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1. Introduction  

Simmondsia chinensis (Link) C.K. Schneider, often known as Jojoba, is an adapted shrub that can 
grow successfully in adverse conditions and is grown in numerous nations worldwide. The 
importance of this plant comes from the uniquely oil that makes up over 50% of its seeds. Jojoba oil 
possesses significant economic importance, particularly in the cosmetic business. The residual meal, 
abundant in proteins, serves as an excellent source for animal feeding. Nevertheless, the meal's 
presence of antinutritional factors restricted its application and made the researchers seek alternative 
methods for its detoxification. Jojoba meal could be detoxified through chemical, biological, and 
physical means as well. Despite the extensive investigation of the oil's phytochemical composition, 
the chemical composition of the remaining plant has been reported in a limited number of studies 
[1]. The jojoba plant, scientifically known as Simmondsia chinensis (Link) Schneider, is a member 
of the Simmondsiaceae family. It is a type of desert shrub that grows in arid and semi-arid areas and 
is known for its oil production [2]. Jojoba oil possesses excellent lubricating properties. Furthermore, 
jojoba has significant interest in several sectors like cosmetics, medicines, feeding animals, and 
landscape as a means of conserving soil [3]. The defatted meal obtained after oil extraction possesses 
the potential to serve as a valuable supplementary for animal feeds. After the removal of fat, the 
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 Jojoba meal is a byproduct after oil extraction and serves as an excellent 
source of protein. Nevertheless, the meal's presence of toxic factor 
simmondsin as a cyanogenic glycoside restricted its application and made 
the researchers seek alternative methods for its detoxification.  Jojoba 
protein isolates were prepared by alkaline extraction at different pHs 8, 
9, and 10 (JPI 8, JPI 9, JPI 10) followed by isoelectric precipitation  as a 
procedure for detoxification of jojoba meal from simmondsin and 
produce safe food-grade functional ingredient (jojoba protein isolate JPI) 
available to use in many industrial applications. The highest protein yield 
(83.21%) was recorded in protein isolates extracted at pH 9 (JPI 9) with 
the highest protein content at 91.15%.Simmondsin content ( mg /kg ) in 
jojoba meal is 278.79, 5.64 in JPI8, 2.27 in JPI9, and 1.97 in JPI 10. JPI
9 achieved high levels of isoleucine, lysine, cysteine, phenylalanine, 
tyrosine, and threonine. High chemical protein scores in JPI 9 at 156.98 
and 109.01 for threonine, phenylalanine, and tyrosine.The results 
revealed that JPI9 achieved the highest level and the yield of essential and 
nonessential amino acids it was used in enriched the biscuit with different 
levels (5- 10 and 15%) to produce high protein biscuit functional product 
as one of industrial applications   
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primary components of it consist of proteins (31%) and carbohydrates (55%) [4]. The difficulty 
facing the jojoba business is figuring out how to increase product quality and productivity [5]. 

However, this meal includes around 15% of toxic cyanoglucosides [6]. Simmonds has been identified 
as a main factor that suppresses appetites in rodents and chickens,and leading to higher levels of 
cyanide and thiocyanate in the blood [7]. 

Methods for deactivating or removing simmondsin from jojoba meal have been reported by several 
authors. Detoxification techniques using chemical methods [8, 9], microbiological methods [10], and 
solvent extraction methods. It has been Performed an analysis on different solvents, such as water, 
methanol, and 90% ethanol, and found that water effectively extracted all the simmondsin 
components. Simmondsins could not be completely removed, however, despite repeated extractions 
using methanol or 90% ethanol [11]. 

Verbiscar et al [9] performed experiments to evaluate the effectiveness of different solvents, 
including acetone, isopropanol, water, methanol, and a mixture of 85% dichloromethane and 15% 
methanol, in extracting simmondsin from the defatted meal. It was discovered that water and 
methanol were able to remove simmondsin completely. 

It has been demonstrated that water may extract simmondsins from jojoba meal. However, only 
chloroform, methanol, acetonitrile: water, and acetone extracts were found to be appropriate for 
chromatographic separations [12]. 

 A one-step method that involved repeating the extraction with water at 90 °C was shown to be 
effective in extracting most of the simmondsin and oil from crushed jojoba seeds [13]. In addition, 
they stated that the optimal duration for extraction was 1.5 hours, while the ideal temperature was 90 
°C. The worldwide market for plant-based protein is rapidly growing, mainly because of its positive 
impact on the environment, economy, health, as well as society [14] 

Nowadays, there is a growing interest in developing bakery products that possess enhanced 
nutritional content and reduced caloric content. As a result, researchers and food manufacturers are 
investigating the potential of enhancing baked goods with functional ingredients that can offer further 
nutritional advantages. Using protein isolates to enhance the protein content is now considered one 
of the most promising approaches for producing customized food [15, 16].  

For many years, high-protein biscuits have been utilized in emergencies, mainly for meeting  the 
children nutritional requirements. High protein biscuits are food products that are formulated by 
using high amounts of protein-rich ingredients. Emergency food preparations in the form of high-
protein biscuits should have a sufficient amount of nutrients, including calories, based on the 
recommended daily intake of 2100 kcal/day as per the dietary adequacy rate (RDA) set by the 
Institute of Medicine in 2005  [17, 18].There is a growing interest in extracting the proteins from 
jojoba meal for various industrial, cosmetic, and food applications to prevent disposal issues and 
environmental risks that arise after extracting the oil [19]. 

Therefore, the present study aimed to produce a detoxified non-traditional source of protein isolate 
at different pH levels for removing simmondsins from a by-product (jojoba meal) and use it as a 
food-grade product by enriching the biscuit with protein isolate to improve protein content as a 
functional food. 

2. Materials and Methods 

Plant materials Jojoba (Simmondsia chinensis) seeds were harvested from 4-year-old Jojoba trees 
cultivated in the South Sinai Governorate of Egypt. The Jojoba trees that were chosen were consistent 
in their level of strength and size, and were planted at a distance of 2-4 meters from each other. Trees 
were planted in sandy loam soil and were irrigated with a drip irrigation system by saline fresh water. 
All trees were subjected to identical horticultural procedures. 

2.1. Preparation of Jojoba Meal  

After the seeds are crushed, they are boiled in a solution of one-part seeds to two parts water for 45 
minutes. In this step, a little quantity of hydrochloric acid was used to regulate the pH level at 4.5. A 
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press operation was performed to obtain the pressed cake (meal). A compressed cake (meal) is 
obtained from a pressing procedure and subsequently subjected to hexane extraction until the solvent 
turns colorless. Using a hammer mill, the defatted meal was ground and run through 60-mesh screen. 
Then dried by spread out in trays overnight at 25°C [20].    

2.2. Preparation of Protein Isolate  

Jojoba protein isolates are produced using the process of alkaline extraction, then followed by the 
procedure of isoelectric precipitation (IP) [12, 21]. 

The process of alkaline extraction involves mixing three equal quantities of jojoba meal with NaOH 
solutions at pH levels of 8, 9, and 10 for 2 h at 23 °C. The solvent-to-meal ratio used was 10:1 (weight 
to volume). After centrifuging the mixture for 15 minutes at 4000 g, the supernatant was utilized to 
start an isoelectric precipitation (IEP) by reducing its pH with 0.5 M HCl. After precipitating 
overnight at 4°C, the pellet was centrifuged at 4000g for 20 min and dried at 50 ° C. 

 

Deffated jojoba meal + Water (1:10) 

↓ 

Adjustment of the pH (8, 9,10) 

↓ 

Centrifugation 

↓ 

Precipitatation (Protein Isolate) 

↓ 

Drying under vacuum at 50 °C for 24 h. 

↓ 

Storage 

 

Figure 1. Systematic flow sheet for jojoba protein Isolates 

 

2.2.1. Analytical methods 

The whole seed, meal, and protein isolates' moisture content, crude oil content, crude protein (N x 
6.25), and total ash had been determined [22]. 

2.2.3. Isolate Recovery 

 The weight of the protein isolates obtained during isoelectric precipitation per 100g weight of the 
corresponding beans was used to calculate the recovery of jojoba protein isolates [23]. 

2.2.3. Protein Yield  

The determination of protein yield carried out according toWang et al [23] 

Simmondsin extraction: 

The samples (50 g) were treated as follows simmondsins are extracted using methanol (3× 50 mL) 
through stirring at ambient temperature for 30 minutes. The extracts were concentrated at lower 
pressures (40–50 ◦C), dissolved in methanol (HPLC) grade, and then adjusted to a final volume of 1 
ml [12]. 

2.3. High-Performance Liquid Chromatography (HPLC) 

Simmondsin quantification was performed using reverse-phase high-performance liquid 
chromatography (HPLC). In brief, the methanolic extract of Simmondin was run through a millipore 
filter with a pore size of 0.2 μm, and HPLC was carried out using a reverse phase C18 column. A 
pressure range of 0 to 200 kgf cm–2 was kept. The mobile phase consisted of a water-methanol 
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combination of HPLC quality, with a ratio of 80% water to 20% methanol (v/v). A flow rate of 0.75 
mL min–1 was consistently maintained throughout the run. The eluents were observed at a 
wavelength of 217 nm. The sample and standard were injected in quantities of 20 μL. 

2.3.1. Amino acids composition using HPLC 

The amino acid contents of the tested samples were analyzed using the HPLC-Pico-Tag method, 
following the protocol established by Millipore Cooperative. The protein sample was measured and 
placed in a hydrolysis tube of 25 × 150 mm. The tube was then heated in an oven set at a temperature 
of 110ºC for a duration of 24 hours. The HPLC chromatographic analysis was conducted using a 
gradient of Pico-Tag solvent (Eluent A and B) at a temperature of 38 °C. The flow rate was adjusted 
to 1 ml/min, and 20 ml sample was injected onto a stainless-steel amino acids C18 column 100x4.6 
mm. The PTC derivatives are detected using UV absorption measurements using a Waters detector 
set at a fixed wavelength of 254nm. The instrument was calibrated by performing two injections of 
the lysine standards before sample injection. [24, 25, 26]. 

2.4. Chemical score (CS) 

The CS was determined by comparing the essential amino acid (EAA) content in protein to that of a 
whole egg protein, as stated by the FAO/WHO [27]. The calculation was done using the formula: 
CS= [EAA in the tested protein (g/100g)/EAA in egg protein (g/100g)] ×100 [28]. 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)  

The protein isolates' composition profile was examined using SDS-PAGE. The proteins were 
resuspended in 50 µl of sample buffer [29] and subsequently subjected to boiling for 10 minutes. 
Then, the mixture had centrifugation at a speed of 5000 rpm for 5 minutes. The separation of total 
protein was achieved using a 10% sodium dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE) technique, specifically employing Mini-gel electrophoresis equipment from BioRad, 
USA. The protein profile's molecular weight was identified by comparing it to standard molecular 
weight markers (standard protein markers, 11-245 kDa; Sigma, USA). The protein bands made 
visible with the application of Coomassie Brilliant Blue R-250 stain (Sigma, USA) [30]. 

2.5. Biscuits Formulation and Preparation 

The biscuits were made using the basic formulation, as follows: The composition consists of 49.5% 
wheat flour, 20% butter, 20% sugar, 10% beaten whole egg, and 0.5% baking powder [31]. Jojoba 
protein isolate was added to wheat flour dough at concentrations of 5%, 10%, and 15% through the 
process of combining with wheat flour and baking powder.  

The final dough was shaped to a thickness of 19 mm using a sheeting board.  and then cut to a width 
of 69 mm. It was then baked on oiled pans for 15 minutes at a temperature of 160◦C in an air oven.  
The biscuits were cooled to a temperature of 30±2◦C and then sealed in high-density polyethylene 
bags. 

2.5.1. Physical Characteristics of Formulated Biscuits 

The biscuit was evaluated for the following parameters using the method described by Bala et al. [32] 

Thickness: The thickness of the biscuits was measured by using a vernier caliper to determine the 
diameter of six biscuit samples put next to each other. Subsequently, the reading was divided by a 
factor of 6 to obtain the precise thickness of a single biscuit. The mean thickness value was provided 
in centimeters. 

Diameter: Six biscuit samples were arranged edge to edge, and the diameter of each biscuit was 
measured using a vernier caliper. With each set of samples, an average was calculated. The diameter 
average was expressed in centimeters. 

Spread Ratio The spread ratio was determined by dividing the diameter by the thickness. 

Spread factor (SF) 

The spread factor (SF) is calculated using the formula SF = D/T × CF × 10, where SF represents the 
spread factor, D represents the diameter, T represents the thickness, and CF is a correction factor at 
constant atmospheric pressure. The numerical value in this particular instance was 1.0. [33] 
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2.5.2. Color properties of biscuits  

The color of baked biscuits was measured as L*, a*, and b* using a Hunter Lab Colorimeter (Hunter 
Associates Laboratory Inc., Reston, VA, USA) according to the CIE L*, a*, b* color system. 
According to, L* values represent black to white (0–100), a* values represent redness when positive, 
and b* values represent yellowness when positive [34]. 

2.6. Sensory Evaluation 

A sensory evaluation was performed at the Food Technology Department of the National Research 
Centre in Egypt. A group of twenty panelists, ranging in age from thirty to fifty, were chosen for 
participation in the sensory evaluation.  

The sensory evaluation was performed using the hedonic scale [35]. The food samples were prepared 
in standardized sample containers, marked with random letters, and each sample was linked to a 
unique letter. Each panelist was sequentially presented with the sample in a randomized order. The 
panelists were directed to evaluate the coded samples for each sensory characteristic, such as color, 
aroma, texture, flavor, and overall acceptance, based on their personal choice, which may range from 
1 to 9.  

2.7. Statistical Analysis 

The results were presented as means ± standard error after the samples were evaluated three times. 
The evaluation was performed using the SAS (Statistical Analysis System) program for Windows 
[36]. A one-way analysis of variance (ANOVA) was employed to evaluate the statistical significance 
of the differences in mean values. Following that, Duncan's multiple range test was performed with 
a significance level set at p < 0.05.. 

3. Results and Discussion 

3.1. Proximate Composition and Simmondsin Content of The Jojoba Seeds, Meal, and 

Protein Isolates 

The data presented in Table 1 showed the proximate composition of jojoba seeds, meal, and protein 
isolates (at different pH 8, 9, and 10 of extraction). The moisture content was 2.36, 4.33, 5.82 .4.32, 
and 6.90%, respectively. The protein isolate (pH 9) showed the highest protein content, reaching 
91.15%.  

 

Table 1. Proximate composition of jojoba seeds, meal, and protein isolates g / 100 g sample (dry weight basis) 

Components  Jojoba 
seed 

DJM JPI 8 JPI 9 JPI 10 

Moisture  2.36d 
± 0.04 

4.33c 
± 0.03 

5.82b 
± 0.02 

4.32c 
± 0.06 

6.90a 
± 0.10 

 Crude Protein  14.24e 
±0.25 

21.43d 
± 0.45 

86.81b 
± 0.04 

91.15a 
± 0.30 

85.49c 
± 0.04 

 Crude oil 47.60a 
± 2.40 

3.55b 
± 0.05 

0.54c 
± 0.06 

0.50c 
± 0.02 

0.49c 
± 0.10 

Crude Fiber  10.82b 
± 0.22 

16.32a 
± 0.32 

1.52c 
± 0.03 

1.01d 
± 0.01 

0.93d 
± 0.03 

Ash 2.27b 
± 0.03 

5.42a 
± 0.04 

1.78cd 
± 0.04 

1.66d 
± 0.10 

2.0c 
± 0.30 

Available 

carbohydrates** 

23.24b 
± 2.43 

48.95a 
± 0.43 

3.53d 
± 0.10 

1.36e 
± 0.33 

4.19c 
± 0.16 

Mean values followed by the standard error (±). 
Numbers in the same row followed by the same letter are not significantly different (p < 0.05). 
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The seeds had a crude oil content of 47.60%, while protein isolates oil content was the lowest ranging 
from 0.49% to 0.54%. The jojoba meal indicated the higher concentration of crude fiber, around 
16.32%, and protein isolates had the lowest level ranging from 0.93 -1.52 %. In addition, jojoba meal 
had the highest level of ash 5.42%. 

Jojoba meal contains 21.43% protein, 3.55% crude oil, 16.32% crude fiber, 5.42% ash. Our finding 
of jojoba meal was slightly higher in crude oil, crude fiber, and ash than those reported by El-Anany 
[37] who reported that Jojoba meal contains 22.9% protein, 1.2% crude oil, 15.4% crude fiber, and 
4.1% ash. Our results also agree with those demonstrated by Sobhy et al [38] with sight higher protein 
and oil content of their jojoba meal. 

The chemical composition of the protein isolate extracted at pH 9  (JPI 9 ) was 91.15% protein, 
0.50% crude oil, 1.01% crude fiber, and 1.66% ash which is in the similar range to that reported [38] 
with a slight decrease in protein and oil content reported by El-Anany  who demonstrated that the 
isolate's chemical composition contained 92.35% protein, 1.2% crude oil, 0.76% crude fiber, and 
1.13% ash [37]. 

3.2. Simmondsin Analysis  

The Simmonds was determined by HPLC as presented in Fig 2.  The simmondsin content in jojoba 
meal is 278.79 mg /kg, 5.64 mg/kg of JPI8, 2.27mg / Kg of JPI9, and 1.97 mg/ Kg of JPI 10. Our 
result was lower than that found that the Simmondsin content of jojoba meal was 0.43% and the 
lowest concentration of simmondsin, measuring 0.10% in protein isolate. [37]. 

The result revealed that the simmondsin content was reduced with an increase in pH of protein 
extraction at 1.97 mg/kg which indicated that producing protein isolate eliminated simmondsin to 
1.97 and produced detoxified protein isolate available to use in many industrial applications. The 
LD50 for rats of simmondsins is 4 g/kg [39]. Several biochemical parameters were employed to 
determine that a 5-day administration of 250 mg of simmondsin/kg of body weight did not have any 
toxicological effects on the liver, pancreas, or kidneys. 

 

 

Figure 2. HPLC  chromatograms of Simmonds in DJM, JPI 8, JPI 9, and JPI 10 

 

3.3. Protein Isolates Recovery and Yield  

Table 2 illustrates the mean values for protein recovery and yield. The protein isolate extraction 
process resulted in the highest recovery of JPI 10 (13.5%) with protein content (85.49%) and protein 
yield (81.05%) based on the protein content of jojoba seeds and protein isolate. 

Comparatively lower protein isolates recovery (12.5%) and lower protein yield (76.20%) were in JPI 
8, similarly protein content was (86.81%). The highest protein yield (83.21%) was recorded in 
protein isolates extracted at pH 9 with the highest protein content 91.15 %. results indicated that the 
increase of the extraction pH to 9 led to an increase in protein yield and protein content. 
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The protein extractability and recovery were shown to be positively correlated with higher pH values. 
It also indicates that higher concentrations of alkaline medium can improve the ability to extract 
protein [40]. 

 

Table 2. Protein isolates recovery and yield at different pH of extraction 

Mean values followed by the standard error (±). 
Numbers in the same column followed by the same letter are not significantly different (p < 0.05). 
 

Both the extraction pH and precipitation pH have an impact on the protein recovery yield [41]. The 
cause for this is the dependency of both procedure stages: only the protein that becomes soluble in 
the initial stage may be precipitated in the next stage since the protein that remains insoluble is 
retained in the waste solids fraction [42]. 

3.4. Amino Acids Composition of Jojoba Protein Isolates 

The data shown in Table 3 represented the essential amino acid composition of jojoba protein isolate 
extracted at different pH 8, 9, and 10 compared with the provisional amino acid content of the 
FAO/WHO standard [27] and the content of non-essential amino acids. 

Results in Tables 3 indicated that protein isolate extracted at pH8 achieved the highest level of 
essential amino acids at 45.73 g / 100 g sample and the lowest level of non-essential amino acids was 
50.73, While the protein isolate extracted at pH 9 achieved a high level of both essential and non-
essential amino acids 45.32 and 53.28 g/ 100 gm respectively. Jojoba protein isolate extracted at pH 
10 had a low level of essential amino acids 41.13 and the highest level of non-essential amino acids 
55.05 g /100g respectively 

Protein isolate extracted at pH 8 (JPI 8) scored the highest level of methionine and valine 4.58 and 
7.67 gm/100gm respectively, while protein isolate extracted at pH 9 achieved high levels of 
isoleucine, lysine, cysteine, phenylalanine, tyrosine and threonine. Protein isolate extracted at pH 10 
had the highest level of histidine 4.41g/100g. 

Results revealed that protein isolate extraction at pH 9 achieved the highest level and yield of 
essential and nonessential amino acids. 

3.5. Chemical Score of Essential Amino Acid  

The chemical score results for jojoba protein isolates, as reported in Table 4, indicate that methionine 
and cysteine achieved the greatest chemical protein score of 222.86 in JPI8, followed by JPI9. The 
data also showed significantly elevated chemical protein scores in JPI 9, with threonine, 
phenylalanine, and tyrosine scoring 156.98, 109.01, and 109.01 respectively. Conversely, lysine and 
leucine exhibited the most  minimal ratings in all samples, indicating that they are the amino acids 
that limit the availability of the jojoba protein isolate.   

 

 

 

 

 

Protein isolates  Protein isolates recovery 
(g/100g meal) 

Crude Protein (%) Protein yield (%protein) 

JPI 8  12.5± 0.20c 86.81± 0.04b 76.20 ± 0.02c 

JPI 9 13 ± 0.35b 91.15 ± 0.30 a 83.21± 0.07a 

JPI 10 13.5± 0.20 a 85.49 ± 0.04c 81.05± 0.07b 



ISSN 2721-7868 International Journal of Halal Research                 65 
Vol. 5, No. 2, December 2023, pp. 58-71 

Rasha k. Mohamed et.al (Detoxification of Jojoba Meal Simmondsin by Production of Its Protein Isolates as a Protein …) 

Table 3.  Essential amino acid composition of jojoba protein isolate compared with the provisional A.A content 
of the FAO/WHO standard (1989) 

Essential amino acid g/100 g sample FAO/WHO 

JPI 8 JPI 9 JPI 10 
Histdine 3.10 2.31 4.41 2.60 

Isoleucine 3.63 3.84 3.72 4.60 

Leucine 5.45 6.72 5.80 9.30 

Lysine 4.10 4.56 4.43 6.60 

Methonine + Cysteine 9.36 8.65 7.85 4.20 

Phenylalanine + Tyrosine 6.36 7.74 5.65 7.10 

Threonine 4.89 6.75 4.45 4.30 

Valine 7.76 4.75 5.03 5.50 

Tryptophan ND ND ND 1.7 

Total essential amino acid 44.65 45.32 41.34 46.00 

Aspartic acid 7.35 8.97 5.65  

Glutamic acid 12.19 13.07 10.79  

Serine 3.48 2.48 5.12  

Glycine 4.48 3.02 6.19  

Arginine 7.73 6.90 5.63  

Alanine 3.09 6.14 5.31  

Proline 3.84 5.25 5.46  

Total non-essential amino 
acid  

42.16 45.83 44.15  

 

Table 4. Chemical scores for the essential amino acids of the jojoba  protein isolate compared with the 
provisional values for the amino acids of the FAO/WHO/UNU standard (1989). 

Essential amino acid JPI 8 JPI 9 JPI 10 

Histdine 119.23 88.85 169.62 

Isoleucine 78.91 83.48 80.87 

Leucine 58.60 72.26 62.37 

Lysine 62.12 69.09 67.12 

Methonine + Cysteine 222.86 205.95 186.90 

Phenylalanine + Tyrosine 89.58 109.01 79.58 

Threonine 113.72 156.98 103.49 

Valine 141.09 86.36 91.45 
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3.6. Gel Electrophoresis (SDS-PAGE) 

Figure 3 shows the electrophorograph of SDS-PAGE for three samples of jojoba protein isolates, 
including the standard. The data indicated that the bands of jojoba protein isolate ranged from 20 to 
52 kDa . There are two bands in pH 8 found at 22 and 52 KDa while in pH 9 showed two bands at 
21 and 52 kDa. Protein isolate extracted at pH 10 showed 3 bands at 20, 33, and 52 kDa. 

The main constituents of jojoba protein are albumin (79%) and globulin (21%). The SDS-PAGE 
analysis revealed the presence of two prominent proteins with molecular weights of 50 kDa and 25 
kDa in both the albumins and the globulins [19]. There is a lack of in-depth study and 
characterization of the proteins found in jojoba meal. 

 

Figure 3.  Electrograph of protein isolates pattern by one-dimensional SDS-PAGE showing the change of 
protein bands in response to different pH 8,9,10 

 

3.7. Physical Characteristics of Formulated Biscuits 

Previous results revealed that protein isolate extraction at pH 9 achieved the highest level and yield 
of essential and nonessential amino acids we enriched the biscuits with protein isolate extracted at 
pH 9 with different levels of 5, 10, and 15 %, and physical characteristics were examined. The 
physical properties of the biscuits, including their diameter, thickness, and spread ratio, are presented 
in Table 5. 

 

Table 5.  Physical analysis of jojoba protein biscuit’s 

Samples Diameter (cm) Thickness (cm) Spread ratio Spread factor  

Control  5.8 ± 0.17c 1.02 ± 0.03a 5.71 ± 0.30 b 56.86 

JPI 5 %  5.93 ± 0.10b 1 ± 0.02 a 5.93 ± 0.20 a 59.30 

JPI 10 % 6.10 ± 0.06bc 1 ± 0. 00 a 5.93 ± 0.06 b 61 

JPI 15% 6.47± 0.12a 0.92 ± 0.03 b 7.06 ± 3.88 a 59.52 

Mean values followed by the standard error (±).  
Numbers in the same column followed by the same letter are not significantly different (p < 0.05). 

        

It was noticed that there was a significant increase in diameter with an increasing level of jojoba 
protein isolate and the maximum diameter was 6.47cm in biscuits with 15 % jojoba protein isolate. 
There are non-significant differences in the thickness of control and 5 %, and 10% while there is a 
significant reduction in thickness has been noticed in jp15 %. 
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The spread ratio or diameter of biscuits has traditionally been applied as a means of assessing the 
flour's quality for biscuit production. [43, 44]. The biscuit spread ratio refers to the ratio of the 
diameter to the height of the biscuit. Biscuits with a higher spread ratio are considered more desirable 
[45, 46]. The results indicate that as the addition level of jojoba protein isolate increased, the spread 
ratio of the biscuits also increased. Cookies' thickness and diameter affect their spread factor, which 
is further dependent on the gluten network [47,48]. 

Results reveal increasing the spread factor with increasing the level of protein isolate in biscuits 
Therefore, it can be concluded that the addition of jojoba protein isolate enhances the spreading of 
biscuits which is desirable for consumers.  

3.8. Color Properties of Biscuits 

The color is a significant factor that influences the acceptability of biscuits. The incorporation of 
jojoba protein isolate in the biscuit formulation had significant effects on the surface color of the 
biscuits represented in Table 6 and Figure 4.  

 

 

Figure 4.  Biscuits with different levels of jojoba protein isolate 

 

Table 6. Color properties of jojoba protein biscuits 

Samples L* a* b* ∆E 

Control  
78.71 ± 0.45a 6.84± 0.10d 44.21 ± 0.10a  

JPI 5 %  
69.21± 0.09 b 7.44 ± 0.25c 33.89 ± 0.04b 

14.03967 

JPI 10 % 
60.14± 0.16c 10.22± 0.02b 28.80 ± 0.06c 

24.36673 

JPI 15% 
54.34± 0.01d 10.75± 0.01a 25.96 ± 0.02d 

30.69605 

Mean values followed by the standard error (±). 
 Numbers in the same column followed by the same letter are not significantly different (p < 0.05). 
 

The lightness decreased significantly as the added level of jojoba protein isolate increased (69.21, 
60.14, and 54.34) compared to the control (78.71). The reduction in L* values reveals that the biscuits 
have a darker shade at the high level of replacement. A negative correlation between protein content 
and the lightness of biscuits was observed, indicating that the Maillard reaction had a significant 
impact in development the color of the biscuits.  The process of Maillard browning and 
caramelization of sugar during baking results in the formation of brown pigments [49, 50]. Many 
variables, such as water activity, temperature, pH, sugars, and type of amino compounds, influence 
these browning reactions [51].  

The*a color value indicates the redness of biscuits. As the addition level of the jojoba protein isolate 
increased (7.44, 10.22, and 10.75) in comparison to the control (6.84), there was a noticeably 
increasing trend of redness. 
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 The b* value in Table 5 reveals the significant differences in surface yellowness values among the 
four biscuit formulations. The substitution with jojoba protein isolate resulted in significantly 
lowered b* values with increasing addition levels of jojoba protein isolate (33.89, 28.80, and 25.96) 
from the control (44.21). The reduction yellowness of composite biscuits may be due to the lower b* 
value of jojoba protein isolates than the refined flour. 

In addition, the total color difference (∆E) was significantly increased with increasing the level of 
replacement. Biscuits incorporated with JPI 15% showed the highest dissimilar in color (30.70).  

3.9. Sensory Evaluation of Biscuits  

The sensory evaluation of the biscuits Table 7 revealed that there were significant differences 
(p<0.05) between the sensory attributes color, aroma, texture, and flavor and overall acceptances as 
the level of jojoba protein isolates increased from 5 to 15 %.  

 

Table 7. Sensory Evaluation of Biscuits 

Sample Color Odor  Texture taste Overall 
acceptance 

Control 9 ± 0.20 a      9 ± 0.18 a   9 ± 0.18 a 9 ± 0.28 a      9 ± 0.20 a     

JPI  5% 8.43 ± 0.20b          8.57 ± 0.37 a 8.71 ± 0.18 a 8.93 ± 0.28 a 9.00 ± 0.22 a    

JPI 10% 7.50 ± 0.19 c     7.36 ± 0.39 b 7.86 ± 0.24 b 7.43 ± 0.28 b 7.64 ± 0.24 b     

JPI 15% 6.93 ± 0.28 d          7.43 ± 0.48 b 6.79 ± 0.31 c 7.64 ± 0.24 b 6.71 ± 0.18 c           

Mean values followed by the standard error (±). 
Numbers in the same column followed by the same letter are not significantly different (p < 0.05). 

 

Control treatment and biscuits with 5 % protein isolate showed the highest score in sensory attributes 
and there were non-significant differences between sensory attributes for both biscuits. There was a 
reduction in the rating of sensory parametres specially color and texture with increasing substitution 
level of jojoba protein isolate with10 and 15 % may be due to the color of protein isolate which 
lowered the yellowness of biscuits. Texture score decrease to 6.79 in the highest level of protein 
substitution compared to control 9. The overall acceptability of b 5% JPI was similar to control while 
the biscuit with 10 %JPI was acceptable at 84.9 % and biscuit with 15 %JPI recorded the lowest 
acceptability at 74.5%.  Generally increasing the level of jojoba protein isolate up to 10 % in the 
biscuits led to a significant reduction in the sensory attributes..  

4. Conclusion 

The process of extracting jojoba protein from defatted meals through alkaline extraction and acid 
precipitation is an effective strategy in simmondsin detoxification. The optimal process parameters 
for this strategy are an alkaline extraction at pH 9.0 followed by an acid precipitation at pH 4.5. These 
parameters result in the highest yield of structurally safe proteins, as well as removing of 
simmondsin, and led to the production of detoxified protein isolate safe and available to use in many 
industrial applications. A significant increase in protein content can be obtained by incorporating 5 
to 15% of jojoba protein isolate in biscuits. This could have nutritional benefits for developing 
countries, where protein malnutrition is a common issue and jojoba protein can partially address this 
problem since many people cannot afford expensive, high-protein foods. In addition, protein isolate 
could be used in many industrial applications. 

Acknowledgement 

The work team expresses appreciation to the National Research Center for funding this project 
(grantee No: 11090407), helping the team opportunity to complete this research as part of the project 
provided help during the research  



ISSN 2721-7868 International Journal of Halal Research                 69 
Vol. 5, No. 2, December 2023, pp. 58-71 

Rasha k. Mohamed et.al (Detoxification of Jojoba Meal Simmondsin by Production of Its Protein Isolates as a Protein …) 

References 

[1] El Gendy, S. N., Elmotayam, A. K., Samir, R., Ezzat, M. I., & El Sayed, A. M. (2023). A review of the 
desert gold jojoba (Simmondsia chinensis) whole plant, oil, and meal: Phytochemical composition, 
medicinal uses, and detoxification. Journal of the American Oil Chemists' Society, 100(8), 591-614. 

[2] Kumar S, Singh N, Mangal M (2009a) Biochemical changes during shoot differentiation in callus 
culture of jojoba (Simmondsia chinensis). J Plant Biol 36:11–16. 

[3] Agarwal, S., Chaudhary, K., & Khan, S. (2015). Biochemical characterization of defatted meal of 
different accessions of Simmondsia chinensis (Link) CK Schneid.(Jojoba). IJSRAS, 2(2), 034-038. 

[4] Kolodziejczyk PP, Lu W, Ayerza R (2007). Capillary electrophoresis: Novel tool for simmondsins 
analysis and its applications to jojoba breeding. Ind Crops Prod. ;12(3):193-202 

[5] Makpoul K.R., Ibraheem A.A., Amira M.S. ( 2017).  Effect of using Jojoba and Moringa protein 
concentrate as a fat mimetic on physical and sensory properties of cupcake.  Journal of Nutrition and 
Human Health, 1 (1): 17-23. 

[6] Van Boven, M., Holser, R. A., Cokelaere, M., Decuypere, E., Govaerts, C., & Lemey, J. (2000). 
Characterization of triglycerides isolated from jojoba oil. Journal of the American Oil Chemists' 
Society, 77(12), 1325-1329. 

[7] Cokelaere, M. M., Dangreau, H. D., Arnouts, S., Kuhn, E. R., & Decuypere, E. M. (1992). Influence of 
pure simmondsin on the food intake in rats. Journal of Agricultural and Food Chemistry, 40(10), 1839-
1842. 

[8] Elliger, C.; Waiss, A. C.; Lundin, R. Structure and stereochemistry of simmondsin. Journal of Organic 
Chemistry, Washington, D.C., v. 39, n. 19, p. 2930-2931, 1974. 

[9] Verbiscar, A. J., Banigan, T. F., Weber, C. W., Reid, B. L., Trei, J. E., Nelson, E. A., Raffauf, R.F.& 
Kosersky, D. (1980). Detoxification of jojoba meal. Journal of Agricultural and Food Chemistry, 28(3), 
571-578. 

[10] Verbiscar, A. J., Banigan, T. F., Weber, C. W., Reid, B. L., Swingle, R. S., Trei, J. E., & Nelson, E. A. 
(1981). Detoxification of jojoba meal by lactobacilli. Journal of Agricultural and Food Chemistry, 29(2), 
296-302. 

[11] Cotageorge, A. G., Weber, C. W., Reid, B. L., & Price, R. L. (1979). Detoxification of jojoba meal. In 
Proceedings of the Third International Conference on Jojoba (pp. 171-184). University of California 
Riverside, CA. 

[12] Abbott, T. P., Holser, R. A., Plattner, B. J., Plattner, R. D., & Purcell, H. C. (1999). Pilot-scale isolation 
of simmondsin and related jojoba constituents. Industrial Crops and Products, 10(1), 65-72. 

[13] Bellirou, A., Bouali, A., Bouammali, B., Boukhatem, N., Elmtili, B. N., Hamal, A., & El-Mourabit, M. 
(2005). Extraction of simmondsin and oil in one step from jojoba seeds. Industrial Crops and products, 
21(2), 229-233. 

[14] Sá, A. G., Hang, J., Jardine, L., Bett, K. E., & House, J. D. (2023). How different amino acid scoring 
patterns recommended by FAO/WHO can affect the nutritional quality and protein claims of lentils. 
Sustainable Food Proteins, 1(2), 59-73. 

[15] Hoehnel, A., Axel, C., Bez, J., Arendt, E. K., & Zannini, E. (2019). Comparative analysis of plant-based 
high-protein ingredients and their impact on quality of high-protein bread. Journal of Cereal Science, 
89, 102816. 

[16] Pořízka, J., Slavíková, Z., Bidmonová, K., Vymětalová, M., & Diviš, P. (2023). Physiochemical and 
sensory properties of bread fortified with wheat bran and whey protein isolates. Foods, 12(13), 2635. 

[17] IOM (Institute of Medicine) 2005 Dietary Reference Intake for Energy, Carbohydrate, Fiber, Fat, Fatty 
Acids, Cholesterol, Protein, and Amino Acids A Report of the Panel on Macronutrients,Subcommittees 
on Upper Reference Levels of Nutrients and Interpretation and Uses of Dietary Reference  Intakes,  and  
the  Standing  Committee  on  the  Scientific  Evaluation  of  Dietary Reference Intakes(Washington 
DC: National Academies Press) 

[18] Pradipta, D. R. E., & Andoyo, R. (2020, February). Optimization formulation of high protein biscuit 
made from denaturated whey protein concentrate and sweet potato flour supplemented with mineral as 



70 International Journal of Halal Research         ISSN 2721-7868 

Vol. 5, No. 2, December 2023, 58-71 
 

Rasha k. Mohamed et.al (Detoxification of Jojoba Meal Simmondsin by Production of Its Protein Isolates as a Protein …) 

emergency food. In IOP Conference Series: Earth and Environmental Science (Vol. 443, No. 1, p. 
012066). 

[19] Shrestha, M. K., Peri, I., Smirnoff, P., Birk, Y., & Golan-Goldhirsh, A. (2002). Jojoba seed meal 
proteins associated with proteolytic and protease inhibitory activities. Journal of agricultural and food 
chemistry, 50(20), 5670-5675. 

[20] Lanzani, A., Bondioli, P., Brillo, A., Cardillo, M., Fedeli, E., Ponzetti, A., & Pieralisi, G. (1991). A wet 
process technology applied to jojoba seed to obtain oil and detoxified protein meal. Journal of the 
American Oil Chemists Society, 68, 772-774. 

[21] Ruiz Jr, L. P., & Hove, E. L. (1976). Conditions affecting production of a protein isolate from lupin 
seed kernels. Journal of the Science of Food and Agriculture, 27(7), 667-674. 

[22] A.O.A.C. (2000). Official methods of analysis (17th Ed.). Gaithersburg, MD, USA: Association of 
Official Analytical Chemists. 

[23] Wang, M., Hettiarachchy N. S., Qi  M., Burks W.  and Siebenmorgen  T. (1999). Preparation and 
functional properties of rice bran protein isolate. J. Agric. Food Chem. 47(2):411-416. 

[24] Heinrikson, R.L.and  Meredith S.C. .(1984) Amino acid analysis by reverse-phase high-performance 
liquid chromatography: precolumn derivatization with phenylisothiocyanate.Anal Biochem. 1984 
Jan;136(1):65-74. 

[25] White, j. A., Hart, R. J. and Fry J. C. (1986). An evaluation of the Waters Pico-Tag system for the 
amino-acid analysis of food materials. Journal of Automatic Chemistry of Clinical Laboratory 
Automation, Vol. 8, No. 4 (October-December 1986), pp. 170-177. 

[26] Cohen, S. A.; Mewyes, M. and Travin, T. L. (1989(.The Pico-Tag Method. In “ A manual of advanced 
techniques for amino acid analysis”, Millipore, USA. 

[27] FAO/WHO/UNU.  Protein  quality  evaluation  report  of  FAO/WHO/UNU expert consultation held in 
Bethesda, Md., U.S.A. Food and Agriculture  Organization  of  the  United  Nations, Rome,  Italy, 1974. 

[28] Jood, S.; Kapoor, A.C.; Singh, R. Amino acid composition and chemical evaluation of protein quality 
of cereals as affected by insect infestation. Plant Foods Human Nutrition1995,48,159–167. 

[29] Darwesh, O. M., Matter, I. A., & Eida, M. F. (2019). Development of peroxidase enzyme immobilized 
magnetic nanoparticles for bioremediation of textile wastewater dye. Journal of Environmental 
Chemical Engineering, 7(1), 102805. 

[30] Barakat, K. M., Hassan, S. W., & Darwesh, O. M. (2017). Biosurfactant production by haloalkaliphilic 
Bacillus strains isolated from Red Sea, Egypt. The Egyptian Journal of Aquatic Research, 43(3), 205-
211. 

[31] Akpapunam, M. A., & Darbe, J. W. (1994). Chemical composition and functional properties of blends 
of maize and bambara groundnut flours for cookie production. Plant Foods for Human Nutrition, 46, 
147-155. 

[32] Bala, A., Gul, K., & Riar, C. S. (2015). Functional and sensory properties of cookies prepared from 
wheat flour supplemented with cassava and water chestnut flours. Cogent Food & Agriculture, 1(1), 
1019815. 

[33] Hussain S., Anjum F.M.,Butt M.S.,Khan M.I.and  Asghar A. 2006. Physical  and sensoric attributes of 
flaxseed flour supplemented cookies. Turk J. Biol.30, 87-92. 

[34] Devi, K., & Haripriya, S. (2014). Pasting behaviors of starch and protein in soy flour‐enriched 
composite flours on quality of biscuits. Journal of food processing and preservation, 38(1), 116-124. 

[35] Watts, B. M., Ylimaki, G. L., and   Jeffery, L. E. (1989). Basic sensory methods for food evaluation 
(pp. 59–68). Ottawa: The International Development Research Centre. 

[36] SAS System for Windows (Statistical Analysis System) (2008). Version 9.2. Cary, USA: SAS Institute 
Inc. Shahidi F. and M. Naczk, 2004. Phenolics in food and nutraceuticals. Boca Raton, London, New 
York, Washington DC: CRC Press LLC. 558 p. 

[37] El-Anany A.M.  (2007). Nutritional, biochemical and histopathological studies on Jojoba protein isolate. 
Braz. J. Food Technol, 10(3), 198-204. 



ISSN 2721-7868 International Journal of Halal Research                 71 
Vol. 5, No. 2, December 2023, pp. 58-71 

Rasha k. Mohamed et.al (Detoxification of Jojoba Meal Simmondsin by Production of Its Protein Isolates as a Protein …) 

[38] Sobhy, H. M., Gaafar, A. M., & El-Anan, A. M. (2015). Nutritional and sensory evaluation of sponge 
cake incorporated with various levels of jojoba meal and protein isolate.23-30. 

[39] Booth, A. N.; Elliger, C. A.; Waiss, A. C., Jr. (1974) Isolation of a toxic factor from jojoba meal. Life 
Sci.,15,1115-1120. 

[40] Zhang, Z., He, S., Liu, H., Sun, X., Ye, Y., Cao, X., Wu, Z. and Sun, H. (2020). Effect of pH regulation 
on the components and functional properties of proteins isolated from cold-pressed rapeseed meal 
through alkaline extraction and acid precipitation. Food chemistry, 327, 126998. 

[41] Manamperi W.A.R., Wiesenborn D.P., Chang S.K., Pryor S.W. Effects of Protein Separation 
Conditions on the Functional and Thermal Properties of Canola Protein Isolates. J. Food Sci. 
2011;76:E266–E273. doi: 10.1111/j.1750-3841.2011.02087.x 

[42] Ahlström, C., Thuvander, J., Rayner, M., Matos, M., Gutiérrez, G., & Östbring, K. (2022). The effect 
of precipitation pH on protein recovery yield and emulsifying properties in the extraction of protein 
from cold-pressed rapeseed press cake. Molecules, 27(9), 2957. 

[43] Gaines, C. S. (1990). Influence of chemical and physical modification of soft wheat protein on sugar-
snap cookie dough consistency, cookie size and hardness. Cereal Chemistry, 67, 73–77. 

[44] Ahmad, S., Naz, A., Usman, M., Amjad, A., Pasha, I., & Farooq, U. (2022). Impediment effect of 
chemical agents (additives) on gluten development in cookie dough. Journal of Food Science and 
Technology, 59(4), 1396-1406. 

[45] Finney, D. F., Morris, V. H., & Yamazaki, W. T. (1950). Macro vs. micro cookie baking procedures for 
evaluating the cookie quality of wheat varieties. Cereal Chemistry, 27, 42–46. 

[46] Kissel, L.,  and Prentice, M. (1979). Protein and fibre enrichment of cookie flour with brewer’s spent 
grains. Cereal Chemistry, 50, 261–265. 

[47] Pareyt B, Wilderjans E, Goesaert H, Brijs K, Delcour JA (2008) Therole of gluten in a sugar-snap cookie 
system: a model approachbased on gluten–starch blends. J Cereal Sci 48:863–869. 

[48] Nasir M, Siddiq M, Ravi R, Harte J, Dolan K, Butt M (2010) Physicalquality characteristics and sensory 
evaluation of cookies madewith added defatted maize germ flour. J Food Qual 33:72–84. 

[49] Chevallier, S., Colonna, P., and  Della Valle, G. (2000). Contribution of major ingredients during baking 
of biscuit dough systems. Journal of Cereal Science, 31, 241–252. 

[50] Laguna, L., Paula, V., Ana, S., Teresa, S., & Susana, M. F. (2011). Balancing texture and other sensory 
features in reduced fat short-dough biscuits. Journal of Texture Studies, 43, 235–245. 

[51] Jan R, Saxena D, Singh S. (2016). Physico-chemical, textural, sensory and antioxidant characteristics 
of gluten—free cookies made from raw and germinated Chenopodium (Chenopodium album) 
flour.LWT Food Sci Technol.  71:281–287  


