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ABSTRACT

Sixteen groups of jojoba seeds were germinated for 
periods of zero to 30 days with two days’ intervals be
tween groups. The seeds were defatted with hexane, and 
the changes in wax percentage and wax constituents de
termined. Defatted meal was extracted with 95 percent 
ethanol to remove the simmondsin and soluble sugars. 
Changes in protein, amino acids, sugars and simmondsin 
were determined by appropriate analysis. The results 
show that wax, protein, and amino acids decreased 
linearly; wax decreased from an average of 46 percent 
to an average of 19 percent; protein percentage decreased 
from an average of 29 percent to an average of 16 percent. 
Amino acids decreased with different ratios except for 
histidine, methionine and lysine which did not change 
significantly. Monosaccharides increased in number and 
quantity during germination and maltose disappeared. 
Sucrose decreased, but remained with small quantity. 
Simmondsin disappeared almost completely after four days 
of germination and disappeared completely after ten days.

The disappearance of simmondsin during initial 
periods of germination indicate that germination may be

ix
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used as a method of detoxification of jojoba meal. Proof 
of its safety as a livestock feed must be validated in 
future studies.



INTRODUCTION

The jojoba plant, Simmondsia chinensis, is a 
desert shrub native to arid regions of southern Arizona, 
northwestern Mexico and neighboring areas. It is a woody 
evergreen shrub which may grow between 2-7 feet. The 
plant is drought resistant and makes its best growth in 
areas having more than 12 inches of annual rains. It is 
a long life evergreen with a natural life span appearing 
to be over 100 years, maybe exceeding 200 years 
(Gentry 1958).

The jojoba plant is dioecious (the staminate and 
pistillate occur on separate plants); this aspect will be 
of considerable importance in any attempts of cultivation 
(Gentry 1958).

Female jojoba shrubs produce large dark brown 
seeds and range from 0.4-1.4 g each. The fruit has a 
thin, brown, three-valved capsule which contains most 
commonly a single seed in each capsule. The egg-shaped 
seeds are about one-half inch long and three-eighths of 
an inch in diameter and have a tough reddish-brown testa 
(McKinney and Jamieson 1936).

1



2
Jojoba may be a unique member of the plant king

dom in that it contains a high percentage of intracellular 
wax esters—^50-60 percent of the fresh weight (McKinney 
and Jamieson 1936; Miwa 1971; Muller, Hensarling and 
Jacks 1975).!-

The wax which is extracted from jojoba seed is an 
unusual combination of esters of long chain monoun- 
saturated fatty alcohols mainly CgQ.^ and and mono-
unsaturated fatty acids, mainly CgQ.^ and When
these fatty alcohols and fatty acids are esterified, they 
make a long chain which gives jojoba oil its unique 
characteristics.

The jojoba wax is valuable because of the follow
ing properties:

1. Its purity and simplicity of the molecule.
2. Its non-drying oil (stable).
3. Its lubricity after sulfurization.
4. Its source of chemicals with 20 and 22 carbon

atoms.
5. Its unsaturation (double bonds).

Jojoba wax is an excellent source of straight 
chain alcohols and acids which could be used as inter
mediates in the preparation of many compounds such as 
disinfectants, surfactants, detergents, protective 
coatings, fibers corrosion, inhibitors, lubricants.



driers, emulsifiers, resins, plasticizers, bases for 
creams, ointments, and anti-foam agents.

The composition and physical properties of jojoba 
are close enough to those of sperm whale oil to suggest 
the use of jojoba oil as a substitute for most of the 
uses of sperm oil as a sulfurized lubricant or as lubri
cant additives. Jojoba, a desert, drought-resisting plant 
whose wax has many industrial applications, is a very 
attractive substitute for sperm whale oil.

In order to produce jojoba oil economically, it 
is necessary to find a use for the by-products of oil 
extraction. Oil-free jojoba meal contains appreciable 
amounts (25-30 percent) of medium quality protein which 
may be used to supplement animal livestock diets or may 
be useful as human food. Unfortunately, it also contains 
a toxic and/or an unpalatable substance which when in
cluded in the diets of mice, rats, or cattle, causes them 
to either lose weight, die, or refuse to eat (Weber and 
Reid 1975, Booth 1973, Hale 1976). This toxic effect is 
attributed to a cyanoglucoside given the name of 
simmondsin which is present at 3-% percent levels in the 
defatted meal (Elliger, Waiss and Lundin 1973).

No commercial detoxification of jojoba meal is 
being carried out at present. A method involving

3
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ammoniation of the meal for 30-45 days has been patented 
(Elliger, Walss and Booth 1975) and a method Involving 
solvent extraction of the meal In this laboratory has 
shown promise (Cotgageorge 1978). In addition, the 
National Science Foundation, Research Applied to 
National Seeds, has approved a grant to Anver Science 
Design, Inc., Sierra Madre, California, for a jojoba 
detoxification project, but methods are not known at 
present.

Preliminary experiments In this laboratory have 
shown that a short germination of jojoba might be effec
tive In reducing or eliminating the toxicity. Germina
tion, however, may have detrimental effects upon other 
valuable seed constituents. The purpose of this study is 
to determine the changes which take place during 
germination of jojoba seed in the following:

1. Percentage of wax.
2. Fatty acids and alcohols.
3. Percentage of protein.
4. Amino acids.
5. Sugars.
6. Simmondsin.

The validity of germination as a method of de
toxification of jojoba seed will be evaluated according
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to results obtained above and the minimum germination 
time required to degrade the simmondsin while maintaining 
a high percentage of valuable constituents will be 
decided.



REVIEW OF LITERATURE

Female jojoba shrubs produce large dark brown 
seeds which range from 0.4-1.4 g each (McKinney and 
Jamieson 1936) during environmentally favorable years. 
Productive bushes may produce more than 2 kg of seed 
(Gentry 1958). The seeds contain little or no endosperm 
and consist mainly of the undifferentiated tissue of the 
cotyledons (Gentry 1958). Ripened seeds usually fall 
from the dried capsules during June-October (Gentry 
1958). The fruit has a thin, brown, three-valved capsule 
which contains a single seed having a tough reddish-brown 
testa. The seeds are somewhat egg-shaped, one-half inch 
long and three-eighths of an inch in diameter (McKinney 
and Jamieson 1936). The jojoba bush is a drought resis
tant, long-lived, evergreen, desert shrub that may grow 
to three meters in stature or may be only a low mound two 
to five decimeters tall, depending upon its environment. 
The natural life span appears to be over 100 years and 
may exceed 200 years. It makes its best growth in areas 
having more than 12 inches of annual rains. There are 
shrubs that bear large seeds (500 seeds/pound) and shrubs 
that bear small seeds (1500 seeds/pound)(Gentry 1958).

6



The main components of Jojoba seeds are: wax 49.4 
percent, protein 32.6 percent, and water 9-11 percent 
(Yermanos 1975a).

Greene and Poster (1933) were the first to report 
that jojoba nuts contain about 46 percent of liquid oil 
which resembles sperm whale oil in its physical character
istics. They also found it was a liquid wax. Qualitative 
tests suggested that the wax consisted mainly of fatty 
acids esters of decyl alcohol. Detailed analyses of the 
chemical constituents were made available by Green, 
Hilditch and Stainby (1936) and McKinney and Jamieson 
(1936). The main components were reported to be eico- ' 
senoic and docosenoic acids and eicosenol and docosenol 
alcohols.

Miwa (1971, 1973) developed an HCl-catalyzed 
ethanolysis followed by saponofication that readily solved 
the problem of isolation of pure fatty acids and fatty 
alcohols. The percentage composition of fatty acids and 
fatty alcohols obtained by Miwa (1971) were: octadeconoic 
acid 6 percent, eicosenoic acid 35 percent, docosenoic 
acid 7 percent, eicosenol 22 percent, docosenol 21 percent 
and tetracosenol 4 percent.

Jojoba wax consists mainly of non-glyceride esters 
confined to a narrow range of chemical composition esters 
of C2q and C22 straight chain acids and alcohols with one

7
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unsaturated bond in the w-9 position. The high propor
tion of 42 carbon atoms wax esters clearly means that 
there cannot be random esterification of fatty acids and 
alcohols during wax ester synthesis. The non-random 
nature of the wax esters must reflect the specificity of 
the enzyme system responsible for wax ester synthesis 
(Miwa 1972). Earlier work on unsaturated acids and 
alcohols of jojoba wax (Green et al. 1936) claimed that 
the position of the unsaturation was A-9 but Hamilton,
Rale and Miwa (1975) used a modified technique to deter
mine the presence of several* double bond positional 
isomers. The major homologue of each chain length had the 
double bond at the w-9 position (98 percent) when examined 
by gas chromatography/mass spectrometry and ozonolysis/
Gc/Ms (Spencer, Plattner and Miwa 1977).

Analyses of jojoba seeds at the USDA Northern Uti
lization Research Branch of the jojoba seeds indicated 
that there are several interesting possibilities based on 
the principal compounds of the oil. The oil is an excellent 
source for these chemicals: eicosenoic acid, docosenoic acid 
and eicosenol, docosenol alcohols (Hodge 1958). Jojoba wax 
contains about 51 percent unsaponifiable matter (Miwa 
1976). This unsaponifiable matter contains compounds 
which are active antioxidants called inhibitols. The 
antioxidant properties have been assayed by an oxygen



absorption method (Olcott and Mattill 1936). The resis
tance of jojoba wax to rancidity for a long time is 
probably due to the presence of a high percentage of non- 
saponifiable matter (51 percent).

Jojoba seed, examined with an electron microscope, 
appears ultrastrueturally similar to other oil seeds, 
even though liquid wax, rather than triglyceride, com
prises the reserve lipid of the seed. This observation 
indicates that liquid wax is stored in spheresomes within 
seeds (Muller et al. 1975).

Methods of Extraction of Jojoba Wax 
Three methods were used by Spadaro and Lambou 

(1973) to extract jojoba wax.
1. Mechanical extraction: This method is believed 

to have least undesirable effects on the liquid 
wax produced so the product was used as a control; 
it was recognized that cold-pressing wax is in
efficient in that the residual liquid wax was 
about 11 percent.

2. Solvent extraction: Six solvents were evaluated on 
a laboratory scale for extraction of the liquid 
wax— carbon tetrachloride, benzene, isopropyl 
alcohol, heptane, hexane, and tetrachloroethylene. 
Only three of the mentioned solvents appear to

9
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have the most potential. They are: hexane, 
heptane and isopropyl alcohol. All solvents 
seemed to be adequate although each extracted a 
small quantity of a white crystalline precipitate 
which appeared when the solvent was removed. 
Isopropyl alcohol extracted a considerable amount 
of sugars and it was not recommended because of 
the additional handling required. Heptane and 
hexane were most satisfactory solvents; however, 
hexane is preferred because it is readily avail
able, lower in cost and has a lower boiling point 
which makes it easier to remove from the products.

3. Filtration-extraction method: The seeds are : 
flaked, cooked, crisped, stirred with solvent, 
and filtration extracted. The extraction effi
ciencies resulted were 98.0 percent. This was 
suitable for commercial extraction of jojoba 
seeds.

Physical and chemical properties of jojoba liquid 
wax esters determined by Miwa (1976, p. 12) were:

1. Freezing point 10.6-7.0°C.
2. Melting point 6.8-7.0°C.
3. Smoke point (AOCS) 195°C.
4. Specific gravity 0.863.



5. Refractive index at 25°C = 1.4650.
6. Iodine value = 82.
7. Saponification value = 92.
8. Acid value =2.
9• Unsaponifiable matter = 51 percent.
10. Average molecular weight of wax ester = 606.

Advantages of jojoba wax over sperm oil are as
follows.

1. It has a mild, pleasant odor.
2. It has no fishy odor.
3. The crude oil contains no stearins and requires 

little or no treatment for industrial purposes.
4. It takes larger amounts of sulfur.
5. It does not darken on sulfurization.
6. The highly sulfurized oil is liquid, whereas 

sperm oil, when highly sulfurized, requires 
additions of mineral oil in order to remain 
liquid (Scherbrooke and Haase 1974; Daugherty, 
Sineath and Wastler 1953; Wells 1948).

7. It contains no glycerides (very little).
8. It requires little or no refining.
9. It is a vegetable product that can be produced in 

many underdeveloped countries (Mlwa and Wisniak 
1977).

11
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Jojoba Meal
A by-product of jojoba nuts is the meal remaining 

after the oil has been extracted, which constitutes about 
50 percent of the nut. This is an important area which 
has not received enough attention. This meal contains 
about 26-33 percent protein, 3.0 percent ash, and about 
27 percent carbohydrate (Yermanos 1973, 1974).

The meal mixed with nonfat milk gave good results 
as a pollen substitute for bees (Wells 1955).

A patent assigned to Elliger and co-workers (1975) 
claims that the toxicity of jojoba meal can be reduced by 
exposing the meal to ammonia for 25-30 days in a tight 
container. Feeding experiments using 15 percent treated 
jojoba meal in a standard ration showed a net weight gain 
and adequate food consumption.

The defatted jojoba meal was extracted with a 
lower alcohol (ethanol 95 percent or methanol 100 percent) 
or water. It was found that water or alcohol extracted 
meal, when fed in a balanced diet, resulted in weight 
gains of weanling mice equal to those of controls. Mice 
fed hexane extracted meal at a ten percent level in a 
balanced diet failed to gain weight normally and some 
deaths resulted (Catgageorge 1978).

A grant was offered to develop jojoba seed meal 
as a feed for animals. The research needed consists of 
three major tasks.
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1. Develop analytical methods to assay levels of 

simmondsin and other toxicants in raw and pro
cessed seed meal.

2. Devise a practical way to remove or destroy the 
toxicants in the seed meal.

3. Demonstrate the efficacy of the detoxified seed 
meal in the diets of various laboratory and agri
cultural animals.

The principal methods that are applied to de
termine the quality of the toxic compounds are by using 
high pressure liquid chromatography (HPLC) and thin layer 
chromatography (TCL) (Verbiscar and Banigan 1977).

Uses of Jojoba Nut by Humans 
Balls (1962) mentioned in his book. Early Uses of 

California Plants, that jojoba seeds were eaten by Indians. 
A drink was made by grinding and boiling the seeds in 
Coahuila, Mexico. Another rich concoction was made by 
grinding roasted nuts together with the yolk of a hard- 
boiled egg; then the paste was boiled with water, milk 
and sugar. The flavor is improved by adding vanilla 
beans and sometimes a thick drink like chocolate is made.

The seeds are very oily (waxy) and slightly bitter. 
On the basis of experiments, these seeds have been found 
to be medicinal. Two or three jojoba seeds taken in the
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morning are said to be good for the stomach; ground and 
mixed with chocolate, they facilitate parturition for 
women; toasted and ground, they are specific against 
sores that erupt on the face (Aschmann 1966).

Simmonsia californica is known as coffeeberry, as 
it splits in half in such a way as to resemble a coffee- 
berry. The nut is ground and boiled to make a beverage 
(Barrows 1967).

Kirk (1970) states that jojoba seed contain a 
nutritious oil and the bitter flavor is due to tannin.
He also describes the preparation of a coffee substitute 
from the nuts.

The essential amino acid-like lysine is present 
in good quantity, but the methionine content is poor.
The nutritional effectiveness of jojoba meal in animal 
feeds is very uncertain at present because of an unusual 
toxic factor (simmondsin) in meal. The nutritional value 
of the protein fed to animals must be evaluated 
(Yermanos 1975b).

Germination of Plant Seeds
In germinating plant seeds, a special pathway of 

fatty acid oxidation occurs called a-oxidation in which 
the carboxyl carbon of the fatty acid is lost as COg and 
the a-carbon atom is oxidized to an aldehyde group at the
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expense of hydrogen peroxide. This aldehyde may alterna
tively undergo reduction to yield long chain fatty alcohols 
which occurs in large amounts in plant waxes (Lehninger 
1976).

Ripe seeds of the castor bean, a plant in which 
germination has been extensively studied, are very rich 
in fat (more than 60 percent of the dry weight). During 
germination there is a precipitous fall in the total fat 
content, and sugars, principally sucrose, are formed.
These sugars are absorbed and utilized by the growing 
embryo, but during the fifth day of germination at 30°C 
when fat breakdown is at its height, a gram of sugar 
accumulates for each gram of fat consumed (Beever 1969).

Many seeds store substantial quantities of reserve 
lipids which can be isolated as intact vesicles by rela
tively simple procedures. These lipids are mostly synthe
sized during the last few weeks of seed development and 
then are utilized by the embryo during the first few days 
of germination. The composed lipids vesicles have been 
found in only a few seeds and may be restricted to certain 
classes of plants or certain stages of development. The 
saccules remain unchanged during dormancy and then resume 
their transformation into flattened saccules when the 
seed is germinated (Hilton and Totten 1971)-.



16

Gluconeogenesis of Amino Acids
During germination of the castor bean, all of the 

contents of the endosperm are ultimately transported to 
the embryo through the cotelydon or are respired. A net 
loss of nitrogen from the endosperm begins about the 
fourth day, at the time when the embryo growth and fat 
breakdown are also beginning.

The amino acids, which on deamination can give 
rise to intermediates in the pathway of conversion of 
fat to sucrose, are largely converted to sucrose and the 
nitrogen transported is as glutamine. Other amino acids 
released from the endosperm protein are transported into 
the seedling axis. Some carbon from the gluconeogenic 
amino acids is also transported as glutamine (Stewart 
and Beever 1967).

Amino acids are librated through the hydrolysis 
of proteins by proteases and peptidases. The amino acids 
enter the tricarboxylic acid cycle through glutamate 
after deamination and forms a-keto-glutarate and iso- 
citrate; this will be cleared by isocitrate lyase to 
form succinate and glyoxylate. Glyoxylate is combined 
with acetyl-COA by means of malate synthetase with one 
molecule of malate being formed. Malate is then con
verted to oxalacetate which forms pyruvate. This could 
be converted to glucose by the gluconeogenesis pathway.
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Aspartate may also enter the Krebs cycle as oxalacetate 
which could be converted to pyruvate and through the 
glucogenesis pathway the carbohydrates are formed.

Proteins and fats can enter the Krebs cycle 
through Acetyl-COA by means of the two enzymes isocitrate 
lyase and malate synthetase that convert isocitrate to 
glyoxylate and succinate. The glyoxylate pathway occur 
prominent in plant seeds and microorganisms, but not in 
animals because they lack the enzymes isocitrate lyase 
and malate synthetase which are unique to plant and micro
organisms (Lehninger 1976. Altman and Dittmer 1968).

The synthesis of carbohydrate from fat may be 
visualized via these stages:

fat fatty acyl-COA + acetyl-COA ->
[Glyoxylate cycle] -*■ malate phosphoenolpyruvate 
-» [Gluconeogenesis] carbohydrate

The main point to be emphasized in case of gluco
neogenesis from amino acid is that alanine, aspartate, 
glycine, serine, and glutamate are utilized extensively 
for sugar synthesis by the endosperm. Leucine, glutamine 
and proline are utilized to a lesser extent and arginine, 
phenylalanine, and valine virtually not at all. The 
carbon from gluconeogenic amino acids is available for 
transport to the embryo as sugar, whereas the other
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amino acids are conserved and transported intact (Stewart 
and Beever 1967).

Germination of Jojoba Seeds
Moreau and Huang (1977) proposed from their 

experiment a pathway for the metabolism of stored wax in 
cotyledons of jojoba seed. The wax in the wax bodies is 
hydrolyzed by an alkaline lipase which is associated 
with the membrane of the organelle. The resulting fatty 
acid and fatty alcohol would be transported to the 
glyoxysomes where they are modified and activated before 
entering 6-oxidation sequence. This is similar to that 
in castor bean endosperm.

The wax in the wax bodies (spheresomes) is 
metabolized by the wax ester hydrolase. The fatty 
alcohol dehydrogenase and fatty aldehyde dehydrogenase 
all are localized on the organelle membrane to give 
rise to the fatty acid. The fatty acids leave the wax 
bodies and enter a long metabolic pathway located in 
several cellular compartments. This metabolic pathway 
occurs in other oilseeds such as the castor bean 
(Beever 1969).

The stored wax in cotyledon is used up by the 
embryo as a linear function of time during the first 
30 days of germination and growth. The percent of wax



was decreased from 5% percent to approximately 20 percent 
during 30 days of germination and growth (Wisniak 1977).

Mirov (1955) mentioned in his research that 
apparently the seedlings do not utilize the wax until 
rather late in development but Moreau and Huang (1977) 
concluded from their experiment that gluconeogenesis 
occurs from stored wax in the cotyledons of jojoba seed
lings. They found a decrease in percentage of protein 
and an increase in the amino acids represented less than 
ten percent of the hydrolyzed protein, presumably due to 
a transport of the amino acids to carbohydrate similar 
to what occurs in castor bean endosperm.

Booth (1973) reported that rats died on diets of 
30 percent and 15 percent jojoba meal probably due to 
starvation. On diets of ten percent or less, growth was 
inhibited and other symptoms of toxicity were noticed.
He suggested that jojoba meal could be toxic to swine 
and poultry, but it was possible that it could be de
toxified in the rumen of sheep and cattle. Field data 
do show that desert chipmunks, mules, deer and rabbits 
gather and feed on the seed without any deleterious 
effects.

19

Isolation and Toxicity of Simmondsln 
Elliger and co-workers (1973) have isolated four 

closely related substances present in the meal. The



most common, simmondsin, is present to the extent of 
about 3-4 percent in the oil free meal and is an appe
tite depressant (Booth, Elliger and Waiss 1974).

Simmondsin exhibits an activity of inhibition of 
feeding, although the acute oral toxicity is low 
(LD 3Q > 4 g Kg"1 ) (Elliger et al. 1973) .

Simmondsin bears a glucose unit which was removed 
hydrolytically by incubation with B-glucosidase 
(Elliger, Waiss and Lundin 1974).

The simmondsin was isolated by milling the jojoba 
seed, extracted with petrol, hexane and ethyl acetate. 
Chromatography of the ethyl acetate extract on silica 
gel yielded three fractions. The major component was 
simmondsin; a mixture of substances which was eluted in 
the most popular column fraction was acetylated and re
chromatographed and indicated the presence of hexacetates 
of the two monodesmethyl simmondsins although they were 
not obtained in pure form (Elliger et al. 1974).

Interest as an Industrial Crop 
Unusual properties of the wax that can be ex

tracted from jojoba seeds made it very interesting to 
industry. The wax is mainly composed of the straight 
chain fatty acids and fatty alcohols, monoesters of the 
CgQ and Cgg alcohols and acids with two double bonds.

20
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The almost complete absence of glycerine indicates that 
jojoba oil differs radically from all known oils; it is 
not a fat but a liquid wax (Wisniak 1977)•

The recent interest in the development of jojoba 
has come from three directions: Cl) socio-economic 
development of a viable economic crop for the Indian 
population in the southwestern United States, (2) produc
tive use of semi-arid lands, and (3) conservation to 
protect several species of whales from extinction 
(Wisniak 1977). The oil (waxes) obtained from the jojoba 
nut is a light golden fluid that requires little or no 
refining, and is normally of low acidity(less than two 
percent); it is non-volatile and is free from rancidity 
even after repeated heating to temperatures above 285°C. 
After heating to 370°C for four days, it is essentially 
unchanged (Wisniak and Benajahu 1976). The initial boil
ing point at 757 mm under nitrogen is 4l8°C but drops 
rapidly to a steady 398°C. The drop in boiling point is 
accompanied by partial randomization (Miwa 1971).

It has been suggested that jojoba wax can be 
used as a dietetic oil since it will not be metabolized 
by the human body. The fat splitting enzyme, lipase, 
is unable to hydrolyze the oil/wax (Mirov 1952). A 
recent anonymous press release reported Russian research
ers had determined that jojoba oil is nonfattening when
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used as a salad oil (Spadaro and Lambou 1973). In Cali
fornia, some people are accustomed to using jojoba wax 
in salads instead of olive oil because of its good 
flavor. The jojoba berry has also become touted for its 
medicinal value, especially for curing the suppression of 
the urine arising from mucous secretion for facilitating 
childbirth and for wounds. The oil (wax) which is de
rived from it has been said to be an excellent remedy for 
cancer (Clavigero 1937).

Penicillin products could be protected by coating 
them with jojoba wax, liquid, or hydrogenated. The 
penicillin would be protected from being destroyed and 
inactivated by the action* of the stomach fluid. The 
transmission of the penicillin over to the small intes
tine where it can be more readily picked up by the blood 
would be facilitated. Jojoba oil, either in its liquid 
wax state or hydrogenated form, provides a suitable 
carrier of penicillin and may be combined with other 
compounds (Hinds 1949).

Meal remaining after extraction of the wax con
tains about 30 percent protein and could be used as feed 
for livestock after detoxification. Researchers are 
still looking for ways of detoxification of jojoba meal. 
Jojoba wax resembles sperm whale oil in chemical composi
tion and behavior, and if a sufficient supply were



available at a competitive price, it undoubtedly could 
find use as a substitute for sperm whale oil and high 
priced waxes like carnauba and bees wax (Wisniak 1975)



MATERIALS AND METHODS

Seed Collection
Jojoba seeds were picked late in July 1977 from 

one bush near Gate’s Pass in the Tucson Mountains near 
Tucson, Arizona. The seeds that were completely mature 
and dark in color were selected for germination. The 
weight of the seeds was between 0.5-0.7 g. The seeds 
were stored at room temperature for two months to reduce 
the moisture content. Sixty-four seeds were selected, 
randomly grouped into 16 groups, each group consisting 
of four replications (four seeds).

Germination
The weight of each seed individually was recorded 

on a dry basis. The seeds were given identification 
numbers starting from blankly, G^_^ ending with U^_^. 
Blank seeds were not germinated, but the rest of the 
seeds were germinated at two-day intervals up to 30 days.

Before starting germination, the seeds were 
surface sterilized in five percent sodium hypochlorite 
for one hour and washed with distilled water. Each group 
of four was wrapped in a paper towel individually and

24



placed In a beaker containing distilled water up to a 
level that the seeds would not be soaked. The seeds 
were incubated at 27°C (80°F) in the dark. No nutrients 
were added to the distilled water so that the plant would 
depend upon the stored nutrients for the germinating 
purposes. The distilled water was changed every three 
days. At the end of the germinating period for each 
group, the seeds were wiped with absorbent paper to re
move the surface water, and the hypocotyledon lengths 
were measured. The weight of the germinated seeds with 
hypocotyledon was recorded, and each whole seed was 
individually extracted.

Wax Extraction
Jojoba wax was extracted from each seed by 

macerating the seed in a high speed Sorval Omnimixer 
(Ivan Sorval, Inc., New Town, Connecticut) using two 
50 ml portions of hexane as extraction solvent. Each 
portion was blended with the seed for seven minutes in 
a 100 ml stainless steel homogenizer cup. The extract 
was filtered through Whatman No. 2 filter paper and: 
collected in a round bottom flask (250 ml). The residue 
from each seed was packaged in the same filter paper and 
further extracted for 24 hours by Soxhlet (Official 
Methods of Analysis of the AOAC 1970), the same filtrate 
solvent, and the same round bottom flask as a collector.

25
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The solvent was removed from the flask by using a rotary 
vacuum evaporator and the wax was transferred quanti
tatively to a weighed vial by using three portions of 
hexane of 4 ml each. The hexane was evaporated from the 
vials with a nitrogen stream. The vials were put in a 
dessicator overnight after which the weight of the lipid 
(wax) was measured. The wax was kept at 4°C until 
further analysis.

Extraction of Simmondsin 
The residue from each seed was carefully removed 

from.the Soxhlet extractor and placed in the omnimixer.
Two 40 ml portions of 95 percent ethyl alcohol were used 
to extract simmondsin from the residue by mixing each 
portion for five minutes. The mixture was filtered using 
the same filter paper used in the lipid extraction. The 
filtrate was collected for each sampling individually in 
a graduated cylinder. The volume was measured and one- 
tenth of the total volume of ethanol remaining was 
removed, placed in a vial, and stored at 4°C until further 
analysis.

Ethanolysis
The rapid procedure of Duncan et al. (1974) was 

used for the analyses of fatty alcohol and ethyl esters 
of fatty acids of jojoba wax. Four drops of jojoba wax
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were placed in a test tube 15 x 125 mm. One ml of five 
percent HC1 in anhydrous ethanol and 0.1 ml anhydrous 
benzene were added to the jojoba oil in the test tube.
The tubes were capped with marbles and the mixture was 
refluxed for four hours at 95°C on a heating block. The 
tubes were dried in a hood at 95°C with a gentle current 
of nitrogen. One ml of absolute ethanol was added and the 
mixture was dried at 95°C, repeating addition of one ml 
of absolute ethanol and drying for three times.

The tubes were cooled to room temperature, 2 ml of 
distilled water and 2 ml of ethyl ether were added. The 
tubes were agitated vigorously and centrifuged and the 
ether phase was removed, placed in a vial and stored at 
-20°C until GLC analysis.

Gas Liquid-chromatography of 
Alcohols and Esters

Gas liquid-chromatography of ethanolysis products 
of jojoba oil was performed with a Micro-tek DD series 
model #8818-0001 (Tracer, Austin, Texas) gas chromato
graph with dual hydrogen flame ionization detector and 
was operated according to the following parameters:

Flow rate = 30 ml Ng/min
Column = 8* x 1/4" glass
Packing = 1.5% OV-17 in 100/120 Chromosorb W.
Inlet temperature = 180°C
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Column temperature = 150 to 230°C - 2°/min 
Detector temperature = 300°C 
Attenuation = 32 x 10^ or 256 x 10^ (see 

Figure 4 on page 36 ).
Injection volume was modified according to the peak area. 
The column was conditioned each night at 280°C to mini
mize the buildup of high-boiling interfering compounds 
produced or injected on the column. Results were recorded 
on a Beckman 10" recorder. Integrator Model 1005 
(Fullerton, California) equipped with a recording disc 
integrator.

Identification of alcohols and esters was made 
by comparison with Rf values of standard compounds and 
chromatograms (Miwa 1972). Relative amounts were de
termined by comparison of the areas under the peaks as 
produced by the above disc integrator.

Protein and Amino Acid Determination

Protein
After the wax was extracted from the seed by 

using hexane and simmondsin was removed from the meal by 
95 percent ethanol, the meal was freeze-dried overnight. 
One-tenth of a gram of the meal was taken from each seed 
and was analyzed for protein by the micro-Kjeldahl pro
cedure (Hawk, Oser and Summerson 1954: Church and Pond
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1974). The formula that was applied to determine the 
protein percentage was:

protein % 

x 100

5 x ml of titration x standard factor 
sample weight (mg)

5 = mis of sample used
sample weight = 100 mg
standard factor = 91.88
mis of titration of HC1 0.015 N.

Amino Acids
The dried meal of four germinated seeds for the 

same period of time was mixed quantitatively; meal from 
seed which had not germinated was excluded. Samples 
weighing 0.10 g were hydrolyzed in 15 ml of constant 
boiling HC1 in sealed tubes. Prior to sealing, oxygen 
was removed from the vials by freezing the mixture with 
acetone-dry ice,evacuating the vial, and then allowing 
it to thaw. This was repeated three times and the vials 
were flushed with N2 after each evaluation. Samples were 
hydrolysis at 145°C for four hours. The HC1 was removed 
by distillation in a rotary evaporator and the samples 
taken up in pH 2.2 buffer to 25 ml. Samples were 
filtered before amino acid analysis. A preliminary test 
showed that the samples were too concentrated, so they 
were diluted to a 75 ml volume. Amino acids were
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determined on 0.75 ml samples by a Beckman, Model 121, 
automatic amino acid analyzer from Packard Instrument 
Company, Inc., La Grange, Illinois (Spackman 1963).
The percentage of each amino acid was determined by 
means of computer programmer for this purpose. The 
percentage of each amino acid was used to determine the 
scattergram and graphs were plotted as they are shown 
on Figures 5-8 on pages 37-40, respectively.

Simmondsin Analysis
The ethanol extract of the defatted meal was 

taken to dryness under a stream of nitrogen in a water 
bath. One-half ml TriSil (Pierce Chemical Company, 
Rockford, Illinois) was added to each vial and the vials 
were closed, shaken and allowed to stand for a half hour 
prior to GLC injection.

GLC Condition for Simmondsin Analysis 
The GLC condition for simmondsin analysis is as

follows:
Flow rate = 30 ml N/min 
Column = 8* x 1/4" glass
Packing . = 1.5% OV-17 in 100/120 Chromosorb W. 
Inlet temperature = 180°C 
Column temperature = 150o-250°C - 5°/min 
Detector temperature = 300°C 
Attenuation 128 x 102 .
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Statistical Analysis of Data

Results were analyzed in the Vogelback Computing 
Center, The University of Arizona, by the computer program 
known as SPSS. Data from seed initial weight, germinated 
weight, period of germination, length of hypocotyledon, 
weight of wax per seed, percentage of wax on the basis 
of initial seed weight, wax percentage on the basis of 
germinated weight, fatty acids ci8*l» C20 •l*
C22:ly C24:l^ fatty alcohols (Cl6;0, C2Q;1, C22;1,
C24•i ), protein percentage, and amino acids were analyzed 
using a one-way analysis of variance. Four replications 
were used. Mean values were tested at the 0.05 level of 
significance using a Student-Newman-Kuehl Test (Steel 
and Torrie I960).

To graphically illustrate the influence of 
germination time and length of hypocolytedon upon the 
percentage of waxes, protein and amino acids, see 
Figures 1 through 13.

A best fitting line was calculated by linear 
regression analysis using the least squares method 
(Steel and Torrie I960).

The following formula was applied to determine the 
point of intercept.

Y = A - BX
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when

Y = the y intercept 
A = A intercept 
B = the slope

= any value given, i.e., 10 or 15.X
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Figure 1. Cyanomethylenecyclohexyl glucosides found
in jojoba seeds. —  Isolation and identifi
cation taken from Verbiscar and Banigan (1977).
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RESULTS AND DISCUSSION

In this study, jojoba seeds from a single bush 
were germinated to determine the rate of disappearance 
of the toxic cyanoglucoside, simmondsin. Changes of 
other economically valuable seed constituents during 
germination were also measured. These included percen
tage of wax, composition of wax esters and alcohols, 
percentage of protein and protein amino acid composition. 
These results may indicate the feasibility of germination 
as a method of detoxification of jojoba seed.

Germination of Jojoba Seeds
Incubation of jojoba seed at temperatures higher 

than 30°C (85°P) resulted in mold growth on the surface 
of the seeds. Controlling the germination temperature 
at 27-28°C (80-82°P) gave good germination and minimized 
the growth of molds.

Germination was evident in most seeds after four 
days of incubation when the hypocotyledon appeared with 
a mean length of 0.67 cm. After a period of 16 days, the 
mean length of hypocotyledon was 17 cm; after 30 days 
of incubation, the mean length of hypocotyledon was 32.25 
cm. Tables 1-5 show germination and results of analyses.
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Table 1. Period of germination (days), gm-wt of ungerminated seeds and germinated 
seeds, cm length of hypocotyledon, gm-wt of wax seed and percentage of 
wax on a basis of initial seed weight.

Days Gm wt Gm wt Cm % of Wax on
Period of of of Length Gm wt a Basis of
Germination Ungerminated Germinated of of Initial Seed

Samples at 27°C Seeds Seeds Hypocotyl Wax/seed Weight

B1 zero day 0.629 0.629 zero 0.298 47.5
B2 zero day 0.639 0.639 zero 0.326 51.0
B3 zero day 0.738 0.738 zero 0.281 39.4
B4 zero day 0.565 0.565 zero 0.266 47.0
G1 2 0.734 1.213 zero 0.338 46.1
G2 2 0.646 1.121 zero 0.271 42.0
G3 2 0.628 1.084 zero 0.252 40.2
G4 2 0.663 1.149 zero 0.260 39.3
HI 4 0.671 1.082 0.5 0.293 43.6
H2 4 0.678 1.312 zero 0.294 43.4
H3 4 0.584 1.216 2.2 0.235 40.2
H4 4 0.623 1.163 zero 0.207 33.3
11 6 0.679 1.288 3.8 0.283 41.6
12 6 0.694 1.259 0.8 0.292 42.1
13 6 0.597 1.051 zero 0.254 42.5
14 6 0.577 1.104 2.5 0.188 32.6



Table 1.— continued. Period of germination (days).

Days Gm wt Gm wt Cm % of Wax on
Period of of of Length Gm wt a Basis of
Germination Ungerminated Germinated of of Initial Seed

Samples at 27°C Seeds Seeds Hypocotyl Wax/seed Weight

J1 8 0.561 1.108 0.5 0.218 38.7J2 8 0.596 1.085 3.0 0.251 42.1
J3 8 0.557 0.970 0.2 0.126 22.7
J4 8 0.530 0.975 0.1 0.210 39.7
K1 10 0.643 1.798 16.0 0.235 36.5
K2 10 0.642 1.748 14.0 0.271 42.2
K3 10 0.674 1.734 15.0 0.296 43.9
K4 10 0.663 1.847 15.5 0.246 37.1
LI 12 0.685 1.384 8.5 0.303 44.2
L2 12 0.567 2.007 18.0 0.193 34.1
L3 12 0.729 1.417 0.5 0.292 40.0
L4 12 0.651 1.135 zero 0.225 34.6
Ml 14 0.665 2.078 17.5 0.219 32.8
M2 14 0.532 1.140 1.2 0.219 41.1
MB 14 0.569 1.384 1.8 0.225 39.5
M4 14 0.635 1.888 23.2 0.197 30.9
N1 16 0.569 2.744 18.2 0.167 29.3
N2 16 0.668 1.364 3.3 0.299 44.7
N3 16 0.717 2.531 22.5 0.228 31.8
N4 16 0.541 1.965 26.2 0.142 26.1 4=rOO



Table 1.— continued. Period of germination (days).

Samples

Days
Period of 
Germination 
at 27°C

Gm wt 
of
Ungerminated
Seeds

Gm wt 
of
Germinated
Seeds

Cm
Length
ofHypocotyl

Gm wt 
of
Wax/seed

% of Wax on 
a Basis of 
Initial Seed 
Weight

01 18 0.630 1.208 zero 0.241 38.302 18 0.660 2.069 12.0 0.231 35.0
03 18 0.585 2.236 19.5 0.159 27.3
04 18 0.561 1.802 17.5 0.176 31.4
PI 20 0.669 1.415 2.7 0.273 40.8
P2 20 0.509 1.758 7.0 —  — —  —

P3 20 0.571 2.094 22.5 0.167 32.7
P4 20 0.674 3.343 16.5 0.134 19.9
Q1 22 0.592 2.437 23.7 0.161 27.2
Q2 22 0.642 1.260 zero 0.255 39.2
Q3 22 0.585 1.343 2.0 0.252 43.1
Q4 22 0.646 1.284 4.2 0.246 38.1
R1 24 0.535 2.002 7.5 0.125 23.3
R2 24 0.615 2.861 28.2 0.130 21.1
R3 24 0.633 2.860 5.5 0.091 14.3
R4 24 0.522 2.335 16.5 0.118 22.6
SI 26 0.592 1.156 2.5 0.264 44.7
S2 26 0.662 3.153 28.2 0.131 19.8
S3 26 0.546 2.437 21.5 0.091 16.7
S4 26 0.537 0.821 zero 0.240 44.7



Table 1.— continued. Period of germination (days).

Samples

Days
Period of 
Germination 
at 27°C

Gm wt 
of
Ungerminated
Seeds

Gm wt 
of
Germinated
Seeds

Cm
Length
of
Hypocotyl

Gm wt 
of
Wax/seed

% of Wax on 
a Basis of 
Initial Seed 
Weight

Tl 28 0.582 1.874 1.2 0.111 19.0
T2 28 0.569 0.996 zero 0.239 42.0
T3 28 0.530 2.258 22.5 0.092 17.4T2| 28 0.520 2.771 33.2 0.040 7.7
U1 30 0.560 3.134 33.0 0.104 19.0
U2 30 0.592 2.971 38.0 0.119 18.5
U3 30 0.545 2.285 28.5 0.135 24.8
U4 30 0.539 I.919 29.5 0.185 34.3
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Table 2. Patty acids and fatty alcohols of jojoba wax, and protein of defatted 
dried jojoba meal during germination of seeds.

Patty Acids % Fatty Alcohol %_____  Protein
s* D/G** 016:1 018:1 020:1 022:1 024:1 016:0 020:1 022:1 024:1 %

B1 0 _ _ 3-4 37.4 10.6 0.7 0.3 24.2 24.2 2.8 31.9B2 0 0.0 5.2 44.3 7.5 0.7 0.6 20.7 20.7 2.2 28.0
B3 0 —  — ~ 4.1 43.8 10.3 0.8 0.3 21.0 21.0 3.4 30.6
B4 0 — 5.0 42.2 7.8 0.5 0.5 20.0 20.0 2.6 27.3
G1 2 0.0 5.8 44.9 7.2 0.5 0.7 16.7 16.7 1.7 29.2
G2 2 —  — 4.6 50.3 8.7 0.5 0.2 18.5 18.5 1.4 29.6
G3 2 0.1 6.3 50.1 8.7 0.4 0.6 15.5 15.5 1.1 25.3
G4 2 0.1 3.9 48.9 10.2 1.1 0.3 18.6 18.6 2.7 28.3
HI 4 6.5 49.1 8.7 0.6 0,5 17.7 17.7 1.8 26.9
H2 4 o.l 6.6 48.1 8.0 0.3 0.4 15.1 15.1 1.1 29.4
H3 4 7.3 46.1 7.8 0.4 0.5 15.8 15.8 1.0 26.2
H4 4 0.0 4.9 46.9 9.3 0.6 0.4 19.8 19.8 1.6 28.5
11 6 0.1 4.8 45.6 10.1 0.9 0.4 18.9 18.9 2.6 28.5
12 6 0.1 6.9 43.7 7.6 0.5 0.8 19.6 19.6 1.8 28.3
13 6 0.1 5.5 45.7 8.6 0.6 0.4 17.8 17.8 1.8 24.3
14 6 0.1 6.3 40.3 7.0 0.4 0.6 16.7 16.7 1.3 28.3
J1 8 0.1 6.7 42.9 8.6 0.5 0,6 19.9 19.9 2.0 28.7
J2 8 mam wm 7.4 40.8 7.6 0.6 0.7 18.1 18.1 1.9 25.7
J3 8 0.1 5.8 42.4 7.9 0.5 0.7 18.5 18.5 • 1.9 23.4
J4 8 5.6 41.3 7.9 1.1 0.3 20.1 20.1 3.2 29.2
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Table 2.— continued. Fatty acids and fatty alcohols.

s* D/G**
, Patty Acids % Patty Alcohol % Protein

%016:1 018:1 020:1 022:1 024:1 016:0 020:1 022:1 024:1

K1 10 5.9 42.8 9.2 1.1 0.8 19.1 19.1 3.1 22.7K2 10 0.3 8.0 36.3 7.8 0.6 1.1 17.4 17.4 2.1 22.5
K3 10 8.2 32.3 9.6 1.0 1.0 22.6 22.6 4.1 21.1
K4 10 0.1 6.9 37.5 9.1 0.9 0.9 21.0 21.0 3.3 22.0
LI 12 0.1 6.7 40.3 6.6 0.4 0.7 25.3 18.2 1.7 23.7
L2 12 — — 6.7 41.4 8.7 0.8 0.7 19.2 20.1 2.4 21.1
L3 12 — — 6.1 42.1 7.8 0.8 0.7 19.4 20.6 2.5 28.7
L4 12 0.1 10.4 40.4 4.7 0.4 0.9 23.6 15.3 1.3 29.6
Ml 14 13.2 43.8 4.9 0.3 1.2 23.8 13.3 0.6 19.3
M2 14 mm —m 7.0 41.3 7.1 1.1 0.7 19.6 20.8 2.5 28.9
M3 14 —— 6.6 43.7 4.4 0.7 0.6 22.6 19.1 . 2.3 25.5
M4 14 — — 6.7 38.8 11.2 2.0 0.8 15.0 21.4 4.1 21.6
N1 16 0.1 8.3 41.0 7.8 0.5 0.9 22.2 17.4 1.7 19.5
N2 16 6.7 44.3 8.5 0.8 0.6 17.4 19.8 1.9 30.6
N3 16 —— 7.0 48.9 8.2 0.3 0.3 19.7 15.3 0.3 20.9
N4 16 —— 4.9 54.1 10.6 0.6 0.1 11.2 16.8 0.7 19.5
01 18 5.1 49.5 10.1 0.5 0.3 14.2 20.0 0.5 29.4
02 18 mmmm 8.1 47.0 8.0 0.3 0.5 18.7 17.9 0.5 22.1
03 18 mm mm 3.6 52.7 11.6 0.4 0.1 11.9 19.4 0.4 16.1
04 18 —  — 3.1 57.5 9.3 0.5 0.1 10.7 18.1 0.6 18.8
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Table 2.— continued, Patty acids and fatty alcohols.

Fatty Acids %__________ ' Fatty Alcohol %_________  Protein
s* D/G** C16:1 Clb: 1 C20:1 C22:1 024:1 C1570 C20:1 C22:l C24:1 %

PI 20 0.3 5.0 51.0 8.6 0.6 0.4 15.6 17.7 1.0 20.9P2 20 22.7
P3 20 5.0 49.5 11.2 0.8 0.2 12.2 19.7 1.4 16.3P4 20 — — 7.5 48.3 10.2 0.5 0.6 14.9 17.3 0.7 14.0
Q1 22 5.4 45.8 12.8 0.8 0.5 13.2 20.5 1.0 16.5
Q2 22 0.1 7.9 47.0 6.9 0.3 0.8 21.1 15.7 0.3 32.2
Q3 22 — — 4.8 51.0 8.5 0.4 0.3 16.0 18.3 0.8 26.2
QH 22 —— 6.6 43.8 8.0 0.4 0.7 20.5 19.1 1.0 23.4
R1 24 6.0 42.6 11.4 n . i 0.4 15.3 20.9 2.4 19.3
R2 24 8.3 43.1 11.8 1.4 0.8 13.5 19.1 2.1 17.0
R3 24 —— 9.0 45.5 9.8 1.0 1.0 16.0 16.6 1.2 22.3
Rij 24 —— 9.8 45.4 9.1 0.5 0.7 18.1 15.5 0.8 18.4
SI 26 7.8 40.9 8.8 0.7 0.8 21.5 17.9 1.6 28.7
82 26 — — 9.1 47.3 10.1 1.3 0.8 15.5 15.1 0.9 16.5
S3 26 —— 9.4 48.9 8.4 0.4 0.7 18.1 13.7 0.5 15.2
84 26 —— 7.9 43.7 8.3 0.6 0.4 20.1 17.7 1.3 25.5
T1 28 7.3 48.0 12.0 3.0 0.6 9.3 17.6 2.3 20.0
T2 28 — — 7.0 45.4 6.9 0.3 0.5 22.6 16.4 0.8 28.9
T3 28 7.2 44.6 11.8 1.9 0.7 13.3 18.2 2.2 21.3
T4 28 — — 10.5 46.6 11.8 2.4 1.5 9.3 16.0 2.0 16.1
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Table 2.— continued, Patty acids and fatty alcohols.

s* D/G**
Patty Acids % Fatty Alcohol % Protein

%C16:1 Old:1 020:1 022:1 024:1 016:0 020:1 022:1 024:1

U1 30 4.6 56.3 13.6 1.4 0.0 4.8 18.1 1.0 16.5U2 30 8.6 50.4 12.6 0.6 0.3 10.0 16.9 0.6 15.2
U3 30 8.4 46.0 11.3 0.7 0.4 15.7 16.7 0.8 17.9
U4 30 —  5.8 54.0 8.8 0.3 0.3 15.1 15.5 0.3 16.8

* S = Samples
** D/G = Days of Germination
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Table 3. Comparison between wax constituents (fatty 

acids and fatty alcohols).

Fatty Acids Taken from Miwa (1972) Present Study

Cl6:1 —— 0.1%
C18:1 11% 10.8%
C20:1 71% 73.4%
C22:1 13% 14.6%
02*1:1 2% 1.2%

Fatty Alcohols
Cl6:0 —— 1.5%

C20:1 46% 46.5%
C22:1 41% 46.7%
C24:l 8% 4.3%



Table 4. Variation of amino acids in jojoba seeds during the germination 
periods (30 days).

Samples Days of Oeruination Amino Acids rr."Lya his Argl Asp Thr Ser dlu Pro Oly Ala Cya val Meth Iso l#eu tyr

B1 0 1.4# .65 2.16 2.79 1.03 1.19 3.29 1.31 2.67 1.09 .81 1.53 .29 1.12 2.10 1.16 1.190 2 .82 .53 1.92 2.59 1.32 1.10 2.96 1.20 2.00 .97 .65 1.00 .22 1.02 1.96 1.01 1.11II » .81 .$9 1.83 2.58 1.28 1.10 2.87 1.28 2.32 .95 .98 1.01 .26 1.03 1.97 1.10
I 6 .93 .5# 2.00 2.80 1.30 1.09 3.10 1.33 2.05 1.05 .76 1 59 .29 1.13 2.17 1.08 1.19J 8 .81 .#5 1.70 2.29 1.15 1.00 2.75 1.12 2.18 .93 .78 1.28 .21 •92 1.76 .9# 1.03
K 10 .92 .68 1.06 1.96 .92 .86 2.11 .90 1.80 .80 ♦ 39 1.15 .22 .80 1.52 .78 . 86
L 12 .85 .09 1.95 2.53 1.20 1.08 2.85 1.21 2.36 .98 •50 1.00 .221.03 1.97 1.00 1.09
M 1* .9# .00 1.53 2.03 .93 .88 2.19 .96 1.76 .81 .Oo 1.17 .22 .86 1.60 .79
N 16 .85 .02 1.32 I.69 .80 .73 1.82 .85 1.66 .70 .20 1.00 .21 .75 1.36 .72 .76
o 18 .80 .38 1.26 1.55 .71 .69 1.69 .77 1.52 .65 .08 .92 •19 .69 1.26 • 63
P 20 .81 .38 1.17 1.66 .78 .73 1.76 .83 1.60 .69 .10 .90 .18 .72 1-33 • 66 .7#q 22 .89 .08 1.01 1.87 .92 .80 2.00 .87 1.93 .77 .02 1.37 .26 .80 1.09 • 82
n 2# .81 .00 1.17 1.08 .68 .68 1.53 .70 1.08 .61 .25 1.08 .17 .63 1.10 .63 #64
s 26 .81 .07 1.20 1.62 .79 .72 1.75 .76 1.56 .66 .15 .99 .19 .70 1.26 .76 • 71
T 28 .70 .37 .99 1.30 .58 .58 1.39 .60 1.19 •52 .09 .72 .15 • 55 .98 .5? • 55
0 30 .67 .35 .86 1.12 .50 .50 1.20 .58 1.17 .09 .07 .67 .15 .52 .93 .50 • fiO
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Table 5. Variation of total amino acid, essential and nonessential amino 
acid by variation of period of germination and length of 
hypocotyledon.

Sample
Period of
Germination
Days

Cm Mean 
Length of 
Hypocotyledon

Total Amino 
Acid of 
Protein

Total 
Essential 
Amino Acid

Total Non- 
Essential 
Amino Acid

Blank zero zero 85.781 51.23 31.40
G 2 zero 85.71 52.05 31.62

M 14 10.93 79.16 48.28 28.78
N 16 17.55 71.92 44.37 25.58

T 28 14.23 63.67 38.68 23.18
U 30 32.25 67.29 41.47 23.89

vn—j
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It is clearly seen that in non-germinated seeds, even 
though they have incubated for 26 days (Sample and 
28 days (Sample T^), the wax percentage and protein 
percentages were as high as in the initial non-germinated 
seed (zero day incubation period) and the simmondsin, 
disaccharides and monosaccharides did not change rela
tive to the initial non-germinated seeds. This was 
shown in all non-germinated seeds even though they were 
incubated for many days.

Considering the whole period of gemination, it 
is inaccurate to consider only the length of hypocotyledon 
as a symbol of good germination, because there may be 
many stems arising from the seed at the same time or 
several secondary branches, or the roots may be divided 
into many secondary roots. Therefore, measurement of 
the length of hypocotyledon will be difficult. In this 
study, the weight of the well-germinated seeds was 
higher than that of non-germinated seeds. Weight gave• 
a partial indication as to the extent of germination of 
jojoba seeds.

Extraction of Jojoba Wax 
Use of the high speed Sorval Omnimixer and fil

tration of the extracting solvent as the only means for 
* extracting the jojoba wax gave less than ten percent of 
the seed weight when using a double hexane extraction.
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However, the remaining wax in the meal was extracted 
almost completely by using a Soxhlet apparatus. In this 
case the total wax percentage was increased to 50 percent 
which is in agreement with those values previously re
ported. In an attempt to use chloroform as a solvent to 
extract jojoba wax, it was found that many white particles 
seen previously passed through the filter and were 
difficult to remove to produce a clear wax. Other 
solvents, such as chloroform-methanol and isopropyl- 
alcohol, were not used because they removed the toxic 
compound, simmondsin, from the meal. It was desirable 
to remove simmondsin separately and measure its dis
appearance during the period of germination.

There was significant variation in wax of the 
seeds during germination. Weights of seeds and per
centages of wax are shown in Table 1. The percentage of 
wax decreased as the time of germination increased. The 
best fitting regression line relating the declination 
of the wax percentage during germination was linear 
showing insignificant parabolic character and these 
results agree with those obtained by Wisniak (1977) 
concerning the decreasing of wax in jojoba seeds to 50 
percent and also Moreau and Huang (1977) who found in 
their experiment (gluconebgenesis from storage wax in 
the cotyledons of jojoba seedlings) that there was 50
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percent reduction in the total lipid. Figures 2-3 (pages 
3^-35) show the declination of the wax percentage during 
germination. Wisniak (1977) showed in his experiment 
that the embryo utilized the stored wax linearly during 
the period of germination. Moreau and Huang (1977) 
proposed a pathway for the metabolism of stored wax in 
jojoba seeds during germination. In 1969, Beever also 
mentioned how the wax is metabolized outside of the wax 
bodies (spherosomes) in the cellular compartments. This 
metabolic pathway occurs in other oil seeds such as 
castor bean and according to what previous researchers 
got, agree greatly with the present research.

The rapid ethanolysis procedure (Duncan et al. 
197%) made it very easy to analyze very small quantities 
of oil for changes in fatty acids and alcohols of a 
single seed during germination. A column of 1-1/2 per
cent 0V- 17 proved superior in this study to that of 20 
percent Apeizon L as used by Duncan et al. (1974) and 
by Miwa (1972). A typical chromatogram (G4) is shown 
of the acids and alcohols in Figure 4 on page 36. The 
peaks elute in pairs, the alcohol emerging slightly 
before the corresponding fatty acid esters. The amounts 
of each fatty acid and fatty alcohols (five acids and 
four alcohols) were measured as percentage of each 
compound in whole mixture and are illustrated in Table 2.
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on pages 51-54. Other small peaks appeared which were 
either not identified or were of insignificant quantity 
such as C^g:l and :0. These minor compounds were not 
included in calculations.

Statistical analyses were carried out for every 
compound in each chromatogram to determine the varia
tion in the compounds during germination. As a result 
of these analyses, it appears the variation of fatty 
acids and fatty alcohols during germination was not 
significant. If the compounds are considered according 
to the period of germination and length of hypocotyledon, 
the correlation coefficients are identical. This shows 
that even long germination periods have little effect 
on the ratio of fatty acids and fatty alcohols present 
in the seeds. The fatty acids and fatty alcohols are 
discussed individually, in correlation to the period of 
germination and length of hypocotyledon.

Effect of Germination on Jojoba 
Wax Components

The trace amount of 0^:1 acid did not change 
significantly during the period of germination and with 
increasing the length of hypocotyledon of the germinated 
seeds. The correlation coefficients were identical in 
both correlations. Oleic acid (C,q :1) tends to increase



slightly with the period of germination and length of 
hypocotyledon but the correlation coefficient was low in 
both cases.

Eicosenoic acid (C20:1) did not change signifi
cantly during germination. This fatty acid forms 44.62 
percent of the total mixture (fatty acids + fatty alcohol). 
The correlations of CgQ:1) with both germinating period 
and length of hypocotyledon were almost the same and the 
variations were not significant in both cases.

Docosenoic (Ogg'D forms 8.86 percent of the
total mixture and tends to increase slightly during the 
period of germination. The correlation coefficient was 
positive and the variation was significant. The quantity 
of tetracosenoic acid (C2l( :1) is very small comprising 
about 0.75 percent of the mixture; it Showed no sig
nificant change during germination of seeds.

Effect of Germination Period and Length of 
Hypocotyledon on Fatty Alcohols in 

Jojoba Wax
Palmitol (C1g:0) is present in small quantities 

and forms about 0.56 percent of the total mixture. This 
fatty alcohol showed no significant change during the 
period of germination. Eicosenol (C20:1) forms about 
17.47 percent of the total mixture and showed a 
significant tendency to decline during germination.
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Docosenol (C22:1) comprised 17.90 percent (mean) of the 
total mixture and showed no significant variation during 
germination or as a function of length of hypocotyledon. 
Tetracosenol (C^:!) forms 1.62 percent of the total 
mixture and tends to decline during the period of 
germination. The correlations agree in both period of 
germination and length of hypocotyledon.

The results mentioned above agree with those 
obtained by Moreau and Huang (1977) that even the re
duction of lipid was 50 percent, there was no drastic 
change in the lipid composition and the finding indicates 
that both the hydrolyzed products of the wax, fatty 
acid and fatty alcohol were rapidly metabolized. Table 
3 (page 55) shows the comparison between wax constituents 
obtained by Miwa (1972) and the present study. From this 
comparison, it appears that there is great agreement 
between the results obtained by Miwa (1972) and the 
results obtained in this research, except in the case 
of the C2^:l alcohol. The lower values of this study 
are due to tendency of inclination of C2^:l during period 
of germination.

Effect of Germination on the Total Protein 
of Jojoba Seeds

The protein percentage mean of the defatted dried 
meal before germination was 29.45; this number agrees
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with analyses obtained by Yermanos (1973, 1975a) and 
Wisniak (1975). The percentage of protein of the un
germinated seeds and in seeds after two days of germina
tion was 29.46 and 28.08, respectively. The mean protein 
percentages for seeds germinated for 14 and 16 days are 
22.62 and 21.58 and the mean of protein percentages for 
seeds that were germinated until the end of the study 
(28-30 days) were 21.56 and 16.59, respectively.

There is a negative correlation between protein 
percentage and each of germination period and length of 
hypocotyledon and the variation is significant. The 
best fitting regression line relating the loss of protein 
during germination was linear, showing insignificant 
parabolic character. Figures 2-3 (pages. 3.4-35) show that 
decrease in protein as the period of germination and 
length of hypocotyledon increase. Seeds which did not 
germinate even though incubated for many days contained 
high percentages of protein and wax similar to fresh 
seeds (see Tables 1 and 2 on pages 47-54).

Correlation Between Amino Acids and Period of 
Germination, Amino Acids and Length 

of Hypocotyledon
The data show that there is great correlation 

between amino acids and period of germination (Figures 
5-8 on pages 37-40). Amino acids decline in quantity



when seeds are exposed to long germination periods. The 
best fitting regression line relating the lose of amino 
acids during germination was linear showing insignificant 
equivalent in the declination of amino acids during 
germination period. Even though lysine and histidine 
declined less than others the decline was significant.

The percentage of each amino acid decreased as 
the length of hypocotyledon increased. This decrease 
is almost identical to that which is shown in the correla
tion between amino acids and germination period.

Lysine and histidine declined slightly with in
creasing length of hypocotyledon. Table 5 (page 37) 
shows the variation of total amino acids, essential and 
non-essential amino acids as affected by the variation of 
period of germination and length of hypocotyledon. Values 
of six representative samples are illustrated. The 
first two samples (Bl, G) refer to the beginning stage 
of non-germinated seeds, the second two samples (M, N) 
show the middle stage of germination and the last two 
samples (T. U) show the last stage of germination. The 
results show that there is inverse correlation between 
the periods of germination and the total amino acid of 
protein, total essential amino acid and total non- 
essential amino acid. There is also inverse correlation 
between length of hypocotyledon and the total amino acids
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of the protein, total essential amino acids and total 
non-essential amino acids. There is great agreeable 
between the effect of period of germination and length 
of hypocotyledon, on the total amino acid of the protein, 
total essential amino acid and total non-essential amino 
acid. Table 5 (page 37) shows the variation in the amino 
acids mentioned above according to increasing period of 
germination and length of hypocotyledon.

Effect of Germination of Jojoba Seed on 
Carbohydrates and Simmondsin

Sugars, organic acids and other alcohol soluble 
compounds including simmondsin were extracted from de
fatted jojoba meal after various periods of germination. 
GLC analysis of the dried, sylilated extracts gave the 
results shown in Figures 9 through 13 (pages 41-45).

In this particular study, only qualitative tests 
were possible because of lack of a satisfactory internal 
standard, examination of the figures cited above shows 
relative amounts of the compounds in question during 
germination.

Figure 9 represents the alcohol soluble consti
tuents present in the seed before germination. A small 
amount of various monosaccharides were present, larger 
amounts of disaccharides (sucrose, maltose) and simmondsin 
were present. A large unidentified compound also emerged 
in the disaccharide area just before simmondsin.
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By the end of the fourth day of germination 

(Figure 10, page 42), simmondsin had nearly disappeared, 
the unidentified peak had disappeared from the chromato
gram, disaccharides had disappeared also except for sucrose 
which remained up to the end of germination period (30 
days) but in lesser quantity. The increase of monosaccha-

r

rides during germination is presumably due to hydrolysis 
of starch or due to gluconeogenesis from fat or amino 
acids by means of glyoxylate cycle (Stewart and Beever 
1967). In 1977s Moreau and Huang mentioned that there is 
high increase in soluble carbohydrate.

As germination progressed from the 16th to the 30th 
day (Figures 12-13, pages 44-45), most of the compounds 
emerging in the area of the disaccharides had disappeared 
and lower molecular weight compounds not originally pres
ent, appeared. This has been observed before (Moreau and 
Huang 1977) and attributed to decomposition of poly
saccharides or disaccharides or due to gluconeogenesis.

The disappearance of the cyanoglycoside simmondsin 
by the fourth day of germination is especially signifi
cant to this study. It indicates that the cyanoglucoside 
could be broken down by certain enzymes present in the 
meal. The cyanoglucoside, linamarin, present in lima 
beans and cassava (Alston 1963) is hydrolyzed 
enzymatically as is shown in the following pathway.
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A similar enzyme may be present in jojoba for 
metabolism of jojoba. Cotgageorge (1978) found that 
enzymatic hydrolysis could eliminate simmondsin, but 
not jojoba toxicity, and stated that these treatments 
were unsatisfactory in terms of immediate detoxifica
tion but may prove to be very important in the study of 
the mechanism of toxicity. This study shows that germina
tion could be a successful method of detoxification 
after proving that the germinated seed meal is not toxic 
to the fed animals.



CONCLUSION

This study shows the possibility of using 
germination of jojoba seeds as a method of detoxifica
tion of the meal after proving its safety by feeding 
the meal to the experimental animals. The germination 
of jojoba seeds did not affect the toxicity only, but 
it affected the following constituents.

1. The wax percentage changed from an average of 
46 percent to an average of 19 percent. The 
decrease was linear.

2. During germination the ratios of the wax com
ponents did not change significantly.

3. The protein percentage decreased from an 
average of 29 percent to an average of 16 
percent. The decrease of protein was linear 
with increasing period of germination.

4. In general, a significant decrease of amino 
acid occurred during germination. Histidine, 
methionine and lysine did not change signifi
cantly .

5. The change in carbohydrates during germination 
was dramatic. Monosaccharides were practically
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absent initially, but increased during germina
tion; disaccharides, initially present in large 
amounts, decreased. Maltose disappeared com
pletely but a small amount of sucrose remained 
during the entire period.

6. Simmondsin and an unidentified peak appearing 
in the disaccharide grouping disappeared almost 
completely after four days of germination and 
completely disappeared after ten days of 
germination.

7. Because the decrease in wax and protein was 
gradual during germination of jojoba and the 
decrease of simmondsin was rapid, a specific 
time period can now be chosen which may decrease 
toxicity to a minimum and also have minimal 
effect upon other seed constituents. This 
period, under the germination conditions of this 
study, appears to be about four days.
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