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Thyme and cumin essent ia l  oi ls  were  used in the  pre- 
sent  s tudy in an at tempt  to prevent  butter  deteriora- 
t ion during storage at room temperature.  Butter oxida- 
t ion and l ipolysis  were  fo l lowed by measur ing  the acid, 
peroxide  and TBA values .  Lipolytic activity and total  
microbial  and lipolytic bacterial  counts  were  also 
measured.  During butter storage,  very  little change in 
the  peroxide  and TBA va lues  were  found whi le  a grad- 
ual increase  in the  acid value was  noticed.  The addi- 
t ion o f  cumin and thyme oils  at 200 ppm to butter  
caused very  little increase  in the  acid value.  The data 
for lipolytic bacterial  counts  were  in general  agree- 
ment  with the  acid values .  Thyme and cumin essent ia l  
oi ls  showed  a greater anti-hydrolytic e f fec t  and act as 
superior preservat ives  compared to BHT. 

Autooxidat ion and lipolysis are responsible for off-flavors 
in lipid-containing food products .  But ter  deter iorates  by 
oxidative rancidi ty f rom the reaction with a tmospher ic  
oxygen and hydrolytic react ions catalyzed by lipases f rom 
food or f rom microorganisms (1). Antioxidants  are wide- 
ly used in m a n y  foods to prevent  fat  rancidity. It has  been 
found tha t  the addition of BHT and BHA at concentra-  
tions ranging f rom 50-500 p p m  in ghee or bu t te r  re ta rded  
the development  of both fa t ty  acids and peroxides  during 
storage (2-5). A combinat ion of propyl gallate (100 ppm)  
and dodecyl gallate (500 ppm)  was effective as an antiox- 
idant  in butter,  as was propyl  gallate at  200 p p m  (6,7). 
There has been some discussion recently of the undesira- 
ble use of synthetic antioxidants,  since BHA had toxic 
and carcinogenic effects (8). Also, BHT caused changes in 
ra t  thyroids, st imulation of DNA synthesis and induction 
of enzymes (9). Consequently, there is a need for other  
types of antioxidants.  The present  work  has been conduc- 
ted to s tudy the effect of some natural ly  occurring essen- 
tial oils as preservatives for butter.  

MATERIALS AND METHODS 

Source of milk. Fresh cow's milk was obtained from the 
Exper imenta l  Station Herd, Faculty of Agriculture, Cairo 
University, Giza, Egypt. 

Milk processing. Milk was separa ted  into c ream and 
skim milk using an Alfa-Laval sepa ra to r  (Alfa-Laval, 
Sweden). Cream was churned  to obtain butter.  

Butylated hydroxy toluene (BHT) and essential oils. 
Crystalline BHT was obtained from Sigma Chemical Com- 
pany  (St. Louis, MO). The fruits and leaves of cumin 
(Cuminum cyminum, L.) and thyme (Thymus vu/gar /us ,  
L.) plants  were collected from the Pha rmacy  Farm, Cairo 
University, Giza, Egypt. The plant  materials,  cut into small 
pieces (ca. 100 g), were placed in a flask (2 L) together  
with double distilled wa te r  (1.5 L). A s team distillation 
cont inuous extract ion head was a t tached  to the flask. 
After s team distillation the oil was isolated and dried over 
anhydrous  sodium sulfate. 

Authentic volatile compounds.  A set of 24 s t anda rd  
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mater ia ls  with a s ta ted  pur i ty  of 99% by GLC was obtained 
f rom Dragoco company  (Holzminden, West Germany).  
The s t anda rd  mater ia ls  were: cyclic te rpenes  (a-pinene,  
B-pinene, camphene,  limonene, ~/-terpinene, terpinolene 
and phellendrene);  aliphatic hydrocarbon (myrecene);  
a romat ic  hydrocarbon (p-cymene);  sesqui terpene (ca- 
ryophyllene); phenol  ethers (eugenol, thymol and methyl  
chavicol); cyclic te rpene ketones (carvone, dihydrocar-  
vone, and thujone); a romat ic  aldehydes (cumin alde- 
hyde); aliphatic alcohols (linalool and geraniol); cyclic 
te rpene alcohols (t-carvol, ~-terpineol and borneol) and 
terpene esters (linalyl aceta te  and terpinyl acetate).  

Identification and determination of essential oil com- 
position. The essential oils were analyzed by a GCV Pye 
Unicam gas ch romatograph  equipped with dual f lame 
ionization detectors. The ch romatograph  was fitted with 
a coiled glass column (1.5 m X 4 m m )  packed with Dia- 
tomite C (100-120 mesh)  and coated with 10% PEGA. The 
oven t empera tu re  was p rog rammed  at  4~ from 
60~ to 180~ and was held at 180~ for 15 rain. Detector 
and injector t empera tu re s  were 220~ and 300~ respec- 
tively. Gas flow rates  for N2, H2 and air were 30, 33 and 330 
ml/min,  respectively. Peak identification was pe r fo rmed  
by compar ing the relative retent ion t imes of each peak  
with those of known compounds .  Also, the essential  oils 
were mixed with their  major  compounds  and injected 
into GLC to verify the peak  identity. The relative retent ion 
times for thymol and cumin aldehyde are given a value of 
1.00, depending on essential oil origin. The peak areas  
were measured  by triangulation, and percentage  of each 
oil componen t  was calculated as the ratio of the peak  
area  to the total  chromatographic  area. All samples  were 
analyzed in triplicate and the values agreed within 2%. 
Mean values are presented in the text. 

Oxidation systems. Butter  packaged in sterilized glass 
bottles was thoroughly mixed with BHT (200 ppm),  
cumin (200 ppm)  and thyme (200 ppm)  oils and  s tored at 
room tempera ture .  Samples were removed periodically 
and subjected to chemical  and microbiological analyses. 

Chemical analyses. Hydrolytic and oxidative rancidi ty 
of bu t te r  were followed by determining the acid value, 
peroxide number  and thiobarbituric acid (TBA) value. To 
get the acid value, a known weight of but ter  fat  (5 g) was 
dissolved in a neutralized alcohol (50 ml) and t i t ra ted 
with KOH (0.1 N) (10). For the peroxide number,  a known 
weight of bu t te r  fat  (2 g) was dissolved in a mixture  of 
CH3COOH:CHCI3 (3:2, v/v) ,  and  sa tu ra ted  solution of KI 
(1 ml) was then added. The l iberated iodine was t i t ra ted  
with sodium thiosulfate solution (0.1. N) in the presence 
of s tarch  as an indicator  (10). The TBA test  was per-  
formed by adding H20 (8 ml), TBA solution (6 ml, 0.025 
mM) and trichloroacetic acid (3 ml) to the but te r  fat  (0.5 
g). After heating the mixture  (20 min), the interfering 
materials  were ex t rac ted  three t imes with e ther  and dis- 
carded. The aqueous phase  was completed with distilled 
wa te r  to a known volume (25 ml) and the absorbance of 
this solution was recorded at  532 nm (11). All chemical  
determinat ions  were conducted in triplicate and the re- 
sults are presented as average values. 
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Determination of lipolytic activity. The l ipolyt ic  act iv-  
i ty  of  b u t t e r  was  d e t e r m i n e d  a n d  is de f ined  as  t he  n u m b e r  
o f  moles  o f  free f a t t y  ac ids  (as  oleic ac id )  n e u t r a l i z e d  by  
NaOH (12). 

Microbiological analysis. The c o u n t s  of  t o t a l  b a c t e r i a  
a n d  l ipolyt ic  b a c t e r i a  we re  c a r r i e d  ou t  wi th  m e l t e d  b u t t e r  
(1 ml)  d i l u t ed  wi th  a p p r o p r i a t e  vo lumes  of  s te r i l i zed  sa-  
l ine so lu t ion  a n d  t h o r o u g h l y  m i x e d  wi th  a su i t ab l e  medi -  
um. T r e p t o n e - g l u c o s e - y e a s t - a g a r  m e d i u m  was  used  for  
t o t a l  b a c t e r i a l  c o u n t  (13). T rep tone -g lucose -yeas t -  
s te r i l i zed  ghee m e d i u m  was  used  for  l ipolyt ic  b a c t e r i a  
(14). The p l a t e s  con t a in ing  the  m e d i a  a n d  b u t t e r  were  
i n c u b a t e d  a t  32~ for  fou r  days  in all cases.  

Statistical analysis. The c a l c u l a t e d  A-values  for  all  
chemica l  values ,  l ipolyt ic  ac t iv i ty  a n d  c o u n t s  of  to ta l  bac-  
t e r i a  a n d  l ipolyt ie  b a c t e r i a  were  s t a t i s t i ca l ly  ana lyzed  us- 
ing a sp l i t  des ign  (15).  

RESULTS AND DISCUSSION 

C o n s u m e r s  all  over  t h e  w o r l d  a r e  becoming  inc reas ing ly  
consc ious  of  t he  n u t r i t i o n a l  va lue  a n d  t h e  sa fe ty  of  t h e i r  
food  a n d  i ts  ingred ien ts .  A t  t he  s a m e  t ime,  t h e r e  is an  
i n c r e a s e d  p r e f e r e n c e  for  n a t u r a l  foods  a n d  food ingre-  
d i en t s  wh ich  a r e  gene ra l ly  be l ieved to  be safer ,  h e a l t h i e r  
a n d  less sub jec t  to  h a z a r d s  t h a n  foods  con t a in ing  ar t i f i -  
c ial  food addi t ives .  Cumin  a n d  t h y m e  oils we re  d e m o n -  
s t r a t e d  to  have  a posi t ive  a n d  effective inh ib i to ry  effect  on 
syn the t i c  m e d i a  con ta in ing  bac te r i a ,  y e a s t  a n d  fungi  (16). 
These  m i c r o o r g a n i s m s  a re  k n o w n  to be r e spons ib l e  for  
food  de t e r i o r a t i on .  Consequent ly ,  t h e  essen t i a l  oils u n d e r  
s t u d y  were  a d d e d  to  b u t t e r  in an  a t t e m p t  to  s t u d y  the i r  
effect  on p r e v e n t i n g  l ipid o x i d a t i o n  a n d  hydrolys is .  I t  ha s  
been r e p o r t e d  t h a t  t h e  m i n i m u m  inh ib i t o ry  c o n c e n t r a -  
t ion  (MIC) r e q u i r e d  to  p r e v e n t  c e r t a i n  t ypes  of  mic roo r -  
gan i sms  w a s  200 p p m  of  t hese  e s sen t i a l  oils (16). Hence,  
t he  e s sen t i a l  oils we re  a d d e d  to  t he  n a t u r a l  m e d i u m  (bu t -  
t e r )  a t  200 ppm,  wh ich  is s imi la r  to  MIC. The  levels of  
e s sen t i a l  oils a d d e d  to  b u t t e r  a r e  beyond  the  c o n c e n t r a -  
t ion o f  a n t i o x i d a n t s  a d d e d  in i n d u s t r y  to  food p r o d u c t s  

(1). An e x p e r i m e n t  was  c o n d u c t e d  us ing  BHT a t  200 p p m  
a long wi th  o t h e r  e x p e r i m e n t s  in o r d e r  to  c o m p a r e  t he  
a n t i o x i d a t i v e  abi l i ty  o f  t he  e s sen t i a l  oils t o w a r d s  b u t t e r  
r anc id i ty .  The  e x p e r i m e n t a l  p e r i o d  was  t e r m i n a t e d  (18 
days )  when  an  ob jec t ionab le  o d o r  was  obvious ly  n o t i c ed  
wi th  t h e  c on t ro l  sample .  

Table 1 shows  the  p e r o x i d e  a n d  TBA va lues  for  t he  
s y s t e m s  cons i s t i ng  of  b u t t e r  c o n t a i n i n g  BHT, cumin  a n d  
t h y m e  oils. The resu l t s  show t h a t  t he  c ha nge s  in t he  
p e r o x i d e  va lues  d u r i n g  t h e  f i rs t  15 days  we re  ve ry  low in 
all cases.  This m e a n s  t h a t  ve ry  l i t t le  a u t o o x i d a t i o n  h a d  
t a k e n  place.  On the  e igh t een th  d a y  of  t he  s torage ,  t he  
p e r o x i d e  va lues  were  r e m a r k a b l y  inc reased ,  a n d  the  au-  
t o o x i d a t i o n  p roc e s s  c o m m m e n c e d .  Conce rn ing  TBA 
values,  no  obvious  change  o c c u r r e d  in a n y  cases  t h rough-  
ou t  t he  en t i r e  e x p e r i m e n t a l  per iod .  This  w o u l d  i nd i ca t e  
t h a t  t he  s e c o n d a r y  p r o d u c t s ,  such  as  a l d e h y d e s  a n d  ke- 
tones ,  h a d  no t  ye t  been fo rmed .  

I t  is w o r t h  me n t ion ing  t h a t  t he  s t a t i s t i ca l  ana lys is  indi-  
c a t e d  t h a t  t h e r e  we re  s ign i f ican t  d i f fe rences  be tween  
TBA va lues  a n d  va r i ous  s t o r a g e  p e r i o d s  for  e ach  sy s t em 
u n d e r  s tudy .  However ,  t he  d i f fe rences  in TBA va lues  oc- 
c u r r e d  wi th in  t he  s e c o n d  de c ima l  poin ts .  In ou r  exper i -  
ence  these  c ha nge s  a r e  meaning less .  

Table 2 a n d  F igure  1 s h o w  the  ac id  va lues  a n d  A-ac id  
va lues  for  t he  sys t ems  u n d e r  s tudy.  Wi thou t  a d d i t i o n  of  
BHT or  e ssen t i a l  oils ( con t ro l ) ,  t he  ac id  va lue  of b u t t e r  
g r a d u a l l y  i n c r e a s e d  wi th  t he  s t o r a g e  t ime.  The  ac id  va lues  
for  b u t t e r  c on t a in ing  BHT were  s igni f icant ly  lower  t h a n  
t h a t  of  t he  control .  The a d d i t i o n  of  cumin  a n d  t h y m e  oils 
a t  200 p p m  to  b u t t e r  p o s s e s s e d  a m o r e  s igni f icant  lower-  
ing effect  on t h e  ac id  va lues  t h a n  d id  BHT. Therefore ,  bo th  
sys t ems  were  m o r e  effective t h a n  BHT in p r e ve n t i n g  but -  
t e r  hydrolys is .  We also o b s e r v e d  t h a t  b u t t e r  c o n t a i n i n g  
t h y m e  oil h a d  a lower  A-ac id  va lue  t h a n  b u t t e r  con t a in ing  
c u m i n  oil. The effect iveness  of  a d d e d  m a t e r i a l s  in p r o t e c t -  
ing bu t t e r ,  b a s e d  on the i r  abi l i t ies  to  s low down  the  ac id  
va lue  rise, fo l lowed th is  sequence :  t h y m e  ~ c u m i n  ~ BHT 

cont ro l .  
Table 3 i l lus t r a t e s  the  l ipase  ac t iv i ty  of  all s y s t ems  

u n d e r  s t u d y  d e t e r m i n e d  a t  t he  e n d  of  the  e x p e r i m e n t .  

TABLE 1 

Influence of  BHT and Some Essent ia l  Oils on the  Peroxide (PV) and TBA Values of  Butter Stored at Room Temperature 

Storage Butter + BHT Butter + Cumin oil Butter + Thyme oil 
period Butter (control) (200 ppm) (200 ppm) (200 ppm) 

(day) PV A-pv TBA ATBA PV 5-PV TBA ATBA PV A - P V  TBA ATBA PV A - P V  TBA ATBA 

0 2.3 0.0 0.01 0.00 2.2 0.0 0.02 0.00 2.2 0.0 0.02 0.00 2.5 0.0 0.01 0.00 
3 2.5 0.2 0.02 0.01 2.3 0.1 0.03 0.01 2.2 0.0 0.03 0.01 2.7 0.2 0.03 0.02 
6 2.5 0.2 0.02 0.01 2.6 0.4 0.03 0.01 2.4 0.2 0.03 0.01 2.7 0.2 0.03 0.02 
9 2.4 0.1 0.02 0.01 2.8 0.6 0.03 0.01 2.8 0.6 0.04 0.02 2.8 0.3 0.05 0.04 

12 2.5 0.2 0.06 0.05 2.9 0.7 0.06 0.04 3.2 1.0 0.06 0.04 3.1 0.6 0.05 0.04 
15 3.4 1.1 0.06 0.05 3.1 0.9 0.07 0.05 3.8 1.6 0.04 0.02 3.4 0.9 0.07 0.06 
18 5.9 3.6 0.07 0.06 6.0 3.8 0.08 0.06 7.1 4.9 0.05 0.03 5.5 3.0 0.05 0.04 

Peroxide value is expressed as milliequiv, peroxide/kg fat. 
TBA value refers to the absorbance of the coloured product formed at 532 nm. 
L.S.D. (0.05) values for A-P.V. between treatments and various experimental periods within each treatment were 0.081 and 0.192, 
respectively. 
L.S.D. (0.05) values for A-TBA-test between treatments and various experimental periods within each treatment were 0.0033 and 0.007, 
respectively. 
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TABLE 2 

Effect of BHT and  Some Essential  Oils on t h e  Ac id  v a l u e s  (A.V.) of B u t t e r  S t o r e d  at  R o o m  T e m p e r a t u r e  

Storage Butter (control) Butter + BHT Butter + Cumin oil Butter + Thyme oil 
period (200 ppm) (200 ppm) (200 ppm) 

(day) A.V. A-A.V. A.V. A-AN. A.V. A-AN. A.V. A-AN. 

0 0.5 0.0 0.7 0.0 0.5 0.0 0.9 0.0 
3 1.4 0.9 1.5 0.8 1.3 0.8 1.4 0.5 
6 2.5 2.0 2.4 1.7 1.6 1.1 1.5 0.6 
9 4.0 3.5 3.2 2.5 2.2 1.7 2.0 1.1 

12 4.9 4.4 3.9 3.2 3.0 2.5 3.0 2.1 
15 6.3 5.8 4.5 3.8 3.8 3.3 4.0 3.1 
18 7.4 6.9 5.6 4.9 4.1 3.6 4.6 3.7 

Acid value is expressed as milligrams of KOH required to neutralize 1 g fat. 
L.S.D. (0.05) values for A-AN. between treatments and various experimental periods within each treatment were 0.131 and 0.351, 
respectively. 
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FIG.  1. C h a n g e s  in  t h e  ac id  v a l u e s  o f  b u t t e r  s t o r e d  at  room t e m p e r a t u r e  w i t h o u t  and  
w i t h  a d d e d  BHT and  e s s e n t i a l  o i l s .  

Thei r  e f fec t iveness  to  inhib i t  t he  l ipolyt ic  ac t iv i ty  in t h e  
b u t t e r  can  be r a n k e d  in t he  fol lowing o rde r :  c u m i n  = 
t h y m e  _ BHT > cont ro l .  S t a t i s t i ca l  ana lys i s  r evea led  t h a t  
BHT a n d  t h y m e  oil a d d e d  to  b u t t e r  h a d  the  s a m e  lower ing  
effect  on  l ipase  act ivi ty.  However ,  t h e  va lues  for  l ipase  
ac t iv i ty  s h o w  t h a t  c u m i n  a n d  t h y m e  oils ac t  as  a m o r e  
s u p e r i o r  p r e s e r v a t i v e  for  b u t t e r  t h a n  BHT. Table 3 lists 
t h e  t o t a l  b a c t e r i a l  a n d  l ipolyt ic  b a c t e r i a l  c o u n t s  meas -  
u r ed  a t  t he  e n d  o f  t he  s t o r a g e  per iod .  I t  is obvious  t h a t  t he  
a d d e d  m a t e r i a l s  to  b u t t e r  s ign i f ican t ly  l owered  b o t h  t o t a l  
b a c t e r i a  a n d  l ipolyt ic  b a c t e r i a l  coun ts .  However ,  t h e  de-  
gree  of  e f fec t iveness  w a s  l a rge ly  d e p e n d e n t  u p o n  a d d e d  
ma te r i a l s .  F o r  ins tance ,  t h e  sy s t ems  c o n t a i n i n g  c u m i n  
a n d  t h y m e  oils we re  m o r e  effect ive t h a n  BHT in lower ing  
t h e  t o t a l  a n d  l ipolyt ic  b a c t e r i a l  counts .  S t a t i s t i ca l  ana ly-  
sis r evea led  t h a t  t h e  t r e n d  t o w a r d s  d e c r e a s i n g  the  l ipolyt-  
ic b a c t e r i a l  c o u n t s  w a s  in a c c o r d a n c e  wi th  t h e  t r e n d  for  
l ipase  act ivi ty.  

The  vola t i le  s u b s t a n c e s  of  t h e s e  e s sen t i a l  oils we re  qual-  
i ta t ive ly  a n d  q u a n t i t a t i v e l y  d e t e r m i n e d  by  gas- l iquid  
c h r o m a t o g r a p h y  (Table 4). The  m o s t  a b u n d a n t  com-  
p o u n d s  in c u m i n  a n d  t h y m e  oils we re  c u m i n  a l d e h y d e  
(55.7%) a n d  t h y m o l  (42.7%), respect ive ly .  I t  s e e m s  t h a t  

t h e r e  is a r e l a t i o n s h i p  be tw e e n  inh ib i to ry  effect  on t h e  
g rowth  of  m i c r o o r g a n i s m s  a n d  t h e  chemica l  c o m p o s i t i o n  
of  t he  t e s t e d  e s sen t i a l  oils. Genera l ly ,  t h e  e x t e n t  of  t h e  
inh ib i to ry  effect  of  t h e  oils can  be a t t r i b u t e d  to  t he  p res -  
ence  of  an  a r o m a t i c  nuc leus  c on t a in ing  a p o l a r  f unc t i ona l  
group.  The  wide  s p r e a d  use  of  pheno l s  a n d  r e l a t e d  com-  
p o u n d s  as  d i s i n f e c t a n t s  is well  e s tab l i shed .  Thymol  oil 
h a d  a h igher  i nh ib i to ry  ac t i on  t h a n  c u m i n  oil, w h i c h  
migh t  be due  to  t h e  p r e s e n c e  of  pheno l i c  OH groups .  I t  is 
well  k n o w n  t h a t  t h e  OH g roup  is m u c h  m o r e  reac t ive  a n d  
eas i ly  fo rms  h y d r o g e n  b o n d s  wi th  t he  ac t ive  s i tes  of  t h e  
hydro ly t i c  enzymes.  

The  c ha nge s  in p e r o x i d e  va lues  a n d  TBA va lues  for  all  
sy s t ems  d u r i n g  the  va r i ous  e x p e r i m e n t a l  p e r i o d s  we re  
smal l  c o m p a r e d  to  t he  c h a n g e s  in t he  ac id  va lues .  Hence,  
t h e s e  r e su l t s  i nd i ca t e  t h a t  t he  m a i n  c a u s e  of  b u t t e r  spoi l -  
age is hydro ly t i c  r a n c i d i t y  a n d  no t  ox ida t i ve  ranc id i ty .  
The  e s sen t i a l  oils s t u d i e d  s h o w e d  a m o r e  p o w e r f u l  an t i -  
hydro ly t i c  effect  t h a n  BHT. The  e s sen t i a l  oils can  be ob- 
t a i n e d  f rom m a t e r i a l s  wh ich  a r e  wide ly  cu l t iva ted ,  inex-  
pens ive  a n d  safe. Therefore ,  t he  a u t h o r s  r e c o m m e n d e d  
the  e s sen t i a l  oils de r ived  f rom t h y m e  a n d  c u m i n  shou ld  
be used  to  e x t e n d  the  she l f  life of  bu t t e r .  
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TABLE 3 

I n f l u e n c e  o f  B I tT  a n d  Some Essent ia l  Oils on the  L i p a s e  Ac t iv i ty  a n d  B a c t e r i a l  C o u n t s  in  B u t t e r  a t  the  Eighteenth Day o f  S to rg e  

Lipid s y s t e m  Lipase  activi ty Total bac ter ia l  c o u n t  X 104 Lipolytic bac ter ia l  c o u n t  X 103 

B u t t e r  (cont ro l )  0.61 c 280 a 418.3 r 
Bu t t e r  + BHT (200 p p m )  0.45 b 180.5 b 207.0 b 
Bu t t e r  + C u m i n  oil (200 p p m )  0.32 a 57.0 r 153.6 a 
Bu t t e r  + T h y m e  oil (200 p p m )  0.39~ b 104.5 d 156.0 a 

LS.D. (0.05) va lues  for l ipase activity, to ta l  bacter ia l  c o u n t s  a n d  lipolytic bac ter ia l  counts were  0.11, 37.53 a n d  45.41, respectively. 

a,b,r va lues  wi th in  a c o l u m n  followed by t h e  s a m e  le t te r  a re  no t  s ignif icant ly di f ferent  by L.S.D. tes t .  

TABLE 4 REFERENCES 

Chemical  Composition of  Cumin and Thyme Essent ia l  Oils 

C u m i n  oil T h y m e  oil 

C o m p o n e n t  RRT ~ % RRT ~ % 

a -P inene  0.07 0.3 0.08 1,1 
f~-Pinene 0.11 20.6 0.10 0.3 
C a m a p  hene  0.17 0.4 - -  - -  
L imonene  0.24 5.4 0.20 0.3 
T-Terp inene  0.28 0.2 0.13 0.1 
Terp ino lene  0.37 12.0 - -  - -  
Phe l le r id rene  - -  - -  0.17 1.5 
p -Cymene  0.34 4.0 0.27 36.0 
Caryophyl lene  0.78 0.6 - -  - -  
Thymol  - -  - -  1.00 42.7 
Thu jone  - -  - -  0.41 0.2 
Cumin  a ldehyde  1.00 55.7 - -  - -  
Borneol  - -  - -  0.52 0.7 
Linalyl a ce t a t e  - -  - -  0.19 1.0 
Terpinyl  a ce t a t e  - -  - -  0.13 0.1 
Unident i f ied  

c o m p o u n d s  - -  0.8 - -  16.0 

~RRT refers  to  t h e  relat ive r e t en t ion  t i me  for t he  ma~or c o m p o u n d  
for each  essen t i a l  oil which  is given a va lue  o f  1.00. 
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