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46403302 : MAJOR : FOOD TECHNOLOGY 
KEY WORD :  IRRADIATION / PEPPER / ETHYLENE OXIDE / FUMIGATION VOLATILE

OIL COMPOUND  

 JANYA  CHAICHAROEN : EFFECT OF IRRADIATION AND ETHYLENE OXIDE 
FUMIGATION ON QUALITY OF DRIED BLACK PEPPER. AN INDEPENDENT STUDY ADVISOR 
: ASST. PROF. EAKAPHUN KAEMANEECHAI, Ph.D., AND ASST. PROF. ARUNSRI 
LEEGEERAJUMNEAN, Ph.D. 83 pp. 

 Mostly the sterilization process for Thai Foods Industrials are using  
Irradiation or Ethylene oxide fumigation for spices before using in dry seasoning. But the 
comparison between 2 sterilizations had not yet studied widely. Therefore, the objective of 
this research was to study the effect of irradiation and ethylene oxide fumigation on quality of 
dried black pepper by keeping in room temperature for 6 months period. Then analyzed 
quality of colour value (L*, a*, b*), water activity (aw), moisture content, microbial (TPC, mold, 
coliforms and clostridium perfringens) and volatile oil compound. The results found that the  
irradiation 10 kGy to Dried black pepper powder had no effect on colour value (L*, b*) 
(p>0.05) but has the effect to the increasing of red colour (a*) (p<0.05) immediately. After 6 
months in room temperature has no found significant different on colour value (a*, b*) except 
the reducing of L (p<0.05). The ethylene oxide fumigation to Dried black pepper has no 
significant different found on colour value (L*, b*) (p>0.05) but it was effect to red colour (a*) 
(p<0.05) immediately. After 6 months in room temperature has no found significant different of 
colour value (L*, a*, b*) (p>0.05). The irradiation and ethylene oxide fumigation had no effect 
to the changing of water activity (aw) and moisture content  after treat immediately and after 5-
6 months at room temperature (p>0.05). The irradiation and ethylene fumigation can reduce 
total count 4 and 3 log cycle respectively as same as the effect to mold.  Coliforms were 
eliminated by irradiation 10 kGy and ethylene oxide fumigation. However, had no found 
Clostridium perfringens (< 2 log10 cfu/g) in all samples. Dried black pepper volatile compound 
were extract by GC-MS, there consisted 90% alkenes, 5% alkanes, 2% alcohols and 3% 
others. Alkenes group was the main contributing compound such as caryophyllene, -
cubebene, cyclohexene, 3-carene, ocimene, -pinene,  -pinene, germacrene-D, 
phellandrene and limonene. The irradiation and  ethylene fumigation has no effected to these  
main contributing compound but  can reduced quantity of alkenes compound after both 
treatment . However during keeping  0-6 months had found that the difference was reduce 
until had no difference found when compare to control (at 6

th
 months) except limonene which 

had trend  to increase after irradiation and ethylene oxide fumigation when compared to 
control.

Department of Food Technology          Graduate School, Silpakorn University        Academic Year 2007 
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Volatile oil   

Volatile compound 

Essential oil  

Flavour   



 1 

1.1

 Coliforms Clostridium perfringens

 2 

 Coliforms 

Clostridium perfringens

1.2

1.2.1

1.2.2

1.2.3

1



2

1.2

1.2.1

1.2.2

 Coliforms Clostridium perfringens

1.2.3

1.3

 0, 1, 2, 3, 4, 5,  6 

 (colorimeter)  AOAC (1995) 

 FDA-BAM (2001)  AOAC (2000) Coliforms ISO 4831 

(1991)  Clostridium perfringens ISO 7937 (1997) 

 GC-MS (Gas Chromatography-Mass Spectrometry)  HS-SPME (Headspace 

Solid Phase Microextraction)  (HP-5) 



 2 

2.1

 “Pepper” Piper nigrum

(Onyenekwe , 1997)  piperaceae 

 ( , 2544) 

 1

 1     

 (%)

Moisture 8.7-14.0

Total nitrogen 1.5-2.6

Volatile ether extract 0.3-4.2

Non volatile ether extract 3.9-11.5

Alcohol extract 4.4-12.0

Starch 28.0-49.0

Crude fibre 8.7-18.0

Piperine 1.7-7.4

Total ash 3.6-5.7

Acid soluble ash 0.03-0.55

: Pruthi (1993) 

3



4

 2  (piperine) 

 (volatile oil)  (aroma)  (flavour) 

 (black pepper oleoresin)  (aroma)  (pungency) 

1.  alkaloid 

 (pungency)  C17H19O3N; m.p 128-

130
O
C  (peperinic acid)  4     2 trans 4 

trans (piperine); 2cis 4 trans (Isopiperine); 2trans 4 cis (isochavicine)  2 cis 4 cis (chavicine) 

 (peperinic acid)  1  3 

 (peperine) 

 (peperine)  (isopiperine) 

 (isochavicine) 

 1 

 : Ravindran  Kallupurackal (2001) 

2.  (volatile 

compound)  80 

 4  2 (Gopalakrishnan 

, 1993)

 alpha pinene, beta thujene, camphene, beta pinene, 

sabinene, gamma -3-carene, myrcene, alpha phellandrene, alpha terpinene, limonene, beta-phellandrene, 

1,8 cineole, gamma terpinene, trans-sabinene hydrate, citronellal, linalool, terpinen-4-ol, alpha- terpineol, 



5

phellandral, p-cymene, terpinolene, copaene, cis-alpha-bergamotene, caryophyllene, humulene, trans-

beta-farnesene (Reineccius, 1994) 

 2  4 

: Gopalakrishnan  (1993) 

2.1

 (ionizing radiation) 

 10
19

-10
22

 Hz 

 (gamma rays)  (x-rays) 

 (electron beam)  (radioisotope source, 

radionuclides)

(radioactive nuclides)  2  ( , 2532) 
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1.  60 (Cobalt-60, 
60

Co)  1.17-1.13 

 (MeV)  (half life) 5.27 

 12.5% 

 1  (kW)  60  67,480  (Curie, 

Ci)  60 

 15 /

 10 –30%  60 

 (specific activity)  60 /  100 /

2.  137 (Cesium 137, 
137

Cs)  0.66 

(Mev)  30.2  2.3% 

11%  5  1  137  312,000 

 (Becquerels Bq)  1  1 

Ci  3.7 x 10
10

2.2.1

 100  1 

 (Gray, Gy)  100 

 3 

 1. 

 2. 

 3. 

 3 
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 3  Co
60

 :  (2532) 

2.2.2

 0.001 

 2 

1.

 ( , 2532) 

 4 eV 
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(excited molecule)  (ionization) 

 ( , 2543) 

     . M
+
 + e

-
 (ionization) 

M

     M*  (excitation) 

2.

 2  2 

H2O      HO
-
+ H

+

H
+
 + O2     HO2

2HO2      H2O2 + O2

OH + OH     H2O2

 ( , 2532) 

 (radiolytic 

products)

 ionizing radiation 

 pulse radiolysis 

 25 

 (primary products) 
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      . H2O
+
 +e

-
 aq (ionization) 

 H2O

      H2O*  (excitation) 

e
-

aq  hydrated electron  aqueous electron  solvated electron 

      H2O  (ionization) 

 H2O*

      . H + . OH (dissociation) 

. H2O
+
 (water cation radical) 

. H2O
+

+ H2O     H3O
+
 + . OH

H3O
+

 solvated proton  hydrated proton  hydronium ion 

 radiolytic products 

. H + . OH     H2O

e
-
 aq +  . OH     OH

-

 e
-
 aq + H 3O

+     
H2O + . H

. OH + . OH     H2O2

. H + . H     H2

 2  H2O2  H2

 H2O2 + e
-
 aq                                                              OH  +  OH

-

 H2 + . OH               H2O + . H
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  H2O2  H2  (dose) 

 radiolysis 

 (R= )

HYDROGEN ABSTRACTION 

 RH + 
.

H        
.
R + H

2

.

 RH + 
.
OH              R

.
+ H2O

DIMERIZATION

 R
.
  + R

.
             R-R 

DISPROPORTIONATION (original compound reformed plus new products) 

 CH3

.
CH2 + CH3

.
CH2           CH3-CH3 + CH2 = CH2
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HYDROGEN PEROXIDE FORMATION 

 R-OH  + O2   R=O  +HO2

 2HO2   H2O2  + O2

HYDROPEROXIDE FORMATION 

  R
.
  +  O2 ROO

.
 + RH   ROOH  +  R

.

HYRDOGEN PEROXIDE ADDUCT 

 HC =  C - CH2 – CH – COO
-
   HC  =  C - CH2  -  CH-COO 

   N     N  NH
+

3  + H2O2     N      N                 NH 2

+

     HC    H          HC     H..O-O.. .H 

               H  H 

HISTIDINE     HISTIDINE-PEROXIDE ADDUCT 

 :  (2532) 

 radiation dose 

10  (kGy) 

2.2.3

 10 – 50 
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 (commercial sterilization) 

 “Rad appertization” 

 (pathogenic microorganism) 

  1 – 10  “Radurisation” 

 whole spices 

 ethylene oxide 

 5 – 10 

 2-5 

 (insect dis-infestation) 

 1.0 

 0.5 

 0.5 – 1.0 

anthracnose

 (delay of  senescence) 

 1.0 
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 (inhibition of sprouting) 

 1.0 

 cured meat 

 cured meat Clostridium botulinum  ( ,

2532)

2.3

 3  3  curcumin 50-60 %, demethoxy 

curcumin 20-30%  bis-demethoxy curcumin 7-20% (Govindarajan  Sathyanarayana, 1986) 

 carotenoid  capsanthin 35%, -carotene 15%, violaxanthin 

10%, capsorubin 8%  (Baranyai , 1982) 

 1, 5  10 kGy  12 

 (p>0.05) (Chatterjee , 1998) 

 Munasiri  (1987)  10 kGy 

 8 

 (p<0.05)  3 

 17-25% (Chatterjee , 1998) 

 1, 5  10 kGy  12 

 (p>0.05) 

(Chatterjee, 1998)  Munasiri  (1987) 

 10 kGy  8 
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 10 kGy 

 (Chatterjee , 1998)

 (parsley) 

 2.5 -50 kGy 

 formaldehyde, carbonyl 

 piperine  50 kGy 

 2.5 -50 kGy

 formaldehyde 

chlorophyll  3%  25 kGy – 50 kGy  15 kGy – 20 kGy 

 (Josimovic, 1983) 

 10%  (phosphine 

fumigation)

 10 kGy 

(p<0.01) (Kwon , 2000)

2.4

 10
3
-10

8
 cfu./g

 (Hammerton  Benos, 1996) 

 5.0-10 

kGy (Oh , 2003)  3.0-7.0 kGy 

(Wirtanen , 1993) 

 (marjoram) 

 (thyme) 

 (3-10 kGy)  10
5
-10

6



15

 3 kGy  10
3
 (Oh ,

2003)

 3  10 kGy 

 10
2
 cfu/g Bacillus cereus

 6  (Murano, 1995b) 

 1983  1% 

ASTA (American Spices Trade Association) (Wilkes, 1992) 

2.5

 (Kiss  Farkas, 1988) 

  p-cymene  20%  (nutmeg)  10 kGy 

 10 kGy 

 (volatile oil constituents) (Josimovic, 1983)

 10 kGy  cinnamaldehyde  33% 

cinnanylacetate  eugenol  27% (Farkas 1988) 

 50 kGy (Maija , 1990)

 10 kGy

(volatile oil)  cardamom, 

 (p>0.01)  cardamom 

 15.25%  18.88%  GLC 

cardamom
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 (p<0.05)

(essential oil)  3 -terpeniol  myristicin  6.6 

 1-terpinene-4-ol  1  eugenol 

 (Variyar , 1998) 

 47 

 80  (essential oil) 

 2.5, 5.0, 7.5  10 kGy 

 (form)  germacreme-D 

 (Onyenekwe , 1997) 

 (Onyenekwe , 1997) 

 10, 20  30 kGy  1, 30 

 90  24  capillary gas 

chromatography

 GC 

 90 

 (Piggott  Othman, 1992) 

 GC 

 deta-3-carene, 

-pinene, sabinene  caryophyllene  Salzer (1975)

2.6  (fumigation)
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 2 

1.  (methyl bromide : CH 3Br)

 50% 

 2.  (phosphine, hydrogen phosphide : PH 3)

 3-5 

 (susceptible stage) 

 (aluminium phosphide)  (aluminium 

carbamate)

(aluminium hydroxide) 

 3.  (ethylene Oxide : C 2H4O)

 (cold sterilization) 
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 1  9 

 (ethylene chlorohydrin) 

 4.  (liquid fumigant)  (chloropicrin) 

 (ethylene dichloride)   (ethylene dibromide) 

(carbon tetrachloride)  (carbondisulfide) 

( , 2532)

2.7

 (Uzuegbu  Emifoniye, 1984)

 (Wilkes, 1992) 

 ethylene chlorohydrin (ECH) 

 chlorine ions  (matrix) 

 (chlorides) 

 ECH  (transformation) 

 forcibly 



19

 GC-MS  (Tateo  Bononi, 

2006)

 (carcinogen) 

 1  International Agency for Research on Cancer 

(IARC) :  ECH  ethylene glycol (EG)  (mutagenic) 

 200 

 6  2545 (European Committee, 2003) 

 25  56% 

 ECH (  20 ) 24% 

 ECH  100  3 

ECH  0.2  3.3  2  ECH 

5  (Tateo  Bononi, 2006) 

2.8

 carotenoids  paprika 

 5 kGy 

 (carotenoids)  2  (Zachariev , 1991)

2.9

 5 kGy 

 (Kiss , 2002)

 6.5 kGy  Spanish paprika 

 (Murano , 1995a) 
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 3 

3.1

. . 2547 

3.2

1.  (Thermoconstanter Novasina,  Axair AG8808, 

Switzerland)

2.  (HunterLab,  Color Flex, Verinia, USA) 

3.  (Hewlett-Packard,  6890, USA) 

4.  (Hewlett-Packard,  5973, USA) 

5.  (Stuart Scientific,  SBS 30, England) 

6.  (hot-air oven) 

7.  4  (SARTORIUS,  BP 3100S, Germany) 

8.

9.

10.

11.  (autoclave) 

12.

1.

2.

3.  250  (Duran bottle) 
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1.  (hot plate) 

2.  16x160 

3.

4.

5.  Linear low density polyethylene (LLDPE)  12  x 12 

6.  30  0.32 

 0.25  (Hewlett-Packard,  HP-5, USA)

7.  polydimethylsiloxane (PDMS)  100  (Supelco, USA) 

8.  (desiccators) 

3.3

1. Plate Count Agar (PCA) (Merck, Darmstadt, Germany) 

2.  (peptone salt solution) (Merck, Darmstadt, Germany) 

3.

3.4

3.4.1  (2 )

3.4.1.1  3 

3.4.1.2

3.4.1.3  LLDPE  30 

 100 

3.4.1.4  70  30  (  4) 

3.4.1.5  (  10 

)

3.4.1.5.1  (CTL) 40  ( )
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3.4.1.5.2  (IRR) 30  ( )

 10 

3.4.1.5.3  (ETO)  30  (

)

3.4.1.6  1 

3.4.1.7  3 

3.4.2  6  ( -

. . 2547) 

3.4.2.1  CTL 30 

3.4.2.2  IRR 30  10 

3.4.2.3  ETO 30 

3.4.3  1 / /

-  (colour)  Colorimeter (HunterLab,  Color Flex, Verginia, USA) 

-  (% moisture content,  wet basis)  AOAC (1995)

-  (aw , water activity) 

(Thermoconstanter Novasina,  Axair AG8808, Switzerland) 

-  (total plate count)  FDA-BAM (2001)

-  (mold)  AOAC (2000) 

-  Coliforms  ISO 4831 (1991) 

-  Clostridium perfringen  ISO 7937 (1997) 
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-  GC-MS (Gas Chromatography – 

Mass Spectrometry) (Hewlett-Packard,  6890, USA) 

(HP-5)

3.4.4  GC-MS 

3.4.4.1  headspace solid phase microextraction (HS-

SPME)  polydimethylsiloxane (PDMS)  100  (Supelco, 

USA)  2  (septum)  55-60 

 30  (  5)  GC-MS 

splitless mode  250  1  Ashanti 

pepper (Piper guineense)  (  Onyenekwe , 1997) 

3.4.4.2  GC-MS 

 (Hewlett-Packard,  6890, USA)  (HP-5) 

3.4.4.3  0.32  30  0.25 

 SPME 100 

(polydimethylsiloxane)  99.999 %  1.0 

 80  3 

 5  240 

(  Onyenekwe , 1997) detector  ion source  230 

 quadapole  150  MS interface  280 

 (m/z)  Mass Spectrometer Detector (  5973, USA) 

 (electron impact ionization, EI)  70 

 (Mass Scan)  40-400 amu.  3.99 

 NIST98 Library (NIST98, 

USA)
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(CTL) (IRR)

 4 



25

 5  HS-SPME
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3.4.5

 complete randomized design (CRD)  2 

 The Least Significant Difference (LSD) 

 SAS Version 8.1

3.4.6

-

-  :  700/465 

.7 . . .

-  :  69/56 

. .

3.4.7

. . 2547 . . 2548 
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 4 

4.1

 0-6  2, 3  4 

 (L*)  0-100  0  100  +a*  –a* 

 +b*  –b* 

 2  (L*) 

 (CTL)  (IRR)  (ETO)  0 

 (p>0.05)  6 

(p>0.05)

 (p<0.05) 

 3  (a*) 

 0 (p<0.05) 

 6 

 (p>0.05) 

 (p<0.05) 

 6 

 Munasiri  (1987) 

 1, 5  10 kGy  8 

(p>0.05)  Zachariev  (1991) 

carotenoids  paprika 

5 kGy  carotenoid 
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 4  (b*) 

 0 

 (p>0.05)  5 

 (p>0.05)  6 

 (p<0.05)

 6 

 (p>0.05) 

 Zachariev  (1991) 

 Chatterjee  (1998)  1, 5  10 kGy 

 12  (p>0.05) 

 Munasiri 

 (1987) 

 (10 kGy)  8 
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 2  (L*) 

 0-6 

     (L*) 

         ( )        CTL        IRR        ETO 

0   51.17+0.20
d A

  51.95+0.21
aA

  50.83+0.55
d A

 1   51.83+0.15
cd A  

51.77+0.01
a A

  51.83+0.01
bc A

 2   51.92+0.26
bc A

  51.15+0.09
a A

  51.05+0.16
d A

 3   52.64+0.25
a AB

  52.02+0.27
a B  

53.16+0.20
a A

 4   52.31+0.29
abc A

  51.81+0.18
a A

  51.82+0.03
bc A

 5   52.57+0.01
ab A

  51.36+0.01
a B

  51.10+0.02
cd B

 6   51.97+0.05
bc A

  51.46+0.01
a B

  51.92+0.02
b A

abc
 (p<0.05)

ABC
 (p<0.05)

 treatment    

 CTL  IRR  ETO 
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 3  (a*) 

 0-6 

     (a*) 

          ( )       CTL          IRR      ETO 

0   3.14+0.20
d B

  3.54+0.07
a A

  3.54+0.02
b A

 1   3.40+0.03
b A 

 3.49+0.09
a A

  3.48+0.09
bc A

 2   3.34+0.08
bc A

  3.18+0.02
a A

  3.16+0.11
d A

 3   3.41+0.05
b B

  3.88+0.03
a A

  3.54+0.00
b B

 4   3.22+0.07
cd B 

 3.49+0.02
a A

  3.31+0.04
cd AB

 5   3.41+0.02
b A

  3.41+0.04
a A

  3.53+0.05
b A

 6  3.86+0.03
a A

  3.86+0.03
a A

  3.86+0.03
a A 

abc
 (p<0.05)

ABC
 (p<0.05)

 treatment 

 CTL  IRR  ETO 
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 4  (b*) 

 0-6 

     (b*) 

         ( )        CTL                  IRR                 ETO 

0   19.80+0.21
a A

  19.76+0.08
a A

  19.76+0.03
a A

 1   20.09+0.02
a A 

 19.86+0.31
a A

  20.04+0.29
a A

 2   20.01+0.04
a A

  20.17+0.14
a A

  19.94+0.05
a A

 3   19.95+0.05
a A

  19.82+0.03
a A

  19.97+0.03
a A

 4   19.98+0.09
a A 

 20.14+0.23
a A

  19.90+0.21
a A

 5   20.17+0.04
a A

  19.73+0.03
a B

  20.00+0.05
a A

 6   18.35+0.10
b A

  18.65+0.13
b A

  18.48+0.14
b A

abc
 (p<0.05)

ABC
 (p<0.05)

 treatment    

 CTL  IRR  ETO 
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4.2

 (aw)

 0-6 

 5  6 (  10  11 )

 5 

 (CTL)  (IRR) 

 (ETO)  0  (p>0.05) 

 6  1-4 

 5-6  (p<0.05)  1-4 

-

 5-6 

5-6  (p>0.05) 
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 5  (aw)

 0-6 

     (aw)

    ( )       CTL       IRR      ETO 

       0   0.44+0.01
d A

  0.45+0.01
d A

  0.45+0.01
g A

       1   0.48+0.00
c B 

 0.46+0.00
c C

  0.51+0.00
c A

       2   0.49+0.00
b B

  0.47+0.00
c C

  0.50+0.00
d A

       3   0.51+0.00
a B

  0.54+0.01
a B

  0.56+0.00
a A 

       4   0.52+0.00
a B 

 0.55+0.01
a A

  0.54+0.00
b AB

       5   0.49+0.00
b A

  0.49+0.00
b A

  0.49+0.00
e A

       6   0.48+0.00
c A

  0.49+0.00
b A

  0.48+0.00
f A

abc
 (p<0.05)

ABC
 (p<0.05)

 treatment    

 CTL  IRR  ETO 
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 6 

 0-6 

            (% wet basis) 

     ( )       CTL       IRR       ETO 

        0   8.44+0.09
c A

  8.45+0.09
d A

  8.88+0.13
c A

        1   8.99+0.00
ba A 

 9.09+0.00
b A

  9.21+0.18
ab A

        2   9.19+0.04
a B

  9.38+0.04
a A

  9.40+0.03
a A

        3   9.03+0.01
ab B

  9.27+0.07
a A

  9.29+0.04
ab A 

        4   9.05+0.15
ab B 

 9.10+0.00
b A

  9.25+0.05
ab A

        5   8.93+0.02
b A

  9.04+0.04
bc A

  9.02+0.01
bc A

        6   8.95+0.02
b A

  8.90+0.04
c A

  8.90+0.04
c A

abc
 (p<0.05)

ABC
 (p<0.05)

 treatment    

CTL  IRR  ETO 
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4.3  Coliforms Clostridium perfringens

4.3.1

 0-6  6  12 ( )

 6  0 

(p<0.05)

 10
3
 cfu/g  10

4
 cfu/g 

10
7
 cfu/g

 1-2 log10 cycle  Oh  (2003) 

 (  marjoram  thyme) 

 10
5
-10

6
 cfu/g  (1-10 kGy) 

 10
3
 cfu/g 

 Kiss  (2002) 

 2 

 3-6 

Onyenekwe  (1997)  7.5 kGy 

 4 log10 cycle 
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0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

0M 1M 2M 3M 4M 5M 6M

 ( )

 (
lo

g 1
0
 c

fu
/g

)

CTL IRR ETO

aA aA

bAbA bA bA
cA

aBaB aB aB

abC bB bB
bB

aC
abcC bcdC bcdC cdC

dA

 6 

 0-6  (n = 4) 

abc
 (p<0.05)

 treatment 

ABC
 (p<0.05)

 treatment 
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4.3.2

 0-6  7 

 13 ( )

 7  0 

 (p<0.05) 

 10
3
 cfu/g  10

4

cfu/g  10
6
 cfu/g 

 1 log10 cycle 

 0-1  2-6 

 Will (1983) 

 7 kGy 

Onyenekwe  (1997)  5 kGy 

 LLDPE  2 
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0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

0M 1M 2M 3M 4M 5M 6M

 ( )

 (
lo

g
1

0
 c

fu
/g

)

CTL IRR ETO

aC aB

aB aB

bA aA

 7 

 0-6  (n = 4) 

abc
 (p<0.05)

 treatment 

ABC
 (p<0.05)

 treatment 
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4.3.3  Coliforms Clostridium perfringens

Coliforms Clostridium perfringens

 0-6  7  8 

 7  Coliforms  0  12.15 cfu/g (1.07 log10

cfu/g)  Coliforms 

 Coliforms 

 Coliforms  1-2 log10 cycle 

 8 Clostridium perfringens  (< 2 log10 cfu/g) 

Clostridium perfringens

. -

 Hanis  (1988)   10 

kGy Clostridium perfringens  10 kGy 

 1 cfu/g  Clostridium perfringens
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 7 Coliforms

 0 

( )

CTL

(log10 cfu/g) 

IRR

(log10 cfu/g) 

ETO

(log10 cfu/g) 

0 1.07 + 0.11

 CTL  IRR  ETO 

 1 (log10 cfu/g) 
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 8 Clostridium perfringens

 0 

( )

CTL

(log10 cfu/g) 

IRR

(log10 cfu/g) 

ETO

(log10 cfu/g) 

0

 CTL  IRR  ETO 

 Clostridium perfringens  2 (log10 cfu/g) 
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4.4

 0-6 

 (90%)  (5%)  (2%) 

 (3%) 

 14, 15, 16, 17 ( )

 caryophyllene, -cubebene, cyclohexene, 3-carene, ocimene,  -pinene,  -pinene, 

germacrene D, phellandrene  limonene  9, 10  11

 Jirovetz  (2002) 

Piper nigrum  GC-MS (SPME)  germacrene D (11.01%), limonene 

(10.26%),  -pinene (10.02%), -phellandrene (8.56%),  -caryophyllene (7.29%),  -pinene (6.40%) 

 cis-  -ocimene (3.19%)   

 3-carene, cyclohexene  -cubebene 

GC-O (Gass chromatography-olfactometry) 

 Onyenekwe  (1997) Piper

guineense  germacrene D  Ravindran  Kallupurackal (2001) 

 linalool,  -phellandrene, myrcene, methyl propanol,  -pinene 

 (pepper-like), limonene  (citrus-like)  3-methylbutanol 

 (terpene-like)  (methyl note) 

 (corrected area)  8  14 ( )

 2

 4  6 
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Onyenekwe  (1997)  2.5 

kGy  10 kGy  9 

 9 

 (radiolytic products) 

 2 

 4  6 

9  15 ( )

caryophyllene,  -cubebene, cyclohexene, 3-carene, ocimene,  -pinene, -pinene, germacrene D, 

phellandrene limonene, 3-carene, cyclohexene  -cubebene  caryophyllene 

 42%  18-27 ( )

 6 

limonene  14-16 ( )

 (90%) 

 6  Piggott 

 Othman (1992) 

 10, 20  30 kGy  1, 30  90  24 

  capillary gas chromatography

 GC-MS 
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 6  limonene 
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 9 

 0-6 

 (% of total area) 

0 2 4 6

caryophyllene 42.514+0.67 40.401+5.71 40.652+0.62 39.137+4.91

-cubebene 6.896+2.03 5.851+0.20 4.475+0.32 2.674+0.16

cyclohexene 5.153+0.13 3.574+0.03 2.310+2.31 2.022+0.01

3-carene 2.636+0.25 1.953+0.11 2.081+0.46 0.578+0.46

ocimene 1.511+0.21 1.348+0.06 0.785+0.79 0.283+0.01

-pinene 0.975+0.69 0.305+0.00 0.312+0.05 0.202+0.00

-pinene 0.963+0.04 0.656+0.02 0.690+0.15 0.117+0.12

germacrene D 0.478+0.14

phellandrene 0.150+0.04 0.172+0.00 0.183+0.02

limonene 0.057+0.01 0.377+0.01 0.500+0.02 3.327+0.23

 2 
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 10 

 0-6 

 (% of total area)

0  (CTL) 2 4 6

caryophyllene 42.514+0.67 47.410+2.53 41.919+4.42 34.212+5.29

-cubebene 6.896+2.03 5.268+0.15 5.856+0.21 3.114+0.78

cyclohexene 5.153+0.13 3.0215+0.38 1.805+0.19 0.688+0.69

3-carene 2.636+0.25 3.273+1.36 0.836+0.12 0.265+0.27

ocimene 1.511+0.21 1.235+0.13 1.085+0.28 0.305+0.30

-pinene 0.975+0.69 0.168+0.20 0.125+0.01 0.057+0.00

-pinene 0.963+0.04 0.531+0.08 0.309+0.06 0.150+0.02

germacrene D 0.478+0.14

phellandrene 0.150+0.04 0.200+0.02 0.155+0.01

limonene 0.057+0.01 0.789+0.11 0.315+0.10 1.553+0.14

 2 

 0  (CTL) 
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 11 

 0-6 

 (% of total area)

0  (CTL) 2 4 6

caryophyllene 42.514+0.67 45.512+1.97 44.921+0.36 43.243+0.60

-cubebene 6.896+2.03 5.522+0.01 4.217+0.09 1.385+1.23

cyclohexene 5.153+0.13 4.880+0.15 1.508+0.10 1.598+0.06

3-carene 2.636+0.25 3.122+0.08 0.754+0.09 0.769+0.01

ocimene 1.511+0.21 0.376+0.38 0.750+0.11 0.018+0.00

-pinene 0.975+0.69 0.363+0.02 1.01+0.01 0.146+0.00

-pinene 0.963+0.04 0.917+0.04 0.242+0.03 0.343+0.01

germacrene D 0.478+0.14

phellandrene 0.150+0.04 0.135+0.03 0.136+0.02

limonene 0.057+0.01 0.630+0.06 0.470+0.04 2.754+0.03

 2 

 0  (CTL) 
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0.00

10.00

20.00

30.00

40.00

50.00

60.00

0M 2M 4M 6M

 ( )

 (
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CTL IRR ETO

 8  (corrected area) 
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0.00

10.00

20.00

30.00

40.00

50.00

0M 2M 4M 6M

 ( )

 (
x

1
0

9 )

CTL IRR ETO

 9  (alkenes group) 
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 5 

 Coliforms Clostridium perfringens

5.1

 10 kGy 

(L*)  (b*) (p>0.05)  (a*) 

 (p<0.05)  0-6 

 (L*)  (a*) (p>0.05)  (b*) 

 0-5  (p>0.05) 

 6 (p<0.05)  (L*)  (p<0.05)  (a*) 

 (b*) (p>0.05)  6  6 

 (b*)  (a*) (p>0.05) 

 (L*)  (p<0.05) 

(L*)  (b*) (p>0.05)  (a*) (p<0.05) 

 0-6 

 (L*)  (a*) (p<0.05) 

 (b*)  0-5  (p>0.05) 

 (b*)  6 (p<0.05)  6 

 (b*)  (a*)  (L*) 

(p>0.05)
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 5.2 

 10 kGy 

 (aw)  (p>0.05) 

 (P>0.05)  1-4 

 5-6 (p<0.05) 

 (p>0.05) 

5.3

 10 kGy 

 4  3 log10 cycle 

 10 kGy 

 4  3 log10 cycle 

 10 kGy  Coliforms 

Clostridium perfringen  (< 2 log10 cfu/g) 

Clostridium perfringen

. -

5.4

 GC-MS 

 90%  5%  2% 

 3%  caryophyllene, 

-cubebene, cyclohexene, 3-carene, ocimene, -pinene, -pinene, germacrene D, phellandrene 

limonene

 10 kGy 
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 0-6 

 6 

 limonene  0-6 

 6 

limonene

 10 kGy 

 (corrected area)  2 

 4  6 

 10 kGy 

 4  6 

5.5

 chlorohydrin 
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1.  GC-Olfactometry 

2.

3.  10 kGy 

 5 kGy 

4.

5.  (carcinogen) 

 1  International Agency for Research on Cancer 

(IARC) :  ECH  ethylene glycol (EG)  (mutagenic) 

 200 

 6  2545 (European Committee, 2003) 
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1. (aw) Thermoconstanter

1.1  Thermostanter  (1) 

1.2  (Sample Cup)  80-90 %

1.3  Measuring Chamber 

1.4

1.5 Set  25 

 190 

1.6  Relative Humidity 

 (Equilibrium) 

Equilibrium Relative Humidity (ERH)  100 

(aw)

1. (aw)

2.  Equilibrium 

 Equilibrium 

15-25
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2. (hot air oven) 

2.1 Moisture can  4  (W1)

2.2  2-3 Moisture can

 4  (W2)

2.3 Moisture can  102  4 

Moisture can ( )

 5

2.4  4 Moisture can

(descicator)  45 

2.5 Moisture can (descicator) 

 4 (W3)

   1.  Moisture can

  2.  

% Moisture  =  [W3 - W1 x 100 ]  -100 

        W2

W1 = Moisture can ( )

            W2 = ( )

W3 = Moisture can  + ( )
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3. Colorimeter (Hunter Lab Color Flex)

3.1 Power Supply, Ac adapter 

3.2 “Ready to read black tile” 

Port Enter

3.3 “Ready to read white tile” 

Port Enter

3.4 L*, a*  b*  Enter Standard

L*, a*  b*

±1.0 %  Calibrate 

3.5 (Glass Sample Cup)  1.0 

Disk  1 

3.6

3.7 Enter  L*, a*  b* 
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4.  (total plate count )

4.1  10  90  (  dilution 

10
-1
)

4.2  (dilution) 

4.3  1  Sterile petri dish  90 

4.4  plate  5  plate 

 5 

 15 

 plate  plate  6 

plate

4.5  37 ± 1  48  37  ± 10  72 

4.6

 Count / g  count / ml 

                                                 N     =

                                                                  (n1 + 0.1 n2 ) d

          N   =  microorganism 

                =  plate  15 – 300

          n1 =  plate  dilution  15 – 300 

          n2 =  plate  dilution  15 – 300 

          d   =  dilution factor  dilution 
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5.  (mold )

5.1  10  90  (

dilution 10
-1
)

5.2  Stomacher 

5.3  (dilution) 

5.4  Petrifilm 

 1 

5.5

5.6  Spreader  Petrifilm  Spreader 

 (  Spreader 

 ) 

5.7  Spreader  1 

5.8  Petrifilm  20 

5.9  20 -25  3-5 

                                 N   =                 Ec 

                                              (n1+ (0.1) n2 ) d 

    N   =  Microorganism  ( Count / g , Count / ml ) 

 Ec  =  plate  15 – 150 

 n1 =  plate  dilution  15 – 150 

 n2 =  plate  dilution  15 – 150 

 d   =  dilution factor  dilution 
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 20 

 6 

 21 

 6 

 22 

 6 



69

 12

 0-6 

    (log 10 cfu/g) 

( )     CTL  IRR  ETO 

0     7.18
aA

  2.78
aC

  4.59
aB

1     6.71
bA 

 2.42
abcC

  4.40
aB

2   7.39
aA

  3.54
abC

 4.64
aB

3     6.44
bA

  2.09
bcdC  

4.47
aB

4     6.49
bA 

 2.14
bcdC

  3.42
bB

5     6.57
bA

  1.87
dC

 3.40
bB

6     5.82
cA

  2.00
cdC

  3.67
bB

abc
 (p<0.05)

ABC
 (p<0.05)

 treatment      

 CTL  IRR  ETO 
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13

 0-6 

            (log 10 cfu/g) 

( )     CTL  IRR  ETO 

0     3.09
a C

  6.22
b A

  3.98
a B

1     2.86
a B 

 6.48
a A

  3.93
a B

2  1
b B

  2.15
de A 

 1
b B

3     1
b B

  2.30
d A  

1
b B 

4     1
b B 

 2.00
e A

  1
b B

5     1
b B

  2.54
c A 

 1
b B

6     1
b B

  2.00
e A

  1
b B

abc
 (p<0.05)

ABC
 (p<0.05)

 treatment     

 CTL  IRR  ETO 

 1 (log10 cfu/g) 
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 0-6 

  (corrected area) x10
9

Treatment 0 2 4 6

CTL     50.95+4.05 44.3+5.6 24.3+2.0 8.4+0.9

IRR -  31.8+0.1 26.6+2.2 18.1+6.3

ETO -  24.2+0.5 21.4+1.4 13.2+1.3

 CTL  IRR  ETO 
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 15 

 0-6 

 (x 10
9
)

Treatment 0 2 4 6

CTL 45.47+1.20 37.06+2.95 18.74+1.37 9.78+0.87

IRR - 24.78+0.61 19.06+1.72 9.92+0.79

ETO - 18.47+1.24 18.25+0.14 9.94+0.93

 CTL  IRR  ETO 
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 0-6 

 (x 10
9
)

Treatment 0 2 4 6

CTL 2.24+0.03  1.64+0.08 1.34+0.04 0.29+0.03

IRR -  1.80+0.20 0.31+0.25 0.27+0.21

ETO -  1.28+0.01 1.11+0.01b 0.53+0.06

 CTL  IRR  ETO 



74

 17

 0-6 

 (x 10
9
)

Treatment 0 2 4 6

CTL 0.97+0.22 0.75+0.10 0.27+0.23 0.04+0.01

IRR - 0.50+0.05 0.27+0.08 0.01+0.01

ETO - 0.03+0.00 0.05+0.02 0.07+0.00

 CTL  IRR  ETO 



75

 18 -pinene

 0-6 

 (% of total) 

Treatment 0 2 4 6

CTL 0.975+0.69 0.305+0.00 0.312+0.05 0.202+0.00

IRR - 0.168+0.20 0.125+0.01 0.057+0.00

ETO - 0.363+0.02 1.010+0.01 0.146+0.00

 CTL  IRR  ETO 
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 19 -pinene

 0-6 

 (% of total) 

Treatment 0 2 4 6

CTL 0.963+0.04 0.656+0.02 0.690+0.15 0.117+0.12

IRR - 0.531+0.08 0.309+0.06 0.150+0.02

ETO - 0.917+0.04 0.242+0.03 0.343+0.01

 CTL  IRR  ETO 



77

 20 phellandrene

 0-6 

 (% of total) 

Treatment 0 2 4 6

CTL 0.150+0.04 0.172+0.00 0.183+0.02

IRR - 0.200+0.02 0.155+0.01

ETO - 0.135+0.03 0.136+0.02

 CTL  IRR  ETO 
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 21 ocimene

 0-6 

 (% of total) 

Treatment 0 2 4 6

CTL 1.511+0.21 1.348+0.06 0.785+0.79 0.283+0.01

IRR - 1.235+0.13 1.085+0.28 0.305+0.30

ETO - 0.376+0.38 0.750+0.11 0.018+0.00

 CTL  IRR  ETO 
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 22 limonene

 0-6 

 (% of total) 

Treatment 0 2 4 6

CTL 0.057+0.01 0.377+0.01 0.500+0.02 3.327+0.23

IRR 0.789+0.11 0.315+0.10 1.553+0.14

ETO 0.630+0.06 0.470+0.04 2.754+0.03

 CTL  IRR  ETO 
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 23 germacrene D 

 0-6 

 (% of total) 

Treatment 0 2 4 6

CTL 0.478+0.14

IRR  - 

ETO  - 

 CTL  IRR  ETO 
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 24 caryophyllene

 0-6 

 (% of total) 

Treatment 0 2 4 6

CTL 42.514+0.67
a

40.401+5.71 40.652+0.62 39.137+4.91

IRR - 47.410+2.53 41.919+4.42 34.212+5.29

ETO - 45.512+1.97 44.921+0.36 43.243+0.60

 CTL  IRR  ETO 
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 25 3-carene

 0-6 

 (% of total) 

Treatment 0 2 4 6

CTL 2.636+0.25
 a

1.953+0.11 2.081+0.46 0.578+0.46

IRR - 3.273+1.36 0.836+0.12 0.265+0.27

ETO - 3.122+0.08 0.754+0.09 0.769+0.01

 CTL  IRR  ETO 
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 26 cyclohexene

 0-6 

 (% of total) 

Treatment 0 2 4 6

CTL 5.153+0.13 3.574+0.03 2.310+2.31 2.022+0.01

IRR - 3.0215+0.38 1.805+0.19 0.688+0.69

ETO - 4.880+0.15 1.508+0.10 1.598+0.06

 CTL  IRR  ETO 
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 27 -cubebene

 0-6 

%  (% of total) 

Treatment 0 2 4 6

CTL 6.896+2.03 5.851+0.20 4.475+0.32 2.674+0.16

IRR - 5.268+0.15 5.856+0.21 3.114+0.78

ETO - 5.522+0.01 4.217+0.09 1.385+1.23

 CTL  IRR  ETO 
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