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ABSTRACT 

Two defatted jojoba seed meals were prepared; one using whole 

seeds (JM), and the other from which seed coats were removed prior to 

extraction of the oil (DJM). The protein content of both meals was 

about 24%. The proteins from JM and DJM were extracted according to 

their solubility in water, dilute saline, alcohol, and alkali solutions. 

These extractions produced the albumin, globulin, prolamine and glutelin 

protein concentrates. The major concentration of proteins in jojoba were 

the albumin (65%) and globulin (21%) fractions. The amino acid compo

sitions of both JM and DJM were found to be very similar. Methionine 

was the limiting amino acid in jojoba seed proteins. The protein compo

sition was determined, and the molecular weight was estimated through 

chromatographic analysis using gel filtration on Sephadex G-100 and ion-

exchange chromatography on DEAE-Sephadex and CM-Sephadex. At least 5 

separate protein fractions in each of the albumin and globulin concen

trates and 8 separate protein fractions in each of the prolamine and 

glutelin concentrates were found. The molecular weights of jojoba pro

tein concentrates varied from 19,000 to 150,000 for albumins, from 

18,000 to 128,800 for globulins, from 11,700 to 141,200 for prolamines, 

and from 29,500 to 150,000 for glutelins. All protein concentrates 

showed very good fat absorption and solubility at values of pH below 3.0 

and above 4.0. Albumins and globulins showed very good foamability and 

x 



emulsion properties. The prolamine and glutelin concentrates showed 

very poor foamability and emulsion properties. The buffering capacity 

of jojoba protein concentrates was very low. 



CHAPTER 1 

INTRODUCTION 

The desert shrub jojoba (Simmondsia chinensis Link Schneider, 

also known as Simmondsia califomica), grows naturally over an extensive 

arid area in the Sonoran Desert that covers parts of Arizona, California, 

and Mexico (NAS, 1975). Jojoba seeds, which have long been used by-

Indians as food and medicine, contain about 50% by weight of a colorless, 

odorless oily liquid which is commonly referred to as jojoba oil. The 

oil has a radically different chemical structure from any other known 

vegetable lipid. It is a liquid wax made up of nonglyceride esters 

composed of mono-unsaturated straight-chain acids and alcohols, each 

with 20 to 24 carbon atoms (Greene et al., 1933). Thus, jojoba oil is 

a polyunsaturated liquid wax that is readily obtainable from a renew

able source. 

Substantial research has been done on the establishment of the 

environmental parameters in the natural range of jojoba, on the chemical 

and physical properties of jojoba oil, and on its potential industrial 

uses. Jojoba oil is potentially useful for a wide variety of applica

tions in lubricants, paper coatings, polishes, electrical insulation, 

carbon paper, textiles, leather, and pharmaceuticals. It can be hydro-

genated to a hard, colorless solid resembling spermaceti, carnauba wax 
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and beeswax in both chemical structure and physical properties. The 

most important application suggested in the literature was that it be 

used to replace the oil of sperm whale which is extensively used in the 

formation of low temperature lubricants (Yermanos, 1974). 

In order to produce jojoba oil economically it is necessary to 

find a use for the by-products of oil extraction. This is a highly 

developed technology in the utilization of residual meals of defatted 

oilseeds such as peanuts, cottonseed, soybeans, sunflower and sesame 

seeds as protein feed supplements. Soybean is among those most ex

tensively studied. Use of a large variety of protein products such 

as soy flours and grits, soy protein concentrates and isolates, textured 

protein products, soy protein extracts or "milks", and soy whey and the 

utilization of soy protein in meat foods, baked products, dairy-type 

foods, breakfast cereals, infant formulations and baby foods, has in

creased in recent years (Feeney and Whitaker, 1977). 

Because of the successful use of soy proteins, a question to 

consider concerns the suitability of jojoba meal proteins as human food 

or as feed for livestock. Very little has been published related to the 

proteins of jojoba seed meal. The amino acid composition and protein 

content of jojoba seed meal was first mentioned by Yermanos (1974) who 

found methionine to be the limiting amino acid and the protein content 

of the meal to range from 26.6% to 33.4%. Cotgageorge et al. (1978) 

showed the protein concentration and the conposition of essential amino 

acids of jojoba seed meals after extraction with different solvents. 
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The functionality of proteins is dependent on their structure 

and spatial conformation. It is not clear which structural features of 

a protein are responsible for the ability of a protein to act as an 

emulsifying agent. This is true for most other functional properties 

of importance in foods. There are many possible approaches to the study 

of the correlation between protein structure and functionality. The 

preliminary approach is to observe functional properties of food pro

teins as related to the way in which a particular protein interacts 

with solvents and with other constituents of food systems. The first 

step in that kind of study would be the establishment of physical pro

perties of the protein system. 

The objectives of the present study concerned the properties of 

proteins from defatted jojoba seed meal including: (1) extraction, 

fractionation, and purification of jojoba seed meal proteins, (2) cha

racterization of the proteins after fractionation, and (3) determination 

of the functional properties of the protein concentrates. 



CHAPTER 2 

LITERATURE REVIEW 

Simmondsia chinensis (jojoba) is a desert shrub native to the 

southwestern United States of America and northwestern Mexico. The 

female plant produces seeds that contain about 50% of an oily liquid, 

referred to as jojoba oil, which resembles sperm whale oil in its 

physical characteristics. Jojoba oil is potentially useful for a wide 

variety of applications in lubricants, cosmetics, pharmaceutical pre

parations, plastics, adhesives, polishes, textiles, leather, and precision 

castings. In these applications, jojoba oil could mainly replace the 

oil of sperm whale (Yermanos, 1974). 

The worldwide problem of food shortage is reaching critical 

proportions as a result of rapidly expanding population. This is es

pecially true regarding the availability of good quality protein. Thus, 

it is expedient to examine all potential food sources. Proteins from 

oilseeds, grains, legumes, fish, microbes, algae, and leaves are being 

investigated by various researchers as a way to increase the supply and 

nutritive value of foods (Altschul, 1958, 1974; Autret, 1970). 

Very little has been published regarding the by-product of the 

jojoba nut; namely, the meal remaining after the oil has been extracted. 

Present research is mainly concerned with elimination of toxic factors 
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naturally present in the meal (Cotgageorge et al., 1978 and Verbisear 

et al., 1978). Important aspects of the utilization of jojoba seed are 

also concerned with the nutritional value of the protein and the po

tential value of the meal as human food or feed for livestock. This 

meal contains about 26 to 33% protein, 3.0% ash, and about 27% carbo

hydrate (Yermanos, 1974, and 1975). 

Although oilseed meals may be used as protein feed supplements, 

many have posed problems of toxicity. Unfortunately, jojoba seed meal 

also contains a toxic or unpalatable substance. Booth (1973) observed 

weight loss in rats and mice fed jojoba meal at levels ranging from 5 

to 15%. They isolated the toxic compound and fed it to young adult mice 

at an oral dose of 750 mg/kg body weight for 5 days resulting in mor

tality within 10 days after the first dose. However, a single large dose 

of 4 gm/kg produced no apparent ill effects. The authors believed toxic 

effects may have been due to the formation of a benzyl cyanide deriva

tive of simmondsin which was extremely toxic to mice (Booth et al., 

1974). 

Weber and Reid (1975) found that jojoba meal fed to weanling mice 

resulted in 100% mortality within 10 days. Other experiments showed 

weight loss and reproductive problems. 

No commercial detoxification of jojoba meal is being carried 

out at present. Elliger et al (1975) patented a method in which the 

toxicity of jojoba meal can be reduced by exposing the meal to ammonia 

for 25 to 30 days in a tight container. Feeding experiments: using 15% 
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treated jojoba meal in a standard ration showed a satisfactory net 

weight gain and adequate food consumption. 

Cotgageorge et al. (1978) described methods for detoxification 

of jojoba seed meal based on germination, enzymatic hydrolysis, and 

solvent extraction. The most successful treatment in terms of both dis

appearance of simmondsin and mouse acceptability was extraction by water. 

Their study demonstrated the feasibility of preparation of jojoba meal 

as a possible feed for livestock by using hexane extraction of the meal 

to recover valuable wax residues and then extraction by a polar solvent 

to remove toxic substances. 

Samano (1978) showed that sirrmondsin disappeared almost com

pletely after four days of germination and completely disappeared after 

10 days of germination. He also showed that the protein content in the 

meal decreased linearly with the increasing period of germination from 

29% to 16% protein. 

Physical and Functional Properties of Jojoba Proteins 

Information concerning the behavior of a protein concentrate 

in a specific system is needed in order to take full advantage of its 

functional properties. The evaluation of protein preparations func

tional properties as a way to predict the end products quality may be 

unsuccessful due to a lack of physico-chemical knowledge about these 

proteins (Kinsella, 1976). 

The composition, conformation, and physical properties of pro

teins are interrelated, and they must gpvern the functionality of 
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proteins in various systems. Research on each functional property is 

required to permit definition, measurement, and correlation of that 

function, with protein species, its structure, conposition, and variable 

environmental conditions. Extraction method influences the general be

havior of the final product by affecting the nature and amount of in

dividual proteins. 

Betschart (1974), Lawhon and Carter (1971), Wang and Kinsella 

(1976a) have shown that the solvent used, ionic strength, protein 

conposition, pH, temperature, and duration of extraction affect the 

solubility, conposition, and physico-chemical characteristics of the 

extracted proteins. They vary with source, amount, and heterogeneity 

of proteins which may exhibit different solubility, and functional 

characteristics. Studies using gel filtration, ion-exchange chromato

graphy, polyacrylamide gel electrophoresis, and sedimentation techniques 

for isolation and characterization of the major components of the pro

teins are fundamental and are usually the initial steps needed to re

late physical and functional properties. 

Hill and Breidenbach (1974) characterized soybean storage pro

teins by sucrose gradient sedimentation and by polyacrylamide gel 

electrophoresis under dissociating (8 M urea) and non-dissociating con

ditions. They found three sedimenting classes of proteins, with sedi

mentation coefficients of 2.2S, 7.5S, and 11.8S, and concluded that re

latively few proteins make up the bulk of soybean seed proteins. 
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The reversible and irreversible dissociations of beta-conglyci-

nin, a major 7S soybean globulin, were investigated by ultracentrifuga-

tion, disc electrophoresis, and inmunodiffusion methods. Thanh and 

Shibasaski (1979) verified that the protein had different conformation 

at high ionic strength and acidic pH (lower than 4.8) than that at low 

ionic strength and pH higher than 4.8. The authors also determined the 

conditions in which complete reversibility of dissociation occurred. 

Cerletty et al. (1978) studied the protein composition of white 

lupine seeds (Lupinus albus). Globulins were separated from albumins 

and were further analyzed by ion exchange chromatography, gel filtration 

and cellulose acetate electrophoresis. Globulins were the major com

ponents and contained at least 7 distinct molecular species which dif

fered in molecular weight, subunit size and distribution, as well as in 

ionization behavior as shown by electrophoresis and ion-exchange chroma

tography. Eight fractions were resolved, all with acidic character, and 

their molecular weight and subunit composition were established. 

Fractionation of sunflower seed proteins from three varieties 

of seeds using gel filtration on Sephadex G-50 and G-200 was carried out 

by Baudet and Mosse (1977). They confirmed the occurrence of three 

groups of protein fractions, the light (20% of total proteins), the 

heavy (5-10% of total proteins), and the globulins (70-80% of total pro

teins) . The authors found that the globulins were composed of 4 dif

ferent fractions, 2 of which were presumably subunits of the other 2 

and each had significantly different amino acid compositions. 
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Rahma and Narasinga Rao (1979) characterized proteins from sun

flower meal using gel filtration, ion-exchange chromatography, and disc 

electrophoresis. They analyzed the meal proteins and the chlorogenic 

acid-free meal proteins. Both showed three peaks in gel filtration on 

Sepharose and in chromatography on DEAE-cellulose. Sedimentation tech

nique showed that the meal contained 3 protein fractions of 2S, 7S and 

11S, and chlorogenic acid-free meal had an additional fraction of 16S. 

Albumin storage protein and allergens in cottonseeds were can-

pared by Youle et al. (1979) using amino acid analysis, gel electro

phoresis and sedimentation techniques. Cottonseed and protein bodies 

from cottonseeds contain 3 major types of proteins having sedimentation 

values of 2S, 5S, and 9S and existing in equal amounts. The 5S and 

9S proteins were typical globulin storage proteins and had similar amino 

acid corrpositions. The 2S proteins were albumins and were also storage 

protein as judged by their amino acid compositions and relatively large 

amounts in the seed. The 2S storage albumin proteins were shown to be 

identical with the cottonseed allergens. 

Recently, Galyean et al. (1980) used chromatographic and analyti

cal electrophoretic methods to study isolates of native egg white pro

teins. They noted considerable heterogeneity in several fractions 

thought previously to be pure compounds. Chromatography in conjunction 

with electrophoresis yielded several unidentified proteins requiring 

further characterization. 

Albumins, globulins, prolamines and glutelins, the classical 

protein fractions, were obtained from 5 varieties of sorghum. Amino 
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acid profiles and protein distribution of isolated fractions showed 

differences among varieties. The couparable extent of essential amino 

acid deficiencies and excesses in these fractions was given (Neucere 

and Sumrell, 1979). 

The role of physical and chemical bonds on the structural and 

flinctional properties of proteins have been studied. Sulfhydryl and 

disulfide groups have been widely implicated as important functional 

groups in many food proteins. Kelley and Pressey (1966) showed that the 

production of fibers from soy protein involves the formation of new 

disulfide bonds. Sawyer (1969) attributed the formation of beta-lacto 

globulin-k-casein complexes when milk is heated to the S-S interchange 

reaction. Kunori and Sullivan (1960) documented that addition of SH com

pounds to flour weakened the rheological properties of the flour. 

Ishino and Ikamoto (1975), in review of the effects of pH on the physico-

chemical and conformational behavior of soy proteins, demonstrated the 

active role of SH groups in bond formation and protein conformation. 

"Elucidation of the physico-chemical mechanisms of a particular 

functional property of protein and knowledge of alterations in its 

behavior during normal processing, handling, and cooking are important 

criteria in the search for and preparation of new food proteins" (Kin-

sella, 1976). This was the theme of an extensive review of the func

tional properties of proteins in foods. 



CHAPTER 3 

MATERIALS AND METHODS 

Preparation of Defatted Jojoba Seed Meal 

Jojoba seeds were obtained from the Arid Lands Resource Sciences, 

University of Arizona. Two defatted jojoba seed meals were prepared; 

one using whole seeds, and the other from which seed coats were re

moved prior to extraction of the oil. These were identified as jojoba 

meal (JM) and decorticated jojoba meal (DJM), respectively. 

Removal of Seed Coats 

The seeds were immersed in 0.5% (w/v) sodium hydroxide solution 

at room temperature for 5 minutes and then transferred to a tank con

taining distilled water where the seed coats were removed by hand. The 

excess sodium hydroxide was removed by successive distilled water wash

ings. The uncoated seeds were air-dried and stored for further oil 

extraction. 

Oil Extraction 

Three hundred grams of jojoba seeds were ground in a high speed 

Sorvall Omni-Mixer (Ivan Sorvall Inc., Newtown, Connecticut) using suf

ficient hexane to cover the seeds. The volume was adjusted to 2000 ml 

with hexane and the ground seeds were then shaken at room temperature 
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for 48 hours with three changes of solvent at 12 hour intervals. The 

meal was separated from the solvent by filtration through Whatman No. 2 

filter paper and was subsequently air-dried at room temperature to re

move excess solvent. It was stored in air tight containers at room 

temperature. 

Extraction of Seed Meal Proteins 

The proteins from defatted jojoba seed meal (JM or DJM) 

were extracted according to their solubility in water, dilute saline, 

alcohol, and alkali solutions. The general procedure produced the 

albumin, globulin, prolamine, and glutelin concentrates (Fig. 1). 

Albumin Fraction 

A 100 gram sample of defatted seed meal was vigorously stirred 

for 30 hours with 400 ml of distilled water at 4°C. Two drops of toluene 

was added to retard bacterial growth. It was then centrifuged at 

20,000 rpm in a Sorvall refrigerated centrifuge (Ivan Sorvall Inc., 

Newtown, Connecticut) for 20 minutes. The supernatant was considered 

to be the albumin fraction. 

Globulin Fraction 

The remaining pellet was further extracted with 400 ml of 10% 

(w/v) sodium chloride for 30 hours at 4°C. It was centrifuged as above 

and the supernatant was considered to be the globulin fraction. 

Prolamine Fraction 

The remaining pellet was further extracted with 400 ml of 70% 

(v/v) ethyl alcohol for 30 hours at 4°C. It was centrifuged and the 
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Figure 1. Extraction and Purification of jojoba proteins. 
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supernatant considered to be the prolamine fraction. 

Glutelin Fraction 

The final pellet was farther extracted with 400 ml of concen

trated calcium hydroxide solution for 30 hours at 4°C. This extraction 

had been made initially using 0.1 N sodium hydroxide. In this case, 

polyphenolic compounds which interferred in analysis and purification 

were extracted along with the proteins. It was, therefore, replaced in 

the process by the calcium hydroxide solution. The residual pellet 

was discarded. 

Purification of Seed Meal Proteins 

Purification of Albumins 

The aqueous extract containing the albumins was purified by 

salting-out with 70% saturated ammonium sulfate at 4°C. The precipitate 

was centrifuged in a Sorvall refrigerated centrifuge at 10,000 rpm for 

15 minutes at 4°C. The pellet v/as dissolved in distilled water and 

dialyzed in cellulose acetate dialysis tube (Van Waters & Rogers, Inc., 

Phoenix, Arizona) for 48 hours against distilled water at 4°C with 3 

changes to remove the ammonium sulfate. This process of precipitation, 

solution and dialysis was repeated and the final retinate was lyophi-

lized. The powdered concentrate was stored in capped vials at refrigera

tion temperature. 

Purification of Globulins 

The fraction extracted with 10% sodium chloride was further 

dialyzed against distilled water 36 hours at 4°C with at least 3 changes. 
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The dialyzate was centrifuged in a Sorvall refrigerated centrifuge at 

10,000 rpm for 15 minutes at 4°C. The pellet was dissolved in 10% 

sodium chloride and dialyzed against distilled water for 36 hours at 

4°C. The retinate in the dialysis bag was lyophilized and the powdered 

concentrate was stored in airtight vials at refrigeration temperature. 

Purification of Prolamines 

The 70% ethanolic extract was dialyzed 48 hours against dis

tilled water at 4°C with 3 changes. The very small amount of precipi

tate was lyophilized, and the powdered prolamine concentrate was kept 

in capped vials under refrigeration. 

Purification of Glutelins 

The calcium hydroxide extract was purified by precipitation 

with 1.0 N hydrochloric acid at pH 4.0. The precipitate was centri

fuged in a Sorvall refrigerated centrifuge at 10,000 rpm for 15 minutes 

at 4°C. The pellet was dissolved in concentrated calcium hydroxide 

solution (0.022M and pH 12.2) and dialyzed 36 hours against distilled 

water at 4°C. The small amount of precipitate in the dialysis bag 

was lyophilized and stored in capped vials at refrigeration temperatures. 

Analysis of Seed Meal Concentrates 

Estimation of Protein Content 

Total nitrogen in the samples was estimated by 2 different 

methods: a) Micro-Kjeldahl method (Official Methods of Analysis of 

ADAC, 1970), and b) a modification of the method of Oser (1965), 

using the Nessler's Reagent (Reid, 1979). The Bio-Rad method (Bio-Rad 



Laboratories, 1980) was used for estimation of soluble proteins. 
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Micro-Kjeldahl Method 

Reagents - Boric Acid (2% w/v) 

Sodium Hydroxide (40% w/v) 

Hydrochloric Acid (0.0198 N) 

Catalyst - Hengar's Selenium (1 g) 

Copper Sulfate (3 g) 

Sodium Sulfate (1 g) 

Indicator - Modified Methyl Red Solution - Ethyl Alcohol 

(100 ml) 

Methyl Red (0.125 g) - Methylene Blue (0.0825 g) 

Procedure. Duplicate samples of 30 mg of the protein concen

trates and defatted meals were carefully weighed and transferred into 

Kjeldahl flasks. To those were added the catalyst (0.2 g) and then 2 ml 

of the digestion mixture. The flasks were heated on a digestion unit 

until solutions were clear or light blue in color after which they were 

removed from the digestion unit and allowed to cool. Ten ml of the boric 

acid solution was transferred to 50 ml Erlenmeyer flasks, and 3 drops 

of the indicator mixture were added. According to the sample to be 

analyzed, they were attached to the Kjeldahl apparatus with the con

denser tip immersed in the liquid. The samples were quantitatively 

transferred to the inner chamber of the still followed by 10 ml of 40% 

sodium hydroxide. The samples were heated to boiling, and the ammonia 

collected was estimated by titration against 0.0198 N hydrochloric acid. 
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Calculation 

% Protein = (ml of HC1) (N of HC1) (°-°14) (6'25) (100) 
0 Sample Weight (g) 

Nessler's Method 

Reagents - 1. Sulfuric Acid 

2. Catalyst - 75 g Copper Sulfate (anhydrous) 

25 g Sodium Sulfate (anhydrous) 

3. Digestion mixture - Sulfuric Acid and Phosphoric 

Acid (3:1 by volume) 

4. Nessler's Reagent 

5. Ammonium Sulfate (Standard 20 yg N/ml) 

Procedure. Duplicate samples of 100-200 mg of the defatted meals 

and protein concentrates were weighed and transferred into 25 x 200 mm 

test tubes. Then catalyst mixture (0.25 g) and 5 ml of digestion mixture 

were added, and the flasks were heated in an aluminum heating block 

until samples turned blue-green. After being cooled they were trans

ferred to volumetric flasks and diluted to 100 ml with distilled water. 

Two ml aliquots were transferred to graduated test tubes (10 ml) and 

diluted with distilled water to 10 ml. Nessler's reagent (2 ml) was 

added, and after 10 minutes the solutions were transferred to cuvettes 

and absorbance at 500 rim was determined with a Coleman Junior C-20 

spectrophotometer. Ammonium sulfate standards in a range of concen

tration 0, 10, 15, 20, and 40 ugN/tube were assayed as described above. 
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Calculations. 

K - Standard concentration (vg N/tube) 
(ugN/tube) ~ Absorttance 

o/ at Absorbance (sample) x K x 100 
0 ~ Sample weight (g) x 0.2 x 10,000 

% Crude Frotein = % N x 6.25 

Bio-Rad Method 

Reagents. Coomassie Brilliant Blue G-250 (acidic solution) 

Bradford ;i976). 

Preparation of Standard. Twenty ml of distilled water was added 

to the lyophilized standard protein to regenerate a 1.4 mg/ml solution. 

Several dilutions of protein standard containing from 0.2 to 1.4 mg/ml 

were prepared and assayed as described below. 

Procedure. A tenth of a milliliter of standards and appropri

ate diluted samples were placed in test tubes. Five ml of the dilute 

dye reagent (one part dye reagent concentrate with 4 parts of distilled 

water, filtered through Whatman Wo. 1 filter paper) were added into each 

test tube and swirled. After 10 minutes the absorbance at 595 nm was 

determined in a spectrophotometer Spectronic 20 (Bausch & Lomb Inc., 

Rochester, New York) against a distilled v/ater blank. The protein con

centration of the unknowns were determined from a standard curve (Fig. 2). 

Amino Acid Analysis 

Samples weighing 0.060 g were hydrolyzed in 12 ml of 6 N hydro

chloric acid solution in vacuum sealed ampules. Oxygen was removed from 
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Figure 2. Protein standard curve; Bio-Rad technique (bovine y globulin.) 
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the vials, prior to sealing, by freezing the mixtures with acetone-dry 

ice, evacuating the vials, and then allowing them to thaw. The mix

tures were frozen again, and evacuated and flushed with nitrogen 3 times. 

The hydrolysis was carried out at 145°C for 4 hours. The hydrochloric 

acid was removed by distillation in a rotatory flash evaporator, and the 

samples were made up to 25 ml with citrate buffer pH 2.2. The amino 

acid analysis of the samples was carried out in a Beckman automatic 

amino acid analyzer, Model 121 from Packard Instrument Company, Inc., 

La Grange, Illinois (Spackman, 1963). A computer program was used to 

determine the percent of amino acids in the samples (Reid, 1979). 

Chromatographic Analysis 

The albumin, globulin, prolamine, and gluetlin concentrates 

were analyzed chromatographically using Sephadex G-100 for gel filtra

tion, and DEAE-Sephadex (A-25 and A-50) and CM Sephadex C-50 for ion-

exchange chromatography. The chromatographic analysis was carried out 

to study the heterogeneity in composition and to estimate the molecular 

weight of the components of the various proteinous components. 

Gel Filtration. TV/elve grams of Sephadex G-100 granules were 

swollen in boiling water bath for 5 hours. A K 26/40 (2.6 cm x 40 cm) 

column from Pharmacia Fine Chemicals (Division of Pharmacia Incorpora

tion, Piscataway, New Jersey) was packed with the gel and then equili

brated with 0.1 M sodium phosphate buffer (pH 7.6). The eluent used 

in the elution of both standards and samples was the same as that used 

to equilibrate the column. The samples were used in a concentration of 



7.5 mg/ml and the sample size was 4 ml. They were applied into the 

column by the use of a piston lab pump (Fluid Metering Inc., Oysterbay, 

New York). Eluent was monitored at 286 ran with an ISCO Model UA-5 

multi-wave length absorbance monitor (Instrumentation Specialities Co., 

Lincoln, Nebraska). Fractions of 4.3 ml were collected in a fraction 

collector ISCO Model 820, at a rate of 0.3 ml/min. Elution volume was 

recorded by a recorder Model 141 from Linear Instruments Corp. (Irvine, 

California). The tubes corresponding each protein peak were combined 

into one fraction of protein analysis. 

A standard solution (4 ml) containing bovine gamma globulin 

(M. Wt. 2,000,000 daltons), lactate dehydrogenase (140,000), malate 

dehydrogenase (79,000), bovine serum albumin (67,000), trypsin (24,000), 

and soybean trypsin inhibitor (21,500) was loaded onto the column and 

the volumes of elution (Ve) were then calculated. The void volume (Vo) 

was established by the volume required for elution of blue dextran 

(M. Wt. 2,000,000). A calibration curve was constructed using the re

lationship Ve/Vo = log M first used by Whitaker (1963) (Fig. 3). 

Ion-exchange Chromatography. DEAE-Sephadex (A-25 and A-50) 

and CM-Sephadex from Pharmacia Fine Chemicals) were used for ion-

exchange chromatography of jojoba seed proteins. A K 26/40 (2.6 cm x 

40 cm) Pharmacia column was packed with the gel to be used in the 

analysis and then equilibrated with sodium phosphate buffer 0.1 M 

pH 7.6. Samples (4.0 ml) of the fractions obtained from gel filtration 

were purrped into the column and eluted with the same buffer used to 



5.0 

4.0 

o 
> 
\ 
>® 

3.0 

2.0 

1.0 

0 H)—L 

0 4.0 4.2 4.4 4.6 4.8 

LOG M 

Figure 3. Calibration curve; Gel filtration. 

Soybean trypsin inhibitor 

Trypsin 

Serum albumin (bovine) 

Malate DH 

Lactate DH 

Gamma-globulin 

5 

6 



23 

equilibrate the column. Fractions of 4.3 ml were collected in a frac

tion collector (ISCO Model 820) at a rate of 0.3 ml/min. The tubes 

containing the proteins, identified by their absorption at 286 nm, 

were combined in one fraction and kept under refrigeration for further 

analysis. Two linear gradients were used: a) sodium chloride 1M and 

equilibrating buffer, and b) sodium phosphate buffer 0.2M pH 8.2 and 

equilibrating buffer. However, there was no better resolution either 

with or without the equilibrating buffer observed in the chromatograms 

Functional Properties of Jojoba Protein Concentrates 

Nitrogen Solubility 

The nitrogen solubility of jojoba seed meal protein concen

trates was determined by a modification of the method described by 

Betschart (1974). Portions (100 mg) of the concentrates were weighed 

directly into capped 50 ml (29 x 103 urn) polypropylene centrifuge tubes. 

Nine ml of distilled water were added and the concentrates dispersed 

with a thin brass wire and spatula. The pH was adjusted to values 

from 2.0 to 12.0 with either 0.1 N sodium hydroxide or 0.1 N hydro

chloric acid. Samples were shaken at 200 rpm on Gyratory shaker, Model 

G-2 (New Brunswick Scientific Co., Inc., Edison, New Jersey) for 1 

hour at 30°C. Since some pH drift occurred, the pH was checked every 

15 minutes and readjusted when necessary using less than 1 ml total 

volume of acid or base. After 1 hour, total volume was brought to 

10.0 ml with distilled water to give 1% protein concentration. Samples 

were then centrifuged at 4,500 rpm in an International centrifuge, 
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Universal Model U.V. (International Equipment Co., Needham Heights, 

Massachusetts), the supernatant was decanted through filter paper 

Whatman No. 1, and Bio-Rad nitrogen was determined. Nitrogen content 

in a 100 mg sample control was determined using the Micro-Kjeldahl 

method. The percent nitrogen solubility of the jojoba protein concen

trates was determined by the following relationship: 

% Nitrogen Solubilized = Nitrogen In the sample 
& Nitrogen in 100 mg concentrate 

Fat Absorption 

Fat absorption characteristics of jojoba seed proteins were 

measured by a modification ofthe method used by Lyn and Humbert (1974), 

and Wang and Kinsella (1976a). Com oil (3 ml) was added to 0.25 g 

of protein concentrate in a 10.0 ml graduated centrifuge tube. The 

contents were stirred for 1 minute with a thin brass wire to disperse 

the sample in the oil and then 1 additional minute on a Super-mixer 

(Lab-line Instruments, Inc., Melrose, Illinois). After holding at 

25°C for 30 minutes, the tubes were centrifuged at 3,500 rpm for 25 

minutes, and the volume of free oil was read. In order to compare 

jojoba seed proteins with proteins from other sources, fat absorption 

was expressed in 2 ways. First, the oil retained in the protein pel

let was expressed as fat absorbed in ml of oil per gram of sample. 

Second, the oil retained by the protein was expressed in percentage 

as the amount of corn oil bound by a 100 g sample. All tests were 

done in triplicate and average values were reported. 



25 

Foamability 

Foaming properties of jojoba seed proteins were determined by 

a modification of the method described by Wang and Kinsella (1976b). 

Protein concentrate samples (50 mg) were added to 5 ml of water in 

graduated 10 ml stoppered centriflige tubes. The protein was dispersed 

with a thin brass wire for 1 minute and kept at 25°C for 30 minutes with 

occasional stirring. The tubes and contents were then shaken as hori

zontally as possible in a Super-mixer (Lab-line Instruments, Inc., 

Melrose, Illinois) for 1 minute. A filter paper disc that fits into 

the tubes was placed on top of the foam, and it was gently pressed 

until resistence was encountered before each reading. The volume of the 

foam measured at 30 seconds and 30 minutes following shaking was re

ported as foam expansion and foam stability respectively. The volume 

of foam was recorded at 5 minute intervals up to 30 minutes and then 

at 30 minute intervals thereafter. 

Emulsification 

Emulsifying activity and emulsion stability were determined by 

a modification of the method of Yamatsu et al. (1972). Samples (0.2 g) 

of the protein concentrates were added to 5 ml of water and dispersed at 

low speed in a semi-micro Sorvall Omni-Mixer (Ivan Sorvall Inc., Newtown, 

Connecticut). Corn oil (5 ml) was added and the blending was resumed 

at higjh speed for 1 minute. The emulsion thus formed was divided equally 

into 2-10 ml graduated stoppered centrifuge tubes, for each concentrate, 
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and 1 of the tubes was centrifuged at 3,200 rpm for 5 minutes. Emulsi

fying activity was expressed as: (height of emulsified layer/height of 

total contents in the tube) x 100. Bnulsion stability was determined, 

using the other tube, similarly to that of emulsifying activity except 

that emulsion in the centrifuge tube was initially heated in a water 

bath (75-80°C) for 30 minutes and then cooled before centrifugation. 

Emulsion stability was measured as: (height of emulsified layer after 

heating/height of total contents in the tube) x 100. The remaining 

emulsified layer was measured by heating the constituents which had 

previously been used to determine the emulsifying activity for 30 

minutes in a water bath (80°C) and then centrifuging at 3,200 rpm for 

5 minutes. The remaining emulsified layer after heating was expressed 

as percent of original emulsified layer. 

Emulsifying capacity was determined by the method developed by 

Swift et al. (1961). Protein samples (100 mg) were added to 5 ml of 

water and dispersed at low speed in a Sorvall Omni-Mixer semi-micro 

blender at room temperature (25°C). After 30 seconds dispersion, com 

oil was added to the mixture from a buret at an initial rate of 1 ml/sec. 

The volume of oil added at the inversion point was recorded and the 

emulsifying capacity was calculated as ml of oil emulsified/g of 

protein in the sample. 

Buffering Capacity 

The buffering capacity was determined by a modification of the 

method described by CoffYnann and Garcia (1977). Protein was dispersed 



in 20 ml of distilled water to form a 0.5% protein concentration (w/v). 

The initial pH was determined and the dispersion titrated to pH 3.0 

with 0.1 N hydrochloric acid or to pH 10.0 with 0.1 N sodium hydroxide. 

Titration curves were prepared and the buffering cpapcity of the sanples 

were calculated for 0.5 pH change by the equation of Morr, Swenson and 

Richter (1973). 

mg of titrant 
~ wt. of protein (g) x pH 

Gelation 

The basis for this test was taken from the work of Circle et 

al. (1964). A series of solutions at 2, 3, 4, 5, 6, 7, 8, 10, 12, 

and 14% concentrations for each protein concentrate was added to glass 

stoppered tubes. The tubes were heated to 75-80°C for 30 minutes in a 

water bath, then were placed in test tube racks in ice and left in a 

cold room (4°C) for 60 minutes. At the end of this time interval, the 

racks were removed from the ice, and each tube was shaken to test the 

stability of the gel. Those tubes containing stable gels were inverted 

and left in the rack at room temperature for 30 minutes. The results 

were reported in terms of the lowest concentration of protein that 

remained stable after 30 minutes at room temperature. 



CHAPTER 4 

RESULTS AND DISCUSSION 

The results reported on physical and functional properties of 

jojoba proteins were collected from meal from both intact seed and seed 

from which the seed coat had been removed. These were identified as 

jojoba meal (JM) and decorticated jojoba meal (DJM), respectively. The 

discussion of the results involved comparisons between either the dif

ferent classes of proteins obtained from the same meal or the same class 

of protein concentrate from the 2 different seed meals. The seeds used 

in this study contained 47% lipid. The hexane defatted meals had 24% 

protein on a dry weight basis. These results compare favorably with 

the 26-32% of Yermanos (1974), 20-25% of Cotgageorge, and 16-29% of 

Samano. 

Extraction and Purification of Jojoba Proteins 

Preparation of a protein isolate from defatted jojoba seed meal 

by alkaline extraction using sodium hydroxide (solutions varied from 

0.05 to 1.0 N) as an extractant was attempted. This was shown to be 

unsuitable because of the high amounts of polyphenolic compounds (tannins) 

extracted along v/ith the proteins even when the seed coats were removed 

and the DJM was used. Those conpounds we re not separated from the pro

teins by physical processes such as acid precipitation with hydrochloric 
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acid at pH 4.0 or by dialysis against sodium phosphate or sodium car

bonate buffers. A smaller amount of tannins was extracted by calcium 

hydroxide solutions which are used in large scale extraction of soy

bean proteins (FAD, 1971), however, low protein yield (9 to 15% was 

observed. 

Jojoba proteins were extracted from the defatted meals sequen

tially and selectively with water, sodium chloride, ethyl alcohol, and 

calcium hydroxide solutions producing 4 protein concentrates with 

virtually no tannins in them. The amount of protein extracted ranged 

from 55 to 60% of total protein in the meal. This is the same range 

found for soybean proteins extracted under similar conditions. Sixty-

five percent of the proteins was the albumin concentrate, 21% in the 

globulin fraction, 8% in the prolamine, and 6% in the glutelin con

centrates . 

Comparison between the values obtained for JM and DJM showed that 

there was no loss of proteins during seed coat removal (Table 1). The 

degree of purification of the protein concentrates varied from 5C% for 

the globulin concentrate to 87% for the albumins depending upon the 

method used and the number of purification steps. Comparison of the 

micro-Kjeldahl and Nessler's reagent methods gave similar results. 

Amino Acid Composition of Jojoba Seed Meal and Protein Concentrates 

The composition of the jojoba meal (JM) and protein concentrates 

were very similar to those from DJM (Fig. 4, Table 2). Similarity was seen 



Table 1. Total Protein of Jojoba Concentrates (%) 

Sample Kjeldahl Nessler 

Jojoba meal 23 .70 22 .30 

Decorticated jojoba meal 24 .59 22 .47 

Albumins JM 84 .63 82 .23 

Albumins DJM 87 .16 78 .02 

Globulins JM 60 .76 60 .43 

Globulins DJM 50 .00 48 .01 

Prolamines JM 72 .70 60 .06 

Prolamines DJM 70 .80 66 .42 

Glutelins JM 52 .30 52 

O
J 1—
1 

• 

Glutelins DJM 54 .25 53 .24 
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Table 2. Approximate percentages of amino acid in jojoba seed meals and jojoba protein concentrates. 

Amino Acid (g/16g N) 
Sairple Lys His Arg Asp Thr Ser Glu Pro Gly Ala Cys Val Met He Leu Try Phe 

DJM 5.1 2.6 8.4 11.5 5.9 4.7 13.2 5.5 9.1 4.8 3.4 6.9 0.8 4.5 8.1 4.6 5.2 

JM 6.6 3.0 9.9 13.9 6.8 5.4 14.9 6.4 10.2 5.3 3.5 7.8 0.4 5.2 8.9 5.2 6.3 

Albumin DJM 3.5 2.1 8.0 10.9 5.1 3.9 10.3 4.3 6.7 3.0 3.3 5.9 0.8 3.8 6.9 4.3 4.3 

Albumin JM 3.5 1.8 7.8 10.8 5.0 3.3 10.1 5.0 6.2 2.9 3.2 5.5 0.8 3.4 6.3 4.1 4.0 

Globulin DJM 4.7 2.5 9.8 12.8 6.0 5.0 12.9 4.3 10.1 3.8 5.0 6.8 0.9 4.4 8.0 5.7 5.1 

Globulin JM 4.1 1.8 9.6 11.6 5.4 4.1 12.7 4.7 8.5 3.2 5.2 6.7 0.8 3.8 8.1 5.4 4.8 

Prolamine DJM 4.3 2.2 9.5 11.9 6.3 4.3 12.9 6.7 9.5 3.3 8.2 7.1 1.0 4.1 8.5 5.9 5.1 

Prolamine JM 6.1 2.9 12.1 15.5 7.8 6.5 15.5 7.7 13.1 4.5 7.5 7.7 1.4 5.1 9.4 7.1 6.2 

Glutelin DJM 4.5 3.1 9.4 13.0 6.9 5.1 14.3 6.6 13.5 4.1 4.0 7.2 1.4 4.2 7.8 7.1 5.1 

Glutelin JM 2.7 1.8 7.3 11.5 4.9 3.1 9.9 5.2 6.0 2.7 1.9 5.6 0.7 3.7 6.7 3.7 4.3 

CO 
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when protein concentrates from the same meal were compared. In this 

case a few variations were observed, for example, the amount of cysteine 

in albumins and glutelins was lower than that in the globulin and pro

lamine concentrates. The characteristic pattern of the fractions was 

found to be a relatively high amount of arginine (7 to 12%), aspartic 

acid (11 to 15%), glutamic acid (10 to 15%), and glycine (6 to 13%). 

There was also substantial amounts of leucine (6 to 9%). The first 

limiting amino acid was methionine (0.6 to 1.2%). 

As compared with the whole egg protein (FAO Pattern, 1973-Table 3) 

the essential amino acids in the albumins showed lower levels of lysine, 

leucine, methionine, phenylalanine, and isoleucine; the globulins and 

glutelins showed lower levels of lysine, methionine, and isoleucine. 

The prolamine and jojoba meal were lower in methionine and isoleucine. 

Comparison with plant proteins (Table 3) show that the methio

nine content was lower in jojoba proteins; the lysine content in al

bumins, globulins and glutelins was lower than in com germ, soybean 

meal, and wheat germ; and that the threonine and valine contents were 

lower than in com gluten. Concentration of other amino acid in 

jojoba meal or jojoba protein concentrate was higher or similar to that 

of the whole egg protein or proteins from plant sources. 

Chromatographic Analysis of Jojoba Proteins 

Column chromatography separation was used to characterize in

dividual proteins within each group of the jojoba purified proteins. 

The separation of proteins using Sephadex G-100 for gel filtration is 



Table 3. Percentage of nutritionally essential amino acids in various proteins. 

ANIMAL SOURCE a Lys Leu Met Thr Phe Val He 

r-T"rrM i.i• i sm 

Arg Phe 

Whole egg (FAO) 6.3 9.0 3.1 5.0 6.0 7.4 6.8 6.4 2.1 

Whole milk (FAO) 7.8 9.9 2.4 4.6 4.9 6.9 6.4 4.3 2.5 

Casein 6.9 12.1 3.5 3.9 5.2 7.0 6.5 4.1 2.5 

PLANT SOURCE a 

Com gluten 1.1 4.9 4.0 24.7 6.6 24.5 4.6 3.1 1.7 

Com germ 5.8 3.7 2.3 6.7 5.6 - 5.8 6.2 2.7 

Soybean meal 5.8 6.6 2.0 4.0 5.7 4.2 4.7 5.8 2.3 

Wheat flour 1.9 9.1 3.0 2.7 5.5 5.0 4.5 3.9 2.2 

Wheat germ 6.4 7.4 2.0 3.8 4.2 4.1 3.0 6.0 2.5 

JOJOBA CONCENTRATES 

Albumins 3.5 6.8 0.8 5.0 4.3 5.9 3.6 7.9 2.0 

Globulins 4.5 8.0 0.8 5.5 5.1 6.7 4.2 9.6 2.5 

Prolamines 5.8 9.0 1.2 7.5 6.0 7.3 5.0 12.0 2.5 

Gluteiins 4.5 7.5 1.2 6.5 5.0 6.8 4.0 9.4 2.5 

Jojoba meal 6.5 8.5 0.8 6.5 6.2 7.5 5.0 8.3 2.5 

a Data from Ockerman (1978) 



dependent on the size (molecular weight) of the molecules; separation 

using ion-exchange gels such as diethyl-amino-ethyl Sephadex, and car-

boxy-methyl Sephadex is related to the change of the molecules (Phar

macia Fine Chemicals, 1970; Freeman, 1973). Figure 5 is a represen

tation of the chromatogram of the standards used for estimation of the 

molecular weight of jojoba seed proteins. 

Chromatography of Albumins 

Column and ion-exchange chromatography (Fig. 6 and 7) show that 

at least five kinds of albumins are present in the concentrates from 

JM and DJM (Table 4). Three different molecular weight species were 

identified from chromatograms of gel filtration of albumines from JM, 

while 4 different species were identified for albumins from DJM (Fig. 8). 

Chromatography of Globulins 

Ion-exchange chromatograms of globulins from JM and DJM showed 

that at least 8 kinds of globulins were present in the concentrates 

(Fig. 9). Three different molecular weight species were identified 

from gel filtration chromatograms of globulins from JM (Table 4), while 

4 different species were identified for globulins from DJM (Fig. 10). 

Chromatography of Prolamines 

Ion-exchange chromatography of prolamines showed that there was 

a minimum of 8 kinds of prolamines present in concentrates from JM and 

DJM (Fig. 11). Gel filtration results indicate that there were at least 

3 prolamines in protein concentrates from JM and DJM (Fig. 12; Table 4). 
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Figure 5. Chrorriatogram of standards. Gel filtration on Sephadex G-100. 
(1) bovine gamma-globulin, (2) lactage dehydrogenase, (3) malate 
dehydrogenase, (4) bovine serum albumin, (5) trypsin, (6) soy
bean trypsin inhibitor. 
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Figure 6. Chromatogram of JM and DJM albumins from ion-
exchange chromatography on DEAE-Sephadex A-25. 
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Figure 7. Ion-exchange chronatography of DJM albumins on DEAE-Sepha-
dex A-50. 
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Table 4. Molecular weight of the protein constituents of jojoba seed meal concentrates -
Molecular sieve chromatography 

Jojoba Meal (JM) 

Concentrate Peak # Ve/Vo M x 10 
-3 

Decorticated Jojoba Meal (DJM) 

Peak # Ve/Vo M x 10~3 

Albumins 1 

2 

3 

1.00 

1.78 

2.90 

150.0 

93.0 

37.0 

1 

2 

3 

4 

1.00 

1.28 

2.45 

3.70 

150.0 

140.0 

54.0 

19.0 

Globulins 1 

2 

3 

1.00 

1.90 

3.02 

150.0 

85.0 

33.0 

1 

2 

3 

4 

1.33 

2.00 

2.45 

3.75 

129.0 

78.0 

54.0 

18.0 

Prolamines 1 

2 

3 

1.20 

2.28 

3.68 

148.0 

63.0 

19.0 

1 

2 

3 

1.29 

2.50 

4.27 

141.0 

50.0 

12.0 

Gluteiins 1 

2 

3 

1.00 

2.04 

3.21 

150.0 

76.0 

28.0 

1 

2 

3 

4 

1.00 

1.62 

2.35 

3.10 

150.0 

105.0 

58.0 

30.0 



RETENTION TIME (hrs) 

Figure 8-. Chromatogram of JM and DJM albumins from gel-
filtration on Sephadex G-100. 
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Figure 9. Ion-exchange chromatography of JM and DJH globulins 
on DEAE-Sephadex A-25. 
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Figure 12. Chromatogram of gel filtration of JM and DJM 
prolamines on Sephadex G-100. 
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Chromatography of Glutei ins 

The results of gel filtration show that 3 molecular weight 

species were present in the concentrate from JM and 4 species in the con

centrate from DJM (Fig. 13, Table 4). The chromatograms of ion-exchange 

chromatography showed that at least 5 kinds of glutei ins are present in 

the concentrates from JM and DJM (Fig. 14). 

Chromatography of Jojoba Proteins 

Kinsella (1976) stated that there is need to systemtically 

study the physicochemical properties of proteins. He also mentioned 

that physical measurements of actual conformation were necessary to 

determine what correlations exist between conformation and function

ality. However, this kind of study on the characteristics of seed pro

teins was shown to be a long and laborious process. 

Soybean proteins, the ones most extensively studied and used by 

the food industry, are still being characterized. Catsimpoolas (1969a, 

1969b, Catsimpoolas and Meyer, 1968, Catsimpoolas et al. 1969) showed 

that soybean protein analyzed by means of disc electrophoresis on poly-

acrylamide gel, double gel imrnunoelectrophoresis in agar gel, exhibited 

4 components: alpha, beta, garrma-conglycinin (2 and 7S sedimentation 

components), and glycinin (lis component). Glycinin, the major compo

nent (IIS) was found to contain at least 12 polypeptide chains, 8 of 

which end in glycine, 2 in phenylalanine, and 2 in either leucine or 

isoleucine. After studying the isolation and characterization of major 

components of soybean seed proteins Hill and Breideribach (1974) concluded 
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Figure 13. Gel filtration of JM and DJM glutelin con
centrates on Sephadex G-100. 
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that relatively few proteins make up the bulk of the seed protein. 

They reported that 3 sedimenting classes of proteins were found, with 

sedimentation coefficients of 2.2S, 7.5S, and 11.8S. Recent isolation 

of individual components of soybean proteins allowed the identification 

of the 7S globulin as beta-conglycinin (Koshiyama and Fukushina, 1976) 

and determining the reversibility of dissociation of beta-conglycinin 

(Thanh and Shibasaki, 1979). 

Besides soybean, many other seeds are being studied as potential 

protein sources. Youle and Huang (1979) described 3 major types of pro

teins in cottonseeds, having sedimentation values of 2S, 5S, and 9S. 

The 5S and 9S proteins were typical globulin storage proteins and had 

similar amino acid compositions. They also concluded that the 2S 

proteins were albumins and were also storage proteins. 

Baudet and Mosse (1977) isolated 3 groups of proteins from sun

flower meal by using chromatography on Sephadex G-50 and Sephadex G-200. 

The "light" (low molecular weight) albumins were very homogeneous with 

a molecular weight of 14,000. "Heavy" albumins with a molecular weight 

of 48,000 were still mixed with the globulin fraction. The globulins 

were composed of at least 4 different fractions, 2 of which were pre

sumed to be subunits of the other 2. These results were recently con

firmed by Rahma and Narasinga Rao (1979) using gel filtration on Sepha-

rose 6B-100 and chromatography on DEAE-cellulose. Sedimentation velocity 

experiments showed that the sunflower meal contained 3 protein fractions 

of 2S, 7S, and lis, whereas an additional fraction of 16S was found in a 
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chlorogenic acid-free meal. 

Chromatographic techniques were used as the initial step on 

characterization of proteins from defatted jojoba seed meals. Chroma

tography of jojoba protein concentrates showed that: (1) molecular 

weights ranged from 11,000 to 150,000 daltons for all classes; (2) the 

5 possible kinds of albumins present in the concentrates were found in 

3 or 4 different groups of molecular weight species. Association-

dissociation properties of subunits during the process of decoating the 

seeds may be the cause for variation between JM and DJM concentrates; 

(3) the 8 globulins found by ion-exchange chromatography were also 

present in 3 or 4 different molecular weight species as well as in the 

albumins discussed earlier; (4) the prolamines seemed not to be affected 

by the decoating process, and the 8 prolamines identified by ion-exchange 

chromatography were found in 3 groups of molecular weight species; 

(5) the glutelins as well as the albumins and globulins were affected by 

the decoating process, and the 5 glutelins found by ion-exchange were 

present in 3 or 4 groups of molecular weight species. Sedimentation and 

electrophoresis studies may provide even farther information about 

jojoba proteins. 

Functional Properties of Jojoba Protein Concentrates 

Functional properties of proteins may be defined as any physico-

chemical property that promotes modification in food processing and 

affects the quality attributes of the final food product. Very charac

teristic examples are the visoelastic properties of wheat gluten in 



leavened bread, and the foaming property of egg albumin in cakes. The 

functional properties of proteins in food are dependent on the source 

of the protein, method of isolation, chemical or enzymatic modification, 

and conditions of processing such as temperature, pH, concentration of 

the protein, and ionic strength. Some functional properties of jojoba 

proteins are reported in the present study. 

Nitrogen Solubility 

The solubility profile is an excellent index of protein func

tionality. Solubility as a function of pH allows selective precipita

tion of proteins to form structured products such as analogs of meats, 

cheese, and yogurt. Several terms have been used to designate solu

bility of food proteins for corrmercial purposes. PDI (protein dispersi-

bility index) and NSI (nitrogen solubility index) are commonly employed 

by the American Oil Chemists'Society in their official methods. However, 

these are subject to several sources of error (Kinsella, 1976). The 

nitrogen solubility described by Betschart (1974) was used to calculate 

the solubility of jojoba proteins. She showed that solubility data 

(pH profile) obtained by laboratory methods on 100 mg of protein were 

adequate for extrapolation to large batches. 

Minimum solubility of all jojoba protein concentrates occurred 

in the region of pH 3.0 to 4.0 (Figs. 15 and 16). In this pH range, 

the glutelin concentrates were the least soluble (9.8% JM and 12.0% 

DJM), followed by prolamines (25.2% JM and 22.5% DJM), globulins 

(28.4% JM and 27.6% DJM), and albumins (47.0% JM and 48.9% DJM). The 



100 

0 
w 80 
N 
_J -m 
:J 60 _J 

0 
CJ) 

z 
~ 

40 

20 

0 0 Albumins 

• ca Globulins 

• • Prolamines 

Glutei ins 

20 4.0 6.0 8.0 IQO 12.0 

pH 

Figure 15. Percent N solubility of JM ·proteins. (Total% protein 
by Kjeldahl.) 

(Jl 
1---' 



0 w 
~ 
_J 

m 
3 
0 
(/) 

z 
~ 

100 

80 

6·0 

40 
I \l\ 1 r / 

0 0 Albumins 
e " Globulins 

20 ~ 
,. I • • Prolamines 

A A Glutei ins 

00 2.0 4.0 6.0 8.0 10.0 12.0 

pH. 

Figure 16. Percent N , sdlubili ty of DJM proteins (Total % protein 
by Kjeldahl.) 

Ul 
I\) 



53 

solubility of all jojoba protein concentrates decreased between pH 2.5 

and 4.0. Solubility of albumins and glutelins was maximum (98%) above 

pH 10.0. Solubility of prolamines and globulins increased gradually to 

8% at the same pH value. 

The nitrogen solubility of jojoba protein concentrates (76 to 98%) 

determined by the method described by Betschart (1974) was superior to 

those published for soy (33%) and alfalfa protein concentrate (72%). The 

solubility of albumin and glutelin concentrates at pH above 4.0 were simi

lar to those of soybean, sunflower (Sosulsky and Fleming, 1977), and mung 

bean (Cofflnan and Garcia, 1977) protein isolates, and higher than that of 

alfalfa]eaf protein (Wang and Kinsella, 1976a), and oat (Wu et al. 1977), 

which were in the same range (76 to 80%) of solubility of jojoba globu

lins and prolamines. 

Fat Absorption 

Fat absorption, a measure of a protein's fat-binding ability, is 

important in the doughnuts and sausage making industries. Certain pro

tein, by physically entrapping fat, can impart a desirable character to 

foods and are partially responsible for several textural and sensory 

properties of those foods. 

The results show that the jojoba albumins had the highest values 

(ml of oil/g of concentrate) for fat absorption varying from 4.0 (JM) to 

4.3 (DJM) (Fig. 17). The jojoba globulins and prolamines were in the same 

range of 3.2 to 3.6, whereas the glutelins showed the lowest values, 

around 2.5. All of the jojoba protein concentrates showed higher values 

of fat absorption than soybean flour, soy isolate, and wheat flour. The 
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results for sunflower proteins were similar to those for jojoba glutelin 

concentrate, whereas the alfalfa leaf proteins (ALP) had values of fat 

absorption similar to that of jojoba albumins. 

Foamability 

The capacity to form stiff, stable foam is an important require

ment for proteins. In the domestic market proteins produce the special 

effects found in angel food cakes, whipped toppings, desserts, and 

souffle--like products. This capacity can be measured by whippability 

(volume of foam after the use of whipping/blending force) or by foama

bility (volume of foam after mixing/agitation of dilute protein dis

persion) . The latter method was used in this study because less pro

tein was required. 

Foam expansion was considered as the volume of foam 30 seconds 

after the agitation, while foam stability was measured by volume de

crease of foam after 30 minutes. There are no distinct differences in 

foaming properties between JM and DJM concentrates, and the foam property 

differences found for the various protein concentrates from DJM were the 

same as those from JM concentrates (Table 5; Figs. 18 and 19). The pro

lamines and the glutelins showed low foam expansion and very low or no 

foam stability when compared with the albumin and globulin concentrates 

and the ovalbumin and bovine serum albumin standards (Bannore, 1934; 

Henry and Barbour, 1933; Bailey, 1935). The albumin concentrates showed 

similar foam expansion and higher foam stability than the standards, 
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whereas the globulin concentrates showed similar foam expansion but 

lower foam stability. 

Brnulsification 

The emulsifying activity of the albumin DJM concentrate (Fig. 20) 

was slightly higher than that of the JM concentrate whereas both of the 

globulin concentrates showed the same activity. Similar activity was 

found when globulins were compared with the albumin DJM fraction. 

Prolamine and glutelin concentrates showed very little emulsifying action. 

The results for jojoba albumin and globulin concentrates were 

in the same range of the emulsifying activity of alfalfa leaf proteins 

(ALP), soybean isolates (Wang and Kinsella, 1976a), and oat isolates 

(Wu et al. 1977), except for one soy isolate (Promine D) that was higher 

than all others. Additional heating (80°C for 30 min) and recentrifuga-

tion of the emulsion formed after determination of emulsifying activity, 

revealed that 85% or more of the original emulsified layer for albumins 

and globulins remained stable after treatment, and that less than 40% 

of the prolamine and glutelin concentrates remained stable. 

The emulsion stability of jojoba albumins and globulins were 

similar to those of alfalfa leaf protein, promosoy and oat isolates. 

The emulsion stability value for albumins from DJM was again higher 

than those of albumin from JM and globulin concentrates (Fig. 21) 

emulsion stability values for prolamines and glutelins were again 

extremely low. 

The emulsifying capacity of the albumin and globulin concen

trates were very similar (Fig. 22). The prolamine and glutelin 
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concentrates showed very low values. Data was not available for soy 

and oat proteins, but the values for alfalfa leaf proteins were higher 

than or similar to those from jojoba proteins. Albumin and globulin 

concentrates showed good emulsifying properties and were comparable to 

those from soybean, oat, and alfalfa leaf proteins, whereas glutelins 

and prolamines were shown to be very poor emulsifying agents. Those 

low emulsifying properties of the prolamine and glutelin concentrates 

may reflect the lower lipid (lipoprotein) level in the fractions, or 

they may result from a lower amount of soluble proteins in those sanples 

resulting in incomplete encapsulation of the fat droplets and the for

mation of an unstable emulsion. 

Gelation 

Albumin concentrates consistently gelled upon application of 

heat at protein concentrations of 7, 8, 10, 12, and 14% (Table 6). Gels 

of 7 and 8% were softer than gels of 10 and 12% protein, whereas the 

14% protein gels were very stiff. Samples ox' 6% protein were viscous 

but did not gel. 

Protein concentrations of 10, 12, and 14% of globulins gelled 

consistently upon application of heat. Gels of 10 and 12% protein 

were softer than the very stiff gels of 14% protein. 

The prolamine and glutelin concentrates from both JM and DJM 

did not show gel formation even at the highest protein concentration 

used (14%). A coagulum was formed at 10, 12, and 14% protein, but it 

was not strong enough to prevent gel disruption and slippage when the 

test tube was inverted. 



Table 6. Gelation properties of JM and DJM albumin and globulin concentrates. 

!onc. Albumins JM Albumins DJM Globulins JM Globulins DJM 
1 P* Gelation LCE Gelation LCE Gelation LCE Gelation LCE 

2 - liquid - liquid - liquid - liquid 

3 - liquid - liquid - liquid - liquid 

4 - liquid - liquid - liquid - liquid 

5 - liquid - liquid - liquid - liquid 

6 - viscous - viscous - liquid - liquid 

7 + gel + gel - liquid - liquid 

8 + firm gel + firm gel - viscous - viscous 

10 + firm gel + firm gel + gel + gel 

12 + + firm gel + + firm gel + gel + gel 

14 + + firm gel + + firm gel + + firm gel + + firm gel 

* °/<P - percent of protein 



Maximum viscosity of sodium soy proteinate was reported by Circle 

et al. (1964) as being reached under the following conditions: 8% pro

tein at 100°C for 30 minutes, 10% protein at 100°C for 45 minutes, 

and 12% protein at 100°C for 60 minutes. If the time was held constant 

higher protein concentrations required higher incubation temperature to 

attain maximum viscosity. By comparison, gel formation of 7% jojoba 

albumin concentrate or 10% globulin concentrate heated at 80°C for 30 

minutes appeared to indicate exceptional gelling ability. 

Buffering Capacity 

The high buffering capacity of all jojoba protein concentrates 

was recorded at the titration extremes of pH 2.5 and 11.0 (Figs. 23, 24 

and 25). Aside from these extremes, only the albumin concentrates 

showed buffering action, the albumins from JM at pH 4.0 and 10.5, and 

the albumins from DJM between pH 6.0 and 7.0 and pH 8.5 and 10.0 

(Fig. 23). All the other concentrates showed no buffering action be

tween pH 3.0 and 10.5. The buffering capacity of jojoba protein concen

trates were very low and any buffering influence they may exert when 

incorporated into foods would be minimal. 

Functional' Properties of Jojoba Proteins - Comments 

This initial study of the functional properties of jojoba pro

tein concentrates indicated that there is no appreciable difference in 

behavior between the concentrates from jojoba seed meals. The results 

indicate that the prolamine and glutelin concentrates seem to have very 
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limited use. Those concentrates showed good solubility and fat absorp

tion, but very poor foamability and emulsion properties. On the other 

hand, the applicability of albumin and globulin concentrates to food 

and feed systems appears to be very good. They behave similarly or, in 

a few instances, better than protein systems that are already in use by 

the food industry, such as soybean, sunflower, and oat protein isolates 

The many 'types of commercially available soy protein products 

have gained acceptance as fortifiers, conditioners and ingredients in 

a variety of foods such as pastries, breakfast cereals, meat and 

meat products, soup mixes, infant food formulations and special dietary 

items. The largest area of utilization is, however, in processed 

comminuted meat products, particularly in sausage and related items. 

The possibility of making totally new forms of foods from vegetable 

proteins has been established and meat-like products, simulating chicken, 

beef and ham have been developed from soy proteins (FAD, 1971). 

Since food proteins are usually composed of several discrete 

proteins each with different properties, the functionality associated 

with certain protein preparations may not reflect the properties of the 

total proteins. Many test model systems are required to determine the 

suitability of a new protein for specific applications. As an example, 

model systems for evaluating the suitability of a protein for a beverage 

should be designed to test solubility as a function of protein concen

tration, pH, ionic strength, temperature, storage conditions, clarity, 

off flavor development, stability in the presence of flavorants, and 
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color stabilizers (Kinsella, 1976). 

Even though many other tests should be done, it seems that the 

application of jojoba seed proteins in the food industry has excellent 

potential. The nitrogen solubility profiles suggests the use of jojoba 

seed proteins in production of beverages or by selective precipitation 

in formation of structured products such as meat, cheese, and yogurt 

analogs. Use in doughnut and sausage products is suggestive from fat 

absorption characteristics. The results found for foamability, emulsi-

fication, and gelation suggest the use of jojoba albumin and globulin 

concentrates in food cakes, whipped topping, desserts, souffle-like 

products, and in the meat industry. 

The need for the development of improved standardized methods 

and techniques for measuring protein functionality is apparent. Few 

standardized methods exist, consequently comparison of data from dif

ferent proteins is very limited and difficult. Therefore, systematic 

evaluation of functional properties of novel proteins that could simu

late or replace conventional proteins is presently corrplicated by the 

large number of methods used. 

This was an initial study on jojoba proteins; more detailed and 

specific research involving the testing of other functional properties 

using traditional improved techniques such as protein modification, 

an intentional alteration of protein structure by physical, enzymatic, 

or chemical agents is recommended to discover and improve the functional 

properties of jojoba protein concentrates and their applicability for 

food and feed uses.. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Defatted jojoba seed meals were prepared from the whole, intact 

seeds (JM) and from seeds which had their seed coats removed prior to 

oil extraction (DJM). Both meals contained about 24% protein. This 

was indicative that the proteins were not lost during the decoating 

process. 

The proteins of both meals were separated by classical methods 

and protein concentrates were obtained by purification using repeated 

solvent extractions, dialysis, precipitation, and freeze drying. It 

was found that the major jojoba proteins were albumins. These consti

tuted 65% of total proteins. The globulins comprised 21% and pro

lamines and glutelins accounted for 8 and 6%, respectively. 

Arginine, aspartic acid, glutamic acid, and glycine were the 

major amino acids in jojoba proteins. The composition in essential 

amino acids of jojoba proteins was satisfactory as compared with the FAD 

pattern, with the exception of lysine, methionine, and isoleucine. As 

canrpared with other plant proteins, the amino acid conposition of jojoba 

proteins v/as lower in methionine, and similar or higher in the other 

amino acids. The amino acid composition of jojoba seed meal (from in

tact seeds - JM) and its concentrates were very similar to those jojoba 

seed meal and concentrate from decorticated seeds (DJM). 
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Chromatographic analysis shewed that some structural changes 

might have occurred during the dehulling process. Gel filtration 

chromatograms of albumins, globulins, and glutelins showed that at 

least one more fraction was present in protein concentrates from DJM 

when they were compared with those from JM. The number of fractions 

obtained from ion-exchange chromatography of proteins from both jojoba 

seed meals was the same. This indicates that the reaction of associa-

tion-dissociation of subunits may have occurred during the process of 

dehulling. The prolamines were not affected. 

The study on functional properties showed that the albumins 

and globulins from jojoba showed good solubility, foamability, gelation, 

and emulsifying properties. This may recommend their use in foods such 

as.meat, cheese, and yogurt analogs, beverages (solubility), sausages 

and doughnuts (fat absorption), whipped toppings, frozen desserts, 

meringues, cakes (foamability), mayonnaise, soups, and pastries (emulsi-

fication). The applicability of prolamines and glutelins to foods 

seemed to be very limited. Structural differences exist between pro

teins from JM and DJM; however, no appreciable differences were found 

when their functional properties were compared. 



LIST OF REFERENCES 

Altschul, A.M. 1958. Processed Plant Protein Foodstuffs. 1st ed. 
Academic Press, New York, N.Y. 

Altschul, A.M. 1974. New Protein Foods. Vol. 1A, Academic Press, 
New York, N.Y. 

Autret, M. 1970. World protein supply and needs. In Proteins as 
Human Food. R.A. Lawrie, Avi Ed., Westport, Connecticut. 

Bailey, M.I. 1935. Foaming of egg white. Ind. Eng. Chem. 27:973. 

Barmore, M.A. 1934. The influence of chemical and physical factors on 
egg white foams. Colo. Agric. Exper. Stn. Tech Bull. 9. 

Baudet, J. and J. Mosse, 1977. Fractionation of sunflower seed pro
teins. J. Oil Chem. Soc. 54:82A-86A. 

Betschart, A.A. 1974. Nitrogen solubility of alfalfa protein con
centrate as influenced by various factors. J. Food Sci. 
39:1110-1114. 

Bio-Rad Laboratories, 1980. Chromatography, electrophoresis, af
finity chromatography, immunochemistry, and HPLC. Bio-Rad 
Laboratories ed., Richmond, California. 146 pp. 

Booth, A.N. 1973. Jojoba oil and subacute toxicity study with rats. 
In Jojoba and its use. E.F. Haase and W.G. McGinnies (ed.) 
An International Conference. 73-74. 

Booth, A.N., C.A. Elliger and A.N. Waiss, 1974. Isolation of toxic 
factor from jojoba meal. J. Life Sci. 15:1115-1120. 

Bradford, M.M. 1976. A rapid and sensitive method for the quantitation 
of microgram quantities of protein utilizing the principle of 
protein dye binding. Anal. Biochem. 72:248-254. 

Catsimpoolas, N. 1969a. Isolation of glycinin subunits by isoelectric-
focusing in urea-mercaptoethanol. FEBS Lett. 4:259-261. 

Catsimpoolas, N. 1969b. A note on the proposal of an immunochemical 
system of reference and nomenclature for the major soybean 
globulins. Cereal Chem. 46:369-372. 

73 



74 

Catsimpoolas, N., T.G. Campgell, and E.W.Meyer, 1969. Association-
dissociation phenomena of glycinin. Arch. Biochem. BiODhys. 
313:577. 

Catsimpoolas, N. and E.W. Meyer, 1968. Irrrnunochemical study of soybean 
proteins. Agric. Food Chem. 16:128-131. 

Cerletti, P., A. Fumagalli, and D. Venturin, 1978. Protein composition 
of seeds of Lupinus albus. J. Food Sci. 43(5):1409-1414. 

Circle, S.J., E.N. Meyer, and R.W. Whitney, 1964. Rheology of soy pro
tein dispersions. Effect of heat and other factors on gelatin. 
C ereal Chem. 41:157. 

Cofffran, C.W. and V.V. Garcia, 1977. Functional properties and amino 
acid content of a protein isolate from mung bean flour. J. 
Food Tech. 12:473-484. 

Cotgageorge, A.G., C.W. Weber, B.L. Reid, and R.L. Price, 1978. De
toxification of jojoba seed meal. In Proceedings of the 3rd 
International Conference on Jojoba. D.M. Hermanos (ed.), 
Riverside, California. 

Elliger, C.A., A.C. Waiss, Jr., and A.N. Booth, 1975. Detoxification 
of jojoba meal. United States Patent 3,919,432. 

FAD (Food and Agriculture Organization of the United Nations), 1971. 
Technology of production of edible flours and protein products 
frcm soybean. Agricultural Services Bulletin No. 11. Rome, 
Italy. 

FAD/WHO (Food and Agriculture Organization/World Health Organization), 
1973. Energy and protein requirements. FAD Nutrition Meeting 
Report Series No. 52, WHO Technical Report Series 522. Rome, 
Italy. 

Feeney, R.E. and J.R. Whitaker, 1977. Food Proteins - Improvement 
through chemical and enzymatic modification. 1st ed. American 
Chemical Society, Washington, D.C. 

Freeman, D.H., 1973. The gels for liquid chromatography. J. Chromat. 
Sci. 11:175-180. 

Galyean, R.D. and J.A. Laney, 1980. Sodium dodecyl sulfate-polyacry-
lamide gel electrophoresis of chromatographically fractionated 
egg white. J. Food Sci. 45(3):460-462. 

Greene, R.A. and E.D. Foster, 1933. The liquid wax of seeds of Sim-
mondsia californica. J. Bot. Gaz. 94:826-828. 



75 

Henry, W.C. and A.D. Barbour, 1933. Beating properties of egg white. 
Ind. Eng. Chem. 25:1054. 

Hill, J.E. and R.W. Breidenbach, 1974. Protein of soybean seeds. 1. 
Isolation and characterization of the major components. Plant 
Physiol. 53:742-746. 

Ishino, K. and S. Ikamoto, 1975. Molecular interaction in alkali de
natured soybean proteins. Cereal Chem. 52:9. 

Kelley, J.J. and R. Pressey, 1966. Soybean protein and fiber formation. 
Cereal Chem. 43:204. 

Kinsella, J.E., 1976. Functional properties of proteins in foods: A 
survey. Critical Rev. Food Sci. 4:219-280. 

Koshiyama, I. and D. Fukushima, 1976. Identification of the 7S glo
bulin with beta-conglycinin in soybean seeds. Phytochem. 
15:157-159. 

Kunori, T. and B. Sullivan, 1968. Dissulfide sulfhydryl interchange 
studies of wheat flour. 2. Reaction of glutathione. Cereal 
Chem. 45:486. 

Lawhon, J.T. and C.M. Carter, 1971. Effect of processing method and 
pH of precipitation on the yields and functional properties 
of protein isolates from glandless cottonseed. J. Food Sci. 
36:372. 

Lyn, M.J.Y. and E.S. Humbert, 1974. Certain functional properties of 
sunflower meal products. J. Food Sci. 39:368-370. 

Morr, C.Y., Swenson, P.E., Richter, R.L., 1973. Functional Character
istics of whey protein concentrates. J. Food Sci. 38:324-330. 

National Academy of Sciences (NAS), 1975. Products for jojoba: A 
promising new crop for arid lands. Committee on Jojoba Utili
zation, Washington, D.C. 30p. 

Neucere, N.J. and G. Sumrell, 1979. Protein fractions from 5 varieties 
of grain sorghum: Amino acid composition and solubility proper
ties. J. Agric. Food Chem. 27(4):809-812. 

Ockerman, H.W., 1978. Source Book for Food Scientist. The AVI Pub
lishing Company, Inc., Westport, Connecticut. 

Official Methods of Analysis of the AOAC, 11th edition, 1970. Wash
ington, D.C. 



Oser, B.L., 1965. Hawk's Physiological Chemistry. 14th edition. 
McGraw Hill Book Company, New York, N.Y. 

Pharmacia Fine Chemicals, 1970. Sephadex-Gel filtration in theory and 
practice. Pharmacia Fine Chemicals (ed.). New York, N.Y. 
61 p. 

Rahma, E.H. and M.S. Narasinga Rao. 1979. Characterization of sunflower 
proteins. J. Food Sci. 44(2):579-582. 

Reid, B.L. 1979. Professor of Nutrition and Food Science, University 
of Arizona, Tucson. Amino acid analysis and Nessler's re
agent protein determination. Personal communication. 

Samano, S.G., 1978. The effect of germination upon the wax, protein, 
and simmondsin of jojoba seeds (Sinmondsia chinensis). M.S. 
Thesis, University of Arizona, Tucson. 

Sawyer, W.H., 1969. Complex between beta-lactoglobulin and k-casein. 
A review. J. Dairy Sci. 52:1347. 

Sosulski, F. and S.E. Fleming, 1977. Chemical, functional and nutritional 
properties of sunflower protein products. J. Aner. Oil Chem. 
Soc. 54:100A-lo4A. 

Spackman, D.H., 1963. Accelerated system for the automatic analysis of 
amino acids. Fed. Proc. 22:244. 

Swift, C.E., C. Lockett, and A.J. Fryer, 1961. Comminuted meat emul
sions. The capacity of meals for emulsifying fat. Food Tech 
(Chicago) 15:468. 

Thanh, V.H. and K. Shibasaki, 1979. Major proteins of soybean seeds. 
Reversible and irreversible dissociation of beta-conglycinin. 
J. Agric. Food Chem. 27(4):805-809. 

Verbiscar, A.J., T. F. Banigan, C.W. Weber, B.L. Reid, J.E. Trei, 
E.A. Nelson, 1978. Detoxification and analysis of jojoba meal. 
In Proceedings of the 3rd International Conference on Jojoba. 
D.M. Yermanos (ed.). Riverside, California. 

Wang, J. and J.E. Kinsella, 1976a. Functional properties of novel pro
teins: Alfalfa leaf proteins. J. Food Sci. 41:286-292. 

Wang, J. and J.E. Kinsella, 1976b. Functional properties of alfalfa 
leaf protein: Foaming. J. Food Sci. 41:498-501. 

Weber, C.W. and B.L. Reid, 1975. Toxic effects of siimiondsin in grow
ing and reproducing mice. Fed. Proc. 34:226. 

Whitaker, J.R., 1963. Determination of molecular weights of proteins 
by gel filtration on Sephadex. Anal. Chem. 35:1950-1953. 



77 

Wu, Y.V., K. R. Sexson, J.E. Cluskey, and G.E. Inglett, 1977. Pro
tein isolate from high protein oats: Preparation, corrposition, 
and properties. J. Food Sci. 42(5):1383-1386. 

Yamatsu, K., K. Sawada, S. Moritaba, M. Misaki, J. Toda, T. Wada, and 
K. Ishii, 1972. Whipping and emulsifying properties of soy
bean products. Agric. Bio. Chem. 36:719. 

Yermanos, D.M., 1974. Agronomic survey of jojoba in California. Econ. 
Bot. 28(3):160-174. 

Yermanos, D.M., 1975. Composition of jojoba seed during development. 
J. Amer. Oil Chem. Soc. 52(4):115-11 . 

Youle, R.J. and A.H.C. Huang, 1979. Albumin storage protein and aller
gens in cottonseeds. J. Agric. Food Chem. 27(3):500. 


