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ABSTRACT 

Jojoba albumins and globulins were treated with jojoba tannins to 

study the protein-tannin complex formation. Trypsin and chymotrypsin 

were also treated with jojoba tannins to determine the change of 

enzymatic activity. The treated albumins and globulins were fractionated 

by gel filtration before and after treatment. Two albumin fractions did 

not appear after treatment, but a new fraction appeared with a shorter 

elution time. A precipitate was formed by addition of jojoba tannins to 

the jojoba globulins, and two globulin fractions did not appear after 

treatment. Trypsin was completely inhibited by 5.80 ~g of tannin/ml. 

Chymotrypsin was completely inhibited by 36.44 ~g of tannin/ml. 

Seven two-hour successive extractions with methanol were sufficient 

to obtain a jojoba meal which, when mixed at 15% in a ration with 

soybean, resulted in excellent growth of mice. Detannification of jojoba 
... ' ~\ 

meal with methanol and acid methanol extracted other toxicants, because 

mice fed 15% of this jojoba meal gained more weight than the control. 

Acid methanol extraction was more effective than methanol or aqueous 

extraction in removing tannins; water extracted more protein and less 

tannin. 
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CHAPTER 1 

INTR ODUCTION 

Jojoba (Simmondsia chinensis) is a shrub which yield seeds with 

high content of a liquid wax used mainly by the cosmetic industry because 

of its lubricant properties for skin and hair. But other uses are being 

investigated for the food, oil and feed industry. The cultivation of jojoba 

has spread from southwestesrn United States and northern Mexico to Brazil, 

Paraguay, Israel, and other regions of the world. 

Jojoba seeds contain substances with toxic properties including 

sim mondsin and related compounds (Booth et al., 1974), trypsin inhibitor 

(Ngoupayou, 1982) ands polyphenolic compounds including tannins (Wiseman, 

1983). 

Tannins can form complexes with proteins such as those formed in 

leather production from animal skins; Those with gelatin which precipitate; 

and those yielding precipitate or soluble complexes with other animal and 

vegetal sources. 

Tannins may be condensed or non-condensed tannins polyphenols w hie h 

are, for instance, polymers of catechin or compounds formed from a sugar 

and phenoc arboxylic acids repectively. Both types of tannins can effect 

digestibility by inhibition of digestive enzymes and by formation of 

non-digestible complexes. 



.12 
Tannins can also damage the intestinal wall when they are present in 

high concentration in food or feed. The astringency or bitterness of those 

compounds is felt by the tongue and are causes of the rejection of some 

feed or food by animals or people, thereby protecting the intestines. 

The concentration of polyphenols varies in grains and depends on type 

and variety. They are concentrated in the seed coat of certain plants, 

including sorghum, winged beans and jojoba. 

Tannins can be removed by physical or chemical means, such as 

mechanical dehulling, treatment with sodium hydroxide or extraction with 

methanol, acid methanol, ethanol, water and other solvents. A detanned meal 

is obtained which avoids the effect of these compounds on the wall of the 

intestines, digestive enzymes and proteins. 

During the removal of tannins from the seed coat and kernel of jojoba 

meal by solvents such as water and methanol, othet toxicants may also be 

extracted to yield a product with better nutritional quality. 

In this study, the ability of jojoba tannins and jojoba proteins to 

form complexes was determined. In addition, the effect of jojoba tannins on 

specific digestive enzymes was ascertained. The value of detanned jojoba 

seed meal as a protein source in the diet of mice was also ev alu ated. 
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C HAPTE R 2 

LITERATURE REVIEW 

Introduction 

Jojoba (Sim mondsia chinensis) grows naturally on arid and 

semiarid lands in the south westesrn United States and north western states 

of Mexico. Approximately sixteen thousand hectares have been planted for 

cultivation in the United States and two thousand in Mexico, in the states 

of California and Sonora (Yermanos, 1983). 

The jojoba plant produces seed after three years; maturity is 

reached in 10-12 years and the plant lives about 100 years. Jojoba 

produces in its seed a liquid wax with funtiona1 properties simi1 ar to 

whale sperm oil, although chemical differences in its compounds have been 

found, specifically in wax esters, trig1ycerides, and the numbers of double 

bonds (Hamilton, 1982; Schoo1ery and Miwa, 1984). 

T he acceptability of the jojoba oil as a cosmetic base and a high 

quality lubricant has created enthusiasm for large scale production; 

Mexico, the United States and Israel have been the successful planters of 

jojoba. Interest in these three countries toward jojoba as an industrial 

crop has been increasing due to the uncommon properties of the oil. 

Simmondsia chinensis, the only plant whose nuts contain 50% colorless 

and odorless oil which is mainly composed of the straight chain monoesters 

of twenty and twenty-two carbons alcohol and fatty acids with two double 
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bonds (Wisniak, 1977). After extraction of the jojoba oil a residue which 

contains 30% protein is waste, because it contains toxicants (Bower et al., 

1982) 

The new plantations in Paraguay, and Brazil and the great interest in 

other countries such as China, India, Pakistan, Russia, and those of 

Africa, Central A merica and Australia indicate a massive production of 

jojoba will be possible (Miwa, 1982). 

The non-oily feel and the lack of toxicity have been two factors in 

the acceptability by the cosmetic industry for body oil, hand lotions, 

shampoos and others products for beauty. Ten percent jojoba oil in soap 

enhances its grease-cutting power but lessens its lathering effects (Miwa 

and Hagemann, 1976). 

The antifoam properties of jojoba oil make possible its use for 

avoiding foam in antibiotic fermentations (Pethak et al., 1982). Blending 

with low density polyethylene allows microencapsulation of 

triethylenediamine which in reaction with resinous plastics catalyses the 

solidification of plastics in self-sealing fuel tanks (Rusell, 1982). 

Sulfurization of jojoba oil is utilized to obtain better lubricants for 

high pressure application. 

Polymerization and copolymerization of acrylic and methacrylic esters 

of jojoba alcohols forms soft crosslinked polymers which can be used in 

adhesives. Epoxidation of the liquid wax of jojoba forms a very good 

stabilizer for vinyl chloride-vinyl acetate copolymer. When combined with 

diethylhexyl phthalate, it is a stabilizer equal to epoxidized soybean oil 

and better than other epoxides. 



C onvertion of wax to alcohols, and hydrogenation of jojoba oil also 

promises additional products from jojoba (Spadaro, 1972). The possibility 
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of such a great variety of products from the jojoba liquid wax made it seem 

to Miwa (1982) as a precious uncut diamond. 

Jojoba oil is chemically competitive as a surfactant with other 

substances, and by 1989, the jojoba industry ~Jm sell 400-600 barrels. The 

great advantage of jojoba oil is its status as a renewable natural resource 

obtained from a plant (0 wyer, 1988). 

Jojoba oil may become the number one surfactant in the chemical and 

cosmetic industries. About 90% of jojoba oil production is used for 

skin-care products, because it penetrates better than other oil and is a 

nongreasy effective moisture barrier with very good stability (Lucas, 

1988). 

The price of jojoba oil in the early 70's reached $100 per gallon but 

in the early 80's fell to $20 per gallon. Due to this low price, more than 

75% of the jojoba industries went bankrupt and closed, because only one use 

existed for the raw material. In December, 1987 companies were selling 

jojoba oil for $35-45 per gallon. The use of jojoba oil in Europe is also 

increasing (Watson, 1988). 

Harvesting of the established plantations and new plantations over the 

world is increassing rapidly, and it )5 estimated that the price by 1990 

will be $15 to $20 per gallon (Verbanic, 1986). 

One m ore goal for jojob a oil is to prep are an edible oil researc h is 

being carried out for that purpose and papers about "Animal and human 

acceptability and tolerance of jojoba oil" and regulatory requirements for 



food use of jojoba oil have been pr~:~nted in January, 1988, at the 7th 

International Conference on Jojoba and Its Uses. 
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In Switzerland, no adverse effect was observed during studies with 

people and rats who ingested jojoba oil; about 40% of the oil was digested 

(Lucas, 1988). Ranhotra et a1. (1984) found the useable energy of jojoba 

oil to be 3.94 Kca1 per gram; soybean oil has 8.84 Kca1 per gram useable 

energy. Thus jojoba oil could be used for reduced-calorie fooods. Decombaz 

and Heise (1985) reported that the digestibility of jojoba oil at 12 

percent of 6 percent of the diet was 40%, but, as does dietary fiber, 

jojoba oil reduced the apparent absorption of some nutrients as calcium and 

nitrogen. 

Investigations of transport, accumulation and tissue damage by jojoba 

oil (Bizzo and Braco, 1985) indicated that it was found in intestinal wall, 

l~mph, plasma and liver; the last site accumulates large amount of the oil. 

In the plasma, jojoba was mostly carried by chylomicron and VLDL particles, 

and no changes were seen in mitochondria and enzymatic activity of 

microsomes. They also reported that 50% of the administrated dose was found 

in feces. 

Jojoba composition 

Jojoba oil is the main component of the seed, however proteins and 

carbohydrates are important components to be considered. They are good 

source of nitrogen and energy, respectively, for animal or human 

consumption (Table 1). Albumins the protein fraction soluble in water, 



Table 1. Jojoba Seed Composition 

Oi 1 

Deoiled meal 

Protein (N x 6.25) 

Crude fiber 

Ash 

Moisture 

Carbohydrates 

Reduci ng sugars 

Non-reducing sugars 

Total sugars 

Other polysaccharides 

Whole seed 

% 

52.00 

46.50 

15.00 

3.80 

1.50 

4.45 

2.90 

1.21 

4.11 

18.80 

Source: Verbiscar and Benigan (1978). 

Testa (hull) 

% 

0.70 

7.00 

15.60 

4.40 

10.70 

3.33 

17 



globulins, the fraction soluble in salt solutions, and glutelins, the 

fraction soluble in alkali solutions (also called jojobin for that from 

jojoba seed), have been reported in different amounts in the jojoba seeds 

(C ardoso, 1980; Samac, 1980; Storey et al., 1982; Wiseman, 1983; Medina, 

1986). 

18 

Cardoso (1980) has been the only one to report a protein fraction 

soluble in alcohol, called prolamines, which were 8% of the total protein. 

The lowest albumin content was 35% of the total protein reported by Samac 

et ale (1980); the highest was 80% reported by Sha and Stagemann (1983). 

Storey et ale (1982) reported that albumin content depends on the variety 

or source; they found 36% in a C asa Grande sample and 45% in a Hermosillo 

sample. They also reported 44% glutelin the highest level found in jojoba 

seed, which the named jojobin; Cardoso reported 6 %. Wisem an and price 

(1987) reported 21.4% globulins, the highest content found thus far. The 

differences reported for levels of jojoba protein fractions may be due 

mainly to the method used for protein fractionation (T able 2). 

Jojoba meal, remaining after dewaxing of the seed, is a material that 

has become a problem for the jojoba oil industry due to the presence of 

natural toxicants. Storage of the jojoba pressed meal is a major problem 

because the market of this meal es very poor. A low cost process for 

detoxification and addition of methionine and tryptophan would yield a more 

balanced byproduct for the industry, which could increase its com mercial 

value and marketing. 



Table 2. Mean and Standard Deviation of Percentage of the Jojoba 

Proteins Fractions Reported in the Literature. 

Fraction 

Albu mins 

Globulins 

Glutelins 

Prolamines 

Total 

protein 

% 

56.95 + 14.76 

24.90 + 8.29 

16.82 + 16.27 

8.00 

Sources: Cardoso (1980); Samac et al. (1980); Storey et al. (1982); Shah 

and Stegeman (1983); Wiseman and Price (1986); Medina, (1986). 

19 
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Only minor differences in the amino acid composition of jojoba meal 

were reported by storey (1982) and Cardoso (1980); for this latter study 

the seed coat had been removed prior to processing (dehulling). 

Wiseman (1983), Storey (1982) and Cardoso (1980) reported amino acid 

analysis of albumins and globulins, but Cardoso also reported data for 

non-dehulled and dehuled jojoba meal. Storey (1982) and Cardoso (1980) 

reported amino acid composition of glutelins, and Cardoso (1980) again 

included data for dehulled jojoba meal and also the composition of the 

prolamines of the dehulled and non-dehulled jojoba meal. 

The data in Table 3 show that the standard deviation of the amino acid 

content of jojoba meal is approximately 10% or less, except for valine and 

methionine. Glutamic acid and aspartic acid are found in highest 

concentrations in the meal (25.9%). Hydrophobic amino acids constitute 

40.6% of the proteins which indicates a possibility of forming hydrophobic 

bonds as well as hydrogen bonds. However, detoxified jojoba meal or any of 

the fractions mentioned above could be used to suplement other proteins, 

and they can be balanced by addition of methionine and triptophan. 

Soy protein does not have excellent quality, because it has lower 

amounts of lysine, leucine, methionine, threonine, phenilalanine, 

thyptophan, valine and arginine than the whole egg protein. Jojoba meal has 

lower amounts only of leucine, methionine and tryptophane than whole egg 

protein (Table 4). 

Ninety percent of the leucine requirement is provided in jojoba meal, 

but only 13% of methionine and 27% of the tryptophan required are present. 

It is only necessary to add these two amino acid to obtain a high quality 

feed or to supplement it with a good natural source of these such as sesame 
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Table 3. Amino Acid Composition (9/169 N) of Jojoba Meal; Dehulled 

Jojoba Meal; and Jojoba Albumins, Globulins, Glutelins and Prolamines. 

Amino Jojoba meal Albumin Globulin Glutelin Prolamines 

Acid JMa DJMb JMb DJMb JMb DJMb JMb DJMb JMb DJMb 

LYS 4. 71±.0. 75 5.2 3.5 3.5 4.1 4.7 2.7 4.5 6.1 4.3 

HIS 3.15±0.11 2.6 1.8 2.1 1.8 2.5 1.8 3.1 2.9 2.2 

ARG 7.90±0.48 8.4 7.8 8.0 9.6 9.8 7.3 9.4 12.1 9.5 

ASP 12,45±.1.41 11.5 10.8 10.9 11.6 12.8 11.5 13.0 15.5 11.9 

THR 5.81±.0.34 5.9 5.0 5.1 5.4 6.0 4.9 6.9 7.8 6.3 

SER 5 .10:t.0. 30 4.7 3.3 3.9 4.1 5.0 3.1 6.1 6.5 4.3 

GLU 13 • 50±.1. 40 13.2 10.1 10.3 12.7 12.9 9.9 14.3 15.5 12.9 

PRO 5. 65±.0. 75 5.5 5.0 5.3 4.7 4.3 5.2 6.2 7.7 6.7 

GLY 8.08±0.98 9.1 6.2 6.7 8.5 10.1 6.0 13.5 13.1 9.5 

ALA 2.85±0.15 4.8 2.0 3.0 3.2 3.8 2.7 4.1 4.5 3.3 

CYS 2.90±.0.60 3.4 3.2 3.3 5.2 5.0 1.9 4.0 7.5 8.2 

VAL 6.20±1.65 6.9 5.5 5.9 6.7 6.8 5.6 7.2 7.7 7.1 

MET 0.85±0.23 0.8 0.8 0.8 0.8 0.9 0.7 1.4 1.4 1.0 

ILE 3.80±0.45 4.5 3.4 3.8 3.8 4.4 3.7 4.2 5.1 4.1 

LEU 7 • 65±1. 25 8.1 6.3 6.9 8.1 8.0 6.7 7.8 9.4 8.5 

TYR 4. 45±.0. 75 4.6 4.1 4.3 5.4 5.7 3.7 7.1 7.1 7.1 

PHE 4.04±1.14 5.2 4.0 4.3 4.8 5.1 4.3 5.1 5.1 6.2 

TRPc 0.72±0.42 0.4 0.6 0.2 

JM: Jojoba meal. DJM: Dehulled jojoba meal. a: Mean values and standard 
deviation reported by Storey et ale (1982), Cardoso (1980) and Reid 
(1988). b: Values reported by Cardoso (1980). c: Tryptophan values 
reported by Storey et ale (1982) and Reid (1988). 
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Table 4. Essential Amino Acid Composition (g/16gN) of Several Protein 

Sources in comparison with Jojoba Meal and Dehulled Jojoba Meal. 

Source L YS LEU MET THR PHE VAL ILE ARG HIS TRP 

Whole Egg 6.3 9.0 3.1 5.0 6.0 7.4 6.8 6.4 2.1 1.1 

Soybean meal 5.8 6.6 2.0 4.0 5.7 4.2 4.7 5.8 2.3 0.9 

Jojoba meal 6.6 8.9 0.4 6.8 6.3 7.8 5.2 9.9 3.0 0.3 

Jojoba meal 5.1 8.1 0.8 5.9 5.2 6.9 4.5 8.4 2.6 
(dehu 11 ed) 

Source: Cardoso (1980). 

The tryptophan (TRP) value for jojoba meal is from Storey et al.(1982). 
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seed or amarantah. Sanchez-Marroquin et ale (1987) added amaranth to 

different corn meals to make supplemented tortillas. Detoxified jojoba meal 

culd be better than soybean protein if appropiate amounts of mehionine and 

tryptophan were added, or if it were supplemented with other appropiate 

source of these essential amino acids. 

Another important advantage of jojoba meal is the higher content of 

arginine. This essential amino acid for young growing animals (Lehninger, 

1982) is present in jojoba meal at almost twice the level in soybean and 

1.54 ti mes the level in eggs. 

The amino acid composition of the dehulled jojoba meal is similar to 

that of non-deshulled jojoba meal; the small differences are probably due 

to a mechanical dehulling in which the upper part of the kernel can be 

torn off. 

The nutritional values of soybean protein (Table 5) indicate that this 

protein could have the same balance as egg protein by addition of the eigh 

essential amino acid mentioned above. The nutritional values of legumes 

indicate that they are poorer than soybean. Jojoba protein only needs the 

addition of three of them (tryptophan, methionine and leucilne) to be 

balanced as egg protein is. 

The main problem in the use of jojoba meal as a source of protein is 

its toxicants. In 1982 Booth resported preliminary experiments showing 

toxic effects of jojoba meal. Rats fed whole jojoba meal as 22% and 30% of 

their diets died within two weeks of feeding, but no deaths were observed 

when rats were fed at a level of 10% or lower. However, growth inhibition 

was detected with 1.5% jojoba meal in the diet. He reported severe 
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Table 5. Nutritional Value of Several Protein Sources in Comparison with 

Jojoba Meal Protein. 

Source of Ami no ac i d Biological Net protein Protein efficiency 

protein score value utilization rati 0 

(AAS) (BV) (NPU) (PER) 

Egg 100 94 94 3.92 

Milk 60 85 82 3.09 

Soybean 47 71 61 2.32 

Legumes 28-43 55 48 1.65 

Source: Reed (1980). 



testicular atrophy and cessation of spermetogenesis, large cytoplasmatic 

vacuoles in the acinar cells of the pancreas, and fatty acid infiltration 

of the liver. He also reported poor growth of rats fed 10% jojoba oil in 

the diet for a 90 day period. 

In 1973 Elliger et ale reported a cyanomethylenecyclohexyl glucosidse 

present in jojoba seed, which they named sim mondsin and identified as the 

main toxicant of this seed. However, the results of studies of toxicity of 

simmondsin to mice performed by Williams (1980) are in conflict with 

25 

previous studies, because no significant difference of body ,weight with the 

control were found in mice dosed orally up to 750 mg of simmondsin/ Kg body 

weight for five days. He also found that mice rapidly detoxified cyanide of 

the toxicant to thiocyanate. 

Germination of jojoba seed performed by Samano (1978) showed that 

after the fourth day no simmondsin was present. Another controversial 

finding was that jojoba seed germinated for more than four days killed mice 

at a level of 15% defatted jojoba seed in the diet (Price, 1988), yet no 

simmondsin was present in the germinated sample. 

These results indicate that interdependence of compounds in jojoba 

seed may be needed for toxic effect. Simmondsin and simmondsin 2' ferulate 

are not the only toxicants of jojoba seeds; a synergistic factor is 

probably neeeded to enhance the toxic effect of jojoba meal compounds. 

Changes in chemical composition of the jojoba compounds in the intestine, 

or the existence of one or more compounds which inhibit the detoxification 

of cyanide in mitochondria would be necessary for the toxic effect of the 

jojoba meal. 
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Catgageorge (1978) and Verbiscar et ale (1980) have reported detoxification 

of jojoba meal by water and chemicals, and by microbiological means 

(Verbiscar et al., 1981). Detoxified meal up to a level of 10% could be 

used in the rations for mice, chicken, sheep and rabbits. 

Ngoupayou et ale (1985) reported that treatment of jojoba meal with 

Lactobacillus acidophilus # 629 lowered simmondsin from 4.2% to 0.34%. At 

levels of 15% in the diet, this meal was as efficient as the basal diet for 

rabbits but not for chickens. It is no clear if the negative result with 

chickens was due to residual simmonds in, the tannins or other toxicants in 

the meal. 

Ngoupayou (1982) suggested that condensed tannins or tannic acid could 

be the main antinutritional factors of the jojoba meal after observing the 

general unavailability of amino acids even after trypsin inhibitor 

inactivation. Ngoupayou est ale (1985) reported that chickens consuming a 

basal diet with 3% tannic acid as a major portion of the hydrolyzable 

tannins gained weight as rapidly as those on a diet with no tannic acid 

added. Thus, condensed tannins remain to be tested as an important 

antinutritional factor of jojoba meal: 
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Tannin Definition Atributes and Uses. 

The role of tannins in nature is largely unknown, but some important 

knowledge has been obtained. For instance: "Tannins are the most important 

group of secondary metabolites involved in plant defense" (Swain, 1979). 

"Pheno1s and/or tannins are involved in the resistance of undifferentiated 

tissues, ands phenols, tannins and 1ignins are involved in the resistance 

of the differentiated soybean steam to fly 1arvae" (Hsih-Shin and Norris, 

1983). Fungistatic properties of tannins have been determined using 

inhibition of Aspergillus parasiticus (Landsen, 1982; Sanders and 

Mixon, 1978). Although insufficient knowledge exists today concerning these 

susbstances, they have been defined at least on a basis of chemical 

properties. 

Definitions of tannin. 

Very short or incomplete definitions of tannin are confusing. For 

example. "Tan-nin same as tannic acid"; liT annic acid. 1. Yellowish, 

astringent substance, C 4H1009' derived from bark, gallnuts, etc. and 

used in tanning, medicine etc. 2. Any of a number of similar substances II 

(Guara1nik, 1979). 

A more explanatory definition is given by Hawley (1981)1, "Tannin: any 

of a broad group of plant derived phenolic compounds, characterized by 

their ability to precipitate proteins. Same are more toxic than other 

depending on their source. Those derived from nutgulls are believed to be 

carcinogens while those found in tea and coffee are virtually nontoxic. See 

also tannic acidu
• "Tannic acid (ga110tannic acid) C76 H52 046' 
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described as a penta-(m-dialloyl)-glucose. Natural substance found in 

nutgalls~ tree barks and other part plants. Tannins are known to gallic 

acid derivatives. A solution of tannic acid will precipitate albumin". 

Two types of tannins are known depending on the products they yield on 

dry distilation. 1. Hydrolyzable tannins, which yield pyrogallol. 2. 

Condensed tannins or proanthocyanidin structures, are polymers of 

flavan-2-ols and flavan-3,4,-diols (Hasalm, 1977). The hydrolysis of the 

hydrolyzable tannins yields a monosaccharide, generally glucose, and a 

phenolic compound such as ellagic acid, gallic acid, chebulagic acid or 

chebulinic acid. 

Strumeyer and Malin (1975) defined tannins as "two groups of 

polyphenols widely distributed in the plant kindom which may be 

differentiated by their structure and reactivity toward hydrolytic agents. 

The hyudrolyzable tannins are readily cleaved by enzymes as well as by 

diluted acids, into a sugar such as glucose, and a phenocarboxilic acid 

such a gallic acid" (Fig. 1); condensed tannins (Fig. 2) are resistant to 

enzymatic degradation. 

Strumeyer and Malin (1975) separated tannins from the phenolic 

pigments of the sorghum grain by gel filtration with Sephadex LH-20 using a 

95% ethanol eluent followed by a 50% acetone-water eluent to obtain the 

tannin fraction. They also chromatographed tannins by gel filtration with 

Sephadex G-I00, and they tested the tannin capacity with gelatin and 

enzyme inhibition by the Strumeyer and Malin method (1969). 
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Acids split tannins to yield anthocyanidins, and polymerization then 

occurs giving amorphous phlobaphens or tannins red (Haslam, 1966; 

R ibesreau-G ayon, 1972). 
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Tannins have an astringent taste; this is one of the causes of rejection of 

seeds with high content of these compounds. In the past hydrolyzable 

tannins were prefered, because they have a lower astringency than condensed 

tannins and give greater color stability to leather tanned with 

hydrolyzable tannins (Roux et al., 1980). 

Uses of tannins. 

Tannins are used in the preparation of tannates, gallic acid, 

pyrogallic acid and hydrosols of noble metals. Tannins has been the main 

use for these compounds, but they also are employed in textiles (mordant or 

fixative), electroplating, galvanoplastic (gelatin precipitant), wine 

manufacture, breWing, foods, writing inks, pharmaceuticals, deodorant for 

crude oil, photography, paper (sizing mordant for colored paper) and 

treatment of minor burns. However, these phenolic compounds are recognized 

by OSHA as toxic by inhalation or ingestion and carcinogenic (Hawley, 

1981). 

C ondesnsed tannins (proanthocyanidins) can also be used for 

cold-setting adhesives because of their solubility in water and adhesivity 

(Karchesy and Hemingway, 1986; Roux et al., 1980). 
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Tannins Sources 

Tannins occur in cereals, legumes, oilseed vegetables and fruits. They 

are present in roots, stem, bark, leaves, seeds and hulls. Examples of 

plants with a high concentration of tannins in these parts are canagrie 

(10%), quebracho (25%), wattle (35%), tea (2%), winged bean (7.5%), and 

winged bean (25%) respectively. 

The tannin content of a type of plant can be different depending on 

the genetic backround; for instance, tannin in winged beans varies from 1.5 

to 7.5 %, in sorghum from 1.0 to 4.5% and in cowpea from 0.144 to 1.025. 

Generally, the highest content of tannins is in the testa or hull. Ghibber 

et al. (1980) removed hulls from sorghum seed and tannins in the deshulled 

seed fell from 4.5 to 0.2 catechin equivalents per g. 

Wiseman and Price (1987) reported 8% polyphenolics in deoiled pressed 

jojoba meal and protein. For protein concentrates obtained with 0.15% M 

NaGl and water, they reported 2.13 and 0.66% respectively. They extracted 

tannins with HC1/methanol solution from water soluble proteins to leave 

0.2% resdidual polyphenolics. The higher concentration of tannins in the 

protein fraction solubilized in NaGl co~pared to those soluble in water is 

due to the precipitate formed by jojoba globulin-tannin complex. Ngoupayou 

et al. (1985) reported 1.23-1.56 % tannic acid in jojoba meal. Those 

differences may have been due to the variety of the seed used for their 

experiments of to variation in test procedures. Tannins are concentrated in 

the seed coat, and condensed tannins are more prevalent than hydrolyzable 

tannins. 
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Effect of Tannins on Proteins and Enzymes and Their Relationship to 

Antinutritional Effects 

The hydrophobic portion and the hydroxyl groups of tannin molecules 

playa major role in protein precipitation, enzyme inhibition and 1n 

changes in solubility in the presence of tannins, which affect aminoacid 

availability, digestibility of proteins and proteolysis. 

Effect of Tannins on Proteins. 

Tannins and proteins form complexes that reduce the digestibility of 

these polypeptides. This is one of the most important effects of tannins, 

because it can reduce the availability of amino acids from proteins. 

Gustavson (1954) viewed the protein-tannin complex formation as a 

consequence of hydrogen bonding between the hydroxyl groups of tannins and 

the carbonyl groups of the proteins. The capacity to form these complexes 

depends on the number of hydroxyl groups and the degree of polymerization 

(Endres and Horman, 1963). Vohra (1966) and Connor et al. (1969) reported 

toxicity and depression growth of chicks by dietary tannins. 

Factors such as pH, presence of ions, temperature, and substances 

present in the system affect the interaction between proteins and tannins. 

Calderon et al (1968) reported pH, NaCl and alcohol as factors which 

influence complex formation and specifically affect the ratio of 

tannin/protein in complexes formed between gelatin and hydrolyzable and 

condensed tannins. Precipitation of gelatin with tannic acid was affected 

more than with condensed tannins from quebracho. Ethanol increased 
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precipitation by tannic acid at a pH lower than 5, but decreased it with 

the condensed tannins. Sodium chloride had little effect on gelatin 

precipitation with tannin acid and only at low levels did it affect 

precipitation by condensed tannins. This was probably due to an effect on 

the molecular conformation or spereospecificity of both types of molecules. 

Hoff and Syngleton (1977) observed that formation of protein-tannin 

complexes did not involve the establishment of covalent bonds. Oh et al. 

(1985) immobilized tannins on Sepharose 48, a gel prepared from purified 

agarose to remove the charged polysaccharides (Pharmacia Fine Chemicals, 

1981), and bound bovin serum albumins and other proteins to the immobilized 

tannins at a pH below their individual isoelectric points; they removed the 

proteins from the column by increasing pH. 

Oh and Hoff (1987) found that tannins precipitate protein efficiently 

at pH values close to its isoelectric point, and they concluded that a 

drastic decrease in precipitation is obtained at 0.5 pH unit away from the 

isoelectric point. 

Availability of amino acids is also affected by the presence of 

tannins, especially those with hydrophobic charactesristics and also 

non-hydrophobic amino acids as reported by Eggum and Christensen (1975). 

They found that tannins reduced the availability of proline, glycine, and 

glutamic acid of soybean protein. 

The disruption of the protein-tannin complexes by detergent 

demonstrated the existance of hydrophobic binding on those complexes 

(Goldstein and Swain, 1965). Grey (1978) reported that low molecular weight 

tannins were adsorbed by polystyrene hydrophobic resins and condensed 
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tannins were not. However, Oh et ale (1980), knowing that those compounds 

are chemically similar, demostrated by adequate hydration of the 

polystyrene resin with methanol that enough space was available for 

condensed tannins to diffuse into the resin and hydrophobic adsorption was 

possible. 

All studies mentioned above indicate that more than one type of bonding 

exists between proteins and tannins; most protein-tannins interactions have 

similar mechanisms. Differences are caused by the molecular weight 

differences among tannins and their degree of polymerization. 

Hagerman and Butler (1980) found that one sorghum protein was the 

major one bound to tannin. That protein showed a very high content of 

proline compared to the others, and its hydrophobicity was only surpassed 

by those high in heterocyclic amino acid peptindes. 

One more factor now reported is the specificity of tannins for 

proteins, since not all proteins are bound by tannins to the same desgree. 

Hagerman, and Buttler (1981) demonstrated that sorhgum tannins have high 

selectivity for proteins. 

Experiments with tannins from sorghum, pinto bean, quebracho and 

wattle performed by Asquith and Butler (1987) showed their tannin 

specificity. Quebracho tannin had a higher affinity for GP-66sm protein, a 

salivary protein of the mouse, compared the others ands very low affinity 

for' trypsin inhibitor. Only pinto bean tannins had affinity for trypsin 

inhibitor; all of them showed a higher affinity for gelatin than for BSA 

but much lower affinity for ovalbumin. This indicate than tannins 

differentiate high or low affinity proteins. 
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High affinity protein are those with high content of proline and other 

hydrophobic amino acids, open loose conformation and high molecular weight 

(Hagerman, 1980). 

Enzyme Inactivation by Tannins. 

Due to the proteic nature of enzymes, the possibility for enzymatic 

inhibition by tannins has been investigated. DeSwart et ale (1967) reported 

that enzym atic activity is affected by phenolic compounds. Special 

attention was given to those enzymes which participate in digestion. 

Inhibition of proteolytic activity in vitro and in the intestinal tract 

was reported by Tamir and Alumot (1969) and Griffiths and Moseley (1980), 

respectively. 

Inhibition of digestive enzymes by grains with high tannin content was 

investigated. The removal of hulls from high tannin sorghum resulted in an 

increased digestion of the grain. It is known that condensed tannins are 

concentrated in the hulls. Dehulling to the extent of 37% increased 

digestion by pepsin from 22.2% to 70.8% and digestion by chymotripsin 

increased from 3.0% to 35.7%. The extent of reduction of tannins by 

dehulling was from 4.5 to 0.2 catechin equlivalents (CE) to 0.2 CE (Chibber 

et al., 1980). 

A decrease in in vitro digestibility by trypsin, chymotrypsin and 

peptidase was observed for cowpea due to the presence of tannins, possibly 

due to the enzyme inhibition or reduction of availability of proteins by 

the formation of protein-tannin complexes. (Laurena et al., 1984). 
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A ny kind of food containing high levels of tannins can be affected 

with respect to digestibility and nutritional value, but sorghum is 

especially affected. Digestion of legumes is also modified by polypheno1 in 

the diet. For instance, digestibility of the proteins of black bean was 

reduced by 7.2% and protein efficiency ratio by 33% because of the presence 

of tannins. The bioavai1abi1ity of globulins was also related to black bean 

condensed tannins (Aw and Swanson, 1985). 

The formation of the complex protein-tannin may be a protection for 

certain proteins against hydrolysis through enzyme inhibition (Oh et a1., 

1985). The po1ypheno1 may be attached to the active site or close to it 

and inhibit the activity of the enzyme. Some protein-tannin complexes are 

digested; some of them formed at or near to low pH of the stomach could be 

dissociated in the small intestine due to the increase of pH. 

Bozidar et a1. (1972) assumed that the inactivation of trypsin, 

alpha-amylase and lipase hydrolyzing casein, starch and olive oil 

respectively, was only because of the formation of hydrogen bonds between 

the tannin hydroxyl groups and the carbonyl groups of the enzymes, and the 

degree of polymerization of the tannins (Endres and Hormann, 1963). However 

o h et a1. (1980) demonstrated that hydrophobic bonding can be the most 

important process in the formation of the tannin-enzyme complexes. 

The role of the polypheno1s in digestion is not always negative. At 

low concentration of tannins «0.1 %) the enzymatic cascade 

enterokinase-trypsin-chymotrypsin can be very efficient. Oh and Hoff (1986) 

found that at low condensed tannin concentration and in the presence of 

bovine seru m albumin (1%), the activation of chymotrypsinogen by trypsin 



increased and the inhibition of the trypsinogen at low concentration 

(0.05%) was overcome by the presence of that protein. Activation at low 

concentration of tannins, but at higher concentration of condensed tannins 

all concentration of tannins, but at higher concentration of condensed 

tannins all enzymatic pI"ocesses are inhibited because of the complexes 

formed (Oh and Hoff, 1986). 
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Enzyme other than proteolytic enzyme are inhibited by tannins as 

reported by Bjork and Nyman (1987). They found that amylase and human brush 

border maltase/amyloglucosidase were inactivated by tannic acid and in 

lesser degree by catechin; degradation of cellulose by cellulases and 

hemicellulases was not affected by phytic acid and catechin, but a strong 

inhibitory effect was obtained using tannic acid. This phenolic compound 

depresses food intake and produces metabililc disorder (Glick and Joslin, 

1970). 

C hang and Fuller (1964) reported depression of growth at 0.8% tannins. 

Therefore the 1 to 8% tannins in jojoba meal (Ngoupayou, 1982 and Weisman, 

1983) must be important in protein digestion. 

The three main negative effects of tannins in the diet are the 

inhibition of digestive enzymes (Davis and Hoseney, 1979), lower 

digestibility of proteins when protein-tannin complexes are formed (Romero 

and Ryan, 1978) and their adverse effect on the digestive tract. Those 

effects despend upon the source of tannins and the nu mber of monomer of 

those polyphenols. 

This literature review and the knowledge about deoiled jojoba meal 

contributed to this study to define these purposes: 1) to determine the 



effect of tannins on albumins, globulin and jojobin, the three main 

proteins of the jojoba seed, in forming protein-tannin complex formation; 

2) the inactivation of trypsin and chymotrypsin by jojoba tannins; and 

3) to determine the toxic effect of the jojoba meal obtained after 

treatments to remove tannins. 
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C HAPTE R 3 

MATERIALS AND METHODS. 

Materials 

Jojoba seed samples were provided by Desert Whale Jojoba Company, 

Inc., Tucson, Az.; Sephadex G-I00 was purchased from Pharmacia Fine 

Chemicals Inc., Piscataway, N J.; trypsin, chymotrypsin and 

N-benzoylarginine-p-nitroanilide (B AP N A) was purchased from Sig rna 

Chemical Company, St. Louis, MO.; and C oomassie blue reagent was 

obtained from Bio-R ad, Richmond, CA. 

Methods 

Jojoba tannin extract preparation. 

Condensed tannin extract was prepared with 300 g of jojoba seed by 

the method of Asquith et ale (1983). 

Albumin and globulin extraction and fractionation. 

Samples of 300 g of jojoba seed were dehulled with hot 5% NaOH 

solution. Seeds were rinsed with fresh water, then rinsed with a O.lN 

H Cl solution for neutralization and rinsed ag ain with distilled water. 

The dehulled and dried seeds were ground to 65 mesh by successive 

milling, and oil was extracted with hexane after each milling. 

40 
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A lbu mins were extracted from deoiled and dehulled meal by a 

modification of Cardoso (1980) and globulins by the method of Storey et al. 

(1982). A lbu mins, globulins and jojobin were fractionated by gel filtration 

with a IS C 0 system in a 1.5 x 40 cm Sephadex G-100 colu mn at a 11.5 ml/h 

flow rate at 7.2, 6.8, and 10 pH with phosphate buffer for the first two 

and borate buffer for the last. 

Analysis 

Proteins. 

Solubilized albu mins and globulins were analyzed by the ultraviolet 

spectrophotometric method at 280 nm using a Beckman model 2400 

spectrophotometer and by the Bradford method (1976) marketed by Biorad 

(1984). 

Tannins. 

Condensed tannins were determined by a modification of the 

spectrophotometric method of Price and Butler (1977) by use of different 

volumes of tannin extract diluted with 4.5 ml water and O.Sml of 0.1 M 

FeC13in O.lN HCl and 0.5ml of 0.008 K3Fe(CN)6. 

Trypsin and Chymotrypsin activity. 

JQjoba tannin solution was added at different concentrations to enzyme 

solutions and trypsin activity was measured by a modification of the method 

of Kakade et al. (1974) by use of different volumes and concentrations of 

the tannin solution. 
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Chymotrypsin activity was measured by a modification of the method of 

Rick (1963) by use of different volumes and concentrations of the tannin 

solution. 

F oa m Stability ti me. 

Foam stability time of albumins was measured on 4 ml fractionated 

protein solutions after shaking them for 30 seconds by hand. Those values 

were compared with non-fractionated jojoba albumins. 

Toxicology Study. 

Jojoba meal for diets. 

A 2 1 Soxhlet extractor was used for deoiling jojoba meal needed to 

prepare diets. The samples were previously ground in a Sorvall homogenizer 

and three extractions were performed with a 2.2 1 Soxhlet to remove oil; 

they were then milled to 65 mesh. Four more washing with hexane in a 4 1 

Erlenmeyer were performed to complete deoiling. Whatman No.2 filter paper 

was used to separate hexane-oil solution from the jojoba paste. 

Experimental design and diet formulation 

A basal diet was mixed which excluded the jojoba meal by mixing for 

a period of 15 min in a 5 gal Hobart mixer (Table 6). The experimental 

diets were mixed using 85% of the basal mixture and the addition of 

either jojoba meal or cerelose. The diets were isocaloric but not 

isonitrogenous in nature (T able 7). 
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Table 6. Basal Diet Used for Toxicology Study of Treated and non-Treated 

Jojoba Meal. 

Ingredients 

Soybean meal 

Cerelose 

Corn oi 1 

Cellulose 

AIN Vitamin Mix 

AIN Mi neral Mix 

Chromic oxide 

Choline cloride 

DL-Methionine 

percent 

of diet 

23.00 

63.88 

5.00 

3.00 

1.00 

3.50 

0.20 

0.20 

0.22 

gm % diet 

2645 

7346 

575 

345 

115 

403 

23 

23 

25.3 



Table 7. Individual Diets for Toxicology Study. 

1 2 3 4 5 6 

Ingredients (%) 

Basal 85 85 85 95 85 85 

Cerelose 15 

Dehu 11 ed, dewaxed J.M. a 15 

Dehulled, dewaxed, 
detanned J.M. b 15 

Non-dehulled, dewaxed J.M. 5 

Non-dehu lull ed, dewaxed, 

detanned J.M. c 15 

Non-dehulled, dewaxed J. M. 15 

a: J.M.= Jojoba Meal. 

b: J.M. Detanned with methanol. 

c: J.M. Detanned with acid methanol. 



The experimental diets were fed as follows: 1) soybean control; 2) 

15% dehulled, dewaxed jojoba meal; and 6) 15% nondehulled, dewaxed meal 

(T able 8). 

These diets were formulated in order to test for several factors: 

1) the removal of tannin compounds by methanol extraction versus jojoba 

meal with nonremoval of tannins; 2) the effect of hulls by either their 

removal or nonremoval in the meal; and 3) the effect of feeding jojoba 

meal with hulls present but dewaxed at two different dietary 

concentration of either 5 or 15%. 

Growth and toxic effect on mice by jojoba meal consumption. 

Ten weanling Charles River C 0-1 were used per dietary treatment. 

T he mice weighed 8 - 10 g and were housed one mouse per cage in a room 

with temperature 22+ 10 c and light cycle of 12 hours dark and 12 

hour light. Feed and water was supplied ad libitium. The feed was 

weighed twice weekly. The experiment lasted for a period of four weeks. 

Feed and fecal samples were collected during the experiment. The data 

were calculated for weight gain, feed intake (g/day/mouse), and feed 

efficiency. 

The soybean control fed mice were compared to the various jojoba 

meal fed mice to evaluate the effects of tannins and or other toxins of 

jojoba meal upon mice in relationship to growth, feed intake and 

mortality. 
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Table 8: Experimental Design of Toxicology Study of Treated and 

non-Treated Jojoba Meal. 

Treatment Dietary treatment. 

1 Soy control. 

2 15% dehulled, dewaxed jojoba meal. 

3 15% dehulled, dewaxed,and methanol 

treated jojoba meal. 

4 5% non-dehulled, dewaxed jojoba meal. 

5 15% non-dehulled, dewaxed, and ac i d 

methanol treated. 

6 15% non-dehulled, dewaxed jojoba meal. 



Extraction of tannins at the eguilibriou m. 

Extraction of tannins at their point of equilibrium was performed in 

order to determine the time necessary to have the maximum removal of 

tannins using combination of solvent/jojoba meal ratio. Secondly, to 

choose the amount of time of shaking for the maximum extraction of 

tannins by a series of successive steps of extraction. This information 

could also be used to obtain the equilibriu m curve for calculation of 

the nu mber of equilibriu m steps for an extraction process. 

Duplicates of 100 g of deoiled jojoba meal were placed in 1000 m1 

Er1enmeyers and 600 m1 of methanol were added. They were closed with a 

rubber stopper and shaken by hand for a minute in order to homogenize 

the mixture. They were then fastened the arm of a Burrel Wrist Action 

Shaker, and the action of this machine adjusted to keep all particles in 

motion. 

To determine the shaking time and the equilibrium time, 20 m1 

samples were removed from the flask at 15 min, 30 min, 1 h, 2h, 4h and 

8h. These samples were filtered trough whatman No.1 filter paper; 

solids were discarded and determination of tannins was made by the 

modified method of Price and Butler (1977). The modification involved 

adequate dilutions of the sample to avoid a very dark blue color and 

0.5 m1 of the O.lM FeC13 to avoid the precipitate of Prussian blue 

complex formation; a tube stirrer was used for mixing of samples and 

reagents. 

Determination of the equilibrium time of extraction made possible 

the selection of the extraction time for removal of tannins by 



successive extractions. Two hours was the time chosen for removal of 

tannins from the deoiled jojoba meal, because changes of tannin 

concentration after that ti me were not significant except for the eight 

extraction. 

After tannin determination the filtered samples were analyzed for 

protein concentration using 0.1 ml of the filtrate and dilutions of 

sample. The Bio R ad (1984) method was used for protein determination, 

and the Coommassie Blue reagent was diluted 1 to 5 with distilled water 

and readings of absorbance were made after 5 min of mixing. 

Successive extractions of tannins were carried out in order to 

determine the reduction of tannin and protein concentration for each 

step of extraction. 

Filtrate volu me was measured for methanol extraction to know ho w 

much solution was retained by the solid after filtration and to be able 

to calculate the amount of tannin and protein extracted. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

This research was carried out to resolve the controversy concerning 

the toxicity of jojoba meal and doubtful results obtained with methanol 

as a detoxifying solvent, uncertainty about the possible an~inutrient 

role of jojoba tannins, and the possibility of using detoxified jojoba 

meal as a supplement for feed and food. The objectives were to clarify 

these uncertanties and to increase the possibility of use of detoxified 

jojoba meal for humans and/or animals. 

The results in vitro and in vivo of this research indicate --- ---
that tannins and other toxicants, co-toxicants, synergists, or promoters 

can be removed to yield a jojoba meal with low or no toxicity that can 

compliment the nutritional qualilty of soybean. 

Tannin extraction. 

W hen tannins were extracted with water, only a protein fraction of 

8.6 h elution time was collected. However, when jojoba tannins were 

extracted with methanol, two fractions of 3.5 hand 8.6 h elution time 

were collected (Fig. 3). Purification of the jojoba tannins extracted 

with methanol removed more of the 3.5 h elution time fraction than the 

8.6 h elution time fraction (Fig. 4). 

4-9 
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I. Tanning extraction with water 
I I . Tanning extraction with methanol 
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Fig. 3: Gel filtration of the jojoba ta~nin extract. 
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Fig. 4: Protein fractionation by Sephadex 6-100 of the purified tannin 
extract. 



Effect of jOjoba tannins on jojoba globulins, albu mins and glutelins. 

Jojoba globulin complex formation 

F our fractions, A, 8, C and D, of jojoba globulins with 2.45, 5, 7, 

and 8.6 h elution time respectively (Fig. 5) were separated, and part of 

them were collected in test tubes from a Sephadex 6-100 colu mn. A light 

brown precipitate was formed by treatment of 4 ml of globulins and 

jojoba tannins. This precipitate was filtered from the solution with 
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W hatm an No. 2 paper. A 2 ml sample of filtrate was introduced again onto 

the column. Only two fractions, E and F appeared again after treatment, 

but they were the same as A and D because they had the same elution 

time. This indicates that the C and 8 fractions formed the precipitable 

protein-tannin complex of those jojoba proteins. 

Samples of fractions A and 8 from the gel filtration before 

treatment with tannins were treated separately with jojoba tannins to 

determine the complex form ation and to compare solubility. 80th 

fractions formed complex precipitates. The precipitates of fraction A 

were soluble in IN NaOH and IN HC1, but that of fraction 8 was insoluble 

in both solutions, probably due to the nu mber of bonds of the 

protein-tannin complexes or the high content of hydrophobic amino acids 

such as proline; this is similar to observation made with leather. 



-E 
c: 
0 
Q') 

C\I -Q) 
(/) 
c 
0 
c. 
(/) 
Q) 

ex: 
'-
0 -u 
Q) -Q) 

c 

C 

- Jojoba globulins before 
treatment with jojoba 
tannins 

••• Jojoba globulins after 
treatment with jojoba 

• tannins 
• • 
• • 
• • 
• • 

• 

o 2 4 6 8 10 12 14 
Time (h) 

Fig.5: G lobul ins t rea ted 
with tannins 



Jojoba albumin complex formation. 

Three fractions, G, H and I of the jojoba albumins with 3, 4.5 and 

9 h elution time respectively were separated before treatment with 

tannins (Fig. 6), and subfractions of them were collected one per hour 

in test tubes. Only two fractions, J and K, with 2.5 and 8.8 h elution 

time respectively, appeared after treatment with jojoba tannins. 

Apparently fraction K remained unchanged and became fraction I, 

and fractions G and H formed the new J fraction. Foamability was 

increased after treatment of albumins with tannin. A maximum increment 

of 50% of the stability time was obtained on tube 9 of that fraction 

(T able 9). Tannin content was also determined in all tubes with albu min 

fractions. Those of the J and K fractions had high tannin concentration 

(T ab"ie 9) with K having the higher concentration. It also produced the 
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most stable foam. Probably the soluble complex J is formed with G and H " 

fractions and tannins. 

Effect of jojoba tannins on jojobin. 

Proteins solubilized in alkali solution at pH 10, after albumin and 

globulin extraction, have been called jojobin, and constitute 

approximately 45% of the jojoba protein (Storey et al.,1983). These 

proteins were affected by jojoba tannins in a different way than the 

other two protein fractions with respect to molecular weight. Before 

treatment with jojoba tannins, jojobin showed three protein fractions 

with 2.5, 5.2 and 7 h elution ti me (Fig.7). After treatment with jojoba 

tannin extract the fraction with higher molecular weight did not appear, 
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Table 9. Tannin Content and Foam Stability of the Jojoba 

Albumin Subfractions Treated with Jojoba Tannins. 

Subfract ion Tann i n Foam 

tube ~g/ml stabil ity 

% 

1 1.125 0 

2 22.800 0 

3 2.650 0 

4 2.875 0 

5 2.125 0 

6 3.540 0 

7 19.800 40 

8 30.000 50 

9 16.800 20 

10 4.200 0 

56 



E 
c: 
o 
CO 
N -Q) 
(fJ 
c: 
o 
0. 
f/) 
Q) 

a: 
.... 
.9 
o 
Q) -Q) 

o 

2 4 6 8 10 
Elution Time (h) 

Fig. 7: Protein fractionation of the jojobin by gel filtration on 
Sephadex G-100 before treatment with jojoba tannins. 
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but a new fraction eluted at 9 h (Fig. 8) appeared. This new fraction 

was a result of disruption of the previous high molelcular weight 

fraction to produce subunits of lower molecular weight proteins. The 

rest of the protein fractions were from the residual protein of the 

jojobin fraction and protein impurities of the jojoba tannin extract. 

Inactivation of trypsin and chymotrypsin ~ jojoba tannins 

Inactivation of trypsin. 

Trypsin was completely inactivated by jojoba tannins at 5.8 ~g 

CE/ml tannins (Fig. 9). It showed partial inactivation at lower 

concentrations. The inactivation of the enzyme was directly related to 

the tannin concentration. However, the largest change of the specific 

rate of this enzyme was in the range 0 to 0.66 ~g CE/ml tannin (Table 

10), and the relative activity coefficient was lower than that of 

chymotrypsin. Thus, low concentrations of jojoba tannins could affect 

activity of digestive enzymes and subsequent hydrolysis of proteins in 

the intestine. 

Chymotrypsin inactivation. 
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Chymotrypsin was completely inactivated by 36.44 ~g CE/ml tannin, 

and it was partially inactivated at lower concentrations of tannin (Fig. 

10). The largest change of the specific rate was in the range 0 to 0.66 

~g CE/ml tannin, but almost the same change was obtained in the range 

0.66 to 1.06 ~g CE/ml tannin. 
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Fig. 8: Fractionation of the jojoba by gel filtration with Sephadex 
G-100 after treatment with purified tannin extract 
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Fig. 9: Trypsin inhibition by tannins from jojoba seeds. 



Table 10. Specific Rate (K) and Relative Activity Coefficient 

(RAC) of the Enzymatic Reaction of Trypsin and Chymotrypsin at 

Different Jojoba Tannin Concentrations. 
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_____ TRYPSIN ________ CHYMOSTRYPS IN. ____ _ 

Tannin K RAC Tanni n K 

content 

(J,lg/ml) 

0.00 

0.66 

1.33 

2.13 

5.80 

d(OD) 

content 

(l/min) (l/min) (J,lg/ml) 

0.00910 

0.00360 0.00098 

0.00208 0.00062 

0.00086 0.00038 

o 

K 

0.00 

0.66 

1.06 

12.08 

36.44 

Ce d(OD) 
K= -----; RAC= ------- - ----x-------

dt Ct/Ce Ct dt 

(l/mi n) 

0.0286 

0.0218 

0.0148 

0.0083 

RAC 

(l/min) 

0.00123 

0.00116 

0.00023 

o 

OD=optical density; t=time; Ce=enzyme concentration; Ct=tannin 
concentration; K= specific rate of the enzymatic reaction; RAC= 
relative activity coefficient. 
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Except for the complete inhibition both reactions fit the equation: 

x 
y= -----------

a + bx2 

Y = 0 D x = time; a and b are constants. 
405; 

The a and b constants for chymotrypsin had values from 0.38 to 0.48 

and 0.93 to 1.64 respectively (R 2=0.88 and 0.95 respectively). The a 

and b constants for trypsin were in the range of 0.42 to 0.48 and 1.15 

to 1.67 respectively (R 2=0.91 and 0.93 respectively). The two highest 

concentrations of tannins used in these two experiments inhibited the 

enzymes represented by the horizontal lines y= 0.46 and y= 0.2 for 

trypsin and chymotrypsin respectively. 

Chymotrypsin showed higher values of relative activity coefficients 

than trypsin at any concentration. The inactivation of trypsin and 

chymotrYPsin by jojoba tannins were similar to the results reported by 

o h and Hoff (1986) for condensed tannins from grapes. 

Due to the activation of chymotrypsin by trypsin in the digestive 

tract (C hurch and Pond, 1982), a small concentration of tannins in 

jojoba seeds may reduce the amount of active chymotrypsin and the 

activity of both enzymes. This could explain the result of Ngoupayou 

(1982), who demonstrated that more than 15 % detoxified jojoba meal in 

the ration was not acceptable for chickens. Inactivation of digestive 



64 

enzymes could be reduced by having more albumins and globulins in the 

diet to compete for tannins, although this would reduce availabilty of 

these proteins. 

Jojoba albumins did not form a precipitate with jojoba tannins at 

pH 7 even though there was a combination of the two. This could affect 

their digestibility by obstruction of the sites of hydrolysis of the 

protein. Although only two of the four fractions of the jojoba globulins 

formed precipitate, their digestibility would be reduced by the compact 

structure of those precipitates. This was demonstrated by Aw and Swanson 

(1985) with globulins of black beans. 

The effect on activity of trypsin compared with the effect on 

chymotrypsin would reduce digestibility of proteins, because with less 

available trypsin, less chymotrypsin is activated. Inactivation of 

enterokinase, which activates trypsin, probably occurs also. Low levels 

of these three proteolytic enzymes and the additional effect of tanning 

in the gut would be a problem in feeding the high tannin jojoba 

variety. 

Extraction of tannins from jojoba meal 

Because of the importance of the condition of equilibrium solid 

phase (jojoba meal) and the liquid phase (solvent), where no more 

solutes are extracted by the solvent, it was necessary to understand how 



to extract with methanol other toxicants besides tannins from the jojoba 

meal to reduce them to a level causing no toxic effect in animals. 

Two hours extraction time with methanol, water or acid methanol was 

enough to decrease of tannins close to the equilibrium level between of 

the jojoba meal and the solvent (Fig. 11 and Fig. 12). The main 

disadvantage of the extraction of toxicants from the jojoba meal with 

water is the possible extraction of a high amount of protein, because 

albumins are protein soluble in water. These constitute 38-45% of the 

total protein of the jojoba seeds. Alkaline detoxification should have 

the same disadvantage since protein soluble in an aqueous solution of 

alkali constitute 36-43% of the total protein. Methanol extracts only 

1/10 of the protein extracted with water (Fig. 13 ). 

An extended aqueous extraction of toxicants of the jojoba meal can 

result in a considerable amount of extracted starch which not only 

increases the viscosity of the suspension and makes the filtration in 

common filter paper extremely difficult but also forms an emulsion which 

needs centrifugation to separate the solids and solution. 

The advantage of methanol detoxification is that more tannins are 

extracted with this solvent, a very sm all amount of protein is 

solubilized and filtration of solid and the soluble toxicants is very 

easly done. M ethanol is also cheaper than ethanol and isopropanol, two 

of the solvents recomended for jojoba detoxification. 
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Fig. 13: Proteins extracted from dehulled, dewaxed jojoba meal by water 
or methanol as a function of extract'ion time. 



Successive extractions of tannins and proteins by methanol, acid 

methanol and water. 
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Aqueous extraction of simondsin was studied by Cotgageorge in 1978, 

and a detoxified jojoba meal was obtained. However, Ngoupauyou (1982) 

reported that aqueous extraction of simmondsin and simmondsin 

21-ferulate was not enough (0.8 and 0.84 % respectively) to eliminate 

those toxicants, and growth retardation of chicks was observed when they 

were fed a diet containing 10% jojoba meal. He also has reported that 

ammonia-treated jojoba meal decreased simmondsin and simmondsin 

21-ferulate to 0.05 and 0.06 % respectively; however, a significant 

decrease in growth of chicks fed ammonia treated meal also occurred. 

Even though the sim mondsin compounds had been reduced or changed, the 

same reduction in growth was obsearved. Since the tannin solubility is 

high at a pH lower than 7, am monia treated jojoba meal retained these 

toxicants, and the differences between the concentration of tannins of 

the meals could explain the difference between those diets. 

The importance of tannin extraction of jojoba meal has largely been 

ignored in spite of the knowledge that concentration of tannins as low 

as 1 % have resulted in decrease of animal growth. There is also 

evidence that simmondsin, simmondsin 21-ferulate or related compounds 

are not the only causes of toxicity of jojoba. The presence of tannins 

may explain the toxic effect. Verbiscar et al. (1980) reported that a 

sample containing 0.085 % simmondsin plus simmondsin 21-ferulate 

caused 10 % mortality in mice, but another sample containing 0.014 % of 

those toxicants produced 50% mortality. 
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The first one was extracted several times with 50% methylene 

chloride/methanol in a 8:1 v/w solvent/meal ratio. The second meal was 

extracted only 4 times with methanol in a 3:2 solvent/meal ratio. More 

tannins were pobably extracted from the first sample resulting lower mouse 

mortality. 

In this study, aqueous extraction of tannins was less efficient 

than extraction with methanol because water extracted 50% fewer tannins 

than methanol. The tannin concentration of the fourth extract is only 

25% of the concentration of the first extract (Fig 14). Water extracts 

protein more efficiently because of the high solubility of the albumins 

of the jojoba seeds (Fig. 11). That is the main disadvantage of the 

detoxification of jojoba meal with water. 

After the third extraction of tannin of the jojoba meal with 

methanol, additional extraction removes little additional tannins but 

some protein (Fig. 14). Less protein and more tannins are extracted by 

acid methanol than pure methanol (Fig. 15). This was expected since 

condensed tannins are more soluble in acid methanol, and solubility of 

hydrolyzable tannins and other phenolic compounds is enhanced. 

Some of the high mortality and a decrease in growth of animals 

previously mentioned could be due to an lnefficient extraction of 

tannins rather than the low levels of simondsin and simondsin 

2'-ferulate in these meal. 

A dequate removal of hydrolyzable and condensed tannins from animal 

feeds is important not only because they decrease the availability of 

proline, glycine and glutamic acid (Eggum and Christensen, 1975) and 
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inactvate digestive enzymes (Bjork and Nyman, 1987; Aw and Swanson, 

1985; Chibber et a1., 1978), but also because they affect the intestinal 

cells which decreases protein digestion and absorption of other 

nutrients such as glucose and methionine (Mitjavi1a et a1., 1970). They 

also may damage the intestinal wall by the tanning effect. 

In some previous experiments methanol has been described as an 

inefficient solvent due to the low growth rate observed with animals fed 

extracted jojoba meal. However, the results of this research show that 

methanol is a very good detoxificant solvent. It increases pa1atibi1ity 

because of the extraction of bitter compounds, extracts only 1/10 of the 

protein extracted by water, and is cheaper than ethanol, isopropyl 

alcohol and acetone, solvents used to extract simmonds in. 

Six steps of equilibrium solid-liquid methanol extraction with a 

6:1 ratio solvent vo1ume/jojoba meal were sufficient to detoxify deoi1ed 

jOjoba meal. Countercurrent extraction with solvent recovery would be 

even more efficient. More experimentation is needed on a pilot scale 

basis to determine optimum conditions for industrial scale 

detoxification of jojoba meal. 



Effect of five different mouse diets containing jojoba meal. 

The effect of jojoba tannin on digestive enzymes was determined before 

the study of the toxic effect and depression of growth of mice by jojoba 

meal and detanned jojoba meal, because jojoba tannins inhibited enzymes 

(Sanchez and Price, 1987) and no negative effect was observed on 
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rabbits fed a basal diet with up to 3% added tannic acid (Ngoupayou et 

al., 1985). 

The determination of toxicological effect of five diets containing 

jojoba meal was carried out at 15% jojoba meal because the beginning of 

an evident toxic effect on mice was at that percent of jojoba meal in 

previous mouse studies which used jojoba meal at levels of 10 to 30% of 

the total ration (Price and Weber, 1988; C otgageorge, 1978). A ration 

with 5% jojoba meal was also used in this experiment to confirm that 

this low level of jojoba meal did not cause lethality. 

In this experiment an attempt was made to determine if condensed 

tannins in the seed coat of jojoba were responsible for the toxic effect 

of jojoba meal on animals. Accordingly, the seeds coat of a portion of 

the seed were removed by alkali prior to further processing. These are 

referred to as the dehulled samples. Samples with the seed coat included 

are referred to as the non-de hulled samples. 

All samples were ground and dewaxed with hexane. A portion of the 

samples were then extracted with methanol to extract the seed tannins 

and other methanol solubles. These samples are referred to as the 

detanned or detoxified samples. 
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Samples comprised 15% by weight of a balanced mouse diet previously 

described to test lethality and/or \'Jeight gain. These diets are 

designated as 01 through 06; lethality is shown in Figure 16. 

Results reported by C otgageorge (1978) indicate that methanol 

detoxified jojoba meal at 10% of the diet was not well accepted by mice 

and that growth was lower than that of the control and that of 10% water 

detoxified jojoba meal. Those results indicated that detoxification with 

water was bettel' th an detoxific ation with m eth an 01. How ever more water was 

used in those experiments than methanol in the single methanol extraction. 

T his could explain the differences in toxicity of jojoba meal extracted 

with these two solvents. 

~iets 02and 06 of the five four containing deoiled jojoba meal 

were lethal for mice (Fig. 16); the difference between them was the 

presence of seed coat in 06• This diet killed all ten mice within 16 

days. ~iet O2 killed nine of the ten mice; one mouse survived the 

entire month. Although 15% deoiled jojoba meal was enough to kill mice, 

the same effect was not seen in other animals. Ngoupayou (1982) reported 

that hens and rabbits fed a diet containing 15% jojoba meal did not die, 

but egg production, egg weight and body weight in hens all decreased at 

levels as low as those obtained with 5% deoiled jojoba meal. 

Jojoba meal consu mption by mice. 

Feed consumption by mice on all diets throughout the study is shown 

in Fig. 17. Results indicate that diets ,03 and 05 containing 15% 

jojoba meal which had been extracted with methanol and acid methanol 
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Fig. 17: Feed consumption of mice recelvlng diets containing jojoba meal 
processed under different conditions. 
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respectively wel"e equally as acceptable as the control diet. ~iets 

containing 15% jojoba meal which had not been methanol-extracted were 

eaten only sparingly. Addition of 5% jojoba meal to the diet (04) 

caused it to be less acceptable than the control. These results with 

non-extracted jojoba meal are in accord with those reported earlier by 

Cook (1977) and Weber (1973) with mice, but they are different than 

those involving methanol detoxification reported by C otgageorge (1978) 

and Verbiscar et al. (1980). The differences could be due to the 

efficiency of the extraction, nu mber of extractions and the ratio of 

solvent/meal. 

Removal of the seed coat before further processing did not affect 

feed consu mption either in acceptable diets (03 compared to 05) or 

in an unacceptable diets (02compared to 06), This indicates that the 

removal of the condensed tannins of the seed coat was ineffective in 

increasing the acceptability of jojoba meal to mice. 

Probably the fractions with 2 hand 8 h elution ti me which were 

observed and the precipitate complex of the globulin fraction retain 

attached tannins, and they avoid the effect of these polyphenols on 

protein digestibility and acceptability of jojoba meal to mice. 

Weight gain. 

Weight gain of mice consu ming rations containing jojoba meal is 

shown in Fig. 18. These results confirm earlier results showing that 

diets containing 15% jojoba meal with no treatment other than wax 

removal are unacceptable. Mice on diet (06) and the diet containing 
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Fig. 18: Mean boJy weigrlt of mice recelvlng diets containing jojoba meal 
processed under different conditions. 
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jOjoba meal from seeds which had the seed coats removed before dewaxing 

(02) gradually lost weight and eventually died. Seed coat tannin 

removal did not provide the expected protection against weight loss and 

death. Even as little as 5% dewaxed meal (04) depressed weight gain 

significantly although none of the mice die. 

~iets containing methanol-extracted meal (03 and 05) initially 

gave even better growth than the control. After two weeks growth of mice 

which were consu ming 05 (included seed coats) leveled off, and at four 

weeks their weight was significantly lower than those on control diets • 

t Weight of mice receiving jojoba which had had the seed coat removed 

prior to methanol extraction was significantly greater after the first 

week than weight of mice on the control diet throughout the study. This 

is the first instance in which addition of jojoba meal to a balanced 

diet has resulted in faster weight gains than the diet without jojoba 

and may be due to the complimentary effect of the jojoba with soy 

protein. 

Another advantage of removal of the seed coat is that the resulting 

meal is fine textured, with a pleasing creamy color. The meal with the 

seed coat is tan, has brown specks throughout and must be ground talcum 

powder fine to produce a homogeneous product. 



As expected, the diet containing 5% dewaxed but further untreated 

jojoba meal caused significantly lower final body weights although it 

did not cause weight loss and eventu al death of the mice that resulted 

from feeding jojoba meal as 15% of the diet. Means and standard' 

deviation are shown in Table 11. Feed and weight ratios are shown in 

Table 12. 
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Table 11. Mean and Standard Deviation of Mouse-Jojoba Meal Feeding Study. 

Initial Mean Final Total Total Increment 
body body body feed con- jojoba con- of body 

weight 
(g) 

weight 
(g) 

weinht 
(g 

su mption 
(g) 

sumption 
(g) 

01 B.6±O.50 19.3±7.96 2B.3±3.69 12B.4±7.35 0 

O2 B.5±1.27 7.53±O.61 6.9±O.0 9.1±.6.06 1.4±.O.99 

03 9.2±O.71 21.6±B.20 30.1±2.23 142.5±18.57 21.3±2.78 

04 B.9±O.71 16.5±5.59 23.5±2.52 94.B±10.55 4.7±O.53 

°5 9.1±O.69 20.4±7.0B 25.2.:!:1.76 130.7±6.17 19.6±.6.167 

06 B.B±.0.86 7.6±O.94 7.9±O 8.B±.7.23 1.3j).OB 

° 1: Control (soy protein) 

O2: 15% dehulled, dewaxed jojoba meal. 

03: 15% dehulled, dewaxed, methanol detanned jojoba meal. 

D4: 5% non-dehulled, dewaxed jojoba meal. 

weight 
( g) 

19.70±3.62 

-1.71±O.B6 

20.BO±2.45 

14.4B.:!:2.53 

15.95±1.B7 

-O.90±O.37 

05: 15% non-dehulled, dewaxed, acid methanol detanned jojoba meal. 

06: 15% non-dehulled, dewaxed jojoba meal. 
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Table 12. Feed and Weight Ratios of Mice Fed with Six Different Diets 

During a Four Week Period. 

01 

02 

03 

04 

05 

06 

F 

W 

6.6 

1.2 

6.6 

5.7 

6.4 

1.1 

0 

0.19 

0.99 

0.28 

0.96 

0.17 

F 

Ws 

14.93 

1.07 

15.38 

10.65 

14.36 

1.10 

F 

Wf 

4.53 

1.31 

4.73 

4.10 

5.18 

1.11 

0 

Fjm 
Ws 

0.16 

2.31 

0.53 

2.15 

0.14 

0 

Fjm 
Wf 

0.20 

0.70 

0.20 

0.77 

0.16 

OW 
F 

0.15 

-0.17 

0.15 

0.15 

0.12 

-0.10 

OW 
Fjm 

-1.15 

0.98 

3.08 

0.83 

-0.69 

F: Feed intake (g); Fjm: Jojoba fed (g); OW:Weight gain (g); W: Mean body 

weight (g); Ws: Initial body weight (g); Wf: Final body weight (g). 



CHAPTER 5 

CON C L U S ION S 

1. Jojoba tannins form protein-tannin complexes with certain 

fractions of albumins and globulins of the jojoba seed. The 

chromatographic properties of those fractions were changed because of 

the size of the complexes. Digestibility of jojoba proteins and 

availabililty of amino acids can be reduced because of the complexes 

formation. 
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2. ~ vitro enzymatic activity of trypsin and chymotryplsyn were 

reduced by condensed tannin extract of jojoba seed at 5.80 ~g CE/ml 

tannin and 36.44 ~g CE/ml tannin respectively. This affect may change 

the digestibility of proteins of high tannin content jojoba varieties. 

3. Methanol extraction of tannins from dewaxed, dehulled jojoba meal 

yielded a meal that supported mice growth. When added at 15% to a 

balanced basal diet, consisting of soybean protein, mice were found to 

have an increased growth rate. 



4. Acid methanol was more efficient in removal of tannins than 

methanol, however jojoba meal produced by the acid methanol when 

added at 15% to basal diet mentioned abov~ had a lower growth rate of 

mice than the meal produced by methanol extraction. Aqueous extraction 

was less efficient for removal of tannin than methanol and extracted 

ten times more protein than methanol. 
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