
 
What is the relationship between temperature and viscosity on jojoba oil (Simmondsia chinensis) 

between the ranges of 20-40ᴼC? 
 
Claim 
Natural shampoos are better than synthetic shampoos. 
 
Rationale 
The term natural shampoo in the original claim was refined to be the ingredient jojoba oil. According to Tatum 
(2020), natural refers ‘only ingredients found in nature’ (Tatum, 2022). There are many natural ingredients that can 
be found in shampoos which consist of a large range of plant oils and extracts (Vinall, 2020). Of the plant oils listed 
by Vinall (jojoba, geranium, argan, olive, coconut…) most have been used for hundreds or even thousands of years. 
Jojoba oil appears to be relatively recently used, being only added to cosmetics since the 1970s (White, 2018). The 
research available on a relatively recent addition was hence chosen to be explored. A plant oil was chosen as it has a 
simple extraction process which can consist simply of cold pressing, and it is clearly identified with a plant (Figure 1). 
The oil itself consists of a relatively uniform structure being around 97-98% wax esters (Gad et al., 2021) as seen in 
Figure 2. Jojoba oil has a melting point around 7⁰C (Gad, 2021).  
 

 
Figure 1: Fruit of jojoba plant, Simmondsia chinensis, from which oil is pressed (Schneid, 2014). 

 

 
 

Figure 2: The chemical structure of the esters found in jojoba oil (Gad et al., 2021, p. 4). 
 
The term better in the original claim was further refined to the viscosity of the oil. Shampoos have a range of 
ingredients for properties such as surfactants, viscosity modifiers, preservatives, fragrances and colorants and 
performance additives (Phog, 2016). Viscosity was chosen as it is important in several regards such as its effect on 
the ‘spreadability upon application and consistency in their package’ (Sbhatu et al., 2020, p. 5). Viscosity of oils is due 
mainly to their degree of saturation and chain length (Ijaz et al., 2021). Increasing the length of the chain increases 
the London dispersion forces between the chains (Figure 3). The presence of akene groups (unsaturation) will create 
fixed bends in the chains that will work to decrease the London-dispersion forces due to less surface area contact 
between the chains. There is also the presence of polar groups due to the polar carbon-oxygen bonds which will 
allow for dipole-dipole bonding, however these are less significant. For comparison synthetic shampoos commonly 
use sodium laureth sulfate and cocamidopropyl betaine (Yang, 2017) for viscosity and other properties. Figure 4 
demonstrates their similar structures with long carbon chains. 
 
 



 
 

Figure 3: Intermolecular forces in Docosenyl eicosenoate – a common ester in jojoba oil (diagram modified from 
Miwa, 1984). 

 
 

 
 

 
 

Figure 4: Synthetic shampoo structures aiding viscosity. Above: Sodium laureth sulfate (American Chemical Society, 
2019). Below: Cocamidopropyl betaine (ChEBI, 2019). 

 
 
An independent variable of temperature with a range between 20 and 40ᴼC was specified. This temperature range 
was considered significant as temperatures increase from the bottle (approximate room temperature) to the shower 
which can be around 40⁰C (Snap Fitness, 2019). It is expected that as temperature increases the kinetic energy 
gained by the ester molecules will allow movement sufficient to break the intermolecular forces described. Thus, the 
molecules increased mobility will lower the viscosity. 
 
Research Question 
What is the relationship between temperature and viscosity on jojoba oil (Simmondsia chinensis) between the 
ranges of 20-40ᴼC? 
 
  



Analysis and Interpretation 
Figure 5 shows a rapid decrease in the viscosity of jojoba oil as temperature increases – given by the exponential 
relationship shown in the graph. Between 20⁰C to 40⁰C the viscosity is reduced by 50% - from 50 cST to 25cST (cST is 
the SI unit for viscosity at 1m2/s - see Appendix A). The ideal viscosity of a shampoo can range from 7-12Pas (Phog, 
2016) which is approximate to around 10cST. This will of course depend on how much of the viscosity of the final 
shampoo mix will depend on jojoba oil. This may be ideal depending on the nature of how the shampoo is used, as 
the rinsing of hot water will allow the oil to then become less viscous at just the right temperature to be washed out. 

 
Figure 5: Viscosity of jojoba oil vs temperature (Allawzi et al., 1998, p. 60). 

 
In contrast however, Figure 6 shows that over the 20 to 40⁰C temperature range there was little change in the 
viscosity of the jojoba oil. This however takes into account the visoelastic properties, such that the viscosity as well 
as the elasticity – the property to resist deformation. It may also be skewed because in this data the jojoba oil has 
been modified to have an increase in hydroxyl groups on the hydrocarbon chains. This would increase the viscosity 
due to increased hydrogen bonding from these groups. Hence considering the modifications that have been 
explored in this study the two studies show potential for agreement. 

 
Figure 6: Viscoelastic properties of aged polyhydroxy jojoba oil vs temperature (Harry-O’kuru et al, 2018, p. 7). 

 
  



Figure 7 again shows a rapid decrease in viscosity over the 20-40⁰C range. The graph was extended to 20ᴼC by 
extrapolation of the equation of the line of best fit from Figure 7 with the calculations shown in Figure 8. We can see 
again about a 50% reduction in viscosity from around 332 to 170 mm2/s. The differences in this study include not 
only the extrapolation, but also the addition of a 4% additive. However, even with the additive the relationship in the 
graph is similar to the other studies and shows that the jojoba oil can give consistent results in the presence of other 
chemicals.  
 
 

 
Figure 7: Viscosity vs temperature for jojoba oil (JJO) with a 4% oil additive (red line) (Al Jabri, 2022, p. 10). 

 
 

x=20⁰C then 20 x -0.034= -0.68 
e=2.718 

Therefore y = 655.88 x 0.5066 = 332mm2/s 
Figure 8: Extrapolation calculations for 20⁰C. 

 
Conclusion and Evaluation 
One limitation to these studies was the lack of agreement between the methods. The data sets from Figures 6 and 7 
were not pure analytical studies of jojoba oil and so had variations applied to the molecule or additives added as 
they were primarily about jojoba use in fuel. These studies still showed a similar trend however but could be 
improved by replicating the study with the same conditions. This would be best with just pure jojoba oil, but an 
important extension would be to measure the changes in viscosity with decreasing percentages dissolved in water to 
better align with the context of shampoos. 
 
Another limitation to the study is assuming the viscosity is of relevance when a dilution is made as in real shampoos. 
This relates to the suggested extension above. However, the study does not discuss that jojoba oil could be used for 
other properties instead of viscosity, and other chemicals may be used in shampoo for viscosity. Extended studies 
investigating other properties of jojoba oil or other chemicals that offer viscosity hence need to be done, both 
natural and synthetic. 
 
The studies relied on a range of viscosity testing techniques which do not match an in-situ situation. Importantly, the 
testing techniques did not test for viscosity when interacting with hair proteins. An improvement hence would be to 
layer viscosity testing instrument surfaces with actual hair material to better gauge the true viscosity of the material 
as it would be used in a shampoo situation. 
 
Evaluation of the quality of the data was also limited due to the lack of details given in each of the methods. Allawzi 
mentions his source crop for jojoba oil but does not give his testing sample sizes or any indication of precision such 
as error bars or uncertainties in the presentation of his data. Harry-O’kuru’s study is very focused on the methods of 
testing and is also very lacking in this area. Al Jabir however does include other graphs that show error bars which 
give an indication of the general accuracy of his data (Figure 9). At least for this study, with the small error bars, we 



can confirm the data is highly significant as there is high level of precision and large differences between the means. 
These studies could be improved by containing error bars on all graphs and extended by comparing the studies from 
jojoba oil against different crop sources, seasons and processing techniques to analyse for differences. 
 

 
Figure 9: Analysis of quality of data given by Al Jabir (2021, p. 6). 

 
In conclusion then, taking the limitations into account the research question ‘What is the relationship between 
temperature and viscosity on jojoba oil (Simmondsia chinensis) between the ranges of 20-40ᴼC?’ showed a strong 
logarithmic correlation in that increasing temperature decreased viscosity. There was a significant drop in viscosity 
by 50% over this temperature range. Considering a synthetic or natural shampoo’s large number of ingredients and 
their variation in their final concentrations however, this question is still a long way from being able to support the 
claim that ‘Natural shampoos are better than synthetic shampoos’. 
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Appendix A: Conversion of viscosity units (www.engineeringtoolbox.com, n.d.). Note: Ns/m2 is the equivalent to Pas. 

 


