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ABSTRACT AND SUMMARY 

Two analytical procedures for determining com- 
positions of jojoba liquid wax esters are described and 
compared. One, the more tedious, involves separation 
of wax ester homologs by high pressure liquid chro- 
matography followed by determination of the acid 
and alcohol moieties from each homolog. The second 
allows rapid determination of wax ester composition 
by gas chromatographic separation of hydrogenated 
jojoba wax esters according to chain length, followed 
immediately by ancillary mass spectrometric identifi- 
cation of the acid and alcohol moieties. Double bonds 
in the alkyl chains in jojoba liquid waxes were almost 
exclusively (98%) w-9, when examined by gas chro- 
m a t o g r a p h y / m a s s  s p e c t r o m e t r y  (GC/MS) and 
ozonolysis/GC/MS. 

INTRODUCTION 

Increased demand for renewable energy and raw material 
sources has rekindled interest in jojoba [Simmondsia 
chinensis (Link) Schneider] oil, a liquid wax ester obtained 
in,high (ca. 50-60%) yield from the seeds of a desert shrub 
native to the arid lands of southwestern North America. A 
serious effort towards jojoba utilization is underway, 
evidenced by the creation of the Committee on Jojoba 
Production Systems Potential of the National Research 
Council and by the establishment of embryonic plantations 
in Arizona, California, and Northern Mexico. An earlier 
committee on Jojoba Utilization of the National Research 
Council reported (1) that although jojoba has great poten- 
tial as a new industrial crop, further research is still needed. 
In the present study, we have applied modern chro- 
matographic and spectrometric techniques to the analysis 
of jojoba oil to answer the following questions: What com- 
binations of acids and alcohols make up the wax esters? 
What, if any, positional isomers exist in the component  
fatty acids and alcohols? 

EXPERIMENTAL PROCEDURES 

The principal jojoba oil (identified as Apache) investi- 
gated in this study was a clear, sediment-free oil, expeller- 

pressed by Anderson IBEC, Strongsville, OH, from seeds 
gathered at the San Carlos Apache reservation in Arizona. 
The other two oils (Hi MW and Lo MW) were hexane- 
extracted from seeds harvested by H. Nenninger at the San 
Nicolas plantation near Kino Bay, Sonora, Mexico. 

High pressure liquid chromatography (HPLC) was used 
to separate components according to chain length. Two 12 
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x 1/4in.  reverse-phase columns (/~-Bondapak C18 , Water 
Assoc., Framingham, MA) were connected in tandem. The 
solvent systems were acetonitrile-acetone (2:1) for intact 
oils and acetonitrile (100%) for free alcohols, and com- 
ponents were detected by differential refractometry. Thin 
layer chromatography (TLC) was on 0.25 mm layers of 
Silica Gel G in a hexane-ether (80:20) solvent system. 
Intact oils, whether hydrogenated or not, were analyzed by 
gas chromatography (GC) on 3 f t x  1/8 in. columns packed 
with 3% OV-1 on Gas Chrom Q (2). GC analysis of fatty 
acids (as methyl esters) and alcohols [as trimethylsilyl 
(TMS) ethers] was carried out on two 4 ft x 1/8 in. 
columns, one packed with 5% Apiezon L on Chromosorb W 
and the other with 3% Silar-5 CP on Gas Chrom Q. (All GC 
packings were obtained from Applied Science Laboratories, 
Inc., State College PA.) The gas chromatography/mass 
spectrometry (GC/MS) apparatus and its computerized data 
acquisition and reduction system have been previously 
described (3). The GC operating conditions for both 
analytical GC and GC/MS were optimized for the samples 
under investigation; for analytical GC, detection was by 
flame ionization. 

Oils and oil fractions (from HPLC) were prepared for 
analysis of their component  fatty acids and alcohols in the 
following manner. A small (<5 mg) sample was dissolved in 
a minimum of toluene and 1.2 ml of 5% NaOH in methanol 
was added. This solution was refluxed for 1V2 to 2 hr, 
cooled, and 1-2 ml of 10% BF 3 in methanol was added. 
After this solution had been further refluxed for 1/2 hr, it 
was cooled and transferred to a separatory funnel by rinsing 
with ether (ca. 5 ml) and water (ca. 20 ml). The methyl 
esters and free alcohols in the organic solvent phase were 
recovered by ether extraction (4 x 5 ml). The ether was 
removed on a steam bath under nitrogen, and the methyl 
esters and alcohols were separated by preparative TLC on 
Silica Gel G. The methyl esters were analyzed directly by 
GC but the alcohols were converted to ethers with bis- 
(trimethylsilyl)-trifluoroacetamide before GC analysis. A 
scaled-up TLC preparation (ca. 100 mg) was made to obtain 
alcohols for subsequent separation by HPLC according to 
chain length. 

Double bond positions in the fatty acids (as methyl 
esters) were determined by GC/MS of their methoxy deriva- 
tives (4). Ozonolysis/GC (5) was used to establish double 
bond positions in the isolated alcohols, as TMS ethers. 
These ethers were also identified by GC/MS as well as by 
GC retention characteristics. As a test for analytical 
accuracy, a sample of mixed eicosenols prepared from 
reduction of Limnanthes triglyceride oil was analyzed-by 
ozonolysis/GC/MS. This mixed sample, which contained 
only the A4, Ab, and A6 isomers (some double bond 
m i g r a t i o n  occurred during reduction) in a ratio of 
10:80:10, was added in small quanti ty (1/20) to the 
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FIG. 1. High pressure liquid chromatography of Apache Jojoba 
oil. (/~-Bondapak C18, two 12 x 1/4 in. in tandem; acetonitrile/ 
acetone = 2/1.) 

e icosenol  isola ted f r o m  the  A p a c h e  j o j o b a  oil. This  m i x t u r e ,  
c o m p o s e d  o f  0.5% A4, 4% A5, and  0 .5% A6 plus t he  j o j o b a  
e icosenol ,  was ana lyzed  by  ozono lys i s /GC/MS.  

Fo r  the  rapid ana ly t i ca l  p r o c e d u r e  us ing on ly  GC/MS,  
oils were h y d r o g e n a t e d  in t o l u e n e - e t h a n o l  ( 1 : 1 0 )  w i th  
pa l l ad ium-on-cha rcoa l  as t he  catalyst .  

RESULTS A N D  DISCUSSION 

Wax Ester Composition 

Prior  to  Miwa's  r epor t  (6),  j o j o b a  wax esters were  
a s sumed  to  be m a d e  up  o f  r a n d o m  c o m b i n a t i o n s  of  
a lcohols  and  acids. He s h o w e d  t h a t  t he  p r o p o r t i o n  of  C42 
was far g rea te r  t h a n  could  be  e x p e c t e d  f rom r a n d o m  com-  
b ina t ions .  However ,  t he  de ta i led  c o m p o s i t i o n  of  the  wax 
esters  r emained  u n k n o w n  because  it was vi r tual ly  imposs i -  

ble to  sepa ra te  large a m o u n t s  acco rd ing  t o  cha in  l eng th .  
Reverse phase  c h r o m a t o g r a p h y  has  long  b e e n  used  to  sepa- 
ra te  h o m o l o g s  b u t  has  genera l ly  b e e n  r e s t r i c t ed  to  s h o r t e r  
cha in  c o m p o n e n t s  t h a n  t hose  f o u n d  in j o j o b a  oil. 

However ,  HPLC o n  new m i c r o p a r t i c u l a t e d  reverse phase  
pack ings  has  n o w  m a d e  poss ible  the  rapid  s e p a r a t i o n  of  
long cha in  t r ig lycer ides  and  wax esters  b y  cha in  l eng th  and  
degree o f  u n s a t u r a t i o n  (7).  Since the  acids and  a lcohols  o f  
j o j o b a  oil are v i r tua l ly  all m o n o e n e s ,  each  peak  in t he  chro-  
m a t o g r a m  o f  j o j o b a  oil (Fig. 1) c o n t a i n e d  t h e  c o m b i n a t i o n s  
o f  es ter  and  a l coho l  of  one  cha in  l eng th .  

F r a c t i o n s  1-5 were  c o m p o s e d  of  po la r  m a t e r i a l s - f r e e  
a lcohols  a n d  acids, s terols ,  and  o x y g e n a t e d  c o m p o u n d s ,  bu t  
t h e i r  i den t i f i c a t i ons  are no t  r e p o r t e d  here .  

F r a c t i o n s  6-11, w h e n  ana lyzed  by  GC, were  f o u n d  to  
contain the Ca6 , (238, C40, C42, C44, and C46 wax esters, respec- 
t ively.  A p o r t i o n  o f  f r ac t ions  7-10  was sapon i f i ed  ind iv idu-  
ally, t he  acids and  a lcohols  were  sepa ra ted ,  and  each  sepa- 
ra te  f r ac t i on  was ana lyzed  b y  GC. The  wax es ter  c o m b i n a -  
t ions  o f  e ach  cha in  l eng th  were  ca lcu la ted  b y  add ing  t he  
area pe rcen t ages  of  t he  c o r r e s p o n d i n g  ac id -a lcoho l  pairs  

mak ing  up  t ha t  cha in  l eng th  and  d iv id ing  b y  two .  Fo r  
example ,  t he  p r o p o r t i o n  o f  C42 c o m p o s e d  o f  C20 acid a n d  
C22 a l coho l  = (area % C20 acid + area % C22 a l coho l ) /2 .  
These  area pe rcen t ages  (acid to  c o r r e s p o n d i n g  a l coho l )  were 
genera l ly  in  exce l l en t  a g r e e m e n t  (-+3%). The  resul t s  for  t he  
A p a c h e  oil are given in Table  I. 

While t he  above  m e t h o d  is accura te ,  i t  is t ime  con-  
suming ,  requ i res  m e t i c u l o u s  a t t e n t i o n  to  detai l ,  and  is no t  
su i tab le  to  ex tens ive  seed sc reen ing  inves t iga t ions .  Com-  
parable  i n f o r m a t i o n  can  be  o b t a i n e d  b y  G C / M S  as a d a p t e d  
f rom the  w o r k  of  Aasen  et al. (8).  In  analysis  of  s t anda rd  
wax es ter  mix tu res ,  t h e y  f o u n d  t ha t  b y  s u m m i n g  the  ion  
in tens i t i e s  o f  t h r ee  s igni f icant  ions  f rom each  ac id-a lcohol  
c o m b i n a t i o n ,  t h e y  could  accu ra t e ly  e s t ima te  t he  p ropo r -  
t ions  o f  t he  c o m b i n a t i o n s .  F r o m  the  general  wax es ter  
fo rmula  RCO2 R'  where  R and  R '  are t he  a lkyl  moie t i e s  of  

TABLE I 

Isomer Composition for Each Chain Length in Jojoba Wax Esters 

HPLC a, Sapon.b GC/MS (%)c Wax ester Alcohol/acid 
chain length combination Apache (%) Apache Hi-MW Lo-MW 

36 16-20 - -- -- 10 
18-18 - -  5 - -  15 
20-16 -- 95 - 75 

38 16-22 4 3 1 3 
18-20 21 14 14 18 
20-18 70 80 78 78 
22-16 S 3 7 1 

40 16-24 1 1 2 1 
18-22 4 5 5 5 
20-20 82 81 70 85 
22-18 12 12 21 8 
2 4 - 1 6  1 1 2 1 

42 18-24 2 3 2 3 

20-22 21 21 16 20 
22-20 75 74 80 76 
24-18 2 2 2 1 

44 18-26 -- -- 1.5 -- 
20-24 12 9 9 7 
22-22 28 21 21 19 
24-20 60 70 68 74 
26-18 - -  - -  0 . 5  - -  

4 6  20-26 -- -- 2 -- 
22-24 -- -- 20 -- 
24-22 -- -- 63 -- 
26-20 -- -- 15 -- 

48 22-26 -- -- 3 -- 
24-24 -- -- 61 -- 
26-22 -- -- 36 -- 

aHPLC = High pressure liquid chromatography 
bHPLC separation and saponification, followed by separate analysis of alcohols and acids. 
CGC/MS = Gas chromatography/mass spectrometry. 



MAY, 1977 SPENCER ET AL: JOJOBA OIL BY HPLC AND GC/MS 189 

TABLE II 

Composition of Jojoba Oil Samples 
Percentage by Gas Chromatography 

Wax ester chain length Apache Hi-MW Lo-MW 

34 0.1 0.1 0.2 
36 2 0.4 2 
38 7 1 9 
40 30 9 42 
42 50 56 41 
44 10 24 5 
46 0.8 7 0.3 
48 0.1 2 trace 
50 -- 0.1 -- 

Apache  oil had been  saponif ied  and  the  m e t h y l  esters 
(der ived f rom the  fa t ty  acids) and a lcohols  separa ted ,  
m e t h o x y  derivatives were fo rmed  and sub jec ted  to  GC/MS.  
The derivatives of  the  m e t h y l  es ters  showed  only  small  
a m o u n t s  o f  pos i t ional  i somers  o t h e r  t h a n  w g ,  and only  in 
the  16:1 (0.1% 607) and 18:1 (1% r This t echn ique ,  
however ,  did n o t  give clear-cut f r agmen ta t i on  at the  
m e t h o x y l  group when  appl ied to  the  alcohols .  To solve the  
p ro b l em,  the  a lcohols  were separa ted  by chain length  wi th  
HPLC and the  ozono lys i s /GC/MS p rocedure  was used to  
establ ish the  sites of  unsa tura t ion .  By this  t echn ique ,  only  
r unsa tura t ion  was found .  To check  the  d e t e c t i o n  limits, 
the  mix tu re  of  isomeric  C20 alcohols  was p repared  and 
analyzed,  as descr ibed above. The A4 and A6 i somers  were 

TABLE III 

Composition of Fatty Alcohols and Fatty Acids from Jojoba Oils 
(Percentage by Gas Liquid Chromatography Area Integration) 

Chain length: Fatty alcohols Fatty acids 

No. of double bonds Apache H i - M W  Lo-MW Apache H i - M W  Lo-MW 

14:0 tr a tr tr tr 0.1 0.1 
16:0 0.1 0.4 0.5 1.2 1.2 1.8 
16:1 -- tr tr 0.3 0.4 0.5 
1 8 : 0  0 .2  0 .2  0 .2  0.1 0 .1  0 .2  
18:1 1.1 2.0 2.1 11 5.2 12 
20:0 tr 2.1 3.5 0.1 0.1 0.1 
20:1 44 15 52 71 68 74 
22:0 1.0 3.2 1.5 0.2 0.9 0.5 
22:1 45 49 35 14 18 9.2 
24:0 -- 0.9 0.5 tr 0.5 tr 
24:1 8.9 23 3.9 1.3 4.8 1.1 
26:0 -- 0.6 tr -- 0.1 tr 
26:1 -- 3.3 0.3 -- 0.4 tr 

a"tr" d e n o t e s  0.01-0.05%. Traces of odd-numbered chain c o m p o n e n t s  and s o m e  
polyenoic C 18 and C20 acids w e r e  also d e t e c t e d .  

the  acyl and alcohol  groups,  respect ively,  the  in tens i t ies  o f  
the  ion RCO2H +, RCO2H2 +, and ( R ' - I )  + were  s u m m e d  for  
each c o m b i n a t i o n  possible wi th in  a given chain length.  The 
relative percentage  of  each sum then  represents  the  relative 
percentage  o f  tha t  par t icular  combina t i on .  Since our  mass 
spectra  were taken in a repet i t ive ly  scanning m o d e  th rough-  
out  the  GC run,  we s u m m e d  (by  c o m p u t e r )  the  appropr ia te  
ion intensi t ies  across each GC peak.  Resul ts  o f  this analysis 
are also given in Table I. This GC/MS m e t h o d  can be 
appl ied only  to  fully sa tura ted  wax esters (8) and so we 
comple t e ly  hydrogena ted  the  oils be fo re  analysis.  A l though  
unsa tura t ion  canno t  be d e t e r m i n e d  by this p rocedure ,  the  
wax ester  c o m p o s i t i o n  and the  cons t i t uen t  a lcohol  and acid 
compos i t i ons  can be de t e rmined  by  a single GC/MS opera-  
t ion.  The wax ester  i somer  c o m p o s i t i o n s  of  two  o the r  oils 
were de t e rmined  by GC/MS (Table I). These oils had been  
found  by pre l iminary  GC analysis to con ta in  unusual ly 
large p ropo r t i ons  of  low (Lo MW) and high (Hi MW) 
molecular  weight  wax esters (Table II). Results  f rom the 
GC analysis o f  the i r  der ivat ized acids and alcohols  are com-  
pared wi th  those  o f  the  Apache  oil in Table IlL 

Double Bond Position 

Jojoba oil wax esters were assumed to  be ~o9-unsatu- 
rated (6) unti l  a recent  repor t  indica ted  that  several iso- 
meric fa t ty  alcohols  were present  (9).  Af te r  a sample  of  the 

readi ly de tec ted  at even the  0.5% level. We have the re fore  
conc luded  that  the  jo joba  alcohols  are exclusively 609- 
unsa tu ra ted .  
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