
אK 

٨ Jא א אAssociationא אא
אאאאאאא،א

אאאאאאSurface tensionF٧٢אEא
אאאאאאאא

א،אאאאאאא
א אא א אאאא

א٤°K 
٩ JאאWאאאאאאאא

א   Jאא אא א א אא ،א
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אאא٥٠°א
אאאאאK 

אאWater phases in foods 
 אאאW 

١ JאאFree water 
 אאאאאDispersion 

mediumאאאאאא
אאאאאאאאאא

אאאK 
٢ JאאBound water 

  א   Hydration water א     
Water of crystallizationאאא

     א א  א א     א א 
אאאאאאא

אאאאאאK 
٣ JאאAdsorption water 

 א א   Hygroscopic water  א 
אאאאאאאאאאא

 ،א א א    א    א א 
אא٧٠٪א١٥٪אא

אאVan der valsאK 
 

٤ JאאאאאHydrophilic colloids water 
 אאאאאאאאאא

 Hydrophilic colloidsColloidal gelsא א
אEmulsified waterאK 
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 אא(H2, O2)אא
אאאאאא Jא JאK 

א   א א    א א אא א   
א א  א א     א א  א א  

Decomposition א אא א       Volatile 
substancesK 

אא  א
אאא

אאאK 
א 

 אאאאW 
١ Jאאאאאא

אאK 
٢ Jא אא אא אא 

   אא א    א  א  א א א
אK 

٣ JאאאאאאאK 
٤ JאאאK 
٥ Jאאאאאא

אאאאאK 
٦ JאאאאאאאK 

אאא 
 אאאאאאאאW 

١ JאאאאאאK 
٢ JאאK 
٣ Jא  א  א       אא

אא٥٤٠אא١٠٠°אאא
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א٥٠٠אא٤٠א
אאאאאא،
אאאאאאאא א

אאאK 
אאאאא 

١ JאאFאEאאאאאא
אאאאCase hardening

אאאא
 א       א    א

  א  א    א   אא א 
א אא  ٧٠° 
אאK 

٢ Jאאאאאאאא
א א א    א  אא      א

K 
٣ Jאאאאאאא

אאאאאאK 
٤ Jאאאאאאאא

אאK 
 

אאאGeneral methods for moisture determination in foods 
 אאאאW 

WאDrying methods 
 אאאאאאא 

אאאאאאאא
אאאאא

אK 
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א א אאא  אא א א    א 
א אאאא

،אאאאאאאW 
١ JאאאאAir-oven methods 

 ،אאאאאא
א،אאאאW 

 JForced-Draft ovens 
  א     א אא  א 

   אא    א אא   א א
אאאאאאאאא

אאא،אBarbender semiautomatic moisture tester،
אאאאאא

١א
אאאאאא

אאאא،א١٣٠°LK 
 JCarter-Simon oven 

  א א     א   א ١٥٥°  ١٥
K 

 J Chopin instrument 
     א  אא א  ٢٠٠°  א א  

אאאא،אאא
 א  ،   א א ٥א  א٧א

אK 
٢ JאאVacuum-oven methods 

 א אא  א  א   א   א  א
אאאאאאאאא

אאאאאאא٦٠א J٧٠°
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٢٥Lא،אאאאא
אאVacuumK 

٣ JאאOther drying methods 
 JאאאאאInfrared drying 

  אאא Penetration of heatאא א א
  א  א א   א א  א א K

  א ٢٥٠ J٥٠٠א א א אא
אDecomposition١٠ J١٥א،٢٠

  א٢٥ א١٠א אא
٥}٢א J١٠אאאאאK 

 Jא 
 אאFאאאאאאא

א   E   Desiccator א    
אאאא

אא אא אא
אאאK 

 
WאFאאEDistillation methods 

א،אאא
،   א א א        א   

אאאאF JEK 
   א  Bidwell-Sterling   א  ١١٤°

  ١٣٩א°  Brown Duvel    ٢٠٠ J
٢٠٥°،Thielepape-Fludeאא אא

אאאאאא  אא
אאאאOverheatingK 
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אאאאאאא
אא F٦٢}١L٣Eא

  א א א אא
אאא١٢١°K 

   א  א    א ٣٠ J٤٠א א א א 
٣אאא

 ،א   א אא   א     
אF٥EאK 

 
F٥EBidwell-SterlingאאאK 

אא א   א א  א   א א א  א
אאאאא١٠٠K 

אא 
١ J٣٠ J٤٠K 
٢ JאאאאאאK 
٣ JאK 
٤ JאK 
٥ JאאאאK 
٧ Jאא א א א אא א  

אאאאאאאאאאK 
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אאא 
١ JאאאK 
٢ JאאאK 
٣ JאאK 
٤ JאאאאK 
٥ Jא אא אאא    

אאK 
WאאChemical methods 

١ JאKarl Fischer reagent methods 
   א אא א   א      

 א א א אאא  א 
،אאא

אאאא١W٣W١٠א
  א  א      ،א א   א

א،אאאאא
אאאאא

אאאאאא
אאאאאא

אאאאאאאא
 אאא ،א א  

אW 
2H2O + I2 + SO2      2HI + H2SO4 

 
I2 + SO2 + 3              + H2O               2                        +   

    א      
       

+ CH3OH           
                                               

SO2 

   O  

  H 

SO4CH3 

I 

H  

SO2 

   O  
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אא١א٣א١،א
אאאאאאאאK 

 
1 mole  H2O Ξ 1 mole I2 + 3 mole 2 

 
א    א   א   Jאא Jא Jא J

אא JאאאK 
 א א  א      אא  

א ، א
 א  א   א

 א אא   Kא א
אאאאK 

 
 
 
 

 
F٦EאאאK 
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 ٢ JAcetyl chloride methods 
אאאאאאא

אאאא١א١
١אאK 

 
                                     +  H2O                                          + CH3 COOH 

 
Pyrodine acetate chloride                           Pyrodine hydrochloride 

אא،אאא
אאא Jא Jא JאאאאאK 

٣ JאאאGas production methods 
 אאאאאא

אא אאאא
אאא

אאאאאאאא
אאא،אW 

CaC2 + 2H2O                      Ca (OH)2 + CH Ξ CH  (Acetylene gase) 
אאא،אאאא

 אא ١٠ J١٥א ،
  א א א א    א   אא א  א

אK 
W 

 ١א٥}١אא
٥}٢אא٤}٠،אאא 

אW 
CaC2 + 2H2O                      Ca (OH)2 + CH Ξ CH  

 
2 mole H2O                        1 mole  CH Ξ CH          

 
2 × 18                                      26 

COCH3 

C    

H

C l 
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0.4                                            ×      
 
                                       0.4 × 36 
Weight of water(×) = –––––––––––– = 0.56 gm 
                                          26 

 
                          0.56 × 100 
% Moisture = –––––––––––– = 56% 
                                   1          

אWאאPhysical methods 
١ JאאElectrical methods 
 JאאElectric conductivity 

 א  אא א   א 
  א ١٣٪א   ،

א١٤٪٥٠١٥٪،
אאאא،אא
אאאאאאTag-Happenstall meter،

 א        א א ، 
،אאאאא
אא  א    א א א   א   א

K 
 JאאDielectric constant 

 אאאאאא אאא 
אאאאא

אאK 
٢ Jאאא 
 JאDensimetric method 

 אאא،אאא،אאK
 א  א  א אא  א א אא   א

אאאאאאאאאאK 
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 JאאאRefractometric methods 
 אאאאאאאאא
א Jא JאFא JאE JאאK 

 JאאPolarimetric method 
 א אא ،

אאאאאאאאאאאאא
אאאאאאאאאאא

אאאאאאא
אא،אאאא

 א    א        אא א
א   א  א א א אא אא אא א

א…אK 
 JאאRelative viscosity 

 אאאאאFאE
אאאאאאK 

 
 Jאא 

    א    א   א    א  F J
٥٥}٠°E אא٠٠٥}٠°١٪

אאאאW 
                        T – T1  
W  = 100 × –––––––––– 
                          T 

W TZאF J٥٥}٠°EK 
  T1ZאאאK 
  W٪ZK 
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אאאאאאא 
 אאאאאאאא

W 
١ Jאאא 

   אא א  א א א  א א    ،
     א   א אא   א א  א

א،אאאא
 Kא

٢ Jאאאאאא 
 א  א   א אא א א א

،אאא
  אאא  ٧٠° א  ،א    א 

אאאK 

٣ Jאאא 
 אאאאאאא

 א א א א   א אא  ،א   
אאאאאאא

אאאאK 

٤ Jאאאא 
 אאאאא

א J
אאאאא Jאאא،

א١٣א٪١٠٥°٢،אאא
אאאאאאאאאא

אK 
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٥ Jאאא 
 אאא

   א  א       ،א 
אאא

אאאK 
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אאW 

١ JאאW 
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٢ JF√EאאאF×EאאאK 
 JאאאאאK 

 JאאK 
 JאאאאאK 
 JאאאאK 

 JאאאאאK 
٣ JאאאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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א אאא א אאא 

אאא    
אא  א  

אא  אא  
א  אא  
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אאא  א  
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אאWאאא 
 

אאWאאאאאK 
 

אאWאאאאא
אאאאאpHK 

 
אאאWאאא٩٠K٪ 

 
אאW٢ 

 
אאW 

 JאאאK 
 JאאK 
 JאאאK 
 

אאWאאאאאאא
אאאK 

 
 

 



א ١٥٢ אא 
אא אאא

  
 

- ٤٠- 

אאאאOrganic acid and pH in foods 
Wאא 

   א  א    א א א א  
אאאW 

 אאאW 
١ JאאאK 
٢ JאאאאK 
٣ Jאאאאא

אאאאאK 
٤ JאאאאאאאאאK 
٥ J א   א א      אא

אאאאK 
٦ Jאאאאאאאא

K 
٧ Jאאאאאא

אאאK 
٨ J א      א א  

אאאFאאEאK 
٩ JאאאאאאK 

אאאאK 
١٠ Jאאאאאאא

אאאאאאאK 
אא 

  א א א  א א א  אא
     א    א  אא

 Kא
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אא 
 אאW 

١ Jא 
 JWאא،א،אK 

 JWאא،א،א،אK 
٢ Jאאא 
 JWא JאK 

 JFEWא JאQuinic JאCaffeicK 
٣ Jאא 
 JאWא Jא JאK 

 JאWא J JK 
 JWא Jא J JK 
אאאאאאאאאK

אאאאאאאאK 
COOH
              Oxalic
COOH 

CH3-CHOH-COOH
Lactic

CH3-CH2-COOH
 Propionic

CH3-COOH 
Acetic

H-COOH 
Formic

Citric


          COOH

      H-C-H

   HO-C-COOH

      H-C-H

          COOH

            COOH

        H-C-OH

     HO-C-H

            COOH
Tartaric

         COOH

     H-C-H

     H-C-OH

         COOH
Malic

      COOH   

  H-C-H   

  H-C-H  

      COOH
Succinic

 
 
                                                                   H          H                                                OH 
                                                            H                       COOH  
                                  COOH                                                                          HO                           CH=CH-COOH                  
                                                          HO                      H 
                                                                   H          H 
       Benzoic                         D- Quinic                                 Caffeic 
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F٣EאאאאאאאK 
א אא אא 

א ٠٥}٦٠ ٠٥}٦٠ 
א ١٠}٨٨ ١٠}٨٨ 
א ١٢}١٩٢ ٠٤}٦٤ 

א ٠٨}٩٠ ٠٨}٩٠ 
א ٠٩}١٣٤ ٠٥}٦٧ 

א ٤٦}٢٨٢ ٤٦}٢٨٢ 
א ٠٤}٩٠ ٠٢}٤٥ 
א ٠٩}١١٨ ٠٥}٥٩ 

א ٤٧}٢٨٤ ٤٧}٢٨٤ 
א ٠٨}١٥٠ ٠٤}٧٥ 

אאאDetermination of organic acids in foods 
   א אא א א אא א א

   א א א  א א א   
אאאאא

אאאאאא،אא
אאאאאאא

K 
אאאאאאאאאא

אאFאאEאאא
אאאאאW 

١ Jא  א א    אא א  א   
אK 

٢ Jאאאאאא
אK 



א ١٥٢ אא 
אא אאא

  
 

- ٤٣- 

٣ JFEא٢٠٠ J٣٠٠
١٠אK 
٤ J   א א א

אK 
W١٠١٠אאאא

 ٣٠٠     א  א א א١}٠
א٢٠אאKאאא

אאאאK 
אW 

אאZאCאCאאאאFאE 
Z٢٠C١}٠C٦٤Z١٢٨ 

١٢٨ 
٪Z–––––––––––––––––C١٠٠Z٢٨}١٪ 

١٠C١٠٠٠ 
Wאאאא 

 אFpHEאW 
١ JאאאאK 
٢ JאאאK 
٣ J א א א   א  א א  אא

אK 
٤ J א אא  א  א א 

א  אא  א א  
אאאאאאאK 

٥ J א א א   א  א  
אאK 

٦ JאאאאאK 



א ١٥٢ אא 
אא אאא

  
 

- ٤٤- 

א(pH) 
 אאאא،א

אאW 
                                          1 
pH = – log  [H+] = log –––––– 
                                        [H+] 

אאא 
   א    א  א    א
HCl H2SO4 אאא

אאCH3-COOHK 
אאאאאW 

H2O        [H+] +  [ŌH] 
אEquilibrium٢٥°Kwא[H+] 

[ŌH]Z١C١٠ J١٤ א אא Kא  
[H+]א[ŌH]אא١אC١٠ J٧ 
K 

אאBuffer solution 
 אאאאpHאאא

   א    א אא  
א       K   א   

 אאא 
אאאאאאא
  א     א    א א

K 
     א א  א   א   א

אאאאאKa Equilibriumא
אאאא،אאאא



א ١٥٢ אא 
אא אאא

  
 

- ٤٥- 

 א א [Pka]א א  א א א א 
Handerson-HasselbachאאK 

                             [Salt] 
pH = Pka + log ––––––––– 
                             [Acid] 

אאW 
Strong acid and basis: 

 HCl        H+ . Cl  
 NaOH          Na+ . OH  

Weak acid: 
CH3 – COOH     CH3 – COŌ . H+ 

AH    A¯ . H+  
 
                  [A¯] [H+] 
         Ka = ––––––––– 
                     [AH] 

 
 Ka [AH] = [A¯] [H+]  

 
                    Ka [AH] 
         [H+] = ––––––––– 
                          [A¯] 

 
                                         [AH] 
log [H+] = log Ka + log  ––––––– 
                                            [A¯] 

 
                                               [AH] 
– log [H+] = – log Ka – log  ––––––– 
                                                  [A¯] 
                              [A¯]  
pH = PKa + log  ––––––– 
                              [AH] 

א(pH) 
Wאא 

א   א  אא   אאא
  א  א  א א     א



א ١٥٢ אא 
אא אאא

  
 

- ٤٦- 

 א   א  Potentiometerאא  ،
אpHא،W 

١ JאCalomel electrode 
     א א      

אאאK 
٢ JאGlass electrode 

      א  א  א  
א،אאF١٠\١ 

H١٠\١EK 
אאאאאאאאא

אאאK 
אאאאW 

١ JאאK 
٢ JאאאK 
٣ JאpHאK 

Wאא 
 אאאא

אאאאאא
אאאאK 

א א א א   ٥٠ ٪ א   א  
אאאא

אאאא
אאK 

אאאאאאאא
H١}٠K 

 



א ١٥٢ אא 
אא אאא

  
 

- ٤٧- 

 
אאW 

١ JF√EאאאF×EאאאK 
 JאאאאK 

 JאאאאאאK 
 J  א א אא א   

K 
 JאאאאK 

 JאאאאK 
 JאאאאאK 
٢ JאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

אW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣ JאאאאאאאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٤ JאאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 



א ١٥٢ אא 
אא אאא

  
 

- ٤٨- 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٥ JאpHKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKW 

٦ JאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٧ JאאאאאpHאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
  



 

 

  

אאFFאאאאEEאא  

אא  


א

F



א

א
E




א




٤



א ١٥٢ אאא 
אא אFאאEא

  
  

-٤٩- 

אאאWאFאאEא 
 

אאWאאFאאEאK 
 

אאW א    א  Fא א Eא   א 
   א  א אא ،  א   

אאאK 
 

אאאWאאא٩٠K٪ 
 

אאW٢ 
 

אאW 
 JאאאK 
 JאאK 
 JאאאK 
 

אאWאאאאאאא
אאאK 

 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥٠- 

אFאאEThe ash (minerals) in foods 
 אאא٥٠٠ J٦٠٠°

אאאאW 
١ JאאאאVolatile compoundsEvaporation

VaporsK 
٢ J א אOrganic matters  א אא  CO2

Oxides of nitrogenאK 
٣ JאאאאאK 
٤ Jא א א     א א Alkaline earth elements

אאF٣אEאאאK 
٥ Jאאאאאאאאאאאא

אW 
 JאOxidesK 

 JאSulfateK 
 JאPhosphateK 
 JאSilicateK 

 JאאChloridesK 
 א    Incineration of ashing אא א

אאK 
א 
 אאא  אAsh אא

InorganicFEאW 
١ JאMacroelements 

 אK JאNa JאCa JאMgK 
٢ JאMicroelements 

 אAl JאFe JאCu JאMn JאZn JאFlK 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥١- 

٣ JאTraceelements K 
 אSe JאCo J 

אאא 
 אאאאאאאא

א،אאאאאאאאW 
١ JInorganic salts 

 אא Jא Jא JאאK 
٢ JOrganic slats 

   א   א א  אא Organic acids 
א Jא Jא JאK 

٣ J 
   א א א אא  א Jאא Jא J

א J،אאB12אאK 
אא 

 אאאאאאאא
אאאאאאאא

 א   א אא     א א א 
Mineral mixture  א אא אא א א   

אK 
אאאאאאאאא

א א   א   אא  א א 
אאאאאCapsules or tablets

אאאאאאא Jא
אא א     אא   א א

אאאאאא
 א אEssential amino acidsא    אא Food 

Enrichment or Food FortificationKאאאאK 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥٢- 

   F٤EאאאאK 
אאא٪ אאא٪ 

    
א אאא 
א ٠}٢ J٦}٢ ٦}٢ J٧}٤  ٨}٠ J٠}١ ٩}١ J٢}٣ 

א ٣}٠ J٨}٠ ٣٤}٠ J٩١}٠א ٠}٢ J٦}٣ ٣}٥ J١}١٠ 
א ٦}١ J٦}٢ ٧}٢ J٥}٤ א ٠}١ J٢}١ ٠}٣ J٧}٤ 

א א ٠}١ ٤}٢ 
א ٧}٠ ٤}٥ אאא 
א ٠}١ J٠}٦ ٠}٢ J٠}١٠ א ٣}٠ ٩}١ 

א ٨}٠ ١}٢ א ٦}٠ ١}٤ 
אא א ٨}١ ٢}٢ 

א ٠}١ ٧}٢ א ٨}٠ ٢}٣ 
אא٧}٢ J٩}٣ ٥}٧ א ٤}٢ J٨}٥ ٠}١٢ J٠}٢٣ 

א ٢}١ ٩}٦ א ٦}٠ ٢}١٠ 
א ٠}٢ ٣}١٠ א ٧}١ ٧}١٧ 

   א ٠}٠ ٠}٠ 
 אאאאאאאא

אOHאאאאW 
NaCl                        Na+ + -OH 
H2O                         H+ + -OH 
NaOH                      Na + +-OH 

אאאK 
א  א א   Jא Jא J א א

אאאא
אא אאאאאpHאאא

אאאאK 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥٣- 

 
Na2 SO4                                  2 Na+ + SO–4                        1  
H2 O                              -OH + H+                            2  

 
Na2 SO4 + H2O                   2 Na+ + SO4

– – + H+ + –OH        
 אאאאא  אא 

א،אאאאW 
Na2 CO3 + H2O                 2 Na+ + CO3

– – + H+ + –OH   
אאא 

   אאאאאא
אאאאאאאא Jא J

א Jא…،אאאאאאאאW 
١ JאאK 
٢ JאאK 
٣ JאFאאEK 
٤ JאK 
٥ JאאאאאK 
٦ JאאאK 

אא 
 א אא  א   א א א  א 

אW 
١ J   א   אא

אאאאאאא،K 
٢ Jאא Jאא 
٣ Jאאאאאא

א 
٤ JאאאFאEאא

אאאאK 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥٤- 

٥ Jאאאאאאאא
אאאK 

٦ JאאאאFא J Jא…EK 
٧ JאאאאאאK 
٨ JאK 
٩ JאאאאאK 

١٠ JאאאאאאאK 

אDetermination of ash 
 אאW 

١ JאאDry ashing 
 אאאW 

١ JאאTotal ash determination 
٢ JאאאאWater soluble ash 
٣ JאאאאAcid soluble ash 
٤ JאAlkalinity of ash determination 

אאאאאא 
١ JאאאMuffle furnaceא

١٠٠٠°אאא٥٥٠א J٦٠٠°Red 

dull temperatureאאאאאאK 
٢ JאאAshing crucible،א

      א   א  א א
אאK 

٣ JאאPlatinum crucible،אאאאא
אK 

٤ J א אSilica crucible،  אא  א אא 
אאאא

א٢٥אאK



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥٥- 

א   א א   אא  אא א
אRoughאK 

٥ JאאאNickel crucible،אאא
 אNickel carbonylאא

אאאאK 
٦ JVycor glass،אאא

אאאאאאKאאאאא
٩٠٠°אאResistant to most chemicals and acidsא

אאאאאאK 
אאאאאאא

AOAC א אOfficial methodsא א  J
א Jאא JאאאK 

אאא 
  אFא E J אאאAnalytical balance J
Dissicatorאאא

אאאAshless filter paperK 
אאPreparation of the sample for ashing 

 אAOACאאאאא
אאW 
٢א JאאאK 
٣ J٥אCereal foods JאאK 
٥ J١٠אאאK 

٢٥אאאK 
 א א  א  א א Moisture free sample   

Fresh sampleאאW 
١ JאאאאאאK 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥٦- 

٢ JאאאאאVolatile compoundsאאSpices،
CondimentsאאFumesאK 

٣ JאאאRich in fatאאאא
Excessive flamingאאאאK אא

  אא אאא  א 
אאאSmoking off the fat without burningK 

٤ J א אא    א א 
אK 

٥ Jאאאאאאאאא
אאK 

אאאאאאFאאE
אאאאאInfrared lampsPreliminary ashing 

אPeriod of ashing 
 אאאא

אK 
אאא אא אא

א   א    א  א  א  א  
אאאאW 

א 
٪Z–––––––––––––––––––––C١٠٠ 

א 
٢ JאאWet ashing 

 אא  א א א   א א ، 
אאאאאאK 

אאאאאא
א א٥א  א٥א

אאאFאE،א



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥٧- 

٥٠אאאאא
Atomic absorptionK 

אאאאאSoluble and insoluble ash 
 א אא  א

אאאאא
אאאאאאא

Water insoluble ashאאאאAsh insoluble in acidK 

 JאאאאWater insoluble ash 
א 

١ JאאTotal ashא٢٥אאאא
אאK 

٢ Jאא אFאSpattering Eא
אK 

٣ JאאAshless filter paperאא
אאא٥٥FEK 

٤ J א א Fאא E٦٠ AOAC
אK 

٥ J א      א   אWater insoluble ashא 
אאאK 

٦ JאאאאאאאאאאאW 
Water soluble ash = Total ash – Water insoluble ash 

 JאאאאAsh insoluble in acid 
  א א א    א אא    
א  אא Jא א J  אא אא

אאאאאא
אאאאאאאאKKKKKK،

אאאאK 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥٨- 

א 
 אאאאTotal ashאאאאWater

insoluble ashW 
١ J  אא א ٢٥א  א   ١٠F ٪א

٠٥٠}١אKE 
٢ Jאאאא٥א

K 
٣ JאאK 
٤ JאאFאאאEא

K 
٥ JאאאאאAsh insoluble in acidK 

אAlkalinity of ash 
 אאאאאא

אAlkaline in reactionאאאאאAcid 
in reaction 

א 
  א  אא א א     א 

אא Jא Jאאא
א JאKKKKKKKKKKKאאאאאAlkalinity of water 

soluble ash ، א   א     א  
אאאאאK2CO3א

אאאאאאK 
2 KH (C4 H4 O6) + 10 O2         ∆ H               K2 CO3 + 5 H2O + 7 CO2 

 אאאאאאאא
א א א א  א

אאאאאאאK 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٥٩- 

א 
١ JאאאK 
٢ JאAdulterationK 
٣ JאאאAcid/ Base balance of foodsK 

א 
 א١אא א ١٠٠ K

א  Wא١}٠  אאא 
١אK 

אאאK2CO3אאא
W 

)3CO20.00691 gm  (K   ~1 ml  of  0.1 N  acid    
  א       א   Alkalinity number

   Wא א  F١ E   אא  א 
א١K 

אאאאאW 
              Al 
An = ––––––– 
               A 

אW 
An: The alkaline number  
Al: The alkalinity of ash sample 
A: % of ash content in the sample  

אDetermination of ash alkalinity 
 JאאTotal ash 
١ JאאאאF١}٠E

א١٠אK 
٢ Jאאא

אMethyl orange indicatorK 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٦٠- 

٣ J א א ١}٠ א א  א
אאא١٠٠ 

Ash of 100 gm sample  ~ +Numbers of H 
אאאאMethyl purpleאMethyl orangeK 
 JאאאאDetermination of water soluble ash alkalinity 

  אא א א     אא א  
אF١}٠EאMethyl orangeא

אאא١}٠אאאאאא١٠٠א
אK 

Ash of 100 gm sample  ~ +ml of  H 
 JאאאDetermination of insoluble ash alkalinity 

 אאאא
 א א   א   ١}٠אF١٠ J١٦ E

   א א   אא א  א  
אא١}٠אMethyl orangeא

אאאאאא 
Ash of 100 gm sample  ~ +ml of  H 

אאאAcid/ base balance 
 אאאאאאAcid forming elements

א  Jא Jא  א א אא Base forming
elementsא Jא JאאK 

אאאאאאFE١
א ١א   א    א אא

אאW 
Acid/ Base balance= Difference between the sum of the acid value and the sum of the base values 

 א א  אאאא  א 
   Orthophosphate    Pyrophosphate   

MetaphosphateKאאאאLאאAcid/ Base balance 
of some selected foodsK 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٦١- 

   F٥EאאאאK 
אאא אH+-OH١L١٠٠ 

א א 
א  ٧٦}٣ 

א  ٥٦}٥ 
א  ٨٦}١٠ 
א  ٨٢}١٠ 

א  ٤٥}٥ 
א  ٣٧}٧ 
א ٤٧}٧  
א  ٣٦}٣ J٠٧}٧ 

א  ٥}٥ J٣}٧ 
א  ٦}٥ 

אאא ٩}٣  
א ٦١}١١  

א ٧ J٨  
א ١}١١  
א ٨}١١ J٠٧}١٧  

א ٥}١٠ J٩}١٣  
אא ١}١٧  
א  ٢٦}١ J٣٧}٢ 

 
 

Davidson & LeclercאאLא 
  אאא١٩٣٥Davidson & 

Leclerc  א א  Direct titration of ash א  א א
אאאאאאאאW 



א ١٥٢ אאא 
אא אFאאEא

  
  

-٦٢- 

١ J٥٥٠א°אאK 
٢ Jאאא٤}٠K 
٣ JאאאBack titrationא١}٠K 
٤ Jאאאאאא
 א Fא  א   א א   

אאEאאאK 
٥ Jאאא אאאאא

Normal acid valueא א א א   
אK 

 אאאאאא
א אא אא Buffering action of blood

אCO2אאאאKidneyK
 א  א א א א א  א אStarvation 

אאא א אאאאא  
אK 

א٤٥NaHCO3pH٢}٠א 
א١٥ J٢٠NH4ClpH٢}٠א 

אא؟ 
א١٨אאאpH٥}٤٢

pHאאK 
אא  א א א א 
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 א א  א  ،א  אא א 
אאאאאאא
אK 

אאאאא 
 אאאאW 

١ Jאאאאאאא،
אאאאאאK 

٢ J א    אא אא     אFא  
אאאאKE 

٣ Jא   א   א    א   
אאאאאאK 

٤ J א   א        א 
אאK 

٥ JאאאK 
٦ Jאאאא

אאאK 
אאאא 

 אאאW 
١ JאאCarotenoides 
٢ JאChlorophylls 
٣ JאאAnthoxanthins 
٤ JאAnthocyanins 



א ١٥٢ אא 
אא אא

  
 

- ٨٠- 

אאאאאאCarotenoidsK 
אCarotene pigment 

 א א    א ٣  γ-β-α-
CaroteneאC40H56K 

 אאאאאאאאא
      א  אא  אא  א

אאאאאאאא
א א א     א אא  א  

 אא אא   אא א     
  א  א    א  א אא א

 א א  Fא Jא Jא Jא א Jא Jא א
אEאאאא،אאאאא
א Jא JאאאK 

אא 
 ٤٠א

    א א  א   
    א        א

א،אאאאא
אאא א אא  β-

Carotene and lycopeneK 
 

 

 
β-CaroteneK 

 



א ١٥٢ אא 
אא אא

  
 

- ٨١- 

 
Lycopene 

 
W 

١ J  –CH3  אא  א א ٩١٣א  
אK 
٢ Jאאא١٥K 
٣ Jאאאאא،א

אאK 
 

 
α-Carotene 

 

 
γ-Carotene 

W 
١ Jאγ-Carotene and α-Carotene אאK 
٢ J γ-Carotene  א א  

β-CaroteneאאLycopeneK 
٣ Jγ-Carotene and α-Caroteneאγ-CaroteneK 



א ١٥٢ אא 
אא אא

  
 

- ٨٢- 

א 
 אאW 

 Jאא 
  ١٠ J١٢   א   אא א  ٥٠ 

אאאאא
אPolar and nonpolarאאאאאאא

אאאאא،
W 

١ JאאאאK 
٢ J א  א א אא     אא

א،אאאא
אאאאK 
٢ Jאא  ٣   א

אאאאא
אאאא

אאאאאK 
٣ Jאא٥٠٠٢H٣

   א   א   א   א אא
אאאאאK 

٤ Jאאאא٥٠
אא٢ J٤אאאK 

٥ Jאאאאא١٠٠
אאאאK 

אאאאא
א١٠ J١٥אא٤٠°א

אאאK 
 



א ١٥٢ אא 
אא אא

  
 

- ٨٣- 

 Jאאאא 
  אאא  א א אאא  

 אAl2O3א  א א     א 
F٥ J١٠º E  א    א   א 

א٢٠אאא
 א ١א W٩    א  א  א 

אאאא١٠٠
אאאK 

   א א  א א אא אF١ W٩ E  H
א א א٤٤٠אא

אאColorimeterK 
 Jא 

 אאβ-Caroteneאאא
 HF١ W٩ Eא א   א א א 

FLEאאאאאא
א אא  א א א   א

אאאβ-Carotene١٠٠K 
אאאא 

١ JאMelting point 
 אא١٨١ J٥}١٨٧°אאאK 

٢ JאSolubility 
 אאא

Kאאאאאאא 
٣ JאColor reactions 

 אאβ-Caroteneא
אאאK 



א ١٥٢ אא 
אא אא

  
 

- ٨٤- 

אאאא
אאאאאאאאK 

٤ Jאא 
 אאאאאא

אאK 
٥ Jאאא 

 β-Caroteneאאאאא
Vitamin A אβ-Caroteneאאאא،אא

אβ-CaroteneVitamin AאאאאאK 
 

 
β-CaroteneK 

                                                                +2H2O  
 

 
Vitamin A 

β-Caroteneאאא
אאW 

١ Jאאא،אאא
אא٧٠ J٨٠٪،אאא

Vitamin A
א Vitamin Aא  אא

אK 

2 



א ١٥٢ אא 
אא אא

  
 

- ٨٥- 

٢ Jא  א  אא   א
Vitamin Aאאא

א Kאאא אVitamin Aα and γ Carotene
אאאβ-CaroteneVitamin A

אאβ-CaroteneK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א ١٥٢ אא 
אא אא

  
 

- ٨٦- 

 
אאW 

١ JאאאאW 
 J 

 J 
 J 
 J 
٢ JאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣ Jאאβ-CaroteneLycopene 
 J 

 J 
 J 
٤ Jאאγ-Carotene and α-Carotene W 
 J 

 J 
 J 
٥ JF√EאאאF×EאאאK 
 JאאאK 

 Jא א      א א
אאאK 

 Jאאאא
K 

 JאאאאאאאK 
 Jβ-CaroteneאאאVitamin A

אβ-CaroteneK 
  



 

 

  

אאאא  

אא  


א




א







٧



א ١٥٢ אא 
אא אא

  
 

-٨٧- 

אאWאא 
 

אאWאאאאK 
 

אאWאאאא
אK 

 
אאאWאאא٩٠K٪ 

 
אאW٤ 

 
אאW 

 JאאאK 
 JאאK 
 JאאאK 
 

אאWאאאאאאא
אאאK 

 
 
 



א ١٥٢ אא 
אא אא

  
 

-٨٨- 

אאProteins in foods 
 א א א א  א    א  א

אאאאאא
   א א א א   א א 

  א  אא א א   K  א
אאאאאF٦Eא

אK 
    F٦EאאK 

א ٪ א ٪ 
א ١٦ א ٢٢ 
א ٥٠ א ٥}٠ J٣ 

א ٧   

א 
١ J א  א א א  אEssential and non 

essential amino acidsK 
٢ JאאאאאאK 
٣ JאאאאאK 
٤ JאאאאאK 
٥ JאאK 
٦ J  אאBiocatalystsאEnzymesא

HormonesאאאאאאK 
٧ Jא א    א אא     

אK 
٨ JאImmunological reactionאאAntibodies

 אא א     א  א   
אאאאאאאK 



א ١٥٢ אא 
אא אא

  
 

-٨٩- 

٩ JאאאFood allergyאאא
K 

אאאאאאאאא
אאאאאאאאא

אאאאאאא
אאאאאK 

א       א א  א 
אאאאאאאאאא

 א אא  א  K אא אא  א
אK 

    F٧EאאאאK 
א א Lאא

אא  
٦ J١٢ 

٢}٢ 
٠}٢ 

א ١ J٣ 
٤ J٦ 
٧ J١٠ 

٨}١ 
٥}١ 
٢}١ 

א ١١ J١٤ 
١٥ J١٨ 

٠}١ 
٩}٠ 

א ١٩ ٨}٠ 
 א א     אAmino acidsא   

Peptide bounds  א    F J Eא  
א  α- amino acid

אα                                  

 
אאאאא

אאאאאאאא



א ١٥٢ אא 
אא אא

  
 

-٩٠- 

א٥٠אOrnithineCitrullinesF
אEאאPantothenic acid،Prolin

Hydroxy prolinAmino acidsאאא(– NH2)א
Imino acidsאא(– NH) iminoאK 

אאאאאא 
١ Jאאא 

  α-amino acidsאא
Fאאא–COOHE

R-GroupאאאאW 
 JאאאאNonpolar or hydrophobic 

 א Jא Jא Jא Jאא  Jא Jא
،אאאאאאאא

FאEאאאא(R)K 
 JאאאאPolar or hydrophilic uncharged 

side chains 
 אאאאאא

 א Kא א א    א (–OH) א
אאאאא(–CO–NH2)א

  א (–SH)א   א א   ، K
א א  אא  אא    

אאאאpH 7Kא
  א א     א א   

אאאאא אDisulfide 

cross-linkא،אאאאאאא
אאK 

 J    Amino acids with positively charged side 
chains 



א ١٥٢ אא 
אא אא

  
 

-٩١- 

        R-group pH 7א  
אאא אא،א α-

NH2אאε-NH2אאאא
 א   אא  אא א   

 אא  אאpH 6٥٠٪א
pH 7١٠٪אK 

 J    Amino acids with negatively charged side 
chains 
 אאאאא

،pH 7אאא
K 

٢ Jא 
  א   אאAsymmetricא א

GlycineK 
٣ Jאא 

 אאאOptically activeאאא
אSymmetricK 

٤ Jאאא 
  L- Amino acids א (–NH2)א 
DD- Alanine،D- Glutamicא

אאאאK 
            COOH

H        C        NH2

           CH3 

              COOH

NH2       C        H

              CH3
L- Alanine                                                 D- Alanine 

 



א ١٥٢ אא 
אא אא

  
 

-٩٢- 

٥ JאאאאאAcidobasic properties of amino acids Ionization 
 א א   א  א  א א אא 

    א א אא א
א א      א א،  

אאאאאאא 
אאאאאאאK 
אאאאאא

אאא،
אאאאאאאא

אאאא،אא
אאZwitterionK 

                           H 
 
                    R – C – COO¯ 

 

                           NH+
3 

אאאאאא
אאאIso-electric pointאא

אאאא
Protonאא 

                           H

          H+  + R – C – COO¯
 

                           NH+
3 

       H

R – C – COOH
 

       NH+
3

אאאאאא
א 

                 H

          R – C – COO¯ + ŌH
 

                NH+
3 

       H

R – C – COOH
 

       NH+
3



א ١٥٢ אא 
אא אא

  
 

-٩٣- 

אאאא
אאאאאא

אאאFE
א 

                        H 
 
                 R – C – COO¯ 

 

                        NH+
3 

אאאאא،K 

אClassification of protein 
 אאאאא
אאאאאW 

WאאSimple proteins 
 אא   

אאאאW 
١ JאAlbumin 

 אא
 אHeat coagulated proteins    א  א א
אאאאאLactalbuminאK 

٢ JאGlobulins 
 אאאאאאא

אאאאאאא J
א Jאאβ-globulin א٥٥٪א

Whey proteinsK 
٣ JאGlutelins 

 אאאאא
אאאאK 



א ١٥٢ אא 
אא אא

  
 

-٩٤- 

٤ JאProlamins 
 ٥٠–٩٠٪אאא

אאProlinאאHordeinאאZein،
אאאאאאא

אK 
٥ JאאAlbuminoids or scleroproteins 

 אאאאאאאאא
אאאאא،אאאא

אאW 
 JאKeratin 

    א  א א א אא אא 
אאאא١٤٪K 

 JאCollagen 
  א אאא א א א

אאאאאאGelatin 
אK 

 JאElastin 
 אאאK 

 JאFibroin 
 אK 

٦ JאHistons 
  אא א  א א א    
   ،אא   א אא א  אא 

אאאאאאK 
٧ JאProtamins 

 אאאאא٧٥٪
אאאאאK 



א ١٥٢ אא 
אא אא

  
 

-٩٥- 

WאאConjugated proteins 
   א א אא
א א  אא      Jאא J

אאאאW 
١ JNucleoproteins 

 אאאא
אאאאאא

א Jאאאאאא
אאאאאאאא

אאאK 
٢ JאאLipoproteins 

  א  א א      א
א Jא Jא Jא Jא JאאאאK 

٣ JאאאGlycoproteins 
 אאאאאא
  א אא א  א Mucinאא א  

אאK 
٤ JאאChromoproteins 

 אאאאאאא
א J J אא  א א א   

PorphyrinאאאאKאאא
 א א      א א    א 

אK 
א Flavinא  א א  א א  

Flavoproteins א א   Prosthetic group א   
Ferritinאאא

אK 



א ١٥٢ אא 
אא אא

  
 

-٩٦- 

٥ JאאPhosphoproteins 
אאא

אאאאאא
VitilinK 

WאאDerived proteins 
 אאא א א،א

א א א  א  ،א     א
אאאאאאאא

אW 
   

אWאאModified proteins 
 אא  אאא 

אאאChemical or enzymatic modification of protein
אSuccinicאAceticאאAcetylation 

or succinilation of protein    אא אא   א
Functional properties  א  א  א   אאא

 א א א  א א א
אאאאProteasesאא

א  א    א אא א א א 
אK 

אאאאThe interactions that control protein structure 

١ JאאאCovalent forces 
 JאאאPeptide bond 

 אאאאאאPrimary 

structureKאאאאאK 



א ١٥٢ אא 
אא אא

  
 

-٩٧- 

 
                                                                         - H2O

 
F٧EאאאK 

 JאאDisulphide cross-linkage 
 אאאאאאא

Cross-linkageאאאא
אF٨E،אCysteineCystineK 

 
 א  א  אאא،

אא  א   אא א   א  א  
אאאאאK 

 
F٨EאאK 

Cysteinee 



א ١٥٢ אא 
אא אא

  
 

-٩٨- 

٢ JאאאNoncovalent forces 
 JאאאHydrogen linkage or hydrogen bridge 

 –NH––OHאC = O   אאא
–COO¯אאאאF٩KE 

 

 
F٩EאאאK 

 JאאאIonic interactions 
 אא אא    א א  א–COO¯ ،–NH3

+
אאL-Arginine،–S¯אא–O¯

 Tyrosineא א א  אא  –COO¯ H3N+–א
אSalt bridgesF١٠KE 
 

 
F١٠EאאאK 

 
 



א ١٥٢ אא 
אא אא

  
 

-٩٩- 

 JאאאHydrophobic 
 אאאאא
אאאRאא

אאאאאאאF١١KE 

 
F١١EאאאאאאK 

אOrders of protein structure 
  א  א    א  אOrders
LevelsאOrganizationW 

١ JאאאPrimary level of organization (Primary structure) 
  א      א   א א

א א  א א  א  F١٢Eא
אאאאK 

 
F١٢EאאאK 

٢ JאאאSecondary level of organization (Secondary structure) 
 אאאאאאא

אאאאא
אא

אאא א א א א אאאא 
אאK 



א ١٥٢ אא 
אא אא

  
 

-١٠٠- 

 Jאα-helix 
 Helixא

אF١٣KE 

 
F١٣Eα-helixK 

 Jאβ- Pleated sheet (Zigzag structure) 
 אאאאZigzag

 ١٤אA،       א Zigzag
אאאאאא١٤BK 

 
                               B                                                     A

F١٤E β-Pleated sheet 
 JאאאRandom 

 אאאZigzagK 



א ١٥٢ אא 
אא אא

  
 

-١٠١- 

٣ JאאTertiary level of organization (Tertiary structure) 
  אאא א  אא אא

אאF١٥E،אאאKאאא
אאאאא،אאאא

אאK 
FאEConformationאאאאא
אאאאאאFibrous protein

  Coiled coil  א
א،GlobularאאאאK 

 

 
F١٥EאאK 

٤ JאאאQuaternary level (Quaternary structure) 
 אאאאא

 א אא  א  אא Fא E  א
א،אאאא،

א،א אא
אאאא

אאאKאא
אאK 



א ١٥٢ אא 
אא אא

  
 

-١٠٢- 

 
F١٦EאK 

אא 
 אאאאא

אאW 
١ JאאאFibrous or linear 

 אאאאאא
אאאא

אאאאK 
٢ JאאאGlobular or spherical 

     א א   א א   
א א א א א אאא א

אאאא א א א
אאאאאK 

 אאאאא
   א   א  א אא א

אאאאאK 
 

  البناء الأول                  
  

  البناء الثاني                 
  

  البناء الثالث                 
  

 الرابع البناء                 

 

 



א ١٥٢ אא 
אא אא

  
 

-١٠٣- 

אProtein isolation 
  א א          

אאאאאW 
١ JאאאSalt fractionation 

  א  א  א א   א 
אאאK 

 אא א   א  א Salting-in
،אאאאא

אאSalting-outF١٧Eאא
אאאאאFE

אאK 
   א   א  א א א    

אאא،א
DehydrationאK 

 
F١٧EאאאאאאאאK 

٢ JאאאIsoelectric point 
 אאIsoelectric pointאא
אאאא

אאF١٨KE 

  )مولر(ترآيز الملح 

بال
ب 
ذائ
 ال
ين
وت
ر

(%
)

 

Salting- in Salting- out 



א ١٥٢ אא 
אא אא

  
 

-١٠٤- 

 אא א  א  א א   אא
אאKא

א،א א   pH
אאאאאאpHא

 ،א        א 
אאK 

אא
Isoelectric point،  א 

א א K   א   א    אא  
אאK 

 

 
F١٨EאpHאאK 

٣ JאאאאOrganic solvents 
 אאא

 א א   ، א  א  א  
א    א אDielectric constant   

אאאאK 

pH 

Isoelectric point 

%
 S

ol
ub

le
 p

ro
te

in
 



א ١٥٢ אא 
אא אא

  
 

-١٠٥- 

אאאאאאאאא 
١ JאאK 
٢ JLow dielectric constantK 
٣ JאK 
٤ J א אאא אאא،א

אאאא  א אאא
٠٣}٠א٢ J٣٪K 

א 
١ J   א א Denaturation א  א א 

אK 
٢ Jאאאאאא،א

אאאאא
אא אאא

אאאK 
٤ JאאאאאHeavy metals 

 אpH 7אאאא
אא א א א،

אאאאאאאא
אאא،

אאאאK 
٥ JאCrystallization 

   א    א    א 
אא א אאא א א א 

١٢אא
אDialysisאאאא

אאאאאאא אDialysis
אK 



א ١٥٢ אא 
אא אא

  
 

-١٠٦- 

א      אא      א  
אאאאאאK 

٦ JאאGel filtration chromatography 
 א     א   א  א  א

   א א  pH and ionic 

strengthאאאא
אאאאאא

אאאא،א
אא

אאאאRetardation timeאא
אאאא

K 
אאאאאאא٣ J٤

 א    Flow rate א١٨ J٢٠ L    
Fraction collector אא  א א   

280 nmאSpectrophotometerאאא
אאאאK 

אאאF١٩EW 
١ JאPeaksאאאK 
٢ JאאאאאאאK 
٣ JאPeaksSharpness or broadnessא

אאאא،א 
٤ JאPeaksאאאאK 
٥ J   א א      א 

FractionאMajorאMinorK 



א ١٥٢ אא 
אא אא

  
 

-١٠٧- 

 
F١٩EאאK 

אאאאGel filtration 
١ JאאK 
٢ JאאאאאK 
٣ JאאאאאK 
٤ JאאאאStandard 

proteinsאאאLag MWאא(Relative 

elution volume) VE / VTאאאK 

فة 
كثا
ال

ية 
وئ
ض
ال

)
ى 
عل

٢٨
٠

تر
ومي
نان

( 

 )VE(لكل مرآب بالمليليتر حجم الاستخلاص 

 VT الحجم الكلي للعمود بالمليليتر

VE1 

1 

3 

4 

2

VE2 



א ١٥٢ אא 
אא אא

  
 

-١٠٨- 

 
F٢٠EאאאאK 

٧ JאאאאאאElectrophoresis 
 א א   אא א 

אאאאא
אאאאאאK 

  א  א א א    Isoelectric 

pointאאאא
ZwitterionK 

      NH3
+   O                             NH3

+                                    NH2     O¯ 
 
R – C – C – O¯                  R – C – COOH                   R – C – C = O 

 
      H                                         H                                         H  

                Zwitterion 
אאאאאא

א א  א א      
אאאאאאאא

אאאאאK 
 א אא א

אFאEאאאאאK 

La
g 

M
W

 

Relative elution volume (VE / VT) 



א ١٥٢ אא 
אא אא

  
 

-١٠٩- 

אאאאאFactor affecting migration 
WאSample 

 Jא 
 אאאNet chargeאK 

 Jא 
   א א א אא א   א  א

א א  א א  א K אF  א
EאTrail tailingאאאאK 

 Jא 
  א א א א א  א  אאא
אאאאאK 

WאאElectric field 
 אאאאאאא

אאאאאא אאJarא
א א אאא אאאא א، 

 א   א  א     א  
א א אא אא ،
  אאאא  

אאאאK 
WאאBuffer 

 Jא 
   א א אא Jא Jאא Jאא J،א

אאK 
 Jא 

 א       א א א א א  א
א    א א  ،   א א א א

א א א א א   א א א א  א  



א ١٥٢ אא 
אא אא

  
 

-١١٠- 

אאאאאK
אאאאאא

F٠٥}٠ J١٥}٠EK 
 JאpH 

  א pH  אא א   א  א א 
אpHאאאאKא

אpHKpH١ J١١אאK 
אWאאSupporting medium 

 Jא 
      א   א   א א
אאK 

 Jא 
 אאאאאא
א אאאאא

אK 
 Jא 

 אאאאאא
،אאאאW 

١ Jא 
 אאאK 

٢ Jא 
 אאPhotometric scanningא

אK 
٣ Jאא 

 אאW 
 JאאאאאK 

 JאאאאאאpHK 



א ١٥٢ אא 
אא אא

  
 

-١١١- 

 JאאאPore sizeא
אK 

 J    א   א    pH 
אאאאאאאא

א א  K א אא  א א
Lipoproteinsאאα-GlobulinsK 

אאאElectrophoresis 
١ JאאאK 
٢ JRelative mobilityK 
٣ JאאאSDSK 
٤ J    א א   א   א

אK 
٥ JאאאאK 
٨ JאאאAnalytical ultracentrifugation 

 אאאאא٢٠א
 א     א  א אא   

  אאאא    ٠٠٠}٥٠ J٠٠٠}٦٠ א
אא     א      א 

  א א   א    א K  א  
אאאאK 

٩ JאאאאאאאIon exchange chromatography 
   א א  אא אאא  אא

אא  אIon exchange resinא אא   
אאאאאא

 א  א   Carboxy methyl cellulose (CMC)
אאDiethyl amine 

ethyl cellulose (DEAEC)K 



א ١٥٢ אא 
אא אא

  
 

-١١٢- 

Determination of protein in foodsאא 
١ JאאאMicro- Kjeldahl method 

 אאאא
אאאא،

אא٢٥}٦א٣٨}٦א
٧}٥KאאאW 

١ Jא 
   א א    (NH4)2 SO4 

אאאאאW 
2NH3 + H2SO4                        (NH4)2SO4 

אאאאאאאאאא
אאאאאאK 

٢ Jא 
     א  א אא א  א

אF٤٠E٪אאא٢٪
אH3BO3אאW 

(NH4)2SO4 + 2NaOH                       2NH4OH + Na2SO4 
3NH4OH + H3BO3                         (NH4)3BO3 + 3H2O 

٣ Jא 
    אא(NH4)3 BO3 אHClא א 

אאאאאW 
(NH4)3BO3 + 3HCl                        3NH4Cl + H3BO3 

  א  אא א     F٥}٠ J١א E   
F١٥EF

 H   Hא   E א א    א
F٢١אAE٤אאK 

אאא١٠٠אא
 א F ٢١אB E  א    א F٤٠E٪
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אאא١٠א
אF٢E٪אFאHKE 

אאאאF١L٧٠Eא
אאאאK 

 
                                            A                    B    

 
F٢١EFAEFBEאK 

٢ Jאא Determination of non-protein nitrogen in foods 
 אאאאאאאאTCA

אאאאאאאא،K 
    א  F١א E א      

אF٢٠Eאאאאא
F١٠Eאאאאאא

אאאK 
٣ Jא.Colorimetric determination by Lawry et al.  

    א Folin-ciocalteau א  א א ،
 א א א  אאאא אא א 

אאK 
אאאF١E

אאאאF١}٠ J٢}٠Eא
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 א     א١   ٥    F١ J ٢٪
 ،א  ٢ J ١ ٪ ، ٣ Jא  ١ ،٢

 ،א ٤ J ١}٠ א٢٪
،٥ J١א٣ ٥٠א٤ אא E

א٥}٠Folin-ciocalteau،אא
א ٧٥٠  ٣٠K

אאאK 
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١ JF√EאאאF×EאאאK 
 JאאאאאK 

 JאאאאK 
 JאאאאK 
 JאאאאK 

 JאאאאK 
٢ JאאאאK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 



א ١٥٢ אא 
אא אא

  
 

-١١٦- 
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 JאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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אאWאאא 
 

אאWאאאאK 
 

אאWאאאאא
אK 

 
אאאWאאא٩٠K٪ 

 
אאW٤ 

 
אאW 

 JאאאK 
 JאאK 
 JאאאK 
 

אאWאאאאאאא
אאאK 
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אאאאא 
 אאאאאאא١W٢

 א  אאא אא
  א Rhamanose  CH3C5H7O5

Deoxyribose،אאאא
אאאאאא

אאאאK 
    אא  א   

אאאאK 
  אא   א א    א א

אאאFEאאאFאEא
אאאאאאאK 

אאאאאאאאאא
 א א אא  א אא   

אK 
אאא 

١ JאאאאאK 
٢ JאאאאאK 
٣ JאאאאאK 
٤ JאאאאK 

אאאאאאאK 
٥ J אא  א א   אא אא

אK 
٦ Jא א   אא א  אא א   

אאאK 
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אא 
 אא

אאW 
١ J 

  א  א א      א
 א א    א אא    Jא J

א Jאאאא JאאK 
٢ J 

 אאאW 
 Jאא 

 אאאW 
١ JאWאאא

InversionאאInversion sugarא
אK 

٢ JאW אא   א א  אא א
אאאאאאאא

K 
٣ JאWאאאאא
Kא 

 Jאא 
  א ،א    אא     א

אאאאK 
 Jאא 

 אאאא א א
אאאאא

אאKאאאאאא
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אא א א א א  ،  
אאאאאאW 

١ J Homopolysaccharides אאאאאאא 
٢ JHeteropolysaccharides אאאאאא 
٣ JNitrogen containing polysaccharides אאא אא

 א אא  א   א א אא
אאאK 

 א א א אא     א
אאאאאא

אא
אאאאאאאאאK 

אאאExtraction and determination of carbohydrates  
 אאאאאאאא

אאאאאאאא،אא
אאאאאW 

١ JאExtraction 
  ١٠٣٠٠ J٤٠٠אאא٢\١

   א א   א   א
אא

K 
אא אאאא א 

EאאFאאאאא
٧٥٪ 

אא
   א א א  א     

K 
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אאא
אאאאאאאאא

אאאאאאK 
٢ JאClarification 

 אאאאאאאא 
א  א א אא א א   א
אאאאאאאW 

١ J א אא      א   א  
אאK 

٢ JאאאאאאאאK 
٣ Jאאאא

אK 
٤ J   א    אא א א  

אאאK 
٥ JאאאאאאK 

 א אא א  א א  
א  א   ،א אאא  

אא،אא،א،א،א
א،אאאאאאאאאK 

٣ JאFiltration 
 אאאאאאא

 א  א  א   א
אאאאאא

אאאאאK 
٤ JאאאאDeleading 

 אאאאאאא
W 
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١ JאאאאK 
٢ JאאאאאאK 

  א  א  א אאא  
א Jא Jא Jאא J
אא   א   אא 

א  Kאאא
א א   א  

אאאאאאאא
א K  א  א א  אא    

אאאאא
אאאא

אאאאאא
אאאא،אאאאאא

אאאאאאאאא
אSericאאאא

אאאאאאK 
אאא 

 אאא
אאאא

אאאאאאK
אאאW 

١ Jאאאאא 
 אאאא

  אא   א א אא  א א
אאאK 

אאאא
אאK 
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٢ Jאאאאא 
 אאאא

 א א א       א א
אאאאK 

٣ Jאאאאאא 
 א  אא١}٠ J٢}٠  

אא١١א٥٪א
א٥אא  ،א א א  א  

،אא א   א א 
א   אא  א אא  

אאא٤٨٥אא٤٩٠
 אאאאא

אK 
אאא٢ J٣אL١אא

אאאK 
٤ JאאאאאFLane-EynonE 

 אאאאאאא
אאא،אא،אאאאא

אאאאא
אK 

 א א   א   א Metallic base Cu (OH)2
 א  א  Suboxide  א   א 

אאאאאW 
       O                                                                             O 
                                                                                    
H – C – H + 2Cu (OH)2                                         H – C           + Cu2 O 
                                                                                    OH 
Aldhyde                                                                    Acid          Copper suboxide 
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א       א   א א
א،א

 אאאאאא
אFאE،אF

א אא אEא  K
אא  א   

אאא א ٢א
  א  א א  אא  

אאא،،אW 
 

CuSO4 + 2 NaOH                              Cu (OH)2 + Na2 SO4 
 
                                H                                                          H 

 
                      HO – C – COOK                                     O – C – COOK 

 
Cu (OH)2 +                                                           Cu                           +     H2O 

 
                      HO – C – COO Na                                  O – C – COO Na 

 
                                H                                                           H 

                               FאE 
 אאאאאאאא  

אאK 
א 

١ JNEF 
١ J  א א אאα-D-Glucopyranose 

אאPolyhydrate alcoholK 
٢ J    א א  אDehydration  Endiols

אא١،٢K 
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٣ Jאאאא א
 אאא אא    אא אא 

אK 
٤ JאאאאאFree 

redical، א    א א  א  
אאאאאאא

אK 

                          Polyhydrate alcohol               - H2O       
α-D-Glucopyranose 

 1-2 endiol      HOCH = COH – HCOH – HCOH – HCOH – H2COH      
 
                                                           Or                                                          - H2O 

 
 2-3 endiol      H2COH –COH = COH – HCOH – HCOH – H2COH      

 
                                                            Or                                                         - H2O 

 
 3-4 endiol      H2COH – HCOH – COH = COH – HCOH – H2COH      

 

٢ JPolyhydrate theory 
 אאא

אW 
١ Jאאאאאאאא

Polyhydrate alcohol 
٢ JאאאאK 
٣ J אא   ٢ א   ٢ ،٣ ٣ ،٥،א 

אאאאK 
٤ J   אאא 
אK 

 

+ H2O                 HOCHOH – HCOH – HCOH – HCOH – HCOH – H2COH 
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O = COH – HCOH – HCOH – HCOH – HCOH – H2COH 
 

                                                                                     + H2O 
 

CH2OH – HCOH – HCOH – HCOH – HCOH – H2COH 
 

                                                                                     +NaOH 
 

CH2ONa – HCOH – HCOH – HCOH – HCOH – H2COH 
 

                                                                                      - 2H2 
CH2ONa – COH = COH – COH = COH – H2COH 

 
 
 

CH2ONa – COH =
+ 

HCOH – COH =
+ 

= COH – CH2OH

OrCH2ONa – COH = COH - COH =
+ 

= COH – CH2OH

OrCH2ONa – COH =
+ 

=COH – COH – COH - CH2OH

 
 א א אא א אא אאא

אאאK 
אא א  א א א  א    אא

א אא אאא אא
 אא א א    א  

א،אא
א אאאאא 

אאא 
 

Cu (OH)2 + Sugar Fragments                    CuOH + Oxidezed sugar components 
Heat                          

2 CuOH                                 Cu2O   + H2O 
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  אא אאאLane Eynon TableF٨E

١٠،אאא
 ٢٥٠   א א  אא א א א

   ١٠א א      W א א
٤}٢١٢}٢١אא،אאאאא 

א 
אאאא١٠ 

٦}٤٢  
Z٤}٢١H٢}٢١Z––––––––Z٣}٢١ 

٢ 
אLaneאא٢١Z٨}٢٣٥،٢٢Z٥}٢٢٥ 

אZ٨}٢٣٥–٥}٢٢٥Z٣}١٠٣}١٠Z١ xZ٣}٠ 
٣}٠C٣}١٠ 

xZ––––––––––––––Z٠٩}٣א 
١ 

אא٣}٢١Z٨}٢٣٥–٠٩}٣Z٧١}٢٣٢אL١٠٠ 
٧١}٢٣٢ 

אאאZ–––––––––––Z٢٣٢٧١}٠אL١٠٠ 
١٠٠٠ 

٢٣٢٧١}٠C١٠٠C٢٥٠ 
٪אZ–––––––––––––––––––––Z٢}٤٨٪ 

١٠٠C١٠ 
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F٨E Lane Eynon אאFא١٠٠KE 
Sugar solution (ml) Dextrose 

10 ml Fehling 25 ml Fehling 
15 327 801.0 
16 307 751.0 
17 289 707.0 
18 274 668.0 
19 260 633.0 
20 247.4 661.5 
21 235.8 572.9 
22 225.5 547.3 
23 216.1 523.6 
24 207.4 501.9 
25 199.3 482.0 
26 191.8 463.7 
27 184.9 446.8 
28 178.5 431.1 
29 172.5 416.4 
30 167.0 402.7 
31 161.8 389.7 
32 156.9 377.6 
33 152.4 366.3 
34 148.0 355.6 
35 143.9 345.6 
36 140.0 336.3 
37 136.4 327.4 
38 132.9 318.8 
39 129.6 310.7 
40 126.5 303.1 
41 123.6 295.9 
42 120.8 289.0 
43 118.1 282.4 
44 115.5 276.1 
45 113.0 270.1 
46 110.6 264.3 
47 108.4 258.8 
48 106.2 253.5 
49 104.1 246.4 
50 102.2 243.6 
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٥ JShaffer and Hartmanאא 
 אאאאW 

2 Cu++ + HI                Cu2 I2 + I2 

אאאאאאא
אאא

  אאא  א  א     
  אאא  Fא  Eא     א א

אאאא
אאאאW 

                                 O 
Cu (OH)2 + R - C - H              Cu (OH )               Cu2O 

 
KIO3 + 5 KI + 3 H2SO4               3 I2 + 3 K2SO4 + 3 H2O 

 
Cu2O + H2SO4              Cu2SO4 + H2O 

 
Cu2SO4 + I2 + K2SO4                2 CuSO4 + 2 KI  

אאאאאאW 
                2 Na2 S2 O3 + I2   2 Na I + Na2S4O6  

 א א   אא א א א Fא  E
אאאאאאאאאאK 

٦ JMunson and Walkerאא 
 א אאאא

אאאאאאא
אאCu2Oאא

אK 
٧ J א א F א אEDetermination of total sugars (Reducing and 

non-reducing sugars) 
  א   א  אא  א א  

א א  א א  א א א    
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אאאאא٩٥}٠
אאKאאאאW 

Wאא 
 אאאF٥٠E١٠
٢٠٪א٧٠°٢٠א

אאאאאF٥٠٪E
אא،א١٠٠אFאא

אאאEK 
Wא 

 אאLane-Eynonא١٠٢٥،
א א   א   א א א  א

W 
 ٪ א٪FZ א J٪א EC٩٥}٠

 
                              H+ 
C12 H22 O11                            2 C6 H12 O6 
                            Heat 
342 (Sucrose)                       360 (Glucose) 
 ×                                            1 

٣٤٢ 
CZ––––––Z٩٥}٠אאאא 

٣٦٠ 
٨ JאאDetermination of aldoses sugars 

 אIodometric methodאא
אאאאאאאאא

אאאאאא
 אא א   א א א

אאאK 



א ١٥٢ אא 
אא אאא
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٩ JאאDetermination of starch in foods 
  א א א  א א א  א  א א 

אאFאEאא
א٩}٠אאאאK 
٣ א א א  ٢٥٠ ٥٠

 א    א  אאFא٢٥٠E
אאא٥٠٠א٢٠٠
٢٠אאאאא

٥}٢אאאא٥٠٪
    ٢٥٠  א  א א  

אאאLane-EynonK 
٪אאאW 

٪٪ZאX٩}٠ 
אאDetermination of crude fiber 

 אאאאאאא
   א  א  א K   

،אאאאאאאאאאאא
 א  אא  א   א    א  א

אאאאאאאאא
אאאאאאK 

אא 
١ JאאאאאאאK 
٢ Jא אאאאאאאא،

אאאאK 
٣ J  א  אא א    אא א 

אאK 



א ١٥٢ אא 
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٤ Jאאאאאאאא
אאאK 
٥ Jאאאא

אאK 
٦ J  אא א אא     א א  

אאאאK 
 א  א אא א     א  

Dietary crude fiber   אא    א א 
א   אא    א א    
אא،אאאא  אאאא

אאאאא
אאאאאאWheat bran

אאTabletsK 
אא 

١ JאAOAC 
 אאאW 

١ Jא٧٥٠٢٠٠
F٢٥}١E٪אאאאAir refluxing condenserK 

٢ Jאאא٢٣٠
אאאאא

אK 
٣ JאאאFEאא

אאאאK 
٤ JאאאאאאאF

 אE  ٢٠٠ א א٢٥E٪}F١אא
א٣٠אאא

אאאאאK 



א ١٥٢ אא 
אא אאא

  
 

-١٣٣-  

٥ Jאאאאאאאא
אאFאKE 

٦ J   א    אא  א    א
אW 

אPreparation of Gooch crucible 
 אא א FE

א א אא אF٥٥٠ J٦٠٠° Eא  א 
אGooch grade asbestosאMedium fiber

אFא٨אEא
    Acid washed and ignitedא   א א  

אאאK 
 Jאא

אK 
 Jאא٢٥٠א°א

אK 
 JאאK 

٧ JאאאאAsbestesאא
אאאאK 

٨ Jאא١٠٠K 
٩ Jא١٠٠ J١١٠°FEא
FאHאHאEK 

١٠ Jאאאא٥٥٠ J٦٠٠°٢٠K 
١١ JאאK 
١٢ JאאאאאW 

אא–אא 
٪אZ––––––––––––––––––––––––––––––C١٠٠ 

אא 



א ١٥٢ אא 
אא אאא
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אאא 
Z––––––––––––––––––––––––––––––C١٠٠ 

אא 
אאW 
١ Jא  אא    א אא   א א 

אאאK 
٢ JאאFא J

א Jא Jא Jא……EK 
٣ Jאאאאאא

אאאאאאאא א
אK 

٤ Jאאאאא
אFאE١٠٪K2SO4 10%אאTreated 

asbestosK 
٥ J א אאא א     ٤٥ א א
FEK 
٦ JאאאאאK 

אאאאא 
١ Jא(Coarse sample)K 
٢ JאאK 
٣ JאאאאFEK 
٤ JאאאK 
٥ JאאאאK 
٦ JאאאK 

אאאא 
١ JאFine particlesK 
٢ JאאFVigorous boilingEK 



א ١٥٢ אא 
אא אאא
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٣ JאאK 
٤ JאאFאאEK 

אא 
 אאאא

א  א א   א  א  א א Jא
אא……،אאאא

א  א  א א   א  א א  
אאW 

١ J٠٥אאאTreated asbestosאאאK 
٢ JאאPepsinאK 

     א א  א א  אא 
Reproducible resultsאW 

١ J٥٠٠א J٦٠٠FאEK 
٢ JRunning water condenserK 
٣ JאK 
٤ JאElectric heatingK 
٥ JאGooch crucible for final filtrationK 
٦ Jאאאאאא

אK 
אא 

 אאאא
א٦٤}٠،٧٨}٠אאא

א١٠٣٠K 
١٩٥٢אאVan de Kamer and Van Ginkel

אאאאTrichloroacetic acid 

(TCA) א  ،Nitric א  ،Acetic acid  ٣٠א   
 א אאStarchא،Proteinא،Ligninא



א ١٥٢ אא 
אא אאא
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אPentosansAdvantageאCelluloseאK
אאReagentW 

١ Jא٥٠TCA١٥}١٧٠٪K 
٢ Jאא١٢٤א٦٥٪K 
٣ Jאאא٢אא٧٠٪K 
 א  א    א  Fine particlesא  J

א JאאאאאאאKאא
  א ٣٠א   א א א אEthyl etherא

 א    א א     אא
DichromateK 

٢ JאאWeende 
אא 

 אאאאאNon- celluloseא
אאאאK 

א 
١ JאF٢٥}١٪٢٥٥}٠ZE٥}١٢אאא

١٠٠٠אK 
٢ J אF٢٥}١٪ ٢٢٣}٠Z E٥}١٢אKOHאא

א١٠٠٠K 
א 

١ JFiweאאFVelpKE 
٢ JאJenaא٤٥}٠K 

א 
 אאאאאW 

١ Jא١F١٨KE 
٢ Jא١٠٥ J١١٠٧٠אא،

אאFreeze dryingאK 



א ١٥٢ אא 
אא אאא
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٣ Jאאא٥٠٪אK 
٤ Jאאאאאא

CeliteאK 
אא 

١ J١אאאאאאאF0K 
٢ JאאאאאאאאאK 
٣ Jאא،אאאאאK 
٤ Jאאאאא٢אK 
٥ JאאK 
٦ J١٥٠אאאאאK 
٧ J٣ J٥אK 
٨ Jא٣٠K 
٩ JאאאK 

١٠ Jאאא٣٠אאאאאאאK 
١١ J١٥٠אא٣ J٥אK 
١٢ Jאא٣٠K 
١٣ Jאא١٠{ 
١٤ JאאאאF٢٥Eאאאא

אK 
١٥ JאאאאF١٠٥ J١١٠ºE،אא

FF1KEאא 
١٦ JאאאF٥٥٠ºEאאא

FF2KE 
١٧ JאאאאאאW 

F1 – F2 
٪אZX١٠٠ 

 F0                                        



א ١٥٢ אא 
אא אאא
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١ JאאאאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢ JאאאאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣ JW 
 JאאאK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JאאאאאאK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JאאאאאאאאאאK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JאאאאאK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JאאאאאאאאK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٤ JאאאNEFK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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٥ Jא א אאאLane Eynon  
٥،אאא١٠٠٠

  א א  אא א א ١٠א    
אWאא٤}٢٠٢١Kאא،אא

אאא 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٦ JאאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٧ JאאאאאאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٨ JאאאאאאאK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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אאWאאא 
 

אאWאאאאK 
 

אאWאאאאאא
אאאאאאK 

 
אאאWאאא٩٠K٪ 

 
אאW٤ 

 
אאW 

 JאאאK 
 JאאK 
 JאאאK 
 

אאWאאאאאאא
אאאK 
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אאאFats and oils in foods 
  א אא אא א   א    

אאאאאW 
١ J  א א א ،א א   א

א،אא،אאאא،K 
٢ Jאאאאאאא

אאK 
א  אא     א א א א 

א אא  ،א א א א  א א ،א
אאא،אאאאאא

 אSoft solid  אLiquid ،  א א    
אאאאאאא

אK 
א 

 א אאאא
אאW 

١ JאאאSimple lipids 
 אאא  ، 

אW 
 Jאא 

 אא  אאא א 
אאאאא،א

K 
 Jא 

    א    א  א  א
אK 
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٢ JאאאCompound lipids 
 א א  א   א   

،א،W 
 Jאא 

        א א א
אאW 

١ JאW ١א٢
אאK 

٢ JאWאאאK 
٣ JאWאאאK 
 Jאא 

 א אא  
 אGalactolipids     א א א

CerebrosideK 
 Jאאא 

 אK 
٣ JאאאDerived lipids 

 אאאאאאאאא
     א  אא ،  ،  

אK 
אאאW 

 אאאאאאא
 א     א א   ،א 

אאאאא
אאאאאK 
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  H2 – C – OH α 

   H – C – OH β

  H2 – C – OH α 

                  O 
+ HO – C – R1

                            O 
H2 – C – O – C – R1 

 H – C – OH 

H2 – C – OH

+ H2O

Glycerol Fatty acid Monoglyceride Water
                           O
H2 – C – O – C – R1 

 H – C – OH 

H2 – C – OH

                  O 
+ HO – C – R1

                            O 
H2 – C – O – C – R1 
                          O 
 H – C – O – C – R2 

H2 – C – OH

+ H2O

Monoglyceride Fatty acid Diglyceride Water
                            O 
H2 – C – O – C – R1 
                           O 
 H – C – O – C – R2 

H2 – C – OH

                   O 
+ HO – C – R1

                             O 
H2 – C – O – C – R1 
                          O 
 H – C – O – C – R2 
                             O
H2 – C – O – C – R3

+ H2O 

Diglyceride Fatty acid Triglyceride Water
אאאאאא

אאא٣אאא– OH
  ،٣ א   א   א 

אאאאא،אאאא
אאאאא

אאאKא
אא א אאLipaseK

 אאאאאאאאאא
אאאK 
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אאאא 
١ Jא 

  אא  אא
אאאאאא

אאאאאאאא
אאK 

٢ Jא 
    א  א      

 אאא אא א 
אא،אאW 

١ JאאאאאאK 
٢ JאאאK 
٣ JאאאאאK 
٤ Jאאאאאא

אאאאK 
٥ Jאא،אאTransאא٤٤°

אCisא١٤°א،TransEladic acidא
אאאK 

H – C – (CH2)7 – CH3

H – C – (CH2)7 – COOH

Oleic acid (Cis form) 
Melting point = 14°C

  H – C – (CH2)7 – CH3

HOOC – (CH2)7 – C – H 

Eladic acid (Trans form) 
Melting point = 44°C

אאא٤٠א°
 א א אא  אא 

אאאאאK 
אאאאא

אאא ،אאאא א
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א    א א  א אא   א 
אאאא
אאאאאאאFא٣٨ J٤٠°EK 

 
٣ Jאא 

  א אאא אא٤٠٠ J٧٥٠
א     א א   א  א  

אא،אאאאא
אא،אאאאאאאאאא

אאאאK 
٤ Jא 

 אאאאW 
١ JאאאאK 
٢ JאאK 
٣ JאאאאאאאK 
٤ JאאאאאK 
٥ JאאאאאאאאK 

 אאאאW 
١ JאK 
٢ JאאאאאK 
٣ JאאאK 

א،אאא
،אאאאאאא

 א    א א    א 
אאאאאK 
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אאא 
 א א    אא אא      א

א א אא    א אא  אא א ، 
אאKאאא
אK 

 
 

 
F٢٢EאאK 

אאאא 
١ JאHydrolysis 

   א א   ،א א א  
אאא،אאאאאאא

אאאא
אאאאאאF JE

   א א א א   א א
אאאאאK 

٢ JאSaponification 
 אאאאאאאא
אאאאאא

אאאאK 



א ١٥٢ אא 
אא אאא

  
 

-١٤٧-  

                            O 
H2 – C – O – C – R
                           O 
 H – C – O – C – R
                           O
H2 – C – O – C – R  

+ 3 Na OH

CH2OH

CHOH

CH2OH

                            O
+ 3 Na – O – C – R  

Triglyceride Sodium hydroxide Glycerol Sodium fatty acid salt
  א א   א אא א א    

א١אא،א,אW 
١ JאאאאאאK 
٢ JאאK 

אאא 
 אאאא א אאא

 ٨٠°،אאאא 
 אאא  א א אאPhytostrols Cholesterol

 א  אא  א    א   
אאאא٢٪אאאא

אאK 
٣ Jאא 

 אאאאאא١٠٠א
א،אאאאאא،אא

K 
אאRancidity 

 Rancidityאאאאאאא
،אאאאאאאא

 א  א א    K א  א   א
אאאאאאא

 אא      א א א א   
אאאאאאאאא



א ١٥٢ אא 
אא אאא
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KאאאOxytitive rancidity.
 א  א  Peroxides א א  א 

 א  א  א     
אאא،

א   אMethyl keton א א
אK 

 
١ JאאHydrolytic rancidity 

 אאאאא،א
 א א ،א א א אא

 א אאאא١٥٠° ١٥ K
 א אאא Off-odorאא

 א אא אא    א  א א א   
א  אאאא אא    

 א F١٤ J١٦ Eא א ،  אא
אא٢}٠٪אאאא

،אאאאאא
אאאאKאאא

אאאאא٦W١٢،
אאאאאאאאK 

٢ JאאKetonic rancidity 
 א א  א א    א  א אא

  Aspergillus niger   א  א אא 
  א א א א אאא  א   

אβ-oxidationאאא
אK 



א ١٥٢ אא 
אא אאא
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                                                                                             O  
CH3 – (CH2)5 – CH2 – COOH                 CH3 -(CH2)4 – C – CH2 – COOH 
       Caprillic acid                                                    β      α     

אאאאאא
אאאאאאאK 

٣ JאאOxidative rancidity 
 א אאא א א א

אאאאאא
א،אאאאאא

אאאאאאאא
אאאאאאאאאא

אאאאאא،א
אאאאאW 
١ JאאאA.D.E.K 
٢ JאאאK 
٣ JאאאK 

                                                                                                                   H   H  
                                                                                                                  O2 
CH3 – (CH2) 7 – CH = CH – (CH2) 7  – COOH                 CH3 (CH2) 7  – C – C – (CH2) 7 – COOH  

 
                                                                                                                   O – O                              
            Oleic acid                                                                              (A) Peroxides                       or 
                                                                                                                    H   H 
                                                                                                 CH3– (CH2)7– C – C – (CH2)7 – COOH  
                                                                                                                              O 
                                                                                                                    (B) Epoxides 

אAאאאאא
   א Peroxides    ،אאא  

 א  B   Epoxides   א 
אאאK 
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אא אאא
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אאאאאאאאאא
אאאאאאאK 

FHydroperoxidesWEאא 
          11      10      9        8
R1 – CH2 – CH = CH – CH – R2

                                      OOH

(A)
         11     10        9       8
R1 – CH = CH – CH – CH2 – R2 

                            OOH

(C)

         11     10       9        8
R1 – CH – CH = CH – CH2 – R2 

        OOH

(B)
         11       10      9        8
R1 – CH2 – CH – CH = CH – R2 

                    OOH

(D)

R1 = CH3 – (CH2)6 – R2 = – (CH2)6 – COOH 
אאאאאאא

٨١١FABEאאאאאא
אאאאא

אאK 
אאאאא٩א١٠אאאא

אא  ،א א 
٩ א אאא ١٠ ١١FC Eא א 

١٠אאאאאאאא٩٨FDEK 
אFEא

Hydroperoxidesאא٨،١١٩،١٠א
אאא

אאאאאאאאאאK 
אאאאאאAuto-oxidation 

١ Jאא 
 אאאאאאא

אאאאא
אאאאא٣א

אK 
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אא אאא
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٢ Jא 
   א א   א  א

אאאאא
אאאאK 

٣ Jא 
 א   א  א  א   א
אא   א א      א א אא

א،א
אאאא

אאאאK 
٤ Jאא 

 אאא   א אא
אאאאאאK 

٥ Jאא 
 א  א א     ،א  

אאאאאאאא
אאאאאאK 

٦ Jא 
  א  א א א  אPeroxidation

א א אא א א א
אKאאאאאאאK 
F٩EאאאאK 

אא א 
אאא א 

אFאאU.V.E א 
אאx،a،β،α אאא 
א א 
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אא אאא
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אFאE אאא 
אאאFאאאאEא 

אא א 

אאאAntioxidants 
 אאאאאאאHydrogen donor

אאאאא א א אא
אW 

ROO + AH      ROOH + A 
 א   אא Hydroperoxide radicalא  K

אאאאאאאאאא
 א  א F EE  א אא א א

،אאאאאאא
א א   K   א אא       א

  א K      א א אאא
אW 

١ JאאK 
٢ JK 
٣ JאאאK 
٤ JאאאאאאאאK 
٥ J  א אא א א  Food Drug 

AdministrationKאאא
אאאא

אא،אאאאאאW 
BHA: Butlated Hydroxy Anisol 
PG: Pyrogallate 
Citric acid, Tartaric acid, Ascorbic acid, H3PO4 

 א א א אShortening    
אאא،אאאא
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אא אאא
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Chelatingאאאאא
אאאChelating agentsאאאא

א  א      א  א אא 
Synergistsאאא،٣W 

١ JאPhenols 
   א   א   א א  א

אאאאW 
 

                   OH                                               CH3                                      C(CH3)  
                                                                                                                                

                                       HO                                        S                                       OH       
                                                                                                                                   
                                                   C(CH3)3                                 CH3           
                   OH                                                                                                           
            Hydroqunon                   4, 4\ Thiobis (6 Tetrabutyl- 3 methyl phenol) 

 
٢ JאAmines 

 אאא
אאאאאא

  א  אא       א  
אאאאאאאאא

אאאW 
                                                                                                                         
                                                     NH                                                                  
                                                                                                                  
                                              Diphenyl amine 

 
                       CH3                                                   CH3                                            
CH3 – CH2 – CH – HN                                 NH – CH – CH2 – CH3          
                                                                                                                      
                          N, N\  Di Sec butyl P. Phenyl diamine                                                           
                                                                                                               
                                                                                                                    
                                         NH                                          NH                                   
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אא אאא
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                                      N, N\  Diphenyl para phenyl diamine  

 

٣ JאAminophenols 
 אא א א א

אאאאאא
אK 

 
                                                                                          
              HO                                NH2 – C4H9                                          
                                                                                           
         N – Butyl – para – amino phenyl 
                                                                                             
                                                                                             
    HO                                    NH                                                   
                                                                                               
             N – Cyclophexyl – para – amino phenyl   

 
אאאאאאא

אאא– OHאK
– OHאאאא

אאאאאא
אאא Jאא

אאאאK 
אאא 

 אאאאW 
١ JאאאאK 
٢ JאאאאאאK 
٣ JאאאאאK 
٤ JאאאאK 



א ١٥٢ אא 
אא אאא
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אאאאאא 
  אאא א א   א

אאW 
١ Jא 

 אאאאא
א،אאאK 

 
٢ Jא 

  אאא אאא
אא אאאאא

אאאאאאאאK 
٣ JאThiobarbituric acid value (TBA value) 

 אאאאאאאאא
  א  א אאא א ،א

אאאאDimalonic aldyhideThiobarbituric 
                                               pH 
Dimalonic aldhyide + TBA                 Malonic aldyihide TBA complex 
                                                 4 

אMalonic aldyhide TBAPinkא
אאאK 

٤ JאאאFאאEInduction period 
 אאאאאאא

אאאאאאאא
א    א   א  ،א    

אאאאK 
٥ Jאאא 

  א א א  א     א 
 א א א٤٣٠אאא ،א



א ١٥٢ אא 
אא אאא
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אאאאאא
אאK 

٦ Jאא 
  א א   א א א   א

Salcal aldehydeK 
 

٧ JאEpoxides 
 אאאאאאK 

٨ Jאאאאא 
 א   אא  א١٦٠ J٢٠٠°א 

אאאW 
١ JאK 
٢ JאאאK 
٣ JאאFEאאאK 
٤ Jא א  א   א  א  א 

אK 
٥ JאאK 

אאאאאא 
١ JאאHalphen test 

 אאאא
Cyclo-propenoid acidאא٢א٪
אאאאאאW 

١ Jאא٢٢٥א°אאK 
٢ JאאאאאK 
٣ JאאאK 
٤ Jא אא

אאK 



א ١٥٢ אא 
אא אאא
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א٥}٢אאאא٥}٢
אא٣٠

אאK 
 
 

٢ JאאBaudouin test 
  א  א   Sesamo Sesmolin   

אאאאא
 ١א ٪ א א א א  א 

 אא Kא٢אאאא
١אא١٪אא

،אאK 
٣ JאאאBieber's test 

 א٥א١אאFאא
 א א  א א  א א  F  ٤٥}١E،

אאאאאE١٠٠،
אא١٥אא

٣٠٪אאאPinkאא
אאK 

٤ JאאDetection of fish oil 
 אא٥}٠א١٠١٠א

אF٢٨١٤אEא
א،אאאאK 

٥ Jאאאא 
 א١אא٢א
١٠٠א٧٧٣}٠א

א٢٣٢٠°אא
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אא אאא
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אאאאK אא
 א   א   א  א  

،אאK 
 
 



א ١٥٢ אא 
אא אאא
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١ JאאאאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢ J 
٢ J 
 JאאאאאאK 

 JאאאאאK 
 J  אאא    א   א

אאK 
 JאאTransאאאCisKK 

 JאאאאאאK 
 JאאאאאאאK 
٣ JאאאאאאאאK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٤ Jאאאאאאאא 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 



א ١٥٢ אא 
אא אאא
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 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٥ Jאאא٣W 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٦ JאאאאאK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٧ JאאאאאאאאW 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
 JKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

אאאאאאW 
 JאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٢ JאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٣ JאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
٤ JאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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