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 DPPH  
 (p²0.05)  
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  22.38 
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ABSTRACT 

Kaffir lime leaves, an unique flavor spice, is widely consumed in Asian 

particularly used in Thai dish. Due to the shortage of the leaves in some seasons, drying process 

may be alternative way to solve this problem. Therefore, the aim of this study was to evaluate the 

effect of drying techniques on chemical, physical, antimicrobial properties and sensory quality in 

both old and intermediate stage leaves, and their quality changes during storage. In the present 

study, three drying methods; microwave, hot air and sun drying were applied. It was found that all 

drying treatments resulted in an increase in the antioxidant activity in both stages leaves 

compared with the fresh one. DPPH scavenging activity (IC50) of dried old leave sample with 

microwave and hot air oven drying techniques was improved from 1.04 to 0.42 and 0.55 mg 

DM/ml, respectively. While IC50 of sun drying was not significantly change (p²0.05). For 

intermediate stage leaves, only microwave drying could improve IC50 from 0.66 to 0.05 mg 

DM/ml, while hot air oven and sun drying did not change significantly (p²0.05) from fresh 

leaves. The total phenolic contents in dried old stage leaves did not change significantly. 

However, the total phenolic contents in dried intermediate stage leaves increased from 176.80 to 

231.44, 184.54 and 191.95 µg gallic acid/ mg after drying by microwave, hot air oven and sun, 

respectively. Moreover, -carotene contents increased significantly after drying. The -carotene 

in dried old stage leaves increased from 16.82 to 93.34, 88.50 and 48.86 µg/g DM after drying by 

microwave, hot air oven and sun dryer, respectively. Similarity the -carotene of dried 

intermediate stage leaves increased from 22.38 to 47.79, 37.99 and 32.41 µg/g DM after drying 

by microwave, hot air oven and sun dryer, respectively. The dried leaves showed the inhibition on 

Escherichia coli, Staphylococcus aureus, Pseudomonas fluorescens and Listeria monocytogenes 

while fresh leaves showed no activity effect. The citronellal contents of both stage leaves 

decreased significantly after drying, however microwave drying could preserve the citronellal 
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contents more than hot air oven and sun drying. Dried leaves by microwave techniques showed  

higher scores for all sensory attributes compared to those by other techniques. 

The changes in chemical, physical, antimicrobial properties and sensory quality 

of both stages of dried leaves by microwave technique,  packed, packed in laminated foil and 

LDPE bags, were evaluated every 25 days for 175 days. The laminated foil packaging could 

control the color change of dried samples  better than LDPE bag. E in dried old stage leaves 

compared with the fresh leaves  increased from 8.09 ±0.28 (at 0 day) to 12.19 ±0.15 and 

15.93±0.27 (at 175 days)  in laminated foil and LDPE, respectively, while E changed from 1.73 

±0.83 (at 0 day) to 14.73 ±0.17 and 16.31±0.12 (at 175 days) in dried intermediate stage leaves 

packed in laminated foil and LDPE, respectively. The total phenolic contents of dried old stage 

leaves kept in laminated foil and LDPE reduced from 141.49 to 60.89 and 50.64 µg gallic acid/ 

mg, respectively during storage while the changes of 197.05 to 70.33 and 57.21 µg gallic acid/ 

mg were observed in dried intermediate stage leaves kept in laminated foil and LDPE , 

respectively. However, types of packaging had no effect on IC50 (p²0.05). The dried samples 

could inhibit E. coli, S. aureus, P.  fluorescens and  L.  monocytogenes at 0 day of storage. 

However, antibacterial activity decreased as storage time increased. S. aureus was the most 

susceptible bacteria to this extract, while L. monocytogenes was the most resistant bacteria. The 

dried leave extracts showed on inhibitory effect on L. monocytogenes after  dried leaves  stored at 

25 days. The kaffir lime leaves packed in laminated foil provided stronger antimicrobial 

inhibition compared with the leaves packed in LDPE. In addition, laminated foil could better 

prevent the degradation of -carotene and citronellal than LDPE.  In agreement with sensory test, 

untrained panelists preferred the old stage leaves. During storage for 175 days, only the dried old 

kaffir lime leaves packed in laminate foil were accepted by the untrained panelists.  
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  (Citrus  hystrix DC.) 

 
 

   (  -carotene) ( , 
2540; Siripongvutikorn  et al., 2005)   
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(    , 2540)   Crowell  (1999)   
 
citronellal 65   

 

( , 2540) 
  

  

1 



 

2 

Freeze burn  

 

 
 

  

 

1.  

    1.1 
,  ( ), ,  ( ), 

( )   ( ),  ( - ) 
  Leech lime, Mauritius Papeda, Kaffir Lime, Porcupine Orange 

  Citrus hystrix DC. 
  RUTACEAE 

  
    

3-5 
 (

, 2540)   

  
 
 



 

3 

   1.2  
  100 138    

  
(Table 1) 173.60 + 61.45 

1  78.80 + 34.06 1  

(Siripongvutikorn et al., 2005) 
1.10  citronellal, -pinene, citronellyl acetate, citronellol, geranyl 

acetate, -cadinene, isopulegol, caryophyllene (Sato et al., 1990 ) citronellal                    
 65 

 (Lawrence et al., 1970) 

Table 1. The chemical composition of kaffir lime leaves 

Chemical composition Quantity/100g 

                 water  57.1 g 

                 Carbohydrate  20.8 g 

                 Protein       6.80 g 

                 Fat  3.10 g 

                Fiber  8.20 g 

                Calcium  1.67 g 

                Phosphorous  20 g 

                Iron  3.8 g 
               Vitamin B1 0.2 g 

               Vitamin B2  0.35 g 

               Vitamin C  20 g 

               Niacin 1.0 g 

               Potassium  352 g 

              Sodium  23 g 

              Zinc  0.5 g 

 : (2540) 
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2.  
(drying) 

(freeze drying)    
 (aw) 

   (  , 2547)     

  

 2.1 

2.1.2  
2 

( , 2539)   
 2.1.1.2 Natural convection dryer 

 

  2.1.2.2 Forced convection solar dryer 

 

2.1.2 

(ionic conduction) 

 (ionic polarization) 

 2 

(polar) 
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 ( Decareau, 1985) 

 2.1.2.1  (Singh, 2001) 
 2.1.2.1.1 2 

915 2,450 MHz  33 12.2 

 

 2.1.2.1.2 (microwave power) 

5-100 kW 

 

 2.1.2.1.3 (mass) 2 

(batch) 

 

 2.1.2.1.4 

 

 2.1.2.1.5 

 

 2.1.2.1.6  

 

 2.1.2.1.7 

  



 

6 

2.1.3 

    (2548) 
 6    

50  60  70  80 ºC  12  18  24 

 (control)  
10     ( )    

70 ºC 24 

 80 ºC  24  

 3 

10  
  (2543) 

1 8 

8.4 

6.28  aw 0.47 0.44 

27.49 28.32 1 
30.10 30.50 

 

3.  

3.1  

 (Lambert et al., 2001)  

(Carso et al., 2002) 

(Souza et al., 2005) (Ultee et al., 2002 ) 



 

7 

(Juven   

et al., 1994 ) (Cox et al., 2000)  

(proton motive force) (Ultee and Smid, 2001) 

Lanciotti et al. (2004) 

                  
(Cox et al., 2000) 

ATP (Lanciotti et al., 2004) oregano 
Pseudomonas  aeruginosa Staphylococcus aureus 

(Lambert et al.,2001 Burt, 2004)  
 carvacrol  oregano, thyme, 

marjoram Bacillus  cereus   

hydrolysis (Ultee et al., 2002 ) 

(Burt, 2004) 
Meléndez Capriles (2006) 

 17  

Rutaceae Citrus aurantifolia Citrus aurantium   17 

  (2537)  

S. 
aureus B.  cereus  5  

 

  pH 

 pH 

(Juven et al., 1994 )  Stonsaovapak (2000) 
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 pH (Piper  betle L.)  Escherichia 

coli  (Punica granatum Linn.) Yersinia enterocolitica 

 pH 4.5  pH 

E. coli Y. enterocolitica  pH 4.5 -9.5  

3.2 
 3.2.1 Escherichia coli (E. coli O157:H7) 

1.1 - 1.5 × 2.0-6.0 7-45 ºC 

37-42 ºC  

4 ºC 
55 ºC 

44-45 ºC  (Pai et al., 1988; Nisha and Dayle, 1990) 

 3.2.2 Pseudomonas fluorescens ATCC 49839 

 polar flagella 

metabolism 4  43 ºC   ( , 
2547) 

 3.2.3 Staphylococcus aureus  

 

 ( , 2538) 

  S. aureus  

     72 ºC 
15   ( , 2541) 

  35-40 ºC pH 7-7.5 aw 

0.86   0.90 ( 

,  2547)   
3.2.4 Listeria  monocytogenes   

3-4 18-24 
37 ºC 

2.5 ºC  20  4 ºC 8 
L. monocytogenes 
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   (
 , 2547) 

4.  

  (Dimitrios, 2006) 

 4.1 (Autoxidation )  

(intermediates)  
 (lipid oxidation)  

  
  

 
(free radical chain reaction) 3 

 

   4.1.1 Initiation (free radical) 

   RH  +   O2                   Rº   +  RO2º + OHº + H2O  

    



 

10 

4.1.2 Propagation  

   Rº + O                         RO2º (2) 

   RO2  

   Branching  

   ROOH                         

   2 ROOH                     ROOº   +  ROº   + H2  

   4.1.3 Termination 

(non  radical products)  

   2Rº                            R  

   R º  +  RO2 º               ..  

   2RO 2 º                      ROOH  +  O2  

   Rº             =     Fatty acid  radical 

               ROOH     =     Fatty acid  hydroperoxide 

               RO2º        =     Peroxy  radical  

               ROº         =     Alkoxy  radical 

 4.2  

(Halliwell, 1995) 
  

  

(Sies, 1991) 

OH 

 (Hall, 2001)   2 

 

   4.2.1 

(H ) 
 , eugenoid  

  vanillin 
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(Rajalakahni and Narasimhan, 

1996) 

   4.2.2 

Fe2+ O2 (Gordon, 2001)   

 4.3  (Yanishlieva, 2001) 

6  

   4.3.1 (radical scavenging) 

    

    

   RO°  +  AH                     

   R°  +  A°                         RA  

   RO°  +  A°                      ROA    

   4.3.2  singlet oxygen (singlet oxygen quenching) 

   (carotenoids)  singlet oxygen 

singlet oxygen (1O2*)  triplet oxygen (3O2) 

1 singlet 

oxygen 1,000   

      1O2*  +  1Car             3O2 +  3  

      3Car*                        1 ..  

   4.3.3 (metal 

chelation) 

      
Fe2+  Cu2+  

   4.3.4 (chain-breaking)  

   ( -tocopherol; Toc-OH) (electron 

acceptor  antioxidant )   peroxyl (ROO°) (Burton and Traber, 1990)    

   4.3.5  (synergism)  

   

 -tocopherol  ascorbic acid ascorbic acid 
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hydrophobic  -tocopherol peroxy 

-tocopherol peroxyl (ROO°)  -

tocopherol  (Frankel et al.,1998 ) 

   4.3.6 (enzyme 

inhibition)  

   , phenolic acid gallates 

lipoxygenase 
 

 4.4  
 4.4.1  (Phenolic compounds) 

 
 

(phytochemical) 

glycosides 

3   

4.4.1.1  (Figure 1) 

8,000 

 catechin 
 genistein 

 

   - OH B (Figure 2 A) Dziedzic and 

Hudson (1983) Rice-Evans (1996) 

 OH OH 

  B 

OH  OH (meta) 
  

   - 2,3-double bond C (Figure 2 B) 

C 
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   - 3 hydroxy group A C (Figure 2 C)  chelating 

agent quercetin guercetin 

binding site 3 3´,4´dihydroxy 

B, 3-hydroxy,4-keto C 5-hydroxy A 

4-keto C 

 

 

Figure 1. The basic structure of flavonoid (diphynolpropane) 

Source : Shi  et al. (2001) 

 

Figure 2. Active group and position of flavonoids (A), (B) and (C) 

 Source : Shi et al. (2001) 

4.4.1.2   Phenolic acid  chlorogenic acid  caffeic acid 
 gallic acid  (Kays,1991) 

   4.4.1.3  tannin  ellagic acid 

OH  

(A) (B) (C) 

B 
A C 

(C A 
B 
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 (Morel et  al., 1998) 
  Table 2 

Table 2. The phenolic compounds present in plant 

Number  

of carbon 

atom 

Basic structure 
Type of 

phenolic compound 
Example 

6 C6 Simple phenols   

Bensoquinones 

Catechol, hydroquinone 

2,6-Dimethoxyhenoquinones 

7 C6 C1 Phenolic acids p-Hydroxybenzoic, salicylic 

8 C6 C2 Acetophenones 

Phenylacetic acids 

3-Acetyl-6-methoxybenzaldehyde 

 p-Hydroxyphenylacetic 

9 C6 C3 Hydroxycinnamic 

acids Phenylpropenes 

Coumarins, 

Isocoumarins, 

Chromones 

Caffeic, ferulic 

Myristicin, engenol 

 Umbelliferone, aesculetin 

 Bergenin 

Eugenin 

10 C6 C4 Naphthoquinones Juglone, plumbagin 

13 C6 C1 C6 Xanthones Mangiferin 

14 C6 C2 C6 

Stilbenes, 

Anthraquinones Lunularic acid, Emodin 

15 C6 C3 C6 Flavonoids 

 Isoflavonoids 

Quercetin, cyaniding 

Genistein 

18 (C6 C3)2 Lignans 

 Neolignans 

Pinoresinol 

 Eusiderin 

30 (C6 C3 C6)2 Biflavonoids Amentoflavone 

N (C6 C3)n Lignins  

 (C6)n Catechol melanins  

  (C6 C3 C6)n Flavolans (condensed tannins) 

Source : Kays (1991) 
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    phosphoenolpyruvate 

erythrose-4-phosphate ( glycolysis oxidative pentose phosphate pathway ) 
shikimic acid aromatic amino acid (central intermediate) 

Figure 3  deaminate hydroxylate para phenol ring                 
p-hydroxycinnamic acid flavonoids malonate 3 

 malonyl-CoA cinnamic acid (cinnamyl-CoA) chalcone 

ring flavonoids 

 

Figure 3. The synthesis of polyphenol in plants  

Source : Kays (1991)  
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4.4.2  (Vitamin)  

   4.4.2.1 (tocopherol) 

 

   4.4.2.2 

 

   4.4.2.3 Selenium  
   

4.4.3  

 carotenoid 

 carotenoid 

2  

   4.4.3.1  

-carotene, -carotene  - carotene 

 

   4.4.3.2  

lutein, zeaxanthin  -cryptoxanthine  

lutein  zeaxanthin   

 4.5 
Larrauri (1997) 

 (hot air oven) 

60, 100  140 C   100 C  140 C   
  

60 C 
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60 C  freeze dry  
Jeong  (2004) 

50 100 150 C 10  20  30 40  50 60 Citrus unhiu 

150 C 40 100 C 

60 

50 C 150 C 

30 Xu 

(2006) 

90 120 150 C 

120 C 90 

 

Ascorbic acid dehydroascorbic acid 

hydrolysis 2,3-diketogulonic acid  (Dewanto  et al., 
2002)  

5.  

  

  

(characteristic aroma)  ethyl-2-methylbutyrate 

 critical volatiles 

character impact compounds 4 

 character impact compounds   (Kays, 1991) 

- 1 character impact compound  
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-  1 

character impact compounds  

-  

character impact compounds 

  

-  

 

 
3 Figure 4  

 

 

 

           isoprenoid pathway terpenes (

limonene) shikimic pathway benzyl alcohol, benzaldehyde 

b -oxidation 

 

 (cis-3-nonenal 

hexanal)   
 substrate   
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Figure 4. The diagram of synthesis the volatile compounds in plants 

Source : Kays (1991) 

5.1 
isoprene 

5 isoprene 2 10 

(cyclic chain) 

(acyclic chain)  isoprene 3 

sesquiterpenes isoprene 4 

20 diterpenes 

4 

 

5.1.1  (Aliphatic compounds) 

5.1.2  (Terpene derivative) 
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5.1.3  (Benzene derivative) 

5.1.4  

 1.29 6-7 

    ( , 2541) 
Table 3 (citric acid ) 

(  , 2548)    Mansori (1999) 

 
-pinene ( 30.6) limonene (  29.2) sabinene (  

22.6) citronellal (  4.2) 
 (Lanciotti et al., 2004; 

Lota et al., 2000)  

Table 3. The compounds of volatile oil from kaffir lime 

Plant parts Compounds % 

Peel of fruit limonene 19.72 

(hydro distillation)  -pinene 19.01 

 citronellal 15.20 

               sabinene 12.36 

Peel of fruit limonene 27.70 

(expression)  -pinene 24.52 

               sabinene 17.91 

 citronellal 13.70 

Leaves citronellal 71.84 

(water distillation) citronellol 12.05 

                linalool 5.25 

: (2551) 

Citronellal C10H18O 

(Figure 5) (Citrus sinensis L) 
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206 - 207 ºC 

 fixed oils  

 
 

 
 

Figure 5. Citronellal 

Source :  Yadav and Lande (2006) 

5.2  
5.2.1 (solvent extraction) 

 

(percolater) 

 
(soxhlet apparatus) 

( , 2534)  

    

   
 

    

   5.2.1.1. 
 

   5.2.1.2.
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   5.2.1.3. (high solubility) 

(poor purity product)  

   5.2.1.4. (poor selectivity) 

 

  5.2.1.5. (low efficiency) 

5.2.2 (enflurage) 

  (pomade) 

7 
extract of flower 

( , 
2534) 

  5.2.3 (distillation) 

 

5.2.3.1 (hydro distillation) 

 

( , 2545)  

   5.2.3.2 (water distillation) 

(condenser) 
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( , 2534)  
   5.2.3.3 (water and hydro distillation) 

Florentine flask 

( ) 

(aromatic water) 

(cohobation) 

 

    

   
 

    

   
 

 5.2.4 (expression) 

 

   5.2.4.1 (sponge process) 

3 

( , 
2534)  

   5.2.4.2. (ecuelle method) 
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   5.2.4.3 (machine process) 

(hydraulic pressure) 

 

 5.2.5 (supercritical carbon dioxide 

extraction) (supercritical fluid, SCF) 

(critical temperature) (critical pressure) 

 
(fluid) 

 

     

   

 

    

    

 5.2.6 (destructive distillation) 

10  empyreumatic oil 

( , 2534)  
     (2543) 

pentane, pentane : diethyl ether 97 : 3, 

95 : 5, 90 : 10, 80 : 20  diethyl ether Citronellal 
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6.  

(non-saponificable lipid) 
(terpenoids) 

(>100 ) 
(fucoxanthin) 

(lutein) (violaxanthin) (neoxanthin)          

(zeaxanthin) 

(Hendry and Houghton, 1996) (chloroplast) 

   
(Chromoplast) 

(photooxidation) (Tracewell et al., 2001) (free 

radical) 

(Magels et al., 1993)  
 Table 4 

Table 4.   Carotenoid content in Rosa mosqueta Hips 

Pigment  TLC UV-visible( max) in acetone 

  Rf Colour in plate     

-carotene 0.26 yellow-orange 424 452 476 

Lycopene 0.15 deep red 118 474 506 

-crytoxanthin 0.57 yellow 425 449 476 

Zeaxanthin 0.42 orange 424 449 476 

Rubixanthin 0.37 orange 440 464 494 

Gazaniaxanthin 0.37 orange 440 464 494 

Source : Hornero and Minguez (2000) 
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6.1  
 

2 Hydrogenated carotenoid derivatives (carotene) 

(hydrocarbon) 

  

oxygenated carotenoid derivatives  (xanthophyll) 

 

(lutein) (zeaxanthin)  (astanxanthin) 

(chloroplast) (Chromoplast) 

 
(isopentenyl diphosphate) -3-

(glyceraldehyde-3-phosphate)  
gernayl gernayl diphosphate (GGPP) (C20)  gernayl gernayl diphosphate 

(GGPP) 2 (C40) 1 
phytoene synthase  gernayl gernayl 

diphosphate (GGPP) phytoene 

 
Figure 6 (Gross, 1991) 

 (oxidative stress) 
 (Hirayama et al., 1994 ; Goowin, 

1980) 
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                                Isopentyl Diphosphate (IPP) 

       
                                                             IPP Isomerase 

                            Dimethylallyl Diphosphate (DMAPP) 
                                                             IPP 

                                                                                  H+,PPi 

                                Geranyl Diphosphate (GP) 

 
                                                             FPP Synthase 

                                Femesyl Diphosphate (FPP) 

 
                                                            GGPP Synthase 

                                Geranyl Geranyl Diphosphate (GGPP) 
                                                       Phytoene Synthase  

 
                                             Phytoene 

 
 
 

                                                   Lycopene 
                     Lycopene -cyclase                                                   Lycopene -Cyclase 

 

                               Alpha-carotene           -carotene 

 

 

                               zeinoxanthin               -Cryptoxanthin 

 

 

                              Lutein                         Zeaxanthin               Vitamin A (all-trans Retinol) 

 
 

Figure 6. Diagram of the carotenoid synthesis pathway 

Source : Gross, (1991) 
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(Isoprene) 8 40 (C 40) ( , 2527) 

C40 H56  536.85 

(Figure 7) 
2 ( , 2536) 

Table 5 

 

 
 

Figure 7. -carotene structure 

Source : Elbe von and Schwartz (1996)  

 Table 5. Physical  and chemical properties  of -carotene  

Properties -carotene 
Melting point 136-140 ºC 
Color of crystals violet-red 

Color of oily solution light yellow-orange 

Aqueous dispersion yellow-orange 

Solubility(g/100mg) 
   -Water Non-soluble 

   -Vegetable oil/fats 0.05   g/100mg 

   -Orange oil 0.2-0.5  g/100mg 

   -Ethanol Lower 0.01 g/100mg 
   -Acetone  0.1 g/100mg 

Biological activity vitamin A value 1.667IU/mg 

 : (2531) 
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(singlet oxygen) (free radicals)

 (lipid peroxidation) 

 (atherosclerosis) 

 15 
 -carº   -carº 

 (O2)   -car-OOº 16 

   -carº 

17 (Soontornpas, 1995) 

                               -carotene + ROOº                                     -car º + ROOH ...................... (15)    
       -car º   +    O2                                            -car - ... ...  (16) 
                               - ....  (17)

   

6.2  

6.2.1 

   

(Arya et al., 1979) 

 

                                  Initiation            RH                                                  h . v. O         
....(18) 

                                  Propagation       Rº  +  O2                              ROO..............................(19) 

                                   ROOº  + RH                               ROOH. .... (20) 
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                                                             ROOH                                        ROº  +  OHº................. (21) 

 

                                  Termination      ROOº  +   Rº 

                                                            Rº        +    Rº                      nonradical product 

                                                            Rº        +    ROOº 

(initiation) (RH) 

(free radical) 2  (propagation) 

(peroxide) 

3 

(epoxidation)  5,6  

5,8-  Figure 8 

(Wong, 1989) 

 

 

      

HOOC-C6H4-CO3H
O

H

O
 

Figure 8. Epoxidation and epoxide isomerization of  -carotene 

Source : Wong (1989) 

   
Goldman   (1983) 

35 ºC  aw  (low water activity) 
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-  
-  (Goodwin, 1980) 

   Kearsley  Rodriguez (1981) 

  pH 4.0 25 ºC 
 

   Chen  Tang (1998) - 

- 65.59  12 

9  - 13- - 15- - 13,15- -

- 59.72 14.33 14.46 23.64 
-

 

   

3.5 (cupric ion) 

(Gross, 1991) 

   

9-cis- -carotene 13-cis- -carotene cis 15-

cis- -carotene 13-15-di- -carotene 

(Chen et al., 1995) 

6.2.2 

   

 

   6.2.2.1 Thermal degradation 

190 ºC 

(ionene) (toluene) - (m-xylene)  2,6 

(2,6-dimethyl napthalene)   Figure 9 

( Mader, 1964; Wong, 1989) 
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CH3

CH3
H3C CH3 CH3

CH3 H3C

CH3

Ionene Toluene m-Xylene 2,6-Dimethylnaphthalene  
 

Figure 9. Degradation products of thermal degradation of -carotene 

Source : Wong (1989) 

 6.2.2.2 Thermal isomerization  

(isomerization) 

Figure 10 

 

                            

hn or  heat

15,15'- Mono-cis-b -carotene

 
Figure 10. The isomerization of -carotene  
Source: Wong (1989) 

    Figure 10 (isomerization) 

- - - -momo-cis- -carotene) 

 
6.2.3 

   

 
  

(Bauernfeind, 1981; Dewento et al., 2002) 
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(peroxidase)  (22)  
  

(lipoxidase) 

   

     5,6 -     5,8  ..(22) 

 

 

 

1.     

2.  

DPPH  

3.     

  LDPE 

  

 

 

 

 
 



2 

 

1.  

 1.1   2 2550 
2550  

        2.  

 2.1 LDPE  (20 

 OPP/12  MPET/ 70  LLDPE) 

 2.2  DPPH   

 2.3  

 2.4  citonellal 

 

        3.  

  Escherichia coli ( E. coli O157:H7) 
   Staphylococcus aureus  
  Pseudomonas fluorescens  ATCC 49839 
   Listeria monocytogenes  

 4.  

 4.1  

  SHARP R-6G65 
   Toyler 
   Natural convection dryer 

 

          4.2  

34 



 35 

  HunterLab ColorFlex  

   water activity Novasina Thermoconstanter 

   Binder FD115 

  digital pH meter CyberScan  pH510  

  4 METTLER AB 204-S  

  2 SATORIUS BP 2100 S 

 4.3 DPPH 

   Spectrophotometer Jasco V350 

 4.4  

  Eyala N-100 

   Hotlen Safe 2010 Heto-Holten 

   Tomy SS-325 Tomy Seiko  

  memmert Tv40b memmert 
  Paper Disc 6 Becton Dickinson 

 4.5  citonellal  

  HPLC Agilent 1100 Analytical Instrument Recycle Inc. 

  HPLC Guard Cartridge Phenomenex  

  HPLC column µBondclone 10µ C18 300 3.90 mm Phenomenex 

 

  Nylon Syring Filter Model SPFN02522 25MM DIA, 0.22 micron   

  Gas Chromatograph - Mass Spectrometer  HP5890GC - HP5972MSD Hewlett 

Packard, 

  Rtx-5MS capillary column 30 m 0.25  0.25 
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1.  

  1.1  
    

2 

Munsell  2.5G5/8  5G3/4 

7.5GY8/8  10GY5/8  
 

  1.2  
   1.2.1 

   -  CIE (L*, a*, b*) D65  10º 

CIE Standard Observer Sample Port 1.25  White tile No. C2-

19913 (X\82.51, Y \84.46, Z\101.44) Black tile 

  
   - 25 C 

         - (AOAC, 2000) 1 
   1.2.2 

           1.2.2.1  DPPH   

          Toda (2005) 
 4 C 12 

 1 

10   

12 1 

DPPH 

1:10 (w/v) 1:20 (w/v)   Figure 10 

   DPPH  Yen Hsieh 

(1997) 1  
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FFrreesshh   kkaaffffiirr  lliimmee  lleeaavveess  11::1100  ((ww//vv))  

  
EExxttrraacctteedd  wwiitthh  ccoolldd  wwaatteerr  ffoorr  1122  hhoouurrss  aatt  44  °°CC    

                      FFiilltteerr     
RRee--eexxttrraacctteedd  wwiitthh  wwaatteerr  aanndd  bbooiilleedd  ffoorr  1100  mmiinn   

    
SSttaanndd  ffoorr  1122  hhoouurrss  aatt  rroooomm  tteemmppeerraattuurree  

                    FFiilltteerr  

  

  

   Toda (2005) 

2  

 

Figure 11. The extraction procedure for total phenolic content and DPPH radical scavenging   

                  activity analysis 

Source : Toda (2005) 

              1.2.2.2 HPLC  Barba 

  (2006)  5  hexane / acetone / 

ethanol (50:25:25v/v/v) 30  

 Whatman No.1 hexane

10 hexane 

tetrahydrofuran (THF) / acetonitrile / methanol 

(15:30:55v/v/v) 1 0.22 
 

    HPLC Bondclone 10  C18 300 3.90 

 HPLC Guard Cartridge  mobile phase  
methanol/acetonitrile (90:10v/v) 0.9 / 30 C Detector 
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 UV-vis detector  450 

 1  2  5  10  20 50 /

           1.2.2.3  disc diffusion 

 Lorian (1996) 3 

   - pH  

Bozkurt Erkmen (2002) 4 

   -

(AOAC, 2000) 5 

                       1.2.2.4 citronellal Gas Chromatography/Mass 

Spectrometry 

    300 

 

-18 C  

   citronellal 
  (GC-MS) Agnihotri 

(2004) Rtx-5MS  30  × 0.25   0.25 

  70°C  2 4 C  
 220 C 5  

mass spectra Wiley 275. L citronellal 

2.  

  2.1 (Natural convection dryer): 

  10  2  

  2.2  :  60ºC 
 10  2 

   2.3  (Microwave heating): 
 (High medium)  2,450 
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850 10  2 30 

30 

  2.4  4 1.2.1 

  -    CIE (L*, a*, b*) numerical total color 

differe    

   E   =  [ ( L* - L*ref )
2 + ( a*  a*ref)

2 + (b*   b*ref)
2 ]1/2  

   L* = L* - L*ref 
 a*  = a*  a*ref 
 b*  = b*  b*ref  

   - aw  

                - (AOAC, 2000) 

                -  DPPH 

1.2.2.1 

                            - HPLC  1.2.2.2 

                            -   1.2.2.3 

                            - Volatile Oil Gas Chromatography/Mass Spectrometry 
1.2.2.4 

   2.5 9-

Point Hedonic Scale  
30  ( , 2545) 

 
(ANOVA) 

New Multiple Range Test (DMRT) 

3.  

  3.1 
2 

LDPE  
6  0, 25, 50, 75, 100, 125, 150 175 

1.2  



3 

1.  

 1.1 

  CIELAB  L* 

(L* = 0 ( ), L* = 100 ( ) a*  (a* + 

, a*  ) b* (b* + 
, b*  )  

Table 6    

(L*)  (p<0.05)  a* 

 (p<0.05) 

     b* 
 b*

(p<0.05)     ( E) 

 

 (6.57±1.73)   a* (  a*) 
  (L* ) (b*)    

 1.2  

  L* 

 (p 0.05) 

L* (p<0.05) 

  a*  
 (p<0.05)  (Table 7) 

a* b* 
 ( E) 

(3.64±2.16)  

41
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(12.68±0.66)  (16.47±2.14)  

( E)   a* 
 

   

  
phytol chlorophyllin 

L* 2  
 

pheophytin 

(olive brown)  pheophorbide (Elbevon and Schwartz, 1996)  
3 

 
 

 

55-60ºC 

 60-70 ºC 
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 1.3   aw 

  

65.22 0.30  73.00 0.20 (Table 8) 

  7.43 - 11.88 
8.14 -12.21  aw 

 0.5415 - 0.6706  aw 
 0.5119 - 0.6657 3 aw 

 ( , 2545)   
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2.  

 2.1  DPPH   

  2.1.1  DPPH 
  

   DPPH IC50 (The half maximal 

inhibitory concentration)   DPPH  
   50   DPPH 

DPPH  (Table 9) 

 (p 0.05)   DPPH 
IC50   0.42±0.02 

0.55±0.20 /  

 (p 0.05) 
3 

 (Table 9)   Dewanto 

(2002) 88 C 

 

  
polyphenol oxidase 

 (Lim and Murtijaya, 2007)  

polyphenol oxidase 40 ºC  

 40 ºC  (Nagai and Suzuki, 2001) 

DPPH 
Xu (2007) 

  150 ºC  bound 



 

47 

phenolic compound  (free phenolic compound)  

DPPH 
  

  2.1.2  DPPH 
  

   DPPH IC50 

(Table 9) 

 DPPH  (p 0.05)  
 

 (Table 9)  Liazid  (2007) 

  
125 C benzoic acids 

    150 C kaempferol, resveratrol 

myricetin (p<0.05)    125 C 
 hydroxyl 

   
135±19.73 /  

176±11.28 

/    

             
(Witzell et al., 2003)  Bano  (2003) 
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Table 9. Effect of drying methods on DPPH radical scavenging activity (IC50) and total phenolic  

  contents of old and intermediate  kaffir lime leaves 

Note: Data are expressed as mean ± SD of triplicate experiments (on dry basis). 
                  ABCD Mean values in a column with different letters are significantly difference (p<0.05). 

 2.2  

2.2.1  
3 

 (p<0.05) 

16.28±0.04 /  (Table 10) 
 93.34±0.17 /  

 
88.50.±0.17 /

48.86±0.04 / (p<0.05) 

2.2.2  

 
 3  (22.38±0.05 /

Treatment 

Old leaves Intermediate leaves 

IC50 

(mgDM/ml) 

Total phenolics 

(µg gallic acid 

/mg DM) 

IC50 

(mg DM /ml) 

Total phenolics       

(µg gallic acid 

/mg DM) 

Fresh 1.04±0.17A 135.27±19.73A 0.66±0.27A 176.80±11.28B 

Microwave 0.42±0.02B 130.19±12.42A 0.05±0.00C 231.44±38.11A 

Hot air oven 0.55±0.20B 133.37± 8.60A 0.40±0.11AB 184.54±8.04B 

Sun dryer 1.07±0.23A 125.63± 3.75A   0.41±0.22AB 191.95±10.28B 
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)  Table 10 

47.79±0.36 /

37.99±0.12 /

(32.41±0.06 / )  

 
(p<0.05) 

 
 Khachick (1992) 

 
    Rodriguez-Amaya (1997) 

carotenoid-protein-complex 

 

 
   

(wax) 

  carotenoid-protein-complex  
 

 

 

(Hirayama et al., 1994 ; Goowin, 1980) Camara 

(1995) 
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Table 10.  Effect of drying methods on -carotene contents of  old and intermediate kaffir lime   

                  leaves 

Treatment 

 -carotene content ( g/g DM) 

 

Old leaves Intermediate leaves 

Fresh 16.82±0.04D 22.38±0.05D 

Microwave 93.34±0.17A 47.79±0.36A 

Hot air oven 88.50.±0.17B 37.99±0.12B 

Sun dryer 48.86±0.04C 32.41±0.06C 

Note: Data are expressed as mean ± SD of triplicate experiments (on dry basis) 
                  ABCD Mean values in a column with different letters are significantly difference (p<0.05). 

 2.3  

  2.3.1  

   

4  (S. aureus, E. coli, P. 
fluorescens, L. monocytogenes) 

 S. aureus 
 E. coli, P. fluorescens L. monocytogenes  (Table 11) 

3 
L. monocytogenes  

2.3.2  
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 (Table 11)  S. aureus 
E. coli, 

P. fluorescens  L. monocytogenes  
  2 

4 
S. aureus 

(Grosvenor et al., 1995; Martínes et al., 1996; Chariandy et al., 1999; Siripongvutikorn et al., 
2005)  

(Puupponen-Pimiä et  al., 2001)  

 
 

(Aurelio etal., 2006) 
  Vequero  (2007)  

hydroxycinnamic acids  L. monocytogenes hydroxybenzoic acids  
hydroxybenzoic acids 

 L. monocytogenes 
 L. monocytogenes  

 
pH pH 

 pH 5.87  pH 5.75-5.81  pH 5.83 

 pH 5.47-5.77  ( Table 12) 

0.018  
0.019-0.022 

0.016 

0.018-0.022 

 pH  (Davidson, 2001; 
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Marquis et al., 2003)  pH 

  pH   

                  
 pH   

 pH  
tetracycline 
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Table 12.  pH and total acidity of old and intermediate kaffir lime leaves drying with different   

                 methods 

Treatment 

old leaves intermediate leaves 

pH % acidity (/ml) pH % acidity (/ml) 

Fresh 5.87±0.01A 0.018±0.000A 5.83±0.01A    0.016±0.003A 

Microwave 5.75±0.01C 0.022±0.003A 5.47±0.01D   0.022±0.003A 

Hot air oven  5.81±0.01B 0.021±0.003A 5.52±0.01C   0.019±0.000A 

Sun dryer 5.82±0.01B 0.019±0.003A 5.77±0.01B   0.018±0.006A 

Note: Data are expressed as mean ± SD of triplicate experiments.  
                  ABC Mean values in a column with different letters are significantly difference (p<0.05). 

 2.4 citronellal 

  2.4.1  citronellal   
citronellal Table 13 

 (  65.4)  (Lawrence et al., 1970) 

 3  citronellal 
citronellal 195.93±0.95 /100 

 citronellal (110.49 

/100 )   

 

2.4.2  citronellal   
citronellal 

 Table 13 citronellal 

citronellal 3 

157.68±1.66 /100 
 ,

 citronellal 71.87   13.65 19.43 /100 
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citronellal 

 Sinki (1997) 
    

Table 13.  The citronellal contents of old and intermediate kaffir lime leaves drying with different 

methods 

Treatments 
Citronellal contents ( l/100g dry basis) 

Old leaves Intermediate leaves  

Fresh 195.93±0.95A 157.68±1.66A 

Microwave 110.49±0.82B 71.87±0.70B 

Hot air oven 22.41±0.07C 19.43±0.09C 

Sun dryer 18.49±0.03D 13.65±0.24D 

Note: Data are expressed as mean ± SD of triplicate experiments (on dry basis) 
                 ABCD Mean values in a column with different letters are significantly difference (p<0.05). 

3.  

 3.1  

  
 Figure 12 A 

 (p<0.05) 

 
2 

3.2  
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Figure 12 B 

 (p<0.05)  
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Figure 12. (A) Sensory analysis of old stage kaffir lime leaves, (B) Sensory analysis of       

                 intermediate  kaffir   lime leaves after drying.  

   The data are expressed as means + SD.       

4.  
175  

 4.1  

175  

2  LDPE (Table 14) L* 

41.56±1.51  39.67±0.22 

a* -9.28±1.39    -0.72±0.09 

175 

   LDPE  

L*  41.56±1.51 45.76±0.52 LDPE 

  a*  -9.28±1.39  0.16±0.03 

 b*   LDPE  

 ,     Table 15 
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LDPE     

L* 
LDPE  *    2 (p<0.05) 

 
b* 2   

E (Figure 13)  LDPE 

(p<0.05) 50 
E 100  

LDPE 25 

75 

Table 14. Effect of packaging on CIELAB L* a* b* values during storage of dried old  kaffir   

                   lime leaves by microwave drying                 

Storage  

(days) 

Laminated foil LDPE 

L* a* b* L* a* b* 

0 41.56±1.51Aa -9.28±1.39Ea 30.14±0.61Aa 41.56±1.51Ca -9.28±1.39Da 30.14±0.61Aa 

25 38.71±0.65BCb -5.83±0.28Da 27.84±0.90Ca 39.76±0.50Da -5.14±0.73Ca 27.26±1.02BCa 

50 37.16±0.26Cb -6.03±0.60Db 27.25±0.18Cb 42.56±0.22BCa -1.18±0.15Ba 29.28±0.43Ba 

75 38.17±0.28BCb -5.53±0.09Db 29.02±0.27Ba 43.84±0.28BCa -1.11±0.12Ba 27.38±0.41BCb 

100 38.64±0.13BCb -2.42±0.11Cb 27.66±0.17Ca 44.20±0.21Ba 0.16±0.22ABa 26.56±0.36Db 

125 38.94±0.62BCb -1.03±0.08Bb 28.66±0.25Ba 44.71±0.40ABa 0.42±0.10Aa 27.55±0.34BCb 

150 39.71±0.30Bb -1.22±0.15BCb 29.18±0.13Ba 42.53±0.28BCa 0.48±0.05Aa 27.90±0.63Cb 

175 39.67±0.22Bb -0.72±0.09Ab 28.91±0.08Ba 45.76±0.52Aa 0.16±0.03ABa 23.97±0.13Eb 

Note: Data are expressed as mean ± SD of triplicate experiments  
                 ABCDE Mean values in a column with different letters are significantly difference (p<0.05). 
                 ab       Mean values in row with different letters at the same value are significantly    

                    difference  (p<0.05). 
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Table 15.  Effect of packaging on lightness difference (  L*), redness difference (  a*) and  

yellowness difference (  b*) of old  kaffir lime leaves dried by microwave during 

storage compare with fresh  leaves   

Storage 

(days) 

Laminated foil LDPE 

L* a* b* L* a* b* 

0 6.28±0.33Aa 4.46±0.06Fa  2.45±0.05Aa 6.28±0.33Da 4.46±0.06Ea 2.45±0.50Aa 

25 2.39±0.65CDb 6.56±0.28Eb  0.01±0.90Ca 3.44±0.50Ea 7.25±0.73Da -0.57±1.02CDb 

50 0.84±0.26Eb 6.36±0.60Eb -0.58±0.18Cb 6.24±0.22Da 11.21±0.15Ca 1.45±0.43Ba 

75 1.85±0.28Db 6.86±0.10Db  1.19±0.27Ba 7.52±0.28Ca 11.28±0.12Ca -0.45±0.41CDb 

100 2.32±0.13CDb 9.97±0.11Cb -0.17±0.17Ca 7.88±0.21BCa 12.55±0.22Ba -1.27±0.36Db 

125 2.62±0.13Cb 11.36±0.08Bb  0.83±0.25Ba 8.34±0.40Ba 12.81±0.10Aa -0.28±0.34Cb 

150 3.39±0.30Bb 11.17±0.15Bb  1.35±0.13Ba 6.21±0.27Da 12.87±0.05Aa 0.07±0.63Cb 

175 3.35±0.22Bb 11.67±0.09Ab  1.08±0.08Ba 9.44±0.52Aa 12.23±0.03BCa -3.86±0.13Eb 

Note: Data are expressed as mean ± SD of triplicate experiments.  
                 ABCDE Mean values in a column with different letters are significantly difference (p<0.05). 

          ab    Mean values in row with different letters at the same value are significantly difference 

(p<0.05). 

 4.2  
 175  

  L*, a*  b* 

Table 16 
175  L* 

48.50±1.45  46.85±0.23 LDPE  175   L* 

 48.50±1.45  51.16±0.30  (p<0.05) a* 

 b*  LDPE 

L*, a*  b* Table 17 

L*  LDPE L* 

a*  
 LDPE 25 
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  ( E) Figure 13   E  
25   

Table 16.  Effect of packaging on CIELAB L* a* b* values during storage of dried intermediate   

                   kaffir lime by microwave drying   

Storage 

(days) 

Laminated foil LDPE 

L* a* b* L* a* b* 

0 48.50±1.45Aa -11.21±0.38Ja 34.73±0.53A 48.50±1.45Ca -11.21±0.38Fa 34.73±0.53Aa 

25 44.82±0.03DEb -3.89±0.06Fb 31.47±0.04Ca 47.39±0.03Ca -1.68±0.08Ea 29.51±0.07Cb 

50 45.57±0.40DEb -1.85±0.11Eb 32.73±0.16Ba 47.25±0.87Ca -0.25±0.21BCa 28.30±0.52Db 

75 44.42±0.42Eb -1.30±0.17Db 31.59±0.32Ca 47.31±0.28Ca  0.09±0.02Ba 30.82±0.38Bb 

100 46.09±0.61CDb -1.20±0.16Db 31.67±0.73Ca 51.07±0.10Ba  0.10±0.09Ba 26.80±0.50EFb 

125 46.61±0.13BCb -0.73±0.16Cb 31.29±0.15Ca 52.80±0.15Aa -0.43±0.12CDa 26.71±0.32Ab 

150 47.67±0.15ABb 0.55±0.02Aa 31.02±0.13Ca 50.75±0.07Ba 0.64±0.10Aa 27.44±0.03Eb 

175 46.85±0.23BCb -0.17±0.15Ba 30.22±0.14Ca 51.16±0.30Ba -0.67±0.07Db 26.16±0.13Fb 

Note: Data are expressed as mean ± SD of triplicate experiments.  
                 ABCDEF Mean values in a column with different letters are significantly difference (p<0.05).  

          ab   Mean values in row with different letters at the same value are significantly difference 

(p<0.05). 
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Table 17. Effect of packaging on lightness difference (  L*), redness difference (  a*) and  

                   yellowness difference (  b*) of intermediate  kaffir lime leaves dried by    

                  microwave during storage compare with fresh  leaves   

Storae 

(days) 

Laminated foil LDPE 

L* a* b* L* a* b* 

0 -1.10±0.69CDa 1.11±0.54Fa 0.34±0.75Aa -1.10±0.69Da 1.11±0.54Fa 0.34±0.75Aa 

25 -2.36±0.03Eb 9.84±0.06Eb -3.62±0.04Ca 0.21±0.03Ca 12.05±0.08Ea -5.58±0.07Cb 

50 -1.61±0.40Db 11.88±0.11Db -2.36±0.16Ba 0.70±0.87Ca 13.48±0.21BCa -6.79±0.52Db 

75 -2.76±0.42Eb 12.43±0.17Cb -3.50±0.32Ca 0.13±0.28Ca 13.82±0.02Ba -4.27±0.38Bb 

100 -1.09±0.61CDb 12.53±0.16Cb -3.42±0.73Ca 3.89±0.10Ba 13.83±0.09Ba -8.29±0.50EFb 

125 -0.57±0.13BCb 13.00±0.16Bb -3.80±0.15Ca 5.62±0.15Aa 13.30±0.12CDa -8.38±0.32EFb 

150  0.49±0.15Ab 14.28±0.02Aa -4.07±0.13Ca 3.57±0.07Ba 14.37±0.10Aa -7.65±0.32Eb 

175 -0.33±0.23Bb 13.90±0.15Ab -4.87±0.14Da 3.98±0.30Ba 13.06±0.07Da -8.93±0.13Fb 

Note: Data are expressed as mean ± SD of triplicate experiments. 
                 ABCDEF Mean values in a column with different letters are significantly difference (p<0.05). 

          ab        Mean values in row with different letters at the same value are significantly     

                     difference (p<0.05). 

 

Figure 13.    The effect of packaging on the numerical total color difference (  E) of     

                      dried kaffir lime leaves by microwave during storage 
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4.3  ( aw) 

       4.3.1  aw 
175  

  

  aw  (Table 18)  

 7.60±0.49 8.79±0.01 
 (p 0.05) 100  aw 

aw 0.5188±0.001   175 
LDPE  (p<0.05) 

25  (p 0.05)  
25 175 8.23±0.27 9.23±0.74 

 (p 0.05)  
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Table 18.    The moisture contents and water activity during storage of dried old  kaffir lime  

                     leaves by microwave drying     
 

Storage 

(days) 

Laminated foil LDPE 

Moisture content 

(%) 
aw 

Moisture content  

(%) 
aw 

0 7.60±0.49Ba 0.4135±0.001Fa 7.60±0.50Ca 0.4135±0.001Ha 

25 8.08±0.15ABb 0.4157±0.001Eb 8.77±0.25ABa 0.4314±0.001Ga 

50 8.08±0.58ABa 0.4188±0.001Eb 8.23±0.27ABa 0.4388±0.001Fa 

75 8.08±0.15ABb 0.4212±0.001Eb 8.77±0.25ABa 0.4480±0.001Ea 

100 8.20±0.32ABb 0.4279±0.001Db 8.68±0.06ABa 0.4591±0.004Da 

125 8.67±0.36Aa 0.4313±0.001Cb 8.73±0.21BCa 0.4871±0.009Ca 

150 8.49±0.38Aa 0.4417±0.001Bb 8.66±0.05ABa 0.5043±0.001Ba 

175 8.79±0.01Aa 0.5188±0.001Ab 9.23±0.74Aa 0.5524±0.004Aa 

Note: Data are expressed as mean ± SD of triplicate experiments.  
                 ABCDEFGH Mean values in a column with different letters are significantly difference(p<0.05). 
                 ab            Mean values in row with different letters at the same value are significantly   

                         difference (p<0.05). 

4.3.2  aw 
175  

 aw 

 (p 0.05) (Table 19) 100  
 (p<0.05) 125 

  (p 0.05)  125  175   
9.53±0.11 aw  (p<0.05) 

25  0.5144±0.006  175   
 LDPE 
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10.73±0.13 175 aw 
0.4250±0.002 0.5496±0.001 

Table 19.    The moisture contents and water activity during storage of dried intermediate    

                   kaffir lime  by microwave drying   

Storage 

(days) 

Laminated foil LDPE 

Moisture content 

(%) 
aw 

Moisture content  

(%) 
aw 

0 8.14±0.18Ba 0.4250±0.002Fa 8.14±0.18Da 0.4250±0.002Ha 

25 8.60±0.28Ba 0.4278±0.002Fb 8.56±0.15BCDa 0.4365±0.001Ga 

50 8.65±0.03Ba 0.4376±0.001Eb 8.72±0.22BCa 0.4443±0.003Fa 

75 8.60±0.28Ba 0.4477±0.002Db 8.38±0.19CDa 0.4513±0.001Ea 

100 8.53±0.42Ba 0.4604±0.003Cb 8.93±0.38Ba 0.4584±0.004Da 

125 9.26±0.19Ab 0.4978±0.005Bb 10.50±0.13Aa 0.5065±0.005Ca 

150 9.44±0.41Ab 0.5104±0.001Ab 10.60±0.30Aa 0.5323±0.002Ba 

175 9.53±0.11Ab 0.5144±0.006Ab 10.73±0.13Aa 0.5496±0.001Aa 

Note: Data are expressed as mean ± SD of triplicate experiments.  
                 ABCDEFGH Mean values in a column with different letters are significantly difference(p<0.05). 

           ab           Mean values in row with different letters are significantly difference (p<0.05). 

5. 

175  

 5.1  DPPH  

  5.1.1  DPPH 
175  

 DPPH 

 DPPH 
 (p 0.05)  75 Table 20 

 (p<0.05)  75 

 DPPH 
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LDPE  (p<0.05)  

2 DPPH 
(p<0.05)  

 (p<0.05) 

LDPE (Table 21) 
(p<0.05) 25  2  

Table 20. Effect of packaging on DPPH scavenging activity (IC50)  during storage of dried    

                old  kaffir lime  by microwave drying   

Storage      

(days) 

  IC 50(mg DM/ml) 

Laminated foil LDPE 

0 0.42±0.03Da   0.42±0.03Fa 

25 0.42±0.02Da   0.40±0.01Fa 

50 0.38±0.03Da    0.49±0.01Ea 

75 0.42±0.02Da   0.41±0.01Fa 

100 0.55±0.01Ca   0.54±0.01Ca 

125 0.62±0.07Ba    0.62±0.02Ba 

150 0.69±0.01Aa   0.70±0.01Aa 

175 0.70±0.01Aa   0.69±0.03Aa 

Note: Data are expressed as mean ± SD of triplicate experiments  
                 ABCDEF Mean values in a column with different letters are significantly difference (p<0.05) 

           ab        Mean values in row with different letters are significantly difference (p<0.05). 
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Table 21. Effect of packaging on total phenolic contents during storage of dried old  kaffir     

                  lime by microwave drying    

Storage        

(days) 

Total phenolic contents (µg gallic acid)/mg DM 

Laminated foil LDPE 

0 141.49±0.90Aa 141.49±0.90Aa 

25 111.07±0.37Ba 93.59±3.76Bb 

50 98.70±5.17Ca 83.11±0.91Db 

75 94.36±0.82Da 83.85±0.50Db 

100 88.77±0.41Ea 86.52±0.21Cb 

125 83.99±0.91Fa 77.38±0.03Eb 

150 77.21±0.45Ga 73.27±0.35Fb 

175 60.89±0.69Ha 50.64±1.73Gb 

Note: Data are expressed as mean ± SD of triplicate experiments  
                 ABCDEFGH Mean values in a column with different letters are significantly difference(p<0.05). 

           ab           Mean values in row with different letters are significantly difference (p<0.05). 

 5.1.2  DPPH 
175  

  DPPH 

DPPH (p<0.05) (Table 22) 25 

 LDPE 2 
DPPH  (p 0.05) 

 (p<0.05) 25 
2 

(p<0.05) 
LDPE 

  2 

peroxidase 
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 (Amiot  et al., 
1997)  Yemenicioglu (1998) 

 peroxidase  70ºC 5 
 97 

(phenolic polymerization) (autoxidation) 

  (Talcott  Howard, 1999) 

 Folin-ciocaltue   

(p 0.05) 

DPPH 2 

Odriozola-Sarrano  
(2009) caffeic acid 

hydroxylation p-coumaric acid caffeic acid 
p-coumaric acid hydroxyl 2 ortho (Macheix     et 

al.,1990)   
hydroxyl 

 hydroxyl ortho  (B-ring)  
(Morel et al.,1998) 
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Table 22.  Effect of packaging on DPPH scavenging activity (IC50) during storage of dried  

                   intermediate  kaffir lime  by microwave drying     

Storage      

(days) 

  IC 50(mg DM/ml) 

Laminated foil LDPE 

0 0.05±0.00Da 0.05±0.00Ea 

25 0.30±0.03Ca 0.20±0.06Da 

50 0.45±0.07Ba 0.35±0.01Ca 

75 0.45±0.01Ba 0.42±0.03Ba 

100 0.47±0.02Ca 0.44±0.01BCa 

125 0.52±0.03Ba 0.59±0.01Aa 

150 0.60±0.00Aa 0.62±0.03Aa 

175 0.62±0.07Aa 0.65±0.02Aa 

Note: Data are expressed as mean ± SD of triplicate experiments.  
                ABCD Mean values in a column with different letters are significantly difference (p<0.05). 

           ab        Mean values in row with different letters are significantly difference (p<0.05). 
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Table 23.   Effect of packaging on total phenolic contents during storage of dried intermediate  

                    kaffir lime  by microwave drying     

Storage        

(days) 

 (µg gallic acid)/mg DM 

Laminated foil LDPE 

0 197.05±7.76Aa 197.05±7.76Aa 

25 130.18±4.66Ba 129.2±7.05Ba 

50 122.58±2.52Ca 102.0±2.69Cb 

75 116.03±1.66Da 99.52±2.01Cb 

100 95.79±0.45Ea 97.51±1.23Ca 

125 89.81±0.07Fa 87.01±0.08Db 

150 85.04±0.12Ga 76.10±0.13Eb 

175 70.33±0.63Ha 57.21±0.55Fb 

Note: Data are expressed as mean ± SD of triplicate experiments  

                 ABCDEFGH Mean values in a column with different letters are significantly difference(p<0.05). 

            ab  Mean values in a row with different letters are significantly difference (p<0.05). 

5.2  

  5.2.1 

175  

  
 LDPE 25 

LDPE (p<0.05) 
(p<0.05) 75 

(Figure 13) 

LDPE 
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5.2.2  
175  

  

    
 125 

LDPE 

 
125   

  

LDPE 

               

(photooxidation) (Gross, 1991) 
LDPE 

 Tang 

and Chen (2000) 

LDPE 27ºC, 37ºC 47ºC 
 (p 0.05) (Koca  et al., 2005) 

cis trans epoxide   

Dutta  (2005)   (p<0.05) 

 80     Lavelli (2007) aw 

 aw 0.34-0.54 6-11 % 
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Figure 14.The effect of packaging on -carotene of kaffir lime leaves dried by microwave during    

                  storage            

5.3  

  5.3.1 
175  

   
S. aureus,  E. coli  

P. fluorescens 175 (Table 24) L. 
monocytogenes 

25 

LDPE S. aureus  P. fluorescens  
25 50   
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Table 24.   Antimicrobial activity  of dried old  kaffir lime  during storage by disc diffusion                                   

                    method 

storage 

(days) 

Laminated foil LDPE 

S. au E. coli Ps.fl L.mono S. au E. coli Ps.fl L.mono 

0 ++ + ++ + ++ + ++ + 

25 ++ + ++ 0 + + ++ 0 

50 ++ +  ++ 0 + + + 0 

75 ++ + ++ 0 + + + 0 

100 ++ + ++ 0 + + + 0 

125 ++ + + 0 + + + 0 

150 ++ + + 0 + + + 0 

175 ++ + + 0 + + + 0 

Note: S. au = Staphylococcus aureus, E. coli = Escherichia coli, Ps. fl = Pseudomonas    

          fluorescens,  L. mono = Listeria monocytogenes 
          0 = no inhibition zone, + = 0.7-0.89 cm, ++ = >0.9-1.0 cm 

5.3.2 

175  

Table 25 175 

S. aureus P. fluorescens  E. coli  
 L. monocytogenes 

LDPE  

 

175  
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 citronellal 

 S. aureus LDPE 

2 

Table 25.  Antimicrobial activity  on disc diffusion method during storage of dried   

                   intermediate kaffir lime  by microwave drying   

Storage 

(days) 

Laminated foil  LDPE 

S.au E.coli Ps.fl L.mono S.au E.coli Ps.fl    L.mono 
0 ++ + ++ + ++ + + + 

25 ++ + ++ 0 + + + 0 

50 ++ + ++ 0 + + + 0 

75 ++ + + 0 + + + 0 

100 ++ + + 0 + + + 0 

125 + + + 0 + + + 0 

150 + + + 0 + + + 0 

175 + + + 0 + + + 0 

Note: S. au = Staphylococcus aureus, E. coli = Escherichia  coli, Ps. fl = Pseudomonas   

        fluorescens,   L. mono = Listeria monocytogenes 
            0 = no inhibition zone, + = 0.7-0.89 cm, ++ = > 0.9 cm 

5.4 citronellal 

5.4.1  citronellal 
175  

  citronellal citronellal 

 
 25  119.177±0.65 /100  

33.446±2.64  /100   
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22.921±1.14  /100 (Table 26) LDPE 

175  LDPE 

citronellal

citronellal  0.210±0.01 /100 

citronellal LDPE 

Table 26. The citronellal content during storage of dried old  kaffir lime by microwave  drying    

storage 

(days) 

citronellal content (µl/100g DW.) 

 Laminated foil LDPE 

0    119.177±0.65Aa     119.177±0.65Aa 

25      33.446±2.64Ba         22.921±1.14Bb 

50      22.992±0.60Ca        12.353±0.41Cb 

75     12.841±1.52Da        11.215±1.03Db 

100        9.363±0.43Ea          2.743±0.19Eb 

125       0.330±0.05Fa         0.089±0.01Fb 

150       0.256±0.01Fa         0.050±0.01Fb 

175       0.210±0.01Fa nd 

Note: Data are expressed as mean ± SD of triplicate experiments  
                 ABCDEF Mean values in a column with different letters are significantly difference (p<0.05). 

            ab  Mean values in a row with different letters are significantly difference (p<0.05). 

          nd = not-detected   

5.4.2  citronellal  
175  

citronellal  
(Table 27) citronellal 

25 LDPE   
  citronellal   

 

 



 

75 

Table 27.  The citronellal content during storage of dried intermediate  kaffir lime by microwave   

                   drying   

storage 

(days) 

The citronellal content (µl/100g DW.) 

Laminated foil LDPE 

0 84.156±0.77Aa 84.156±0.77Ab 

25   2.737±0.11Ba   1.117±0.25Bb 

50 nd nd 

75 nd nd 

100 nd nd 

125 nd nd 

150 nd nd 

175 nd nd 

 Note: Data are expressed as mean ± SD of triplicate experiments  
                 AB Mean values in a column with different letters are significantly difference (p<0.05). 

            ab  Mean values in a row with different letters are significantly difference (p<0.05). 

            nd = not-detected 

 citronellal citronellal 

Choi (2001 ) 
 citronellal 63 

30 °C  Sun Petracek (1999) citronellal 

2  LDPE 

 citronellal LDPE 

citronellal 

Misharina Polshkov  (2005) 

(p<0.05) 
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Figure15.   Sensory analysis of kaffir lime leaves dried by microwave during storage                 

(A) = appearance, (B) = color, (C) = odor, (D) = overall liking  
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 Plat Count Agar Merck 

 Mueller Hinton Agar (MHA) Merck 

 Brain Heart Infusion Broth (BHI) Merck 

 70 % 

 

            1.  
 1.1 Plat Count Agar  

 

 Casein enzyme hydrolysate  5.00  

 Yeast extract   2.50  

 Dextrose   1.00  

 Agar    15.00  

 23.5 1 magnetic stirrer 

15 
121 C 15  

 1.2 Mueller Hinton Agar   

Beef infusion    300        
Casein acid hydrolysate  17.50     

Starch    1.50       

Agare    17.00     

 

 38.0 1 magnetic stirrer 

15 
121 C 15  

 1.3 Brain Heart Infusion Broth  

 Calf Brains    200   

Beef Heart    250         
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Bacto Proteose Peptone   10           

Bacto Dextrose    2             

 Sodium Chloride   5              

 Disodium Phosphate   2.5          

 

37.0 1 magnetic stirrer 

15 
121 C 15  

 2.  Escherichia coli   O157:H7, Staphylococcus 
aureus,  Pseudomonas fluorescens  ATCC 49839,  Listeria monocytogenes  

BHI 5  35 C 18-24 
10 fold dilution  BHI  9 

 

 3.     

10-7-10-8 1 

PCA 15 

37 C 24-48 30-300 
 

 

 Total viable count  =    

 (CFU/ )   ( ) 
 
 4. Muller Hinton agar (MHA) 13 

    
1  

 5. 

70% 60  30 5 

10  paper disc 6 

30  paper disc 
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 6.  paper disc 
15-20  15 

70%  35 C  16-18 
3  

 7. (inhibition zone) 
vernier caliper 

 

4. pH  

 

 1. digital pH meter CyberScan  pH510 

 2. 100  

 

 

 1.  pH 
digital pH meter  

5. (AOAC, 2000)  

 

 1.  

 2. 125  

 3.  

 

 

1. (NaOH) 

2.  

 3.  

 4.  

 5. (Potassiam acid phathalate) 
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 0.1 N  

 stock solution 0.5 N  

  20 100 
stock solution stock solution  1 50 

 

  
2 110 C 

0.8  25 
3  0.1 N 

  

(N) =    × 1000 

                   204.22 

= 204.216 

 

 1 95 % 100 
 

 1. pH 

0.5 125 60 

 2. 

 

 3.  

 

( )   =    0.7 × V × N × 100 
             ( ) 

 

 V =  

 N = ( ) 
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.  

 

 
Appendix figure 1. Chromatogram of -carotene standard  

 

 

 
Appendix figure 2. Chromatogram of old stage fresh kaffir lime leaves 
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y = 90.301x - 38.527
R2 = 0.9996

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

0 10 20 30 40 50 60

amount (ug/ml)

ar
ea

 
 

Appendix figure 3. Standard curve of  -carotene to determine qualitative of   -carotene content 

                    from  kaffir lime leaves 

 

gallic Acid

y = 7.1183x - 0.0713
R2 = 0.9946
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 Appendix figure 4. Standard curve of gallic acid to determine qualitative of  total phenolic   

                                     content from  kaffir lime leaves.  
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y = 7E+06x + 6E+07
R2 = 0.994
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Appendix figure 5. Standard curve of citronellal to determine qualitative of citronellal from kaffir     

                                    lime leaves  
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Appendix  figure 6. GC chromatogram of citronellal standard  
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 Appendix figure 7.  Mass spectrum of citronellal standard 
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 Appendix table 1. Yield of citronellal contents of fresh and dried kaffir lime leaves  

Treatment 
%yield citronellal content 

Old Intermediate 

fresh 0.82 0.53 

microwave 1.08 0.63 

hot air oven 0.76 0.55 

sun dryer 0.62 0.44 

 

 

Appendix table 2. The effect of packaging on the numerical total color difference (  E) during    

                                   storage of dried old  kaffir lime leaves by microwave drying 

storage time (days) 
E 

Laminated foil LDPE 

0 8.09±0.28Da 8.09±0.23Ea 

25 7.05±0.12Eb 8.10±0.57Ea 

50 6.45±0.08Fb 12.91±0.17Da 

75 7.21±0.11Eb 13.57±0.11Da 

100 10.24±0.10Cb  14.88±0.33BCa 

125 11.69±0.05Bb   15.32±0.23ABa 

150 11.75±0.24Bb                     14.31±0.14Ca 

175 12.19±0.15Ab 15.93±0.27Aa 

Note: Data are expressed as mean ± SD of triplicate experiments. 
                 ABCDEF Mean values in a column with different letters are significantly difference (p<0.05). 

          ab            Mean values in row with different letters at the same value are significantly   

                         difference  (p<0.05). 
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Appendix table 3. The effect of packaging on the numerical total color difference (  E) during   

                                    storage of   dried    intermediate  kaffir lime leaves by microwave drying 

storage time (days) 
 E 

Laminated foil LDPE 

0 1.73±0.83Ea 1.73±0.83Ea 

25 10.74±0.05Db 13.28±0.07Da 

50 12.22±0.19Cb 15.11±0.38Ba 

75 13.21±0.34Bb 14.47±0.10Ca 

100 13.06±0.07Bb 16.59±0.21Aa 

125 13.55±0.20Bb 16.70±0.22Aa 

150 14.86±0.03Ab 16.67±0.11Aa 

175 14.73±0.17Ab 16.32±0.12Aa 

Note: Data are expressed as mean ± SD of triplicate experiments. 
                 ABCDEF Mean values in a column with different letters are significantly difference (p<0.05). 

          ab        Mean values in row with different letters at the same value are significantly     

          difference (p<0.05). 
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Appendix table 4. The effect of packaging on -carotene during storage of dried old  kaffir lime   

                                 leaves by microwave  drying   

storage time (days) 
-carotene content 

Laminated foil LDPE 

0 141.19±1.55Aa 141.19±1.55Aa 

25 128.14±2.05Ba  122.71±0.16Bb 

50 105.55±1.18Ca    59.72±0.13Cb 

75 99.92±1.13Da    48.65±0.68Db 

100 62.61±0.48Ea    19.33±0.05Eb 

125  8.60±0.02Fa nd 

Note: Data are expressed as mean ± SD of triplicate experiments. 
                 ABCDEF Mean values in a column with different letters are significantly difference (p<0.05). 

          ab        Mean values in row with different letters at the same value are significantly     

          difference (p<0.05). 

         nd = not-detected 
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Appendix table 5. The effect of packaging on -carotene of intermediate stage kaffir lime  

                                 leaves dried by  microwave during storage            

storage time (days) 
-carotene content 

Laminated foil LDPE 

0 65.35±1.45Aa 62.35±1.45Aa 

25 59.30±0.20Ba 43.81±0.06Bb 

50 47.23±0.33Ca 44.77±0.26Cb 

75 36.09±0.42Ea 25.53±0.84Eb 

100 23.27±0.44Fa 8.49±0.16Fb 

125 nd nd 

ABCD Mean values in a column with different letters are significantly difference (p<0.05). 

ab     Mean values in row with different letters at the same value are significantly     

          difference (p<0.05). 

         nd = not-detected 
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