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ABSTRACT 

A series of experiments was conducted to evaluate the value of 

jojoba meals in chick, rabbit and laying hen diets. Treated meals used 

in these studies had been subjected to solvent, chemical and microbial 

treatments for the removal of simmondsin toxicants. 

Feeding 5% untreated jojoba meal diets to either chicks, 

rabbits or laying hens resulted in a general poor performance as evi

denced by reduced feed intake, poor growth and poor feed conversion; 

in addition, low egg production and egg output were obtained with lay

ing hens. Incorporation of the untreated meal (containing 4.7% 

simmondsin compounds) at 10% of the diet caused 55.6% mortality in 

chicks. A pair-feeding study with chicks revealed that reduced feed 

intake rather than toxic effects was responsible for decreased growth 

and mortality. A similar study with rabbits showed that both high 

levels of simmondsin toxicants and palatability were responsible for 

poor growth. 

Of the seven meals tested with chicks, only the Lactobacillus 

acidophilus #1911 treated meal supported adequate growth when added to 

the diet at a level of 10%. However, feed conversion was poor at this 

level of supplementation. Lowering the simmondsin toxicants to .34% 

of the meal allowed adequate growth in weanling rabbits when incor

porated in the diet at levels up to 15%. Slightly lower amino acid 

digestibilities were obtained for diets containing this meal. 

viii 
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Studies of amino acid availabilities with the jojoba meals in

dicated a general low availability for the essential amino acids (33.7% 

for lysine and 43.4% for methionine). Starch digestibility was also low 

(22%) and true metabolizable energy varied from 1.71 to 1.90 kcal/g in 

laying hens. Jojoba meal also contains a trypsin inhibitor (TI) with 

activities reaching 5.48 TIU/g which was inactivated in 30 min at 15% 

moisture and 100 C. Tannic acid levels in the jojoba meals varied from 

1.50 to 2.57%. Poor amino acid availabilities were still obtained 

after TI inactivation. 

The use of jojoba meal in the feeding of poultry or rabbits 

will require the removal of the simmondsin toxicants, denaturation of 

the TI as well as consideration of the poor amino acid availability 

and low energy content. 



CHAPTER 1 

INTRODUCTION 

The world population is presently estimated at 4,492 million, 

and is expected to double in 41 years. This increase in human popula

tion will result in a concomitant increase in world demand for food

stuffs for human consumption. There has been concern regarding a world 

food shortage and competition for food between animals and people. In 

developed countries, large quantities of grain and other products poten

tially edible by humans are fed to livestock; for instance, in the 

United States approximately 60% of the annual cereal grain crop is con

sumed by livestock. However, in developing countries, the situation is 

different and increased effort is being made to develop existing and 

potential sources of animal feeds which can be used in the production 

of cheaper feed mixtures. Ingredients available locally are often by

products of food processing industries such as rice bran, sugar cane 

bagasse, palm kernel oil cake, rubber seed meal, etc. 

Jojoba, a native shrub of the Sonoran Desert, has been intro

duced in many resource-poor areas not suitable for conventional crops. 

Jojoba plantations are found in Arizona, Mexico, Peru, Argentina, 

Sudan, Israel, and Australia. The introduction of jojoba-based 

farming and industry may provide considerable economic and social 

benefits to the local population. Jojoba is a drought-resistant 

plant, does not seem to be subject to serious insect attack or disease 

damage. Also, jojoba oil is a liquid wax that can replace sperm whale 

1 
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oil. Finally, jojoba meal, the by-product obtained after the oil has 

been extracted from the seeds, could serve as a potential livestock and 

poultry feed ingredient for local farmers. Hence, the assessment of 

the nutritional value of jojoba meal was undertaken in these studies. 



CHAPTER 2 

LITERATURE REVIEW 

Jojoba (pronounced hohoba) is an evergreen shrub endemic to 

Sonoran desert portions of Southern California, Southern Arizona, Baja 

California and Sonora. Known scientifically as Simmondsia chinensis 

(Link) Schneider, jojoba is diecious, male and female flowers occur on 

different plants (Sherbrooke, 1978). 

The native habitat of jojoba in the Sonoran desert covers 

259,000 square km between latitudes 25 and 31 N; it occupies eleva

tions between 610 and 1220 m. However, in Baja California and in some 

other locations in Sonora jojoba occurs at sea level. 

The jojoba shrub may reach 4.5 m in height, and shows its best 

development in areas with 25 to 45 cm of annual rainfall, and tempera

tures ranging from -4 to 46 C. Within this area it grows in diverse 

types of well-aerated soil from porous rocks to clays, in slightly 

acid to alkaline soils (NAS, 1977). 

In summary, jojoba is a true drought-resistant desert shrub, 

growing well under marginal soil and moisture conditions; hence, its 

suitability to arid lands. 

Jojoba seeds contain about 50% by weight of a colorless, odor

less oily liquid that is referred to as "jojoba oil". Chemically, 

jojoba oil is a liquid wax, composed mostly of mono-unsaturated long 

chain acids and alcohols forming a series of long chain esters. This 
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is in contrast to other vegetable or animal oils and fats, which are 

triglycerides. Jojoba oil can be easily produced in a chemically purer 

form than most natural substances: 97% is liquid wax, and over 83% of 

the esters present are combinations of C
20 

and C
22 

acids and alcohols 

(Miwa, 1971). 

In addition to these chemical properties, other characteris

tics make jojoba oil valuable. First, it is a stable, non-drying oil, 

having such high resistance to oxidation that it can be stored for 

years without becoming rancid. Nuts stored for 25 years show no 

change in oil-ester composition (NAS, 1977). Secondly, jojoba oil 

reacts with sulfur to yield a stable product with relatively large 

amounts of sulfur (about 25% more than sperm whale oil or lard oil). 

This process is called sulfurization. Sulfurized jojoba oil possesses 

properties similar enough to sperm oil to suggest its use as a substi

tute in many applications (Wisniak and Benjahu, 1975). Finally, 

jojoba oil is easily hydrogenated to a hard white wax with a melting 

point of 65-68 C (Wisniak and Holin, 1975). This hard product also 

possesses properties, such as purity, whiteness, and crystallinity, 

which make it competitive with beeswax, candelilla, carnauba and 

spermaceti waxes in many applications (NAS, 1977). 

Jojoba finds many useful applications in its diverse forms as 

indicated in Figure 1. Jojoba happens to be an excellent browse for 

deer, cattle, sheep and goats. It is also used as a landscaping 

ornamental and as a stabilizer of desert soils around private homes 

and some commercial plants (Walters, MacFarlane and Spensky, 1979). 
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MEAL 
+- Jojoba Seeds Hulls 

• Livestock Feed • Shrubs • Soil Mulch 
. Seedlings • Ornamental 

! 
Raw and Bleached 011 
• Cosmetics 
• Personal Care Products 
• Pharmaceuticals 
• Lubricants 

r 

Hydrogenated Oil Sulfurized Oi I 
· Cosmetics • Transmission Fluids 

· Candles • Lubricants 

• Car and Furniture Wax · Leather Processing 
· Metal Working Oils 

Figure 1. Potential uses for jojoba products and by-products. 



Prior to extraction of oil from jojoba seeds, the hulls are 

mechanically removed. These hulls can be used as a mulch-soil amend

ment, or as a protective ground cover to reduce evaporation, erosion 

and weed growth. They may also enrich soil which is low in organic 

matter. 

6 

The liquid wax is used in the lubrication of high-speed mach

inery operating at high temperatures and pressures. In the cosmetics 

industry, jojoba oil has a significant market potential since it is 

used as a component of hair oil, shampoo, soap, and face creams. Kato, 

Tagichi and Kunimoto (1980) reported that many Japanese cosmetic 

makers have begun using jojoba oil. In pharmaceuticals, refined 

jojoba oil is a suitable carrier, and a stabilizer of penicillin 

products. Clarke and Yermanos (1980) conclude that "jojoba oil is 

comparable to soy, sesame and safflower as a cooking oil and has the 

important advantage of being more stable than they." They also repor

ted a hypocho1estero1emic potential of jojoba oil in New Zealand 

White rabbits. 

Hydrogenated jojoba oil's most outstanding characteristic is 

its hardness. This property makes it useful in the formulation of 

waxes and polishes; it is, therefore, used as polishing wax for 

floors, furniture and automobiles (NAS, 1977). Its second important 

use is in candle-making industries. The fully hydrogenated oil is 

not only combustible, but it also has a low ash content. In combina

tion with other waxes it burns with a bright, smokeless flame, and 

may also increase the burning time of the candle. Thirdly, hydro

genated jojoba oil finds applications in cosmetics: Max Factor and 



Company used about 2000 Ib of jojoba oil in lipsticks and creams in 

1980 (Tinberg and Bartony, 1979). 
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The United States Department of the Interior lists the whale as 

an endangered species. For this reason, it is not harvested, nor are 

its by-products imported by the United States or Great Britain 

(McNally, 1977); it becomes clear why jojoba oil has been, and will be, 

used as a substitute for sperm whale oil. Jojoba oil has several ad

vantages over the similar product from the sperm whale: it has a mild, 

pleasant odor; it requires little or no refining to prepare it for 

most lubrication purposes; and finally, it is a vegetable product that 

can be produced in resource-poor countries (NAS, 1977). Also, Miwa 

(1980) judged sulfurized jojoba oil as a superior lubricant for motor 

oils, gear lubricants, and automotive transmission fluids. It is 

widely used industrially as an extreme-pressure and antiwear additive 

in lubricants and in hydraulic fluids requiring a low coefficient of 

friction. 

Natural populations of jojoba shrub cover about 259,000 square 

km in the Sonoran desert of Mexico and the United States. These shrubs 

produce between 11,000 and 18,000 tons of dry seeds each year; of this, 

about 300 to 550 tons can be harvested (NAS, 1977). Harvesting from 

wild stands is done by hand by the Papago and the Apache Indians. The 

supply of seed has allowed the development of a jojoba agro-industry 

at San Carlos. 

Jojoba is presently being considered as an agricultural crop 

by many countries with semi-arid regions, and since 1977, close to 



15,000 acres of jojoba have been planted in Arizona and California 

(Pa1zki11, Hogan and Johnson, 1980). Rotman and Melbourne (1980) 

reported that the commercial introduction of jojoba in Australia 

occurred in 1976-77, and currently over 2000 acres have been estab

lished. In Argentina there are 51 ha of plantation with an estimated 

increase of 25 ha per year. In Hermosillo, Sonora a plantation of 790 

ha has been established. 

By 1985, plantation harvests should be producing seeds at a 

much lower cost than the hand harvest. With an estimated production 

of 7000 tons in 1985, the estimated harvest and cost of jojoba seeds 

in the United States is $1.07/1b (Office of Arid Lands Studies, 1980). 

Oil production would be 5,250,000 lbs with an estimated cost of 

$3.04/lb. Booth, E11iger and Waiss (1974) mentioned that "For most 

oil seed crops, including jojoba, their economic value usually depends 

upon utilization of the meal (residue after removal of the oil) as.a 

feed for livestock." The by-product of the oil extraction process 

could be sold as livestock feed in competition with feeds such as soy

bean meal. In order to compete with soybean meal priced at $190/ton 

($.095/lb), as indicated in Chernical Marketing Reporter (1979), 

jojoba meal would have to be priced at about $.06/1b. Soybean meal 

contains 44-50% protein compared to an average protein content of 30% 

for jojoba meal. The cost of grinding, storing, packaging and detox

ifying the meal should, therefore, be lower than $.06/lb for jojoba 

meal to be competitive (Stubblefield and Wright, 1977). 

8 



Potential of Jojoba Meal as an Animal Feed 

The amino acid profile of jojoba meal (Table 1) shows a good 

lysine content, but a low methionine value (Yermanos, 1974). Jojoba 

meal could, therefore, prove of particular interest to livestock 

producers in arid areas where the plant is grown. 

The earliest reports on jojoba as a potential feed were quite 

favorable. Saunders (1930) reported that the seeds "are quite palat

able in the raw state, as I can testify from experience, and a large 

part of the yearly crop is customarily consumed in situ by children, 

Indians, sheep and goats. Americans call them goat-nuts or sheep

nuts." Later, in 1958, Gentry also recognized that many wild animals, 

including rodents, deer, browsing animals and large birds feed on nuts. 

Eddy (1959) observed peccaries in Tucson Mountain Park eating jojoba 

seeds from the bushes and ground, and this constituted about 8% of 

their feeding time. Based on these observations, feeding trials ap

peared necessary to assess the nutritional value of the meal. 

Animal Feeding Studies 

Booth (1972) conducted feeding trials in which laboratory rats 

were fed a hexane extracted meal. When fed a diet containing either 

22 or 30% of the meal, all rats died within two weeks. Starvation 

appeared to be the cause of death, since they ate very little. With a 

15% jojoba meal diet, rats also failed to survive, whereas at 10% or 

lower, no deaths occurred; growth inhibition was observed with dietary 

levels as low as 1.5%. Tissues from male rats fed 10% jojoba meal for 

35 days were examined for histopathological effects: severe testicular 

9 



Table 1. Amino acid composition of jojoba nuts (one year old) after 
wax extraction by pressure and hexane. (24.4% protein). 

g Amino Acid 

10 

Amino Acid per 100 g (%) g/16 g Nitrogen 

Lysine 1.4 5.7 

Histidine 0.6 2.5 

Arginine 1.9 7.8 

Aspartic acid 2.6 10.6 

Threonine 1.3 5.3 

Serine 1.3 5.3 

Glutamic acid 3.2 13.1 

Proline 1.5 6.1 

Glycine 2.4 9.8 

Alanine 1.1 4.5 

Half-cystine 0.6 2.4 

Valine 1.5 6.1 

Methionine 0.1 0.4 

Isoleucine 0.9 3.7 

Leucine 1.8 7.3 

Tyrosine 1.1 4.5 

Phenylalanine 1.2 4.9 

Source: Yermanos, 1974. 
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atrophy with cessation of spermatogenesis large cytoplasmic vacuoles 

in the acinar cells of the pancreas, and fatty liver infiltration were 

recognized. It was concluded that toxic constituents are present in 

jojoba meal. The same conclusion was also drawn by feeding jojoba oil 

to rats. In fact, the digestibility of the oil by rats was less than 

20%. 

An investigation was conducted by Sherbrooke (1973) to deter

mine whether a native rodent could survive on a diet of jojoba seeds. 

Pocket mice, Perognathus baileyi, were fed jojoba seeds and mixed 

diets for three weeks. Although two mice died, most did well and main

tained their body weight. This indicates that some native rodents are 

able to exploit jojoba seeds in native stands without any adverse 

effects. 

Weber (1973) fed jojoba meals with and without amino acid 

supplementation to laboratory mice. All weanling mice died within 16 

days. Young adult mice lost 25% of their body weight after one week 

of feeding. In both cases, a reduction in feed intake was observed 

with jojoba meal diets when compared to the whole egg-based diet fed 

to controls. Results also indicate that the fertility of females was 

affected. 

Reid (1973) fed jojoba meals to chicks at 20, 40 and 60% of 

the diet. During the four-week period, each higher level of the meal 

resulted in a significant reduction of growth. Reductions in meta

bolizable energy (ME) and dry matter digestibi~ity of the diet were 

also observed. Predicted values for ME and dry matter digestibility 
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of jojoba meal were 440 kca1/1b and 13%, respectively. No mortality 

was reported in this study. Comparison of the amino acid profile of 

jojoba meal with chick amino acid requirements, revealed that methion

ine and lysine were low (34 and 63% of the chick requirement, respec

tively). 

From the above studies it appeared that feeding jojoba to 

rats, mice and chicks resulted in adverse effects involving a reduc

tion in consumption, growth and body weight, tissue lesions, and 

ultimately death. Hence, an attempt to isolate an anti-nutritional 

factor, if any, was undertaken. 

Toxic Effects of Jojoba Meal 

El1iger, Waiss and Lundin (1973) extracted ground jojoba seed 

with heptane, benzene, ethyl acetate and methanol in succession; this 

concentrated the active substance or substances in the ethyl acetate 

fraction. Following chromatographic purification using a silica gel 

column, the substance was identified as 2-(cyanomethylene)-3-hydroxy-4, 

5-dimethoxycyclohexy1 B-D-glucoside. The structure of this compound, 

termed simmondsin, is shown in Figure 2. A year later, Elliger and 

co-workers (1974) reported the isolation of four more glycoside rela

tives of simmondsin. They were cis, trans simmondsin 2'ferulate and 

two desmethoxy analogues (Figure 2). 

Booth et a1. (1974) fed 5, 10 and 15% jojoba meal to weanling 

male rats. The group of rats fed 5% jojoba meal gained significantly 

less than the control group, and the weight loss of the groups fed 10 

and 15% meal were significantly greater. Mortality was 100% after 94 
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Figure 2. Simmondsin and related compounds extracted 
from jojoba (Simmondsia chinensis). 
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days. Voluntary restriction of feed intake and weight loss appeared to 

be the primary causes of death. This is in agreement with observations 

in rats (Booth, 1972) and mice (Weber, 1973). Booth et a1. (1974) then 

used pair-feeding techniques to determine whether the restricted growth 

was due to palatability or to toxic effects. After two weeks the 

jojoba meal-fed rats "had a 24% greater mean weight loss than the pair

fed controls thus implicating a toxic rather than a palatability effect 

as being responsible for the greater weight loss." After extraction of 

the meal with ethyl acetate and methanol, rats fed the residual meal 

gained weight comparable to the control group. A .6% simmondsin diet 

appeared to produce the same degree of weight loss when compared to a 

10% jojoba meal diet. In an acute dose study, no ill effects were 

produced when rats received a single large oral dose of simmondsin 

(4.0 g/kg body weight); but, rats given 750 mg/kg doses orally for 

five days all died within 19 days of the first dose. The tissue 

autopsy revealed no lesions; this is contradictory to the previous 

work (Booth, 1972). 

An alkaline pH converts simmondsin into a substituted benzyl 

cyanide which causes immediate death of adult mice at a dose of 600 mg/ 

kg body weight. The toxicity of simmondsin may, therefore, be due to 

its conversion to a benzyl cyanide derivative. The Western Regional 

Research Center (1974) also reported that simmondsin undergoes re

arrangement to a substituted pheny1acetonitri1e under mild conditions. 

This chemical has a far greater acute toxicity than simmondsin itself 

and may, in fact, be the active agent. 
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Weber and Reid (1975) fed jojoba meal at dietary levels of 5 

and 10% to weanling mice. After four weeks, the mice were paired for 

breeding purposes. The 10% jojoba-fed mice had litters with a re

duced number of pups (2 vs. 9 for the control); a few of the 5 and 

10% treated male mice were sterile. 

There appear to be some species differences in the acceptance 

of toxic jojoba seed. Sherbrooke (1976) fed jojoba seeds to four 

species of Sonoran desert heteromyid rodents. ~. baileyi ate jojoba 

seeds very well and were able to live on a diet of seeds or meal for 

several weeks; whereas, the three other species refused to eat jojoba 

seeds and lost weight rapidly. Sherbrooke concluded that cyanogenic 

glycosides in jojoba seeds may function as a defense in seed predation 

and that f. baileyi have a detoxification mechanism not possessed by 

other species. 

Cook (1977) reported that feeding jojoba meal or its deriva

tive simmondsin to weanling mice resulted in mortality, weight losses 

and reduced growth in agreement with the results obtained by Booth 

(1972), Weber (1973), Reid (1973), and Booth et al. (1974). Pair

feeding techniques indicated that a toxicity occurred with jojoba meal 

and simmondsin feeding, rather than a palatability effect, in agreement 

with the results of Booth et al. (1974). Cook also reported that 

reproduction in female mice was reduced by a longer period of jojoba 

feeding, but was not affected by their respective initial body weights. 

These reproductive difficulties may have been due to energy restric

tions during the growing period. Hill and Godley (1974) showed that 



severe energy restriction in growing females (heifers) affects subse

quent reproduction. 
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Williams (1980) studied the acute lethality of simmondsin in 

the form of an oral LDSO in mice. Simmonds in did not produce any signs 

of toxicity in a single dose at the levels up to 6220 mg/kg body weight. 

This is probably due to: 

- a lack of transport system for the polar simmondsin molecule 

across the non-polar lipid membranes of the gut 

- or a rapid excretion of the toxic moiety by the kidneys. 

Williams also administered a subacute dose of simmondsin to 

adult mice by intubation. No mortality or organ lesions were seen. 

This is in contradiction with the report of Booth (1972) in work with 

rats, but there may be species differences in metabolism. 

In view of these studies, it appears that intact simmondsin 

. may not be very toxic, but the aglycone and its degradation products 

apparently are toxic. In fact, intraperitoneal injection of 

simmondsin produced no ill effects (Booth et al., 1974). It would 

appear that simmondsin must be degraded by the microflora of the gut 

to be toxic. 

Cyanogenic Glycosides and Toxicity 

"The cyanogenic glycosides are compounds which liberate hydro

cyanic acid (HCN), one or more molecules of sugar, and an aldehyde or 

ketone on treatment with dilute acid or the appropriate hydrolytic 

enzymes" (Conn, 1969). 
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Approximately 1000 plant species have been reported to be cyano

genic. Among these, the most common cyanogenic glycosides include 

amygdalin which is found in Prunus sp., dhurrin found in sorghum sp., 

and 1inamarin found in lima beans (Phaseo1us 1unatus L.), and cassava 

(Manihot escu1enta). The respective structures of these compounds, as 

reported by Eyjo1fsson (1970), are shown in Figure 3. Amygdalin is a 

B-g1ycoside of D(-)mande1onitri1e or benzaldehyde-cyanohydrin. On 

hydrolysis, it yields two moles of glucose and one mole each of benz

aldehyde and HCN. Sorghum contains the glucoside dhurrin, the agly

cone of which is p-hydroxymande1onitri1e. The hydro1jsis of dhurrin 

yields one mole each of glucose, benzaldehyde and HCN. 

The cyanophoric plants have been reported as toxic to both 

humans and livestock. The cyanide content of animal forage such as 

sorghum, New Zealand clover, and lima beans used as cattle feed has 

frequently been responsible for livestock poisoning (Conn, 1969). 

Cassava or manioc (Manihot escu1enta) is an important cyanogenic plant 

which furnishes the basic food for millions of people in tropical areas. 

The edible root of this plant is rich in carbohydrate, and is the source 

of commercial tapioca. Women generally scrape the roots and then soak 

the tissue in a bag to leach out the cyanogen, 1inamarin (Clapp, 

Bisset and Coburn, 1966). 

Metabolism of Cyanogenic G1ycosides 

Hydrolysis of cyanogenic glycosides is easily effected. Hydro

lytic cleavage is enhanced by acids, whereas the glycosidic bonds are 
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Figure 4'. The enzymatic degradation of 1inarnarirn. 
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stable to bases, exceptions being dhurrin and trig10chinin (Eyjo1fsson, 

1970). 

Cyanogenic glycosides are also subject to enzymic degradation. 

Cyanogenic plants contain an enzyme which catalyzes the conversion to 

sugar, HCN, aldehyde or ketone. Emulsin, a mixture of three enzymes 

from bitter almonds, contains a B-g1ucosiciase that will degrade amyg-

da1in. The enzymatic breakdown of cyanogenic glycosides can be divided 

into two steps as illustrated for the cyanogen 1inamarin in Figure 4 

(Conn, 1969). Two enzymes are involved: 1inamarase, a B-g1ucosidase 

that catalyzes the conversion of 1inamarin to the corresponding cyano-

hydrin and sugar; and oxynitri1ase which catalyzes the dissociation of 

cyanohydrin to a ketone and HCN. 

After injection of Na14CN in dogs, the 14c appears in urine as 

free cyanide, as a constituent of cyanocoba1amine and in thiocyanate 

(Baumeister, Schieve1bein and Zickgraf-Rude1, 1975). Cyanide is also 

oxidized to form CO
2 

via cyanate. Finally, the carbon of cyanide and 

thiocyanate appears in the methyl group of choline and methionine. Of 

these, the conversion of cyanide to thicyanate accounts for the main 

part of the detoxification process (about 80% in rats); this process 

involves two enzymes as shown in the following scheme: 

(1) CN + S203= thiosulfate;> S03 = + SCN 
su1furtransferase 

(2) CN + 3-mercapto pyruvate cyanide ~ pyruvate + SCN 
su1furtransferase 

A pathway that requires specific attention is the inhibition of 

cytochrome oxidase. In fact, cyanophoric plants are toxic to animals 
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and humans owing to the production of HCN when the plant is ingested. 

HCN is highly toxic with a lethal dose of 200 mg for an adult human. An 

atmosphere containing 200 ppm will result in death within a few minutes 

(Conn, 1969). HCN is an effective inhibitor of many metalloenzyrnes, but 

cytochrome oxidase, the terminal oxidase of aerobic organisms, is the 

primary site of action. Cyanide poisoning, therefore, results in death 

due to oxygen starvatIon at the cellular level; a decrease in cellular 

ATP levels is observed. Symptoms include an accumulation of fat in the 

liver, inhibition of sodium reabsorption in the tubules of the kidney, 

and a decrease in brain respiration. 

Smith, Duckett and Waters (1963) reported lesions in the central 

nervous system of rats as a result of chronic cyanide intoxication. In 

humans, chronic cyanide toxicity is the most important factor in the 

etiology of tropical ataxic neuropathy in Nigerians; the evidence in

cludes raised levels of thiocyanat& (detoxification product of cyanide) 

and cyanide in plasma, increased 24-hour urinary excretion of thio

cyanate and hydroxocobalamin deficiencies (Osuntokun, A1adenoyabo and 

Adeaja, 1970). In 1973, van der Ve1den et al. reported that "the anti

thyroid action of cassava is the result of the production of thiocyan

ate by the rat from cyanide arising from the cyanogenic glucosides 

present in this food." Sadoff, Fuchs and Hollander (1978) reported 

the rapid death of a 17-year old girl after she decided to swallow 

laetrile instead of intravenous administration. Laetrile releases HCN 

in the presence of B-glucuronidase. The lack of any toxicity from 

intravenous administration of laetrile suggests that the oral adminis

tration is more dangerous because of the presence of intestinal 
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bacterial enzymes capable of degrading laetrile into lethal NCN. Sim

mondsin appears to act similarly since intraperitoneal injection re

sults in no toxicity in mice (Booth et al., 1974). 

In animal studies, Montgomery (1964) fed four species of beans 

(Ph. vulgaris, Ph. lunatus, Cajanus and Vigna) to rats and guinea pigs 

at 50% of the diet. Reduced feed intake and weight gain were noted in 

each case. Death occurred within 24 days with no specific post-mortem 

lesions. The toxicity of the beans was not related to cyanide content. 

One conclusion of this study parallels those of jojoba researchers: 

"severe 'toxicity' of Ph. vulgaris (kidney bean, red pea) in rats and 

guinea pigs was mainly, if not entirely, due to unpalatability, causing 

starvation." Feeding guinea pigs uncooked vigna resulted in impair

ment of absorption and poor intake after two weeks. This defect may 

have been due to anti-trypsin substances present in the uncooked 

material, as evidenced by pancreatic hypertrophy. 

Simmondsin hydrolyzes readily, eliminates water and methanol, 

and rearranges to 2-hydroxy-3-methoxyphenylacetonitrile (V) in alkaline 

solution (Elliger et al., 1973). A single intraperitoneal dose of 

compound V at 600 mg/kg to adult mice causes immediate death. For com

parison, subcutaneous doses of phenylacetonitrile and mandelonitrile 

are lethal to mice at levels of 32 and 23 mg/kg, respectively 

(Christensen, 1971). Based on this, Verbiscar and Banigan (1978) 

postulated that "the B-D-glucose can be split off simmondsin by in

testinal bacteria leaving the aglycone, which may convert to compound 

V, a far more toxic compound that simmondsin." Williams (1980) dosed 
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five groups of rats with 150 to 750 mg simmondsin/kg body weight. The 

orally treated rats were sacrificed daily and blood samples analyzed 

for cyanide and thiocynate. The levels of· these compounds rose stead

ily with dose level and time indicating that cyanide is produced when 

simmondsin is fed and that the cyanide is converted to thiocyanate. 

Detoxification of Jojoba Meal 

Different methods have been studied in an attempt to modify or 

remove simmondsin from the meal. Cotgageorge (1978) tried germination, 

enzymatic hydrolysis, and solvent extraction as treatment techniques. 

The germination technique was based on the fact that simmondsin may be 

an allelopathic agent which inhibits seed germination. Enough water 

would then wash simmondsin from the seed for germination to occur. In 

fact, simmondsin disappeared from the seed after five days of germi

nation, but no feeding study was conducted using this treated meal. 

Besides, this method is tedious and changes the composition of the 

seed (Samano, 1978). Just as linamarin from beans is enzymatically 

degraded to a ketone and HCN (Figure 4), simmondsin subjected to enzy

matic hydrolysis will yield HCN and the corresponding phenylaldehyde 

derivative. A B-glucosidase was used for the added-enzyme method. 

Simmondsin disappeared, but did not y~eld a less toxic feed as evid

enced by the low body weight gain, and mortality of mice obtained 

after feeding the treated meal (Cotgageorge, 1978). Extraction by 

water was the most successful treatment and yielded a meal that was 

palatable, non-toxic and sustained normal growth when fed to mice at 



a level of 10%. Methanol or ethanol extraction was somewhat less ef

ficient. 

Extraction of jojoba meal with methanol, acetone, isopropanol 

or methylene chloride:methanol reduced the level of simmondsin (I) to 

.30% and .05% for simmondsin 2'-ferulate (II) (Verbiscar and Banigan, 

1978). Mouse feeding trials using these meals were unsuccessful and 

resulted in low body weights and even death after two weeks. 
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Verbiscar and Banigan (1978) also studied heat treatment as a detoxi

fication method. A small quantity of meal heated at 166 C for six 

hours contained only about 2% of the original simmondsin compounds I 

and II. This method is not practical since destruction of the meal, 

Maillard browning reaction, and spontaneous combustion may occur; also 

95% mortality was observed after feeding the meal to mice for three 

weeks. Verbiscar and Banigan (1978) then investigated chemical treat

ment as a means of detoxification. This process was designed to modify 

the nitrile group of the simmondsin compounds. Hydration of the nit

rile to an amide was accomplished with ammonia. Ammoniacal hydrogen 

peroxide gave the best results since the hydration of a cyano to an 

amide function with hydrogen peroxide in base is 104 times faster 

than with hydroxyl ion alone (Wilberg, 1955). No mortality was ob

served after feeding ammonia treated meals to mice, but lower feed 

intakes and body weight gains occurred. 

In a second feeding trial, processed jojoba meals were added 

at 10% levels to normal rations containing whole egg protein 

(Verbiscar et al., 1978). The water extracted meal was first treated 

with phosphoric acid in order to denature the water soluble protein. 
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Mice fed this meal, as well as ammonia and ammoniacal hydrogen peroxide 

treated meals, ate well compared to the controls. However, none of them 

grew as well as the controls. The level of total simmondsin compounds 

varied from .05 to .43% of each meal and no mortality was observed. 

Microbial treatment was the last method studied by Verbiscar 

and co-workers (1981). This process was based on two facts: the gluc

oside simmondsin compounds could be a source of carbon and energy to 

support microorganism growth; and the nitrilase enzyme present in the 

microorganism will hydrate the cyanide groups of the simmonds in com

pounds. Lactobacillus acidophilus grew well on jojoba and reduced the 

levels of simmondsin compounds I and II to .28 - .38% after 21 days at 

30 C. The addition of ammonia resulted in a shorter treatment time due 

to rapid growth of the lactobacilli. This treatment process resembles 

an ensilage process, using a specific microorganism. Mice grew well 

on water extracted 1. acidophilus #1911 treated meal. The same meal 

extracted with acetone resulted in poor performance of mice, and con

firmed earlier data showing that mice grew better on water extracted 

jojoba meals (Cotgageorge, 1978; Verbiscar et al., 1980). Jojoba seeds 

may contain another water soluble toxic compound such as cyanodigly

coside. 

Anti-Nutritional Effects of Tannins 

The term tannin refers to any plant polyphenolic compound with 

a molecular weight greater than 500. The two main groups are the hydro

lyzable and the condensed tannins. Tannic acid, a typical hydrolyzable 

tannin, is easily hydrolyzed to glucose and gallic acid; while the 



condensed tannins require more drastic treatment to produce flavonoid 

monomers such as catechins and anthocyanidins (Haslam, 1966). Booth, 

Robbins and DeEds (1961) reported that a level of 1% gallic acid in 

diets low in methionine and choline produced fatty liver in rats. 

Addition of choline and methionine alleviated the fatty liver condi

tion. The effectiveness of these methyl donors appears to be due to 

the need for methyl groups in the detoxification of gallic acid with 

the formation of methyl gallic acid which is excreted in the urine. 
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A number of workers have reported the effects of tannins and 

tannic acid in the diet of chicks, rats and mice. Chang and Fuller 

(1964) fed 50% of several different grain sorghum varieties to chicks 

resulting in dietary tannin levels of .1 to 1.0%. Dietary levels of 

.8% and above resulted in growth depression. The feeding of tannic 

acid ~~ in a corn-soy diet at levels of .5% and above produced 

growth depressions which could be alleviated by feeding twice the nor

mal levels of methionine and choline. Vohra, Kratzer and Joslyn (1966) 

have also reported that levels of .5% tannic acid depressed chick 

growth and a level of 5% resulted in 70% mortality within 11 days. 

These workers also found that tannic acid reduced dietary ME and 

nitrogen retention ~n chicks and that the feeding of additional meth

ionine, choline or betaine did not prevent the adverse effects on the 

tannic acid. Pair feeding studies by these workers suggested that the 

growth depressing effect of tannic acid was not due exclusively to a 

reduction in feed intake. 

In 1967, Potter, Fuller and Blackshear reported that 2% 

dietary tannic acid reduced egg production and feed conversion in 



laying hens; while levels as low as 1% resulted in egg yolk mottling 

and an olive green discoloration. 

Glick and Joslyn (1970a) found that feed intake and growth 
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were depressed with the feeding of 4 to 8% tannic acid to rats. A 

level of 80% mortality occurred within 6 days when 8% tannic acid was 

fed. Casein supplementation to the tannic acid diets improved growth 

significantly. In a subsequent study (1970b) these workers found that 

a level of 2% tannic acid decreased protein digestibility and increased 

fecal nitrogen excretion. A general increase in the activity of all 

proteolytic enzymes was also noted in the tannic acid fed rats. 

Tamir and Alumot (1970) suggested that astringent taste may be 

responsible for reduced feed intake in rats fed carob tannins. The 

protein binding effect of tannins resulted in increased insoluble 

nitrogen in the digestive tract and this fraction was significantly 

eorrelated with the degree of growth depression in the rats. These 

workers found that tannins act as strong non-competitive inhibitors of 

~-amylase, trypsin and lipases in vitro. 

Mitjavila et al. (1977) conducted extensive histological 

studies with rats fed tannic acid and found that the gastric epithelium 

was adversely affected at levels of 3%. Hypersecretion of gastric mucus, 

glandular atrophy and necrosis were found. Oxygen consumption and 

succinic dehydrogenase inhibition in enterocytes were suggested as a 

cause and increased fecal nitrogen secretion corresponded to increased 

mucus secretion. 
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Jojoba Meal in Ruminant Rations 

Lambs fed deoi1ed jojoba meal at 20 and 30% levels ate about 

half as much feed as the animals fed a standard basal diet and gained 

less than one-third as much weight. Histological examination of all 

organs revealed no pathological effects (Trei et a1., 1979). The 

toxicity of deoi1ed jojoba meal in sheep appears to be less than in 

non-ruminants. However, a palatability factor in the meal causes 

sheep to dislike the taste or smell of the meal. Feed efficiency was 

also poor for sheep fed jojoba rations. 

There were no palatability problems when the treated jojoba 

meals described below were fed to lambs at 10% of the diet. Phosphor

ic acid-washed meal approximated the basal ration, whereas the micro

bial treated meal showed higher feed intake by lambs compared to the 

controls, as well as some increase in feed efficiency (Nelson et al., 

1979). Chemical and microbial treatments appear to improve the 

palatability and usefulness of jojoba meal for sheep. 

Untreated jojoba meals also have limited potential as beef 

cattle feed ingredients due to a palatability problem. In a prefer

ence study steers preferred a 10% cottonseed meal (CSM) diet over a 

10% jojoba meal diet (Swingle et al., 1981a). However, the depres

sion of feed intake is eliminated by an optimum treatment of the meal 

with L. acidophi1us #629. Nitrogen balance and digestibility studies 

showed reduced nitrogen retention for steers fed this treated meal; 

the steers had a lower rate of gain (1.06 vs .. 1.22 kg/day) and re

quired more feed (8.0 vs. 7.0 kg feed/kg gain) than those fed the CSM 
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diet (Swingle et al., 1981b). Reasons for the decreased digestibility 

and performance have not been established. 

The low acceptability of deoiled jojoba meal indicates that a 

palatability factor is involved as evidenced by studies with mice, 

sheep and cattle. Deoiled jojoba meal tastes bitter to humans; 

whereas ~. acidophilus treated meal tastes bland. For humans, at 

least, unpalatability of jojoba meal is not related to simmondsin 

levels, since simmondsin is tasteless. It is likely that this is the 

case for mice and ruminants, and that ~. acidophilus modified the un

palatable compounds in jojoba meal, as well as the cyanotoxicants 

(Verbiscar et al., 1981). 

These studies also indicate that the toxicity of deoiled 

jojoba meal in ruminants is considerably less than in non-ruminant 

animals. The extensive rumen microbial system acts on simmondsin and 

detoxifies the cyanide, allowing higher acceptable toxicant levels in 

the rations. For instance, "an analysis of feces from lambs on a 20% 

deoiled jojoba meal diet indicated that only about 1% of the simmond

sin fed was eliminated intact, and no simmondsin 2'-ferulate was 

detected" (Verbiscar et al., 1980). 



CHAPTER 3 

JOJOBA MEAL IN CHICK DIETS 

Introduction 

Treated jojoba meals have not been tested in poultry; even 

though several studies have been conducted with rats and mice. The 

commercial use of this by-product would have greatest potential in 

poultry feeds due to the premium placed on amino acid balance and 

protein content in chicken diets as compared with ruminants. 

Commercial acceptance of a feedstuff for use in poultry feed 

formulation depends on the nutritive value and cost as estimated from 

least cost linear programs designed for poultry feed formulation. 

Several processes, including solvent extraction, heat and 

chemical methods, have been investigated by Verbis car et al. (1980) 

for the treatment of jojoba meal by the removal of simmondsin and re

lated simmondsin compounds or modification of th~ cyano groups. 

Recently, microbial treatment methods were reported (Verbiscar et al., 

1981). Among the microorganisms tested, strains of Lactobacillus 

aci~J!i1us were found to grow well on jojoba meal, and to reduce the 

levels of simmondsin and other simmondsin compounds. Several of these 

products were supplied to us for evaluation in chicks by A. J. 

Verbiscar of Anver Bioscience Design, Inc., Sierra Madre, California. 

The purpose of these studies was to investigate the nutritive 

value of the treated jojoba meals for use in chick diets. 

30 
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Experimental Procedure 

Five experiments were conducted with Hubbard br'oiler chicks in 

order to evaluate the supplemental value of jojoba meal. The deoiled 

jojoba meal sample (JI) was essentially not modified, whereas samples 

J2l, J29 and J3l were extracted with ammoniacal hydrogen peroxide, 

ammonia at room temperature and boiling water, respectively (Verbis car 

et al., 1980). Finally, three samples (J7l, J87 and J176-IS) were 

treated with three strains of lactobacilli: ~. acidophilus #609, 1911 

and 629 (Verbiscar et al., 1981). Each meal was added to a basal diet 

atS and 10% levels, maintaining the diets isonitrogenous. Dietary 

compositions and nutrient contents are shown in Tables 2 and 3. Com

position of the jojoba meals is shown in Table 4. 

A total of 18 chicks (nine males and nine females housed six 

per pen) were fed each of the experimental diets for four weeks. The 

chicks and feed were weighed initially and at the end of the experi

ments. Essential amino acid index and amino acid scores were eval

uated using the chick amino acid requirements as reference standards. 

An additional paired-feeding study was carried out to clarify 

whether the restricted growth and mortality were due to palatability 

or toxic effects. Eighteen chicks, housed six per pen (three males 

and three females), were fed the basal diet containing 10% deoiled 

jojoba meal (Jl08) ad libitum while their respective pair-mates re

ceived identical daily amounts of the basal diet. Feed consumption 

was measured daily, and the chicks were weighed initially and at the 

end of the four week experiment. 



32 

Table 2. Composition of experimental diets. 

Basal 5% Jojoba 10% Jojoba 
% % % 

Milo 56.35 53.85 51. 35 

Soybean meal 31.25 28.75 26.25 

Dehydrated alfalfa 3.00 3.00 3.00 

Meat scraps 2.50 2.50 2.50 

Dicalcium phosphate 1.00 1.00 1.00 

Limestone 1.00 1.00 1.00 

Salt .40 .40 .40 

Tallow 3.00 3.00 3.00 

Trace mineral mixl .10 .10 .10 

Vitamin mix 2 1.00 1.00 1.00 

DL-methionine .20 .20 .20 

Jojoba meal 5.00 10.00 

lSupplied the following (ppm): 20 Fe, 60 Zn, 60 Mn, 4 Cu, and Mo. 

2supplied the following per kg of diet: 3,690 IU vitamin A, 615 ICU 
vitamin D3 • 1.76 mg riboflavin, 11 mg niacin, 4.4 mg calcium panto
thenate, 5.3 ug vitamin B12 , 2.2 IU d-alpha-tocopheryl acetate, .9 mg 
menadione sodium bisulfite, 175 mg choline chloride, and 50 mg 
ethoxyquin. 
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Table 3. Nutrient content of experimental diets. 

% Jojoba Meal 
Nutrient 0 5 10 

Protein, %1 22.29 22.16 22.03 

ME, kcal/g 
1 

3.00 2.94 2.88 

Calcium, % 1.06 1.05 1.04 

Phosphorus, % .67 .65 .63 

Avail. phos., % .43 .42 .41 

Lysine, % 1.23 1.17 1.12 

Methionine + cystine, % .84 .85 .87 

IValues determined from the experiment. 



Table 4. Composition of jojoba meals. 

Jl J-l08 J2l J29 

Moisture, % 5.8 4.8 7.9 8.7 

Crude protein (N x 6.25), % 24.06 25.59 32.81 29.71 

Crude fat (ether extract), % 2.0 1.30 .74 2.80 

Crude fiber, % 11.0 8.50 10.3 9.4 

Ash (mineral matter), % 4.9 3.6 3.5 3.9 

Simmondsin, % 4.20 4.20 .05 .05 

Simmondsin 2'-ferulate, % .50 1.3 trace .06 

J3l J71 

5.0 11.4 

28.46 26.05 

4.40 2.26 

l3.9 7.9 

1.9 4.0 

.80 .13 

.84 .24 

J87 J176-l5 J-176-4 

10.2 6.0 6.0 

25.72 28.52 27.50 

2.08 1.16 1.16 

9.1 8.2 8.2 

3.7 3.8 3.8 

.20 .07 .50 

.74 .27 .80 

w 
+:-
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All experiments were conducted in battery brooders with raised 

floors; and amino acid analyses were performed using a Beckman Amino 

Acid Analyzer (Model 121) following 6N hydrochloric acid digestion in 

an autoclave (121. C) for 16 hours. Statistical analyses were carried 

out using analysis of variance procedures and the means were separated 

using least significant difference at P < .05% (Steel and Torrie, 1960). 

Results and Discussion 

The results of the chick studies with the seven samples of 

jojoba meal are shown in Tables 5 and 6. The methylene chloride ex

tracted product (J1) failed to support growth equivalent to that ob

tained with the basal diet: 720 g gain vs. 574 and 140 g obtained with 

diets containing 5 and 10% jojoba meal, respectively (Table 5). Poor 

feed conversions were also obtained with the two supplemented diets. 

Total feed consumption was significantly reduced from 1058 g/bird for 

the basal diet to 270 g for the birds fed the 10% supplemented diet. 

A mortality rate of 5.6% occurred with the 5% meal diet which con

tained .24% simmondsin compounds and increased to 55.6% with 10% Jl 

meal in the diet (.47% simmondsin compounds). The high mortality was 

apparently due to the levels of simmondsin and simmondsin 2'-ferulate 

in the J1 meal (Table 4). Booth et a1. (1974) reported similar re

sults with rats fed a 10% deoiled jojoba meal diet which contained 

.75% total simmondsin compounds and produced 75% mortality. 

Treatment with ammoniacal hydrogen peroxide (J2l) lowered the 

total simmondsin compound levels and allowed growth equivalent to 

that obtained with the basal diet when this treated meal was fed at a 



Table 5. Effect of jojoba meals on growth and feed conversion of broiler chicks. 

Simmondsin cpds, Av. Body Weight Feed Total Feed 
Dietary % at 4 Weeks Conversion Consumption % 
Treatment in Diet g (Feed/Gain) g Mortality 

EXEeriment 1 
1 

Basal diet 720a~ 'a 
lOSS: 0 1.56

b + 5% Jl .24 574c 1. 73
d 921 5.6 

+ 10% Jl .47 l40d 2.72 270c 55.6 

+ 5% J2l .003 720a 1.5Sa 
107S: 0 

+ 10 J2l .005 536c 1.93c 
954 0 

+ 5% J3l .008 654b 1.69b 
1033: 0 

+ 10% J3l .016 545c 1.90c 
959 0 

EXEeriment 2 

Basal diet 73la a 
1169: 0 1. 70b + 5% J29 .006 643b 1.86b l1l5b 0 

+ 10% J29 .011 6l7b 1.86 1070 0 

lMeans within an experiment not having common letter superscripts are significantly different 
(P < .05). 

W 
0\ 



Table 6. Effect of 1. acidophilus treated jojoba meals (J7l, J87 and 
J176-l5) on broiler chick performance. 

Dietary 
Treatment 

Experiment 3 

Basal diet 
+ 5% J71 
+ 10% J71 

Experiment 4 

Basal diet 
+ 5% J87 
+ 10% J87 

Experiment 5 

Basal diet 
+ 5% J176-15 
+ 10% J176-l5 

Simmondsin 
Compounds 

% 

.019 

.037 

.047 

.094 

.017 

.034 

Av. Body Weight 
at 4 Weeks 

g 

Feed 
Conversion 

(Feed/Gain) 

a 1.79
b 1.88 

2.02c 

a 1.69
b 1.84 

1.94c 

lMeans within an experiment not having common letter superscripts are 
significantly different (P < .05). 

37 



38 

level of 5% (Table 5). However, when 10% of this product was fed, a 

significant decrease in growth rate was observed. Extraction with 

boiling water (J3l) also resulted in some detoxification in that no 

mortality occurred, "but both the 5 and 10% feeding levels caused sig

nificant decreases in growth rate and poor feed conversions. Ammonia 

treatment (J29) also resulted in significantly decreased growth and a 

linear, but non-significant, depression in feed conversion. 

All of the chemically treated jojoba meals failed to support 

maximum chick growth when incorporated in the diet at a level of 10%. 

Studies with mice using these same meals (Weber and Reid, 1977, un

published data; Verbis car et al., 1980) have shown reduced growth, 

but no reduction in feed intake at the 10% level. 

The 5% level of 1. acidophilus #609 treated material (J7l) 

caused a significant decrease in body weight at four weeks of age from 

748 to 689 g (Table 6). An additional depression in weight was ob

tained at the 10% level. Feed conversion was adversely affected only 

by the 10% level, changing from 1.71 g feed/g gain for the basal diet 

to 1.84 g with 10% J7l. 

Meal (J87) treated with another strain of L. acidophilus 

(#1911) supported growth equivalent to that obtained with the basal 

diet (Table 6). Although there was a linear decrease in growth rate 

with the 5 and 10% feeding levels, these differences were not statis

tically significant. Significant increases in feed conversion were 

found with both feeding levels. Studies with mice have shown additional 

weight gains when the same J87 meal was further extracted with boiling 
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water (Verbsicar et al., 1981). This confirms earlier data showing 

that mice perform better on water extracted jojoba meals (Cotgageorge 

et al., 1978; Verbiscar et al., 1980). 

The final product tested (J176-l5) was treated with L. 

acidophilus #629. The 10% supplementation level of this meal signif

icantly decreased growth rate (Table 6). 

Essential amino acid index of jojoba meal, calculated using 

the chick amino acid requirements (NRC, 1977) as a reference standard, 

yielded a value of 92.9. Lysine was the first limiting amino acid with 

an amino acid score of 48.5%. A fairly good balance was indicated for 

the remaining amino acids. Reid (1973) reported that the methionine 

and lysine values of jojoba meal are only 34 and 63% of the chick re

quirement, respectively. More recently, Verbiscar et al. (1981) con

cluded that the protein quality of jojoba meal for mice was quite low. 

The results of the pair-feeding study are shown in Table 7. 

Chicks fed the 10% untreated jojoba meal diet, gained significantly 

less (587.4 ~. 669.2 g) than those fed the basal diet. No deaths 

occurred, and although a linear increase in feed conversion was ob

served with jojoba supplementation (1.62 ~. 1.68 g feed/g gain), 

this difference was not statistically significant. Chicks fed 10% 

jojoba meal did not show any significant difference in weight gain in 

comparison with their respective pair-mates fed identical daily amounts 

of the basal diet. Therefore, it appears that the restricted growth of 

chicks fed jojoba meal was due to a restriction in feed intake. 

However, Booth et al. (1974) and Cook (1977) reported that a 

toxic rather than a palatability effect was responsible for weight loss 



Table 7. Effects of pair-feeding on the growth of chicks fed a basal 
diet or 10% jojoba meal (J-10S). 

Feed Feed 
Dietary Bod~ Weight Gain Conv. Intake 
Treatment g/bird/day g/bird (feed/gain) (g/day) 

1 
669.2

a 1.62a 1. Basal diet 2S.5
a 

46.1 

2. 10% J-10S meal 25.0
b 

5S7.4
b 

1.6Sa 42.1 
(full fed) 

3. Basal diet-pair 25.5b 
59S.3b 1. 74

a 
42.9 

fed to 112 intake 

40 

1Means not having common letter superscripts are significantly different 
(P < .05). 
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in rats and mice, respectively. Trei et al. (1979) and Swingle et a1. 

(198la,b) have concluded that a palatability factor in untreated 

jojoba meal, causes sheep and cattle to avoid diets containing this 

material. 

Since lysine appears to be 'the first limiting amino acid in 

jojoba meal compared to chick requirements, a study of the supplementa

tion of this amino acid to jojoba meal diets was undertaken. Methion

ine was also supplemented to meet the chick requirement. The 

performance of chicks fed a 10% jojoba meal diet supplemented with 

various amounts of lysine is shown in Table 8. 

All chicks fed the 10% ~. acidophilus treated meal diets ate 

very well as evidenced by a linear increase in their feed consumption 

in comparison with the intake of chicks fed the basal diet (Table 8). 

This is in agreement with the work of Trei et al. (1979) who reported 

that the microbial treated meal increased feed intake by lambs com

pared to the controls. However, the supplementation of jojoba meal 

diets with methionine and lysine did not result in any significant in

crease in body weight gain in comparison with chicks fed either the 

basal diet or the 10% jojoba meal diet. In addition, there were no 

significant differences in feed conversion among chicks fed the jojoba 

meal diets but all chicks fed jojoba meal had poorer values than for 

chicks fed the basal diet (1.75 vs. 1.62 g feed/g gain for control 

birds). 

A similar pattern was observed in amino acid retentions 

(Table 9). Chicks fed the 10% jojoba meal diet had lower retention 
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Table 8. Effect of amino acid supplementation on the performance of 
chicks fed L. acidophi1us treated jojoba meal. 

Feed Body Weight Feed 
Dietary Intake Gain Conversion 
Treatment (g/bird/day) (g/4 weeks) (feed/gain) 

1. Basal diet 1047 649.0 1.62 

2. 10% jojoba meal 1080 611. 7 1.77 

3. 10% jojoba meal 
+ .15% met + .15% 
1ys 1043 589.2 1.77 

4. 10% jojoba meal 
+ .15% met + .20% 
1ys 1052 615.9 1.71 

5. 10% jojoba meal 
+ .15% met + .25% 
1ys 1067 611.8 1. 75 

6. 10% jojoba meal 
+ .15% met + .30% 
1ys 1121 649.8 1. 73 

7. 10% jojoba meal 
+ .15% met + .35% 
1ys 1040 595.7 1. 75 

8. 10% j oj oba meal 
+ .15% met + .40% 
1ys 1061 612.0 1. 74 

No statistical difference among treatments (P > .05). 
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Table 9. Effect of jojoba meal on amino acid retentions in chicks. 

10% Jojoba 
Basal 10% Jojoba +.15% met + 

Amino Acid Diet Meal .30% 1ys 

Lysine 91. 7 85.7 82.3 

Histidine 92.2 87.0 83.5 

Arginine 94.8 91. 7 89.8 

Threonine. 86.1 76.8 71. 6 

Cystine 90.0 73.6 88.0 

Valine 88.4 81. 9 76.3 

Methionine 91.0 90.2 86.4 

Isoleucine 89.0 82.7 79.1 

Leucine 89.9 85.4 82.3 

Tyrosine 91. 9 86.1 82.6 

Phenylalanine 91.4 85.9 83.8 
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values in comparison with those fed the basal diet (91.7 vs. 85.7% for 

lysine; 91.4 ~. 85.9% for phenylalanine). Supplementation of jojoba 

meal with lysine did not improve lysine retention as evidenced by its 

value of 82.3% (Table 9). 

It would appear that the restricted growth of chicks fed 

treated jojoba meal is not due to the amino acid content of the meal 

but rather to anti-nutritional factors that may be present which re

duce the availability of the amino acids. 

Sunnnary 

A series of experiments were conducted in order to evaluate 

the supplemental value of jojoba meals for broiler chick performance. 

Feeding a 10% untreated jojoba meal diet to chicks resulted in 55.6% 

mortality. Death appears to be due not only to the toxicity of 

simmondsin and related simrnondsin compounds, but also to the low 

acceptability of the meal by chicks. A pair-feeding study showed 

that the reduced growth of chicks fed 10% untreated jojoba meal is 

due to a palatability factor rather than to toxic effects of simmondsin. 

Meal samples which had been subjected to solvent extraction, heat and 

chemical treatments, as well as to lactobacilli treatments were ob

tained for study from Dr. A. J. Verbiscar; of the seven samples 

tested, only the ~. acidophi1us #1911 treated meal supported adequate 

growth when added to the diet at a level of 10%. Compared to the basal 

diet, feed conversion was poor with 5% supplementation of this meal, 

and worse at the 10% level. Lysine is the first limiting amino acid 

in jojoba meal with an amino acid score of 48.5%. Supplementation of 
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a 10% treated jojoba meal diet with .15% methionine and various amounts 

of lysine (up to .40%) resulted in higher feed consumption; however, 

no improvement in growth and amino' acid retention was observed in com

parison with chicks fed either the basal or 10% meal diets. Failure of 

treated jojoba meal to support maximum growth reflects its low nutri

tive value, as evidenced in studies with laying hens to be reported 

later. 



CHAPTER 4 

JOJOBA MEAL IN RABBIT DIETS 

Introduction 

Jojoba meal is the plant material remaining after the seeds con

taining some hulls have been commercially pressed or solvent extracted 

to remove the oil. Deoiled jojoba meal averages 30% crude protein and 

therefore, is a potential animal feed ingredient. Even though a few 

wild rodents, deer and javelina eat the seeds (Sherbrooke and Haase, 

1974), laboratory mice, rats and chicks do not perform well on the meal 

(Booth et al., 1974; Weber, 1973; Reid, 1973). The presence of 

simmondsin, simmondsin 2'-ferulate and related cyanoglycosides 

(Elliger et al., 1974), render the meal unsuitable as livestock feed. 

The overlapping of toxicity and palatability factors in jojoba meal 

makes the interpretation of animal feeding more complex. 

In addition, there appears to be some species difference in 

the acceptance of the meal. Booth et al. (1974) reported an oral dose 

of 750 mg simmondsin per kg body weight to be toxic in rats, whereas 

Williams (1980) did not find any toxicity signs in mice with a dose of 

6220 mg per kg body weight. Sherbrooke (1976) reported that P. 

bai1eyi, a Sonoran desert heteromyid rodent, was able to live on a 

jojoba meal diet while three other species could not. Even though 

chemical and microbial treatments improve the usefulness of jojoba 

46 
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meal in sheep (Nelson et al., 1979), results with steers are not promis

ing (Swingle et a1., 1981b). 

The purpose of the present work was to investigate the supp1e

merita1 value of jojoba meal in diets for growing rabbits. 

Experimental Procedure 

A series of four experiments were run with four-week old wean

ling New Zealand White rabbits. A total of six rabbits were randomly 

assigned to each treatment. There were two rabbits (one male and one 

female) per ca&e, and three cages per treatment. The rabbits were fed 

ad libitum; feed and body weights were recorded initially and at the end 

of the four-week experimental petiod. 

The deoi1ed jojoba meal samples J1 and J108 were not further 

modified. whereas samples J176-15 and J176-4 were treated with 

Lactobacillus acidophi1us #629 (Verbsicar et a1., 1981). Each of 

these meals was added to a basal diet at 5, 10 and 15% levels, main

taining the diets isonitrogenous. The composition of the meal samples 

is shown in Table 4, and dietary compositions and nutrient contents are 

shown in Tables 10 and 11. 

In order to clarify the cause of restricted growth of rabbits 

fed jojoba meal diets, a pair-feeding study was undertaken. A treat

ment of six rabbits was fed a diet containing 20% jojoba meal (J108 or 

J176-4) ad libitum while their respective pair-mates received identical 

daily amounts of a basal diet. Body weight and daily feed consumption 

were recorded. Digestible energy was determined from gross energy 



Table 10. Composition of rabbit experimental diets. 

Basal 5% 10% 15% 20% 
Diet Jojoba Jojoba Jojoba Jojoba 

Ingredient % % % % % 

MILO 57.30 55.05 52.80 50.30 45.38 

Soybean meal 26.43 23.68 20.93 18.43 17.87 

Dehydrated alf alf a meal 10.00 10.00 10.00 10.00 10.00 

Tallow 3.00 3.00 3.00 3.00 3.00 

Dicalcium phosphate 0.73 0.73 0.73 0.73 0.73 

Limestone 0.95 0.95 0.95 0.95 0.95 

Salt 0.50 0.50 0.50 0.50 0.50 

Vitamin mix b 1.00 1.00 1.00 1.00 1.00 

Trace mineral mix
a 0.10 0.10 0.10 0.10 0.10 

Jojoba meal 5.00 10.00 15.00 20.00 

DI.-met hionine 0.10 

L-lysine 0.01 

aSupplied the following (ppm): 20 Fe, 60 Zn, 60 Mn, 4 Cu and 1 Mo. 

bThe vitamin mix supplied the following per kg of diet: 3,690 IU 
vitamin A, 615 ICU vitamin D3, 1.76 mg riboflavin, 11 mg niacin, 
4.4 mg calcium pantothenate, 5.3 ug vitamin B12, 2.2 IU d-alpha 
tocopheryl acetate, .9 mg menadione sodium bisulfite. 175 mg 
choline Cl, and 50 mg 
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Table 11. Nutrient content of rabbit experimental diets. 

% Jojoba Meal 
Nutrient 0.00 5.00 10.00 15.00 20.00 

Protein, %1 20.00 19.77 19.54 19.41 20.00 

1 3.42 2.97 3.10 2.94 2.90 Vig. energy, kca1/g 

Calcium, % 0.80 0.79 0.79 0.78 0.80 

Pho sphorus, % 0.49 0.46 0.4:4 0.42 0.50 

Lysine, % 1.06 1.06 1.07 1.08 0.90 

Met. + Cys, % 0.59 0.61 0.62 0.64 0.75 

ADF, % 4.81 ·5.05 5.28 5.52 5.78 

1 Values determined from this experiment. 



50 

values of feed and fecal samples and chromium oxide ratios. A Beckman 

Automatic Amino Acid Analyzer (Model 121) was used for amino acid 

analyses following 6N HCl hydrolysis at 121 C for 16 hours. The dig

estibility of each amino acid was calculated using the chromium oxide 

ratios (feed/feces) and the determined amino acid values. Tannic acid 

determinations were done according to the AOAC (1980). The data were 

subjected to analysis of variance and multiple comparisons using LSD 

with P < .05 (Steel and Torrie, 1960). 

Results and Discussion 

The results of jojoba meal supplementation to rabbit diets are 

shown in Table 12. The methylene chloride deoiled meal (Jl) failed to 

support growth equivalent to that obtained with the basal diet: 31.1 g 

gain/day ~. 21.0, 15.4 and 12.0 g obtained with 5, 10 and 15% meal 

diets, respectively. A significant decrease in feed conversion was 

obtained with 15% meal diet in comparison with the basal diet; whereas 

no significant effect was obtained with either the 5 or 10% meal 

diets. Feed consumption was significantly reduced from 66.3 g/day 

for the basal diet to 37.6 and 36.2 for rabbits fed 10 and 15% 

untreated jojoba meal, respectively. Growth inhibition and reduced 

feed intake obtained with untreated meal diets are in agreement with 

rat studies (Booth, 1972), mice (Weber, 1973) and chicks (Reid, 

1973). However, there was no mortality even when 15% of the Jl meal 

diet containing .71% simmondsin compounds was fed. Previous studies 

showed 55.6% mortality in chicks fed a 10% Jl meal diet containing 
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Table 12. Effect of jojoba meals on growth and feed conversion in 
rabbits. 

Simmondsin Daily Body Feed 
Dietary Compounds Weight Gain Intake Feed Conv. 
Treatment % g (g/day) (Feed/Gain) 

EXEeriment 1 
1 

66.3a 2.14a Basal diet 31.1a 

+ S% J1 .24 21.0b 48.0b 2.29a 

+ 10% Jl .47 lS.4c 37.6
c 

2.S0
a 

+ lS% Jl .71 12.cF 36.2
c 

3.03
b 

+ S% J176-1S .017 30.4a 66.6
a 

2.19
a 

+ 10% J176-1S .034 27.4a 68.8
a 

2.S1a 

+ lS% J176-1S .0Sl 29.4a 66.8
a 

2.28a 

EXEeriment 2 

Basal diet 39.84a 94. Sa 2.38 

+ 10% J176-4 .13 31.8b 82.2b 2.S9 

+ 20% J176-4 .26 17.9c 66.8c 3.73 

+ 20% J176-4(met 1ys) .26 28.4b 7S.8 bc 2.67 

1 Means not having common letter superscripts are significantly 
different (P < .05) . 



47% simmondsin compounds. Booth et al. (1974) reported 75% mortality 

in rats with .75% simmondsin compounds in the diet. 
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The 1. acidophilus #629 treated jojoba meal (J176-l5) containing 

.34% simmondsin compounds supported rabbit growth equivalent to that ob

tained with the basal diet when fed at levels of 5, 10 or 15% (Table 

12). There were no significant differences in feed consumption or in 

feed conversion at any level of supplementation in comparison with the 

basal diet. Nelson et al. (1979) also reported higher feed intake 

with lambs fed J176-15 meal, as well as some improvement in feed 

efficiency. However, 10% of this meal in the diet of chicks signifi

cantly decreased growth rate in our studies (Table 5). 

Another 1. acidophilus #629 treated meal (J176-4), containing 

1.3% simmondsin compounds, failed to support rabbit growth at 10% 

supplementation; weight gain was further depressed with the 20% meal 

diet in comparison with the control group (Table 12). Feed consump

tion was significantly reduced from 94.5 g/day for the control rabbits 

to 66.8 g for rabbits fed the 20% J176-4 diet. Consequently, decreased 

feed conversion was obtained with these treatments. Supplementation of 

the 20% J176-4 meal diet with .25% methionine and .2% lysine resulted 

in an improvement in feed consumption and weight gain eq~iva1ent to the 

levels obtained with the 10% J176-4 meal diet; but, these values were 

significantly below results obtained for the control group. 

Diets containing J176-15 supplied digestible energy levels of 

3.10 and 2.94 kca1/g at the 10 and 15% levels, respectively vs. 3.42 

kcal/g for the basal diet. The digestibi1ities of energy, dry matter 
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and protein were lower at each level of supplementation, in comparison 

with those obtained for the basal diet (Table 13). Even though J176-

15 meal supported adequate growth at levels up to 15% of the diet, 

amino acid digestibilities obtained with these diets were lower than 

those obtained with the basal diet: 68.8 and 65.6% digestibility for 

lysine at the 5 and 15% levels of supplementation~. 80.1% for the 

basal diet. Values for methionine were 58.0 and 53.4% for the 5 and 

15% meal diets vs. 71.7% for the basal diet (Table 13). 

From these studies, it appears that diets containing .05% or 

less simmondsin compounds support adequate growth of rabbits. 

Verbiscar et al. (1981) reported that when the simmondsin level in 

mouse diets was .045% or less, mice survived for three weeks, but grew 

poorly in comparison with those fed a basal diet. The restricted 

growth of rabbits fed Jl and J176-4 meals seems to be due to the high

er level of simmondsin compounds in these meals. 

An attempt was made to further clarify the causes of the poor 

growth in rabbits by means of pair-feeding. Results of this study are 

shown in Table 14. Even though no significant differences in weight 

gain was found between rabbits fed 20% Jl08 meal and the pair-fed 

controls, a numerical increase was observed: 4.0 g~. 7.6 g gain/day 

for the pair-fed controls (89.3% increase). Feed conversion was worse 

for the pair-fed controls when compared to the ad libitum fed rabbits. 

Pair-feeding with~. acidophilus treated meal (J176-4) showed similar 

results (Table 14). A numerical, but non-significant, increase in 

weight gain was obtained with the pair-fed rabbits in comparison with 
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Table 13. Jojoba meal effects on nutrient utilization. 

Dietary DE Digestibilit1. % 
Treatment kcal/g Energy Dry Matter Protein Lysine Methionine 

Basal diet 3.42 81.21 82.0 72.8 80.1 71.7 

5% J176-l5 2.97 71.4 73.0 60.5 68.8 58.0 

10% J176-l5 3.10 75.0 76.4 55.4 60.6 53.0 

15% J176-l5 2.94 69.5 71.9 54.6 65.6 52.4 
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Table 14. Pair-feeding experiment with jojoba meals J108 and J176-4. 

Dietary 
Treatment 

1. Basal diet 

2. 20% J108 

3. Basal diet 
intake to 112. 

4. 20% J176-4 

5. Basal diet 
in take to '114 

6. 20% J176-4 + 
.20% met + 
.40% 1ys 

Body Weight Feed Feed 
Gain' Intake Conversion 

(g/day) (g/day) (Feed/Gain) 

34.4
a1 

86.8a 
2.54

a 

4.0
c 36.2

c 
10.10

c 

7.6c 35.0c 4.5gb 

1O.7b 47.5b 4.78b 

19.0b 46.8b 
2.54 a 

13.4b 3.93b 

1 Means not having common letter superscripts are significantly dif-
ferent (P < .05). 
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the 20% J176-4 fed rabbits: 10.7 g~. 19.0 g gain/day for the pair-fed 

controls, a 77.3% increase. The pair-fed rabbits also had a better feed 

conversion: 2.54 vs. 4.78 g feed/g gain for the ad libitum fed rabbits. 

The lack of significant differences in rabbit growth between these two 

treatments implicates palatability as a factor in jojoba meal feeding in 

addition to the effects of the simmondsin compounds on weight gain. The 

differences in the response of rabbits fed the two meals (Jl08 and J176-

4) may be due to the level of simmondsin compounds present: 1.3% in 

J176-4 in comparison with 4.2% in the Jl08 meal. Booth et al. (1974) 

and Cook (1977) concluded with rats and mice, respectively, that a 

toxic effect is present in jojoba meal due to simmondsin, rather than a 

palatability effect. 

Supplementation of a 20% J176-4 diet with .2% methionine and 

.4% lysine (Table 14) resulted in a numerical, but non-significant, 

increase in weight gain when compared with the non-supplemented meal 

diet (10.7 g~. 13.4 g for the supplemented meal diet). Similar 

results were obtained with chicks, and these data also agree with the 

report of Weber (1973) who found no improvement in growth of mice with 

methionine and lysine supplementation to jojoba meal diets. 

Jojoba meals were analyzed for tannic acid content and the 

values range from 1.23% in treated meals to 1.58% in untreated meals. 

An attempt was made to investigate the effects of tannic acid on 

rabbit growth. A basal diet was supplemented with 1, 2 or 3% tannic 

acid and fed to weanling rabbits. The results showed no significant 

difference in total body weight gain between the control rabbits and 

those fed diets containing tannic acid: 952 g gain for the controls 
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~. 873, 927 and 874 g gain for rabbits fed 1, 2 and 3% tannic acid 

diets, respectively. Feed intake and feed conversions were not sig

nificantly affected by the tannic acid levels fed. Dry matter diges

tibility was 79.5% for rabbits fed the 3% tannic acid diet while the 

contrGl value was 80.0%. Methionine digestibilities were 80.5 and 

78.9% for the controls and the 3% tannic acid fed rabbits, respectiv

ely. The digestibilities of the remaining amino acids were comparable 

to those obtained for the basal diet. 

It appears that levels of tannic acid up to 3% of the diet do 

not produce a significant effect on rabbit performance. A 20% jojoba 

meal diet would provide only .34% tannins. Feeding diets containing 

tannic acid levels of 1% have been shown to reduce growth in chicks 

and rats (Singleton and Kratzer, 1973). 

Summary 

A series of experiments were conducted in order to evaluate 

the supplemental value of jojoba meal in rabbit diets. Deoiled, un

treated jojoba meal, fed at either 5, 10 or 15% of the diet, did not 

cause any death in weanling rabbits, but failed to suppo.rt normal 

growth. This failure seemed to be due to the high level of simmondsin 

compounds (4.7%) present in the meal, as well as a palatability factor 

as evidenced by a pair-feeding study. 

Rabbits did not perform well on a diet containing 1. 

acidophilus #629 treated meal with 1.3% simmondsin compounds. However, 

a meal with lower simmondsin amounts (.34%) allowed adequate growth 

when fed at levels up to 15% of the diet. 
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Amino acid digestibility was low for diets supplemented with 

jojoba meal, in comparison with the basal diet. Supplementation of 

jojoba meal diets with lysine and methionine did not improve the 

nutritional value of the meal. Jojoba meals average 1.50% tannic 

acid; diets containing up to 3% tannic acid did not cause any adverse 

effects on rabbit performance. 



CHAPTER 5 

JOJOBA MEAL IN LAYING HEN DIETS 

Introduction 

The removal of simmondsin compounds from jojoba meal does not 

seem to completely eliminate the problems associated with the nutritive 

value of the meal. Verbiscar et al. (1978) reported poor growth of 

mice fed either a water extracted meal or an ammonia treated meal diet. 

Cotgageorge (1978) obtained lower gains in mice fed methanol or ethanol 

extracted meals. Steers fed Lactobacillus acidophilus #629 treated 

meal gained poorly compared to the controls (Swingle et al., 1981b). 

Previous studies (Chapter 3) have shown that 10% L. acidophilus treated 

meal significantly decreased growth in chicks. 

The low nutritive value of treated deoiled jojoba. meals remains 

to be explained. The purpose of this study was to evaluate the supple

mental value of untreated jojoba meal in laying hen diets, and to in

vestigate further the anti-nutritional factor(s) in the treated meal. 

Experimental Procedure 

An experiment was conducted with S. C. White Leghorn laying 

hens in order to evaluate the supplemental value of a deoiled jojoba 

meal (Jl08). The hens were randomly housed four per cage in an open

sided house, there were 16 hens per treatment with 4 replicate groups 

of four birds. The Jl08 meal was added to a basal diet at 5, 10 and 
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15% levels, maintaining the diets isonitrogenous. Dietary compositions 

and nutrient contents are shown in Tables 15 and 16. Hens were fed 

the experimental diets for two 28-day periods. Birds were weighed in

itially and at the end of each period; feed consumption, egg weight and 

production were recorded. 

An additional study was carried out with laying hens to deter

mine true metabolizable energy (TME) , starch digestibility and amino 

acid availabilities of jojoba meal samples. Eighteen White Leghorn 

hens, housed in individual cages, were fasted for 48 hours. Ten hens 

were each force-fed 15 g of meal, while eight birds were fasted for an 

additional 48 hours until fecal samples were quantitatively collected 

(Sibbald, 1976). The fecal samples from the fed and fasted groups were 

dried at 65 C and then analyzed, along with the meal, for gross energy, 

starch an~ amino acid content. Gross energy was determined by bomb 

calorimetry using a Parr Oxygen Bomb Calorimeter. Starch was-deter

mined by solubilization with dimethylsulfoxide and hydrochloric acid, 

treatment with amyloglucosidase, and enzymatic measurement of glucose 

(Keppler and Decker, 1974). Amino acid analyses were performed using 

a Beckman Amino Acid Analyzer (Model 121) following hydrochloric acid 

digestion with 6N HCl at 121 C for 16 hours. 

Tannic acid content of jojoba meals was measured spectrophoto

metrically following the formation of a blue colored complex with 

Folin-Dennis reagent and 6N NaOH (AOAC, 1980). Trypsin inhibitor 

(TI) was analyzed in meal samples using N-benzoylarginine-p

nitroanilide (BAPNA) as the substrate. The liberation of p

nitroaniline from BAPNA, catalyzed by trypsin, was followed directly 
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Table 15. Composition of laying hen experimental diets. 

Basal Diet 5% Jojoba 10% Jojoba 15% Jojoba 
Ingredient % % % % 

Milo 63.21 60.07 55.32 50.27 

Soybean meal 18.90 16.79 14.97 13 .16 

Dehydrated alfalfa meal 5.00 5.00 5.00 5.00 

Dica1cium phosphate 1.88 1. 92 1. 97 2.01 

Limestone 8.16 7.49 7.48 7.46 

Salt 0.40 0.40 0.40 0.40 

Tallow 1.00 1. 90 3.44 4.99 

DL-methionine 0.15 0.13 0.12 0.10 

Trace min mixa 0.10 0.10 0.10 0.10 

V' i . b 1tarn n m1X 1.00 1.00 1.00 1.00 

Jojoba meal 5.00 10.00 15.00 

a Supplied the following (ppm): 20 Fe, 60 Zn, 60 Mn, 4 Cu and 1 Mo. 

bThe vitamin mix supplied the following per kg of diet: 3,690 IU 
vitamin A, 615 ICU vitamin D3, 1.76 mg riboflavin, 11 mg niacin, 
4.4 mg calcium pantothenate, 5.3 ug vitamin B12 , 2.2 IU d-a1pha 
tocopheryl acetate, .9 mg menadione sodium bisulfite, 175 mg 
choline Cl, and 50 mg ethoxyquin. 
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Table 16. Nutrient content of laying hen experimental diets. 

% Jojoba Meal 
Nutrient 0 5 10 15 

Protein, %1 16.00 16.00 16.00 16.00 

ME, kcal/g 1 2.75 2.75 2.75 2.75 

Calcium, % 3.75 3.50 3.50 3.50 

Phosphorus, % 0.66 0.64 0.63 0.61 

Available phosphorus, % 0.45 0.45 0.45 0.45 

Lysine, % 0.80 0.76 0.72 0.69 

Ethionine + cystine, % 0.62 0.62 0.62 0.62 

1 Values determined from this experiment. 
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by the increase in extinction at 405 nm (Fritz, Trautschold and Werle, 

1974). One unit of trypsin activity is defined as an absorbance in-

crease of 3.32 at 405 nm in a 3 ml assay mixture. TI activity is 

expressed in terms of trypsin units inhibited (TIUY. The denatura-

tion of TI was accomplished by heating the meals at 15% moisture in 

sealed jars in an oven at 50, 100 and 125 C for la, 20, 30, 45 or 60 

minutes. For each temperature, time in minutes as the independent 

variable was regressed on the natural log (In) of TIU remaining in 

the meal as the dependent variable. The regressions allowed calcula-

tion of the first oder rate constant and the half-life of TI in the 

jojoba meals. Activation energy (E ) for TI denaturation was calcu
a 

lated according to the Arrhenius equation (Segel, 1976). 

Results and Discussion 

The effects of untreated jojoba meal (Jl08) on laying hen 

performance are sho~~ in Table 17. There was a significant decrease 

in feed intake with increasing levels of J108 supplementation: 111.2, 

79.8, 64.3 and 43.4 g/day for birds fed the 0, 5, 10 and 15% meal 

diets, respectively. Egg production rate followed a similar pattern 

(78.9% for the control group~. 43.9 and 8.7 for groups fed 5 and 

15% meal diets, respectively). Jojoba meal supplementation resulted 

in a linear decrease in egg weight among treatment groups, and egg 

output/bird/day was significantly decreased from 53 g for the control 

birds to 26.5 and 10.5 g for those fed 5 and 10% meal diets, respec-

tively. Those birds fed the 15% jojoba meal diet ceased production 

before egg weight could be determined. Feed conversion, expressed as 
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Table 17. Effect of untreated jojoba meal (J108) on laying hen 
performance. 

Feed Feed Egg 
Dietary Egg Prod. Conv. Intake Egg Output 
Treatment % (kg/doz) (g/b/d) Ueight (g/b/d) 

1 
111.2

a 
53.0a Basal diet 78.9a 3.75 67.3 

5% J108 43.9
b 

5.60 79.8
b 

60.1 26.5
b 

10% J108 18.9
c 

18.64 64.3
c 

55.8 10.5
c 

20% J108 8.7d 
21. 00 43.4

d 

Body wt. 
Change 
(g/b/d) 

_2.8a 

_9.0b 

_11.5d 

_17.2c 

Means not having common letter superscripts are significantly different 
(P < .05). 
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kg feed/dozen eggs, was poor at 5% supplementation and became progres-

sively worse at higher levels of supplementation. All birds lost 

weight during the study; however, significantly greater weight loss 

was observed with increasing Jl08 levels in the diet: -2.8, -9.0, 

-11.5 and -17.2 g/bird/day for the 0, 5, 10 and 15% meal diets, 

respectively (Table 17). 

Reduced feed intake, weight loss and poor feed conversion 

obtained with laying hens are in agreement with the reports of Booth 

et al. (1974) with rats, and Cook (1977) with mice. However, no 

mortality was observed in laying hens even with the 15% meal diet, 

suggesting that jojoba meal is less toxic to hens than to other mono

gastrics (rats, mice). The failure of untreated jojoba meal to 

support adequate production in laying hens suggests the presence of 

anti-nutritional factors in the meal. 

Amino acid availabilities of jojoba meals determined in lay

ing hens are shown in Table 18. In all treated jojoba meals, 

lysine availability was quite low and ranged from 32.3 to 33.7%; 

whereas methionine availability ranged from 43.4 to 60.7%. Lysine 

availability was higher in deoi1ed jojoba meals, Jl08 and NT; while 

methionine availability was similar to that obtained with the treated 

meals (Table 18). Usually, jojoba meals undergo drying processes at 

75 - 90 C in a forced air oven after solvent extraction of oil and 

after extraction of simmondsin compounds. This heat treatment may 

have resulted in browning (Maillard) reactions which may account for 

the low availability observed for lysine. 
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Table 18. Amino acid availabilities of jojoba meals in laying hens. 

Amino Acid J176-15 J176-4 J31 

Lysine 33.69 32.33 32.27 

Histidine 65.18 48.96 25.41 

Arginine 72.34 70.18 37.54 

Threonine 59.43 52.37 45.56 

Cystine 65.51 44.16 33.94 

Valine 63.07 59.98 48.45 

Methionine 43.44 60.7 52.17 

Isoleucine 60.17 59.92 49.6 

Leucine 60.52 61.31 48.86 

Tyrosine 66.24 64.33 53.49 

Phenylalanine 67.06 64.82 50.83 

J176-l5 and J176-4 were microbial treated meals. 
J31 was a water extracted meal. 
Jl08 and NT were untreated deoiled meals. 

J108 NT 

48.69 50.10 

46.12 48.75 

60.61 70.69 

50.42 49.73 

26.33 48.64 

56.16 58.95 

56.54 60.95 

56.31 57.66 

55.22 58.53 

57.74 64.14 

57.12 62.39" 
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An essential amino acid index, calculated using the laying hen 

amino acid requirements (NRC, 1977) as a reference standard, yielded a 

value of 93.3. Lysine was the first limiting amino acid with an amino 

acid score of 63.3%. Leucine was second limiting in this calculation 

procedure. Reid (1973) reported lysine to be first limiting and 

methionine second limiting with chicks. 

TME contents of jojoba meals were estimated with laying hens 

as 1.90, 1.74 and 1.71 kca1/g on an air-dry basis for J108, J176-4 

and J176-15 meals, respectively. Muztar and Slinger (1979) reported 

the TME of soybean meal as 3.32 kca1/g dry matter for S. C. White 

Leghorn cockerels. Starch content of these meals averaged 51% with 

a digestibility of about 22%. 

An attempt was made to determine the effect of simmondsin com

pounds on amino acid availability and starch digestibility; an ethanol 

extract of simmondsin was added to a corn-soy diet to supply a 1.3% 

level. No significant effect was found upon feeding the simmondsin 

compounds: the availabilities of lysine and methionine + cystine were 

92.9 and 81.0%, respectively, for the corn-soy diet, and 90.2 and 

87.0%, respectively, for the diet containing simmondsin. Starch 

digestibility was the same for the two diets with a value of 77.4%. 

The absence of adverse effects of simmondsin compounds on nutrient 

availabilities suggested the possibility of other anti-nutritional 

factors in the meal. 

The results of TI analyses on jojoba meals are shown in Table 

19. Values for untreated deoi1ed meals varied from 3.64 to 5.48 TIU/g, 

and decreased to .12 - .72 TIU/g ,in water extracted meals; while the 
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Table 19. Trypsin inhibitor levels in jojba meals. 

Trypsin Inhibitor 
Jojoba Meal TIU/G 

Deoiled untreated meal (Jl08) 

Deoiled untreated meal (NT) 

Water extracted meal (J3l) 

Water extracted meal (Jl08) 

L. acidophilus treated meal 
(J176-4) 

3.64 

5.48 

0.72 

0.12 

2.53 

1 unit of trypsin inhibitor (TIU) is equivalent to an absorbance 
change of 3.32 per minute in a 3 ml volume. 
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1. acidophilus treated meal (J176-4) contained 2.53 TIU/g. The high 

value obtained for the J176-4 meal may have been due to the degree of 

heat treatment during the process. 

Evaluation of the stability of jojoba meal TI revealed that 

TI activity decreased with increased cooking time or temperature as 

shown in Table 20. Regression coefficients obtained represent first 

order rate constants for the denaturation of TI. The integrated first

order rate equations at each temperature were: 

where y 

y 

y 

y 

-.0014lx + .796 

-.047lx + 1.586 

-.043x + .630 

(50 C) 

(100 C) 

(125 C) 

In TIU/g, and x = heating time (min). The half-life (t
l

/
2

) 

or time required to denature half the TI originally present in the 

meal was calculated at each temperature. These values were 491 min 

at 50 C, 14.7 min at 100 C and 16.1 min at 125 C. Heating jojoba 

meal containing 15% moisture at either 100 or 125 C requires about 

the same time for inactivation of TI. The activation energy for TI 

denaturation was 11.7 kcal. 

When compared to other protein supplements such as soybean 

meal, TI activity present in jojoba meal appears to be quite low. 

Kakade et al. (1974) reported values ranging from 66 to 70 TIU in raw 

soybeans; the values are about 2 TIU after toasting soybeans in a pre

heated autoclave for 30 min at 100 C. McNaughton and Reece (1979) 

reported that TI activity of soybean meal decreases with increasing 

moisture or cooking time. A 90% or more reduction in TIU at l20-C 



Table 20. Effect of temperature and heating time on jojoba meal 
trypsin inhibitor activity. 

TrYEsin Inhibitor Units/g SamEle 
Time, min 50 C 100 C 

0 2.44 2.44 

10 2.35 2.41 

20 2.21 2.22 

30 1.88 1.41 

45 

60 2.06 .26 

70 

125 C 

2.44 

1.40 

.69 

.49 

.29 

0 
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required 45 min at 12% moisture or 30 min at 16% moisture. This is 

similar to jojoba TI inactivation which, at 100 C, requires about 30 

min heating at a 15% moisture content. 

The effect of TI inactivation on amino acid availabilities was 

determined in laying hens (Table 21). Autoclaving untreated jojoba 

meal (Jl08) for 30 min at 110 C, denatured the TI present and increased 

the overall amino acid availability. Improvements of 115% and 34% were 

obtained for lysine and methionine, respectively. The availability of 

the remaining amino acids was also improved from 20% for arginine to 

71% for histidine. Even though the amino acid availabilities in the 

autoclaved meal were improved, the values were still low as evidenced 

by the values for lysine and methionine: 40.6 and 62.25%, respec

tively. The amino acid availabilities of a second sample of untreated 

jojoba meal (HD) were not substantially improved by destruction of TI 

(Table 21). 

The overall low amino acid availabilities observed for auto

claved JI08 meal and the lack of improvement in HD meal upon auto

claving prompted investigation of the tannic acid content of the 

jojoba meals. The untreated JI08 meal contained 1.50% tannic acid, 

whereas the HD meal averaged 2.57%. The absence of improvement in 

amino acid availability upon heating the HD meal may be due to the 

high level of tannic acid in this meal. Combined anti-nutritional 

effects of TI and tannic acid are therefore suggested in jojoba meal. 

In fact, feeding 1% tannic acid to chicks and rats resulted in growth 

depression (Singleton and Kratzer, 1973). Tannic acid inhibits the 



Table 21. Effect of trypsin inhibitor inactivation on amino acid availability in laying hens. 

J108 J108 % HD HD % 
Amino Acid Untreated Autoc1aved Improvement Untreated Autoc1aved Improvement 

Lysine 18.85 40.60 115.0 69.96 62.56 -10.6 

Histidine 34.93 59.77 71.0 64.22 63.0 -1.9 

Arginine 64.49 77 .32 20.0 80.11 82.74 3.3 

Threonine 39.81 59.38 49.0 65.02 65.65 1.0 

Valine 57.49 73.03 27.0 72 .05 79.51 10.5 

Methionine 46.31 62.25 34.0 70.93 76.00 7.2 

Isoleucine 53.41 71.92 35.0 68.66 76.41 11.3 

Leucine 56.14 73.58 31.0 70.62 79.51 6.5 

Tyrosine 61.47 76.92 25.0 74.96 79.8 6.5 

Phenylalanine 60.11 76.56 27.0 73.07 76.69 9.0 

J108 and HD were untreated deoiled meals. 

....... 
N 
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absorption of glucose and methionine from mouse intestine due to de

naturation of proteins of the mucous membrane (Mitjavila, De Saint

Blanquat and Derache, 1970). Vohra et al. (1966) and Tamir and Alumot 

(1970) also reported that feeding tannins to growing chicks and rats, 

respectively, resulted in lowered energy conversion from feed and ex

cretion of high levels of nitrogen, the latter being due to the bind

ing of dietary protein by tannins in an indigestible form. 

Only tannic acid was evaluated in our studies (Chapter 4); it 

is very likely that other hydrolyzable tannins as well as condensed 

tannins are present in jojoba meal and that these exert greater toxic 

effects than tannic acid. This presence could certainly explain the 

low TME values, starch digestibility and poor amino acid availability 

of jojoba meals. Further research is needed to identify the specific 

tannins present in jojoba meal and their consequent nutritional im

pact. 

Summary 

Feeding 5% deoi1ed jojoba meal to laying hens resulted in a 

significant decrease in overall performance. Reduced feed intake and 

loss of weight were observed, as well as a decrease in egg weight and 

egg production. No mortality was observed even when hens were fed 15% 

untreated jojoba meal. 

The low nutritive value of treated jojoba meals was investi

gated. In general, low availability was observed for the essential 

amino acids: 33.7% for lysine and 43.4% for methionine. Starch 
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digestibility was also low (22%) and the TME content of jojoba meal was 

determined as 1.71 kca1/g on an air-dry basis. 

Trypsin inhibitor is present in jojoba meal with an activity 

reaching 5.48 TIU/g; inactivation was accomplished by heating the meal 

containing 15% moisture at 100 C for 45 min. Tannins, expressed as 

tannic acid, are also present in jojoba meal in various amounts (1.50 

to 2.57%). The lack of substantial improvement in amino acid avail

ability after TI inactivation suggests that tannic acid (possibly 

other tannins), in addition to TI, and possibly other factors are the 

main anti-nutritional factors present in jojoba meal. 



CHAPTER 6 

CONCLUSION 

A certain number of conclusions can be drawn from the present 

studies: 

- There appears to be a palatability factor in untreated jojoba meal 

causing chicks, rabbits and laying hens to dislike the meal. 

- Treatment of jojoba meal decreases the level of simmondsin compounds 

and increases the acceptability of the meal; but whether or not 

simmondsin compounds are related to palatability is not known. 

- Rabbits are more tolerant to jojoba meal than chicks. 

- Simmondsin compounds do not appear to have any adverse effects on 

nutrient availability. 

- The low amino acid availabilitiis of jojoba meal are apparently due 

to a number of factors including: 

- degree of heat treatment 

- trypsin inhibitor 

- tannins 

75 
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