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	 In this paper, the cuticle characteristics of hair after oil treatment are discussed and analyzed.  
Hair lubrication mechanics were measured through atomic force microscopy (AFM), friction force 
microscopy (FFM), and Fourier-transform infrared (FTIR) spectrometry.  From experimental 
results, the destruction and surface roughness of human hair treated with hair oil were evaluated.  
A homemade hair oil formula was applied and the treatment time was varied to observe the 
effects of hair care formulations on hair cuticles and surfaces.  The results indicated that the 
extent of differences in hair cuticles varied according to different hair oil heating times.  The 
adhesion force of human hair was approximately 17.0–36.8 nN.  The results revealed high peaks 
associated with the increased CH2 intensity.  Regions of approximately 2352–2938 cm−1 (–C–C–
H–) alkyl absorption peaks and approximately 3441 cm−1 (–N–H–) amino acid absorption peaks 
were observed.  An increasing trend of alkyl absorption peaks was also indicated.  The observed 
1361 cm−1 (amide, –CN–) aliphatic absorption peaks and 1626 cm−1 (>C=O) amino acid cysteine 
absorption peaks were typical effects of external factors on polypeptide hair fibers.  The use of 
FTIR enabled the observation of changes in hair protein composition and surface structure.

1.	 Introduction

	 The booming and growing hair care market has led to the continued research and development 
of raw materials used in hair care and hair care formulations in order to meet consumer 
expectations for hair care efficacy.  In the market for hair care products, the annual growth in 
global sales was 4.4% from 2006 to 2010 as compared with the average annual growth of 3.3% 
from 2001 to 2005.  Global sales in the hair care market are expected to be as high as 371 million 
US dollars.  Hence, there are tremendous worldwide opportunities in the hair care market.(1)

	 Most individuals strive for healthy and beautiful hair.  However, beautiful hair requires special 
care, as environmental and climatic impacts coupled with the pursuit of modern and popular 
aids such as hair dyes and chemical perms often lead to harmful consequences such as dry hair, 
broken hair, discolored hair, bifurcations in the hair strands, lackluster hair, and moisture loss.(2)

These factors inhibit the normal growth of hair follicles and cuticles, and cause serious damage to 
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the hair.  Hence, to restore the elasticity and luster of hair, damaged hair must be systematically 
repaired.(3)

	 Figure 1 shows the anagen cycle of the hair cuticle structure.  According to this cycle, hair 
growth occurs in three stages, namely, the anagen, recession, and dormancy growth stages.  The 
increase in hair growth mostly occurs at the anagen stage.  In this stage, the fastest hair growth is 
observed and results in a large number of hair follicles.  In the recession stage, the degradation of 
hair stops hair growth, hair follicle cells gradually die, and atrophy occurs at the bottom of the hair 
root.  In the dormancy growth or telogen stage, there is dermal papilla hair loss and the hair stops 
growing.(4)

	 Hair oil formulations mainly comprise oil-based formulations.  Oil (essential oil) is an aromatic 
substance commonly found in various parts of a plant, such as the roots, trunk, bark, tree stems, 
leaves and flowers.  The oil is extracted from plants with considerable effectiveness and purpose, 
and is usually used in related industries such as perfumes and cosmetics.(5)

	 Hair contains protein in the form of amino acid protein.  The amino acid protein is classified 
biologically as an organic compound, mainly composed of amine (–NH2) and carboxylic acid 
(–COOH) functional groups.  An amino acid is the most important and basic unit of protein.  
Protein is an important active molecule, and protein in vivo activities includes enzyme-catalyzed 
metabolism (also known as “enzyme”).  The dehydration and condensation of different amino acids 
form a peptide (original protein fragment) and produce the precursor protein.  
	 Recent enhancements in the national standard of living have resulted in consumers devoting 
increasing attention to their appearance and beauty.  Hence, the demand for cosmetic products has 
increased.  Moreover, for many consumers, having beautiful black hair is an important objective, 
and thus, the quality and health of the hair are as important as healthy skin.(6)  As a result of this, 
there is an increasing number of products available on the market, which claim to condition and 
nourish the hair.
	 In this paper, atomic force microscopy (AFM), friction force microscopy (FFM), and Fourier-
transform infrared spectrometry (FTIR) methods were used to investigate the effects of hair oil 
applications heated at different time periods on the hair surface.  The frictional behavior, adhesion, 
and structure of hair cuticles were examined.(7,8)  The methods can possibly be used for surface or 
tactile sensor applications of organic surface or soft materials.

Fig. 1.	 Hair cycle: (a) anagen, (b) catagen, and (c) telogen.

(a) (b) (c)
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2.	 Experimental Procedure 

2.1	 Sample preparation

	 An approximately 50-cm-long hair sample was obtained near the scalp from an Asian woman.  
The hair was pretreated by shaking it in a solution of deionized water for 20 min and then treating 
it with nitrogen.  Then, the clean hair was dried.  This reduced the effects of external pollutants (such 
as air and dust) on the accuracy of the experimental results.  The experimental procedure involved 
a base oil (jojoba oil).  Five types of essential oils, namely, rose geranium, eucalyptol rosemary, 
clary sage, bergamot, and frankincense, were added to the base oil.  The effect of the five oils on 
hair quality varied.  The self-formulations were mixed and allowed to stand in an oven for heat 
treatment.  The heating temperature was approximately 60 °C, and the different heating times were 
10, 20, 30, 40, 50, and 60 min.  Furthermore, a group without any oil was observed.  In addition, a 
group with no oil added to the base oil (that is, the base oil by itself) was heated for 10 min.  The 
changes observed in the experiment are detailed in Table 1.

2.2	 Measurements

	 AFM (Bucker) and FFM were used to perform surface roughness and friction force 
measurements.  AFM and friction force measurements were conducted with a Bruker system under 
ambient conditions using a Si3N4 square-pyramidal tip in the contact mode.  FTIR was performed 
with a Perkin Elmer spectrum 100 system.(9)  

3.	 Results and Discussion

3.1	 AFM

	 Figure 2 presents the AFM images of the surface morphology of a hair sample at different heat 
treatment temperatures.  The AFM images of the surface morphology of hair keratin are shown in 
Fig. 3(a) 0 (healthy original hair), (b) 10, (c) 20, (d) 30, (e) 60, and (f) 10 min (base oil).  The results 

Table 1 
Content, time, and temperature of homemade essential oil for hair treatment. 
Sample Formula Time/temperature

A Rose geranium 1D + Eucalptol rosemary 2D + Clary sage 1D
 + Bergamot 1D + Mastic 1D + Jojoba 10 ml 10 min/60 °C

B Rose geranium 1D + Eucalptol rosemary 2D + Clary sage 1D
 + Bergamot 1D + Mastic 1D + Jojoba 10 ml 20 min/60 °C

C Rose geranium 1D + Eucalptol rosemary 2D + Clary sage 1D
 + Bergamot 1D + Mastic 1D + Jojoba 10 ml 30 min/60 °C

D Rose geranium 1D + Eucalptol rosemary 2D + Clary sage 1D
 + Bergamot 1D + Mastic 1D + Jojoba 10 ml 40 min/60 °C

E Rose geranium 1D + Eucalptol rosemary 2D + Clary sage 1D
 + Bergamot 1D + Mastic 1D + Jojoba 10 ml 50 min/60 °C

F Rose geranium 1D + Eucalptol rosemary 2D + Clary sage 1D
 + Bergamot 1D + Mastic 1D + Jojoba 10 ml 60 min/60 °C

G Jojoba 10 ml 10 min/60 °C
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showed that the observed morphology and roughness of the hair cuticle surface were affected by 
different hair oil formulae with different heating times.  The samples with different heating times 
exhibited significantly different surface roughnesses.
	 The AFM images in Fig. 2 show that AFM images of human hair surface morphology after 
application of different hair oil formulae at different heat treatment times: (a) 0, (b) 10, (c) 20, (d) 
30, (e) 60, and (f) 10 min (base oil).  The 0 min healthy original hair exhibited a smoother surface 
structure because the healthy hair specimen sample was not subjected to external physical and 
chemical damage, and thus, the hair cuticle by itself is very healthy.  In Figs. 2(a)–2(f), the cuticles 
of the samples displayed cuticle surface root-mean-square roughness (Rq) values of 5.8, 10.0, 
13.4, 9.3, 14.1, and 6.30 nm, respectively.  Healthy hair by itself had a low surface roughness.  The 

Fig. 3.	 (Color online) FFM images of human hair surface morphology after application of different hair oil                  
formulae at different heat treatment times.  (a) 0, (b) 10, (c) 20, (d) 30, (e) 60, and (f) 10 min (base oil).  

Fig. 2.	 (Color online) AFM images of human hair surface morphology after application of different hair oil 
formulae at different heat treatment times.  (a) 0, (b) 10, (c) 20, (d) 30, (e) 60, and (f) 10 min (base oil).  

(a) (b) (c)

(d) (e) (f)

(a) (b) (c)

(d) (e) (f)
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highest surface roughness was observed for the 60 min essential hair oil; that is, the increased hair 
heating time could lead to the volatilization or deterioration of the active ingredient formulation 
and reduction in conditioning effect.  The essential oils and the base oil by itself belonged to 
the category of vegetable oil conditioners.  Hence, when the heating time was very long, oxides 
were formed and the oil degenerated.  This in turn may lead to poor hair care effects and other 
phenomena.

3.2	 FFM

	 Figure 3 shows FFM images obtained at different essential oil heating times: (a) 0 min (untreated 
healthy hair), (b) 10, (c) 20, (d) 30, (e) 60, and (f) 10 min (base oil).  
	 The healthy hair from the sample to which no oils were heated and applied displayed a good 
surface structure.  However, when oils were applied, the oils had to be heated so that the oil could 
permeate in the hair and result in changes in the structure of keratin.  Thus, the hair oil was heated 
for different heating times of 10, 20, 30, 60, and 10 min (only the base or jojoba oil).  The results 
indicate that the highest hair friction force was observed in the sample heated for 30 min.  In this 
study, the hair oil heated for 60 min exhibited better surface friction structures.  The formulation 
with the base oil by itself that was heated for 10 min was less effective than the hair formulations 
that were heated for 60 min.
	 Figures 4(a) and 4(b) show the surface roughnesses and friction forces of the samples for 
different heat treatment times of the hair oil formulations.  For the different heating times of 10, 20, 
30, 60, and 10 min (only the base or jojoba oil), the root-mean-square surface roughness (Rq) values 
of the cuticles were 10.0, 13.4, 9.3, 14.1, and 6.3 nm, respectively.  The highest surface roughness 
was observed for the 10 min (no-oil-added) sample.  These results are consistent with the AFM 
images of the lower effective surface.  The friction forces of the hair cuticles after the different 
heating times of 10, 20, 30, 60, and 10 min (only the base or jojoba oil) were 0.083, 0.082, 0.089, 0.079, 
and 0.080 V, respectively.  
	 The samples treated for 60 and 10 min (only the base oil) had small surface roughnesses.  The 
proximity effects for the samples treated for 20 and 10 min were not significant.  The sample 
treated for 30 min had a large surface roughness.

Fig. 4.	 (Color online) (a) Surface roughnesses and (b) friction forces of samples obtained at different  hair oil 
recipe treatment times of 0 (original hair), 10, 20, 30, 40, 60, and 10 min (jojoba oil) at different locations.

(a) (b)
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3.3	 Force–displacement curve 

	 Figure 5 shows a force–displacement plot for the hair samples with hair oils at different 
heating times.  The adhesion force could be obtained from the snap back horizontal distance of the 
cantilever probe.  The adhesion forces for the hair oils at different heating times of 0, 10, 20, 30, 
60, and 10 min (base oil) were 17.0, 31.9, 32.8, 36.8, 25.6, and 33.5 nN, respectively.  The maximum 
adhesion force of the hair surface in this study occurred in the case of the hair oil heated for 30 
min.
	 Figure 6 presents the force–displacement curves of the samples at different heating times of 
0 (untreated healthy hair), 10, 20, and 30 min.  The contact point between the tip and the sample 
was reached when the probe tip approached the hair surface.  The adhesion occurred because the 
AFM probe tip was attracted by the gravitational pull between the hair surface and the probe; 

Fig. 5.	 Force–displacement plot for hair samples with hair oils at different heating times.

Fig. 6.	 (Color online) Force–displacement curves of samples at different heating times of (a) 0 (original hair), (b) 
10, (c) 20, and (d) 30 min.
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hence, the probe bent to the side of the hair sample.  The adhesive forces of the hair for different 
hair oil heating times of 0, 10, 20, and 30 min were −0.0017, −0.00319, −0.00328, and −0.00368 
nN, respectively.  A strong viscous force was measured for the untreated healthy hair (heated for 0 
min).

3.4	 FTIR

	 The scanning spectral range was 1000–4000 cm−1 and the scanning resolution was 1 cm−1.  The 
scans were performed sixteen times to monitor the functional group Atlas (scanning spectral range, 
1000–4000 cm−1; scanning resolution, 1 cm−1).
	 The human hair was analyzed by FTIR spectroscopy.  Figure 7 presents the FTIR spectra 
reflecting the hair repair effects of the hair formulations at different heating times.  The results 
reveal high peaks associated with the increased CH2 intensity in approximately 2352–2938 cm−1 
regions of (–C–C–H–) alkyl absorption peaks and 3441 cm−1 regions of (–N–H–) amino acid 
absorption peaks.  An increasing trend of alkyl absorption peaks was observed, and 1361 cm−1 
(amide, –C–N–) aliphatic amine absorption peaks and typical 1626 cm−1 regions of (>C=O) amino 
acid cysteine absorption peaks were also observed.  This is because the polypeptides in hair fibers 
are affected by external factors, and this leads to the bonding of amino acid molecules.  The use of 
hair oil gradually enhances the absorption.  An increasing adsorption trend was observed when the 
hair oil was heated for 30 min.  The absorption width was constant when the hair oil was heated for 
40 min, and the absorption peak weakened when the hair oil was heated for 50 min.  After this, the 
absorption peak started to gradually increase.  The width increased and a more gentle absorption 
peak was observed with respect to the oil-free base oil group after 10 min of heating.  

4.	 Conclusions

	 In this work, the friction and surface properties of hair cuticle surfaces subjected to hair 
care with different hair oil heating times were measured.  The methods can possibly be used for 

Fig. 7.	 (Color online) FTIR spectra of hairs subjected to different homemade hair oil recipes.
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surface and soft material sensing application.  From this study, several important conclusions were 
obtained as follows:
(1)	A scanning probe microscopy measurement of hair treated with widely used hair care oils 

indicated effective surface morphology and structural properties.
(2)	The force–displacement curves suggested that the adhesion force varied on the sample surfaces.  

The adhesion force of human hair was approximately 17.0–36.8 nN.
(3)	The root-mean-square surface roughness (Rq) values for hair cuticle surfaces with different hair 

oil heating times of (a) 0 (healthy original hair), (b) 10, (c) 20, (d) 30, (e) 60, and (f) 10 min (base 
oil) were 5.8, 10.0, 13.4, 9.3, 14.1, and 6.30 nm, respectively.

(4)	The root-mean-square surface roughness (Rq) values of hair after oil heating times of 0, 10, 20, 
and 30 min ranged from 5.8 to 9.3 nm.

(5)	High peaks were associated with the increased CH2 intensity in approximately 2352–2938 
cm−1 regions of (–C–C–H–) alkyl absorption and 3441 cm−1 regions of (–N–H–) amino acid 
absorption.  Increasing trends of alkyl, 1361 cm−1 (amide, –CN–) aliphatic amine, and 1626 
cm−1 (>C=O) absorption peaks typical of the amino acid cysteine were also observed.
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