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Through a detailed study of the different steps and re- 
actions of the ethanolysis and acetylation of jojoba wax, 
two analytical procedures were developed. One method 
could be a standard method of analysis because it in- 
cludes a one-pot derivatization of the jojoba wax fol- 
lowed by a single GC analysis with an overall analysis 
time of three hr. The other method is suitable for the 
analysis of large numbers of samples for checking, 
screening, selection and breeding among the different 
jojoba genera. 

The  d e v e l o p m e n t  of the  j o joba  c rop  {Simondsia 
chinensis Link Schneider) and the increasing potential  
industrial  utilization of its waxes as chemicals, lubri- 
cants,  diet  food, cosmetics, etc. il) was discussed in 
depth  at  the 6th Internat ional  Conference on Jojoba,  
held recently in Israel (2). As a result, a large research 
project  has begun in the field of plant  selection and 
breeding, as recommended elsewhere (3,4), prior to the 
intensive development of jojoba culture. 

Such a screening program requires a large number  of 
chemical analyses of the wax components  and constit- 
uents  of the jojoba genera. However,  the few analyti- 
cal methods  published up to now for the determinat ion 
of f a t t y  acid and  a lcohol  c o m p o s i t i o n  are  t ime  
consuming and/or require two GC injections. This may  
drastically limit the number  of samples analyzed daily. 

Init ial ly Miwa {5,6) repor ted  a day-long method  
tha t  includes ethanolysis,  saponification, methyla t ion 
(three steps), extract ion of the alcohols and methyl  
esters and a single GC injection of a packed column. 
Duncan and coworkers (7) carried out  the ethanolysis  
of the wax and the extract ion of the e thyl  esters and 
free alcohols in a 4- to 5-hr process; the samples were 
then analyzed as above. Later,  Miwa and coworkers {8) 
published a half-day-long method as follows: alkaline 
catalyzed methanolysis  and successive acid catalyzed 
methylat ion;  extract ion and TLC separat ion of the 
methyl  esters  and fa t ty  alcohols; derivat izat ion of the 
alcohols as TMS ethers  and, finally, separa te  GC 
analyses of the two fractions. More recently,  Tonnet  
and cG'xorkers (9) published a 4- to 5-hr long one-pot 
sample preparation which is suitable for a large 
number of analyses. 

The following method has been developed in our 
laboratory: ethanolysis of the wax yielding fatty acid 
ethyl esters {FAEE) and free fatty alcohols (FFAI), 
then conversion of the alcohols into acetates (FAIA) 
followed by a single column GC analysis. This 
procedure takes advantage of the four methods listed 
above and allows for a large number of dally analyses 

*To whom correspondenc.~ should be addressed at Division Chimie 
des Corps Gras, Ddpartement Oldagineux (I.R.H.O.), Centre de 
Coopdration Internationale en Recherche Agronomique Pour le 
Ddveloppement (C.I.R.A.D.), BP 5035, 34032 - Montpellier Cedex, 
France. 

as well as accurate and detailed determinat ion of the 
wax composition. Only three hr are needed to  ca r ry  out  
a comple te  analys is  owing to  the  one-pot  sample  
de r iva t i za t ion  and the  single high r e so lu t ion  GC 
analysis. 

MATERIALS AND METHODS 

Wax sample. The jojoba wax samples were supplied by Com- 
missariat ~ rEnergie Atomique (CEA). All samples were 
yellow and sediment  free liquids; their ac idi ty  was 
about 0.3%. 

Reagents. Anhydrous methanol, ethanol, hexane, benzene 
and diethylether were analytical grade solvents (Prolabo). 
An anhydrous  solut ion of 1N HC1 in e thanol  was 
prepared by adding acetyl chloride (Merck) to ethanol. 
Ethanolic HCI, obtained from anhydrous ethanol and 
10.5 N aqueous HC1, was also used for a comparative 
study. The acetylation reagent was a solution of acetic 
anhydride in pyridine (25:75, v/v). The saponification 
reagent was obtained by dissolving 6 g of potassium 
hydroxide in 100 ml ethanol. The water was deionized 
through an ion exchange column. Silica gel 60 plates 
without fluorescent indicator (Merck), layer thickness 
0.25 mm, were used for TLC analysis. 

Hydrogenation of jojoba wax. The hydrogenation of a 
100 mg sample dissolved in 70 ml of a toluene/ethanol 
mixture (1:8, v/v) was carried out under low hydrogen pres- 
sure with 50 mg of 10% Pd/C catalyst (10). 

GC analysis of the jojoba wax. The analysis was per- 
formed on a Carlo Erba HRGC 4160 apparatus equipped 
with a split-splitless injector and a flame ionization detector 
(FID) connected to a Delsi Icap 10 integrator. The sample 
size was 1 ~1 of a 0.1% w/v solution. The separation was per- 
formed on a laboratory-made OV1 coated glass capillary 
column (11): length 3 m; id 0.28 ram; film thickness 0.1 ~m. 
The experimental conditions were as follows: injector 
325 C; detector 350 C; oven, 1 rain at 190 C, 190 C to 
340 C at 5 C/min, 5 min at 340 C; helium carr ier  
flowrate 3.3 ml/min; septum purge 10 ml/min; splitting 
ratio 1/60. The injection was made in splitless mode, 
the splitter being opened 10 sec after. 

Procedure for the wax derivatives reference analysis. 
The reference analysis procedure published earlier by 
Miwa et al. {5,6) was followed step by step. I t  includes 
HCI catalyzed ethanolysis of the wax; saponification, 
extract ion and water  washing of the alcohols, then 
acidification, ex t rac t ion  and wate r  washing  of the 
acids. The alcohols were analyzed wi thou t  fu r the r  
treatment on an OV1 coated glass capillary column (11) 
(length 38 m; id 0.3 mm; film thickness 0.1 ~m) under 
the following conditions: Girdel 300 GC apparatus ;  
split ter 250 C; detector  275 C; oven 230 C; helium 
carrier flow ra te  2.7 mYmin; split ratio 1/50; analysis 
t ime 40 rain. The acids were converted into methyl  
esters by refluxing in 1 N HC1 methanolic solution for 
one hr; the esters  were then ext rac ted  with hexane; the 
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organic layer was water washed, dried over anhydrous 
sodium sulfate and analyzed on the Carbowax 20 M coated 
capillary column (12) under the same chromatographic 
conditions used for the FAEE and FA1A. 

Quantitative TLC (13, 14}. The silica gel plates were 
cleaned by developing with diethyl ether to free the 
silica of any organic matter  which would lead to a grey- 
ish color after the phosphoric carbonization step. The 
sample (1% w/v in hexane) was applied as a narrow, 
15-mm long band with an automatic Camag Linomat III  
applicator. After a 10-cm migration from the deposit 
line, the solvent was evaporated. 

Plates were developed by spraying with a mixture of 
pure phosphoric acid and saturated Cu (CH3CO2h aque- 
ous solution (50:50, v/v) and then heated at 180 C for six 
min. The components appear as grey-black bands. Their 
optical density was measured at 500 nm with a Camag 
Scanner Photodensitometer coupled with a Delsi Enica 
10 integrator. Careful and constant setting of the 
parameters {shape and weight of the deposit, tempera- 
ture, f reshly prepared solvent and spraying) are 
required to establish a linear relationship between 
optical density and weight of each component in the 
range 0-20 ~g. This relationship was determined with 
known amounts of each jojoba derivative analyzed 
under the same TLC conditions. Consequently,  a 
suitable deposit of the sample must be done to apply 
amounts less than 20 ~g for components selected for 
evaluation. Moreover, because the quantitative TLC is 
accurate only in the Rf range 0.30-0.70, adequate 
solvents must be used for each class of components. 
Practically, this was achieved through two TLC plates 
for each sample, one for low polari ty component 
evaluat ion and one for high polar i ty  component  
evaluation. Rf values were as follows: 

Hexane/diethyl ether % v/v 

94/6 60/40 

Wax 0.64 1.0 
FAEE 0.51 1.0 
FAIA 0.43 0.98 
FFA1 0.07 0.47 
FFA 0.02 0.18 

The composition (w %) was measured through an 
absolute determinat ion for each component  with 
respect to known amounts of jojoba standards deposited 
on the same TLC plates. Trace FFA were neglected. 

Derivatization procedure. For the ethanolysis step, a 
200-mg sample of jojoba wax was refluxed for 90 min 
with three ml of anhydrous 1 N HC1 ethanolic solution 
and 0.3 ml of benzene in a 25-ml conical bottomed flask. 
The temperature of the oil bath was set at 95 C. The 
ground necked flask was equipped with a condenser and 
a CaC12 trap. At the end of the run, solvent and HC1 
were evaporated under reduced pressure to constant 
weight. 

For the acetylation step, the dry crude ethanolysis 
product {about 220 mg) was heated for 10 min at 95 C 
in the glassware described above with two ml o f  the 
acetic anhydride-pyridine mixture. Then two ml of 
water were added, and after five min the flask was allowed 
to cool to room temperature. 

The isolation of the jojoba derivatives was carried 
out as follows. The crude ethanolysis and acetylation 
mixture was transferred quantitatively into a 100-ml 
separatory funnel with 10 ml of water and 30 ml of 
hexane. 10 ml of 1 N aqueous KOH were then added, 
and the FAEE and FA1A were extracted with two 
more 20 ml portions of hexane. The combined organic 
layers were washed twice with 20 ml of water, then 
acidified with 10 ml of aqueous 4 N HC1 solution and 
washed three times with 20 ml of water. After drying 
over anhydrous  sodium sulfate,  the solvent  was 
evaporated under reduced pressure to constant weight. 
The GC sample was prepared by dissolving the residue 
in hexane to obtain a 5% solution (w/v). 

Preparative TLC of the FAEE and FAIA. The chro- 
matography was performed with three analytical plates 
(20 • 20 cm; thickness 0.25 mm) to avoid overloading 
and to obtain better separations. Six mg of the crude 
ethanolysis-acetylation mixture were deposited on each 
plate as a 150-mm long band. The plates were developed 
with a hexane/diethyl ether mixture (94:6, v/v), and the 
bands were located in a dark room with a visible light 
source placed on the back side of the plate. For each 
plate, the two bands were scraped off and the corre- 
sponding fractions joined and extracted overnight at 
room temperature in an ethyl acetate/ethanol mixture 
(70:30, v/v). The two solutions were filtered carefully 
and the solvents evaporated. Seven to eight mg of each 
component were recovered. 

GC analysis of the jojoba derivatives. The solutions 
containing the mixture of the FAEE and the FA1A as well 
as the solutions of the fractions separated by TLC were 
analyzed on a Girdel 300 gas chromatograph equipped 
with a FID connected to a Delsi Enica 10 integrator. The 
sample size was one pl of a 6% w/v solution for the mix- 
ture and one ~l of a 3% w/v solution for the separated 
fractions. 

The separation was performed on a laboratory-made 
Carbowax 20 M coated glass capillary column (12): 
length 57 m; id 0.3 mm and film thickness 0.1 ~m. 
Conditions were: splitter injector 250 C; detector 275 C; 
oven 200 C; helium flow rate three ml/min; splitting 
ratio 1/50. 

Simplified procedure for routine analysis. The com- 
plete derivatization of each sample is performed in a set 
of four 30-ml test  tubes. Tube number 1 is equipped 
with an air condenser fitted with a CaC12 trap. Four 
drops of jojoba wax from a Pasteur pipette are intro- 
duced into this tube along with one ml of 1 N ethanolic 
HC1 and 0.1 ml of benzene; the mixture is then refluxed 
for 70 min in an oil bath set at 95 C. The solvents and 
HC1 are flushed off in a stream of nitrogen for 10 min 
at room temperature, and then 0.5 ml of acetylation 
reagent is added. The test tube is placed in the 95 C 
bath again, for 10 min. 

The simplified extraction procedure includes removal 
of the test  tube; cooling in air; addition of six ml of an 
aqueous 0.5 N KOH solution; addition of four ml of 
hexane; stirring for 10 sec on a vortex; transfer of the 
supernatant  via a syringe to tes t  tube number 2 
containing four ml of aqueous 0.5 N HC1 solution; 
s t i r r ing and t ransfer  of the superna tan t  to tube 
number 4 containing dry sodium sulfate and the 
appropriate amount of hexane to adjust the concentra- 
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t ion before GC analysis .  The d ry i ng  s tep  m a y  be 
by-passed  if no water  is t ransferred.  

RESULTS AND DISCUSSION 

We first  s tudied the two successive e thanolysis  and 
acetyla t ion s teps  as a function of t ime in order to 
opt imize each react ion time; then  we simplified the 
procedure  so it would be adaptable  for handl ing a large 
number  of samples.  

Ethanolysis. Base  catalyzed alcoholysis of jojoba wax 
was  found by  Miwa (5) to  be a slow reaction. In  early 
exper iments  we noted  tha t  acid ca ta lyzed methanolys is  
was complete  af ter  refluxing for six hr, whereas under  the 
same exper imenta l  conditions e thanolys is  was complete  
af ter  1.5 hr. Moreover,  the single column GC resolution of 
the f a t t y  acid me thy l  es ters  and the alcohol der ivat ives  
was not  sa t is factory.  Acid ca ta lyzed e thanolysis  was 
chosen for these reasons.  We carr ied out a set  of 
e thanolys is  t es t s  for var ious refluxing times: 0.25, 0.5, 
1.0, 1.5, 2.0, 4.0, 8.0 and  36 hr.  B ecaus e  of the  
heterogenei ty  of the reaction mix tu re  a t  the beginning, 
each run was done in an individual flask. TLC analysis  
of the crude mix ture  displayed the changes  occurring 
in the composi t ion and allowed for the detect ion of 
t race  components .  However,  accurate  and reproducible 
quant i t a t ion  of the TLC spots  requires care and a 
t ra ined  opera tor  for the deposit  s tep as well as for 
moni tor ing  of the plates.  Results  repor ted  in Figure 1 
show t h a t  the  e t h a n o l y s i s  of t he  w a x  is a l m o s t  
complete  after  1.5 hr. Moreover,  for longer refluxing 
t imes  the  wax content  of the mix tu re  increased to 8% 
af ter  8 hr and up to 31.5% after  36 hr. This indicates 
that ,  under  our exper imenta l  conditions, with increas- 
ing react ion time, recombinat ion of the e thanolysis  
p roduc t s  to wax es ters  occurs. In  order to prove  this 
phenomenon,  the wax composi t ion  was  de termined 
{Tables 1 and 2); the C40/C42 rat io  was found to be less 
t h a n  1 in n a t u r a l  jo joba  wax  (1,5,6,8,9} and  is a 
conven ien t  p a r a m e t e r  to  follow the  r ecombina t ion  
reaction.  Indeed, GC analysis  of the  crude e thanolys is  
mix tu res  vs t ime {Table 2) showed tha t  the composi- 
t ion of the reformed wax differed f rom tha t  of the 
original sample. The changes of the C40/C42 rat io  are 
shown in Figure 2 {0 hr: 0.78; 8 hr: 1.27). 

Dur ing  the e thanolysis  step, we noted  the synthes is  
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FIG. I. Composition of crude ethanolysis mixture vs reaction 
timedeterminedbyquantitativeTLC. $,wax; *,FAEE; [~,FFAI;O, 
FAIA. 

of small  amoun t s  of FA1A due to  the  na tu re  of the  
e thanolys i s  reagent  made  f rom acetyl  chloride and  
anhydrous  ethanol.  As a m a t t e r  of fact ,  the  resul t ing  
ethyl  ace ta te  is 10 t imes more concentrated,  on a molar  
basis,  t han  the to ta l  l iberated f a t t y  alcohols. This  point  
was checked th rough  p repara t ive  TLC of the  mix tu re  
and  a GC a n a l y s i s  of  t he  i s o l a t e d  a c e t a t e - l i k e  
components .  We obta ined the same c h r o m a t o g r a m  as 
t h a t  of the  ace ta te  der iva t ives  syn thes ized  in the  
following section. 

Obviously,  when prepar ing  the reagent  f rom 10.5 N 
aqueous  hydrochlor ic  acid, we did no t  de t ec t  any  
acetates.  Moreover,  we found tha t  the recombina t ion  

TABLE 1 

Natural and Random Composition of Wax Esters a 

Wax ester Natural Random c 
chain length composition composition 

32 trb tr 
34 0.2 0.1 
35 0.1 tr 
36 2.0 1.5 
37 0.2 tr 
38 11.0 9.8 
39 0.3 tr 
40 33.6 43.7 
41 0.1 tr 
42 42.8 34.3 
44 8.2 9.2 
46 1.3 1.1 
48 0.2 0.1 

aw% determined by GC on OVl column. 
b"tr": trace amounts < 0.05%. 

CStatistical computations from FAEE and FA1A compo- 
sitions oi the original jojoba wax sample. 

TABLE2 

Wax Content and Wax Ester Composition vs Ethanolysis Time 

Time Wax a 
hr 

Main wax components b 

38 40 42 44 Ratio 40/42 

0.0 100 11.0 33.6 42.8 8.2 0.78 
0.25 41.0 11.5 34.4 42.3 7.9 0.81 
0.5 14.0 10.8 35.0 42.1 8.5 0.83 
1.0 3.5(28.5) c 11.3 37.2 39.3 7.9 0.95{0.79) 
1.5 1.5 11.5 38.8 37.7 8.4 1.03 
4.0 4.5(5.5) 12.1 40.1 35.5 8.7 1.13(i.09) 
8.0 8.0(2) 10.3 43.1 34.4 9.1 1.25{i.07) 

36.0 31.5 9.6 44.1 33.9 8.9 1.30 

Random 
composition 9.8 43.7 34.3 9.2 1.27 

aw% determined by quantitive TLC. 
bw% determined by GC on OV1 column. 
CValues in parentheses: aqueous HC1 catalyzed ethanolysis. 
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FIG. 2, Gas chromatograms of jojoba wax esters (OV1) column). 2A. Natural wax 
(C40/C42 = 0,75). 2B. Wax in crude mixture after 8 hr of ethanolysis  (C40/C42 = 1.25). 

reaction was slower (Table 3). Although this was not 
the main purpose of the present work, from this result 
and the evolution of the acetate concentration (Fig. 1 
and 2), we might conclude that the FA1A facilitate 
wax recombination. On the other hand, it is probable 
tha t  Tonnet  and coworkers (9), who used acetyl 
chloride, also obtained acetates and reformed wax after 
their 4-hr ethanolysis step. This may explain the 
presence of unidentified products as well as changes in 
composition of their mixture with increased reaction 
times. 

In our case, because the second step of the procedure 
is acetylation of the free alcohols, the side reaction does 
not interfere with the analysis. 

Acetylation. A time course study of the fa t ty  alcohol 
acetylation performed at 10, 20, 40 and 60 rain showed 
a 100% conversion into acetate derivatives after 10 min. 
One might expect such a result because some acetates were 
readily synthesized during the first step. TLC of the 
crude mixture displayed only three spots correspond- 
ing to the FAEE, the FA1A and a small amount H-2%) 
of residual wax. This residual wax did not interfere 
with the GC analysis discussed in the following section. 

Single column GC analysis of the jojoba derivatives. 
Since the mid seventies the use of capillary columns 
has greatly improved GC separations. In the present 
work, using a carefully made laboratory Carbowax 20 
M coated glass capillary column, we obtained a 
complete separation of about 40 derivatives of the 
jojoba wax {Fig. 3). Preparative TLC of the mixture 
allowed individual GC injections of the two fractions 
and identification of the FAEE and FA1A (Fig. 3A, 
3B); because of the Rf values, each fraction still 
contained trace amounts of the other. The ethyl ester 
of a given fat ty acid and the acetate of the correspond- 
ing primary fat ty alcohol have the same molecular 
weight and very close linear aliphatic structures; 
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3D, hydrogened (FAEE + FA1A). Chart: 5mm/min from 0 + 800 
sec  and 2.5 mm/min  af ter  800 sec. U n l a b e l l e d  peaks  are 
contaminants: FAIA in 3A and F A E E  in 3]3. In 3]) compound 
names are ended by E and A for F A E E  and FAIA, respectively.  
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TABLE 3 

Composition of Fatty Acid Methyl Esters and Fatty Alcohol Acetates Derived from 
Jojoba Wax 

FuU a , b Miwa, sb, C, d 
procedure 
lanhi~cd[1)ous (aqueouSHcl) 

Routine procedure a 

Ethano- Ethano- Ethano- Standard 
lysis lysis lysis e deviation 

15 rain 30 rain 70 rain 

Acids 
12:0 tr f tr tr tr tr 
14:0 tr tr tr tr tr 
15:0 tr tr tr tr tr 
16:0 1.5 1.7 1.4 1.5 1.6 0.08 
16:1 0.4 0.4 0.3 0.3 0.3 0.05 
17:0 0.1 0.1 tr 0.1 0.1 0.03 
18:0 0.1 0.1 0.1 0.1 0.1 0.02 
18:1 (n-9) 13.1 13.0 12.1 11.4 12.4 0.28 
18:1 (n-7) 0.8 1.0 0.9 0.8 0.8 0.09 
18:2 -F X1 0.3 0.4 0.5 0.6 0.5 0.03 
18:3 0.2 0.3 0.2 0.3 0.2 0.02 
19:0 tr tr tr tr tr 
20:0 0.1 0.2 0.1 0.2 0.1 0.04 
20:1 70.8 69.9 70.9 71.0 70.6 0.35 
22:0 0.2 0.2 0.1 0.2 0.2 0.10 
22:1 11.2 11.3 12.2 12.1 11.8 0.31 
24:0 0.1 tr tr tr tr 
24:1 0.9 0.9 0.9 1.2 1.0 0.15 
Unidentified 0.2 0.3 0.2 0.2 0.2 

Alcohols 

14:0 tr tr tr tr tr 
16:0 0.2 0.1 0.2 0.2 0.2 0.09 
17:1 0.1 tr tr tr tr 
18:0 0.2 0.2 0.1 0.1 0.1 0,06 
18:1 {n-9) 0.9 0.9 0.9 0.8 0.8 0,10 
18:2 tr tr tr tr tr 
20:0 0.3 0.5 0,3 0.3 0.3 0,04 
20:1 51.9 50.8 51.7 51.9 51.6 0.59 
22:0 1.0 1.3 1.0 1.1 1.1 0.17 
22:1 38.1 38.9 38.7 38.5 38.8 0.30 
24:0 0.2 0.3 0.2 0.2 0.2 0.05 
24:1 6.1 6.7 6.0 5.9 6.1 0.39 
Unidentified 1.0 0.3 0.9 0.9 0.8 

aw% of FAEE and FAIA determined by GC, Carbowax 20M. 
bMean of 5 replicate runs. 
cGC of fatty acid methyl esters, Carbowax 20M. 
dGC of free fatty alcohols, OV1. 
eMean of 8 replicate runs. 
f"tr": trace amounts <0.05%. 

nonetheless, we obtained the sat isfactory separation 
shown in Figure 3C. 

Hydrogenat ion  of the derived jojoba wax allowed 
unambiguous  recognit ion of the sa tu ra ted  and un- 
s a t u r a t e d  der iva t ives  IFig. 3D). The  F A E E  were 
identified by co-chromatography with known oils, and 
the FA1A were identified by analogy with the F A E E  
series and the equivalent chain lengths. One has to 
note the presence of small peaks following the major 
const i tuents  iv. the C18, C20, C22 F A E E  and FA1A 
series. In the FA1A series since this phenomenon also 
was observed in hydrogened samples, the correspond- 
ing unident i f ied  c o m p o u n d s  c a n n o t  be pos i t iona l  
unsa tu ra t ed  isomers of the main const i tuents  {Fig. 
3A, 3B, X1-X6; Fig. 3D, Y1-Y3). We are now working 
on a more complete identification of the GC peaks. 

The average composition of the identified jojoba wax 
derivatives, determined by our procedure and calcu- 

lated over five complete runs and two GC analyses for 
each, is given in Table 3. The analysis  also was 
performed following Miwa's  procedure including two 
GC analytical columns {5,6}. The two sets of values are 
in good agreement;  the slight deviations are within the 
experimental error. 

Simplified microquantitative I R H O  procedure. The 
good agreement  of our method with Miwa's  allowed us 
to develop a simplified microquanti tat ive procedure suit- 
able for a large number of samples: the derivatization 
was performed with four drops of sample from a Pasteur  
pipette in a tes t  tube equipped with an air condenser; 
the extract ion steps were carried out in two other test  
tubes. This simplified procedure has several advantages  
over other published methods {5-9}; it includes one-pot 
sample preparation, low reagent  consumption,  simplified 
extraction steps and low cost glassware. Following this 
procedure we did establish tha t  the composition of the 
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derived wax did not  depend on the percentage  progress  
of the e thanolysis  as shown in Table 3, where we repor ted  
the composi t ion only af ter  15, 30 and 70 re_in. As a result,  
the react ion t ime could be  shortened; however,  low 
residual wax content  preserves  the capil lary column 
efficiency. Moreover,  dur ing the refluxing time, the 
opera tor  has  to prepare  the  t es t  tubes  used for the 
ext rac t ion step.  Therefore, we chose 70 min as the 
e thanolysis  t ime (2% of residual wax}. The repeatabi l i ty  
of the  p r o p o s e d  m e t h o d  was  checked  ove r  e igh t  
r ep l i ca t e  r u n s  {two GC in j ec t ions  for  each); the  
s tandard  deviat ions are within tha t  of the GC {Table 3). 

The overall  analysis,  including sample  p repara t ion  
and  GC, can be carr ied out  wi thin  th ree  hr. One 
opera tor  can easily prepare  two sets  of 12 samples  
daily, and the corresponding high resolution single 
column GC analysis  {about one hr each} can be carried 
out  overnight  us ing an au tomat ic  injector. In  conclu- 
sion, we succeeded in developing a rapid and accurate  
m i c r o a n a l y t i c a l  m e t h o d  t h a t  a l lows for  the  wide 
screening of jojoba plants.  
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