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ABSTRACT

Turkmani, E. (2019). “Determining the Benefits of Natural Oils Used in Haircare
Products”. Yeditepe University, Institute of Health Sciences, Department of

Pharmaceutical Technology. Master Thesis. Istanbul

This study aims to investigate the penetration abilities of some natural oils into human
hair and the how these oils affect hair properties. Also, the effect of repeated hair bleaching
was monitored and the ability of the studied oils to restore the desired hair properties was
studied. Mineral oil was used as a negative, non-penetrating, control and coconut oil as a
positive, penetrating, control. Other oils used were linseed oil, almond oil and baobab oil.
Hair tress used was obtained from a Turkish supplier as the same person’s virgin hair and
the swatches were prepared according to the test requirements in house with the help of a
hair wig maker. Virgin hair swatches were bleached in the laboratory. The penetration of
the oils into the hair cortex was investigated by using fluorescence microscopy after
marking the oils with an oil soluble probe, nile red. Cross-sections of hair filaments were
made by cutting the hair vax blocks by microtome. Penetration studies were conducted for

the five oils on both virgin hair and bleached hair swatches.

The effects of the oils on physical properties of the virgin and bleached hair were studied
by measuring the stress at break point; tensile strength of the hair fibers. Combing forces
were also measured to evaluate the effects of using the oils on the ease of combing of hair
switches. Repeated combing and grooming test was also conducted to evaluate the effect

of each oil on the reduction of hair breakage under harsh circumstances.

Differential scanning calorimetry was also used to monitor the structural changes and
chemical damage caused to hair by bleaching and the effects of penetrating oils vs. non-
penetrating oils on restoring the hair properties. And finally, the effect of oils on hair
porosity and how it affects water loss from the hair was studied. Fluorescence microscopy
results showed that linseed oil and almond oil were able to penetrate into virgin hair,
whereas baobab oil was not. It was also noticed that when hair was bleached, all the oils
were able to penetrate into the cortex, meaning that bleaching caused some real damage

to the hair cuticle cells allowing the oils to get through the cuticle layer and reached into
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the cortex. It was also noted that the further the hair was bleached, the weaker and more
prone to breakage it was getting, and application of oils onto the hair had favorable effects
in almost all cases studied. Tensile strength results also showed that penetrable oils
improved stress at break points for both virgin and bleached hair, whereas non-penetrable
oils did not have a noticeable improvement on the stress at break point for virgin hair, but

it did have an effect on bleached hair.

Keywords: Hair, haircare, natural oils, effect of oils on hair
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OZET

Turkmani, E. (2019), “Sa¢ Bakim Uriinlerinde Kullanilan Dogal Yaglarin Yararlar1”.
Yeditepe Universitesi Saghk Bilimleri Enistitiisii, Farmasotik Teknoloji ABD, Master

Tezi, Istanbul

Bu c¢alismanin amaci, baz1 dogal yaglarin insan sac1 i¢ine niifuz etme yeteneklerini ve bu
yaglarin sa¢ 6zelliklerini nasil etkiledigini incelemektir. Ayrica, tekrarlanan sa¢ agartma
isleminin etkisi ve yaglarin istenen sa¢ Ozelliklerini geri kazandirma yetenegi de
aragtirtlmistir. Mineral yag, negatif, penetre olmayan, kontrol yag olarak belirlenirken,
hindistan cevizi yagi, pozitif, penetre olan, kontrol yag olarak kullanilmistir. Kullanilan
diger yaglar keten tohumu yagi, badem yag1 ve baobab yagidir. Ayni kisiye ait islem
gormemis sa¢ tutami bir Tiirk tedarik¢iden temin edilmis ve testler i¢in sa¢ tutamlar test
gereksinimlerine gore bir sa¢ perugu iireticisinin yardimi ile tarafimizdan hazirlanmistir.
Islem gdérmemis (virgin) sa¢ Orneklerine agartma islemi laboratuvarda uygulanmistir
Yaglarin sa¢ korteksine penetrasyonu, yagda ¢oziinen bir boya olan Nil kirmizis ile
yaglarin isaretlenmesi yoluyla floresan mikroskopisi kullanilarak incelenmistir. Sag
tellerinin vaks bloklar1 i¢inde mikrotom cihazi ile enine kesitlri alinmistir. Islem gérmemis

ve agartilmis sa¢ Ornekleri ile kullanilan bes yag i¢in penetrasyon ¢aligmalar1 yapilmstir.

Yaglarin, islem gérmemis ve agartilmig saglarin fiziksel 6zellikleri iizerindeki etkileri, sag¢
liflerinin gerilme kuvveti ve kopma noktasindaki direnci Olgiilerek incelenmistir. Yag
kullaniminin sag¢ tutamlarin1 tarama kolaylig1 tizerindeki etkilerini degerlendirmek icin
tarama kuvvetleri de Olciilmistir. Her bir yagin sert kosullarda sa¢ kirilmasinin
azaltilmasindaki etkisini degerlendirmek icin tekrarlanan tarama ve kisisel bakim

(grooming) testi de yapilmustir.

Diferansiyel taramal1 kalorimetri, agartma islemi uygulanan sactaki yapisal degisiklikleri,
kimyasal hasar1 ve penetre eden ve etmeyen yaglarin saglarin Ozelliklerini geri
kazandirmadaki etkilerini izlemek ic¢in kullanilmistir. Son olarak, yaglarin sag
gozenekliligi iizerindeki etkisi ve sagtan su kaybini nasil etkiledigi incelenmistir. Floresan
mikroskopisi sonuglari, keten tohumu yagi ve badem yaginin islenmemis saga penetre

oabildigini, boabab yaginin ise penetre olamadigin1 gostermistir. Ayrica, sag
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agartildiginda, biitiin yaglarin kortekse penetre oldugu goriilmiistiir, yani sa¢ agartma
islemi sac¢ kiitiklil hiicrelerinde bazi ger¢ek hasarlara neden olarak, yagin kiitikiil
katmanindan gegmesine ve kortekse ulagsmasina izin vermektedir. Ayrica sagin daha fazla
kez agartilmasi sonucunda zayifladigi ve kirilmaya daha yatkin hale geldigi, ve saca yag
uygulanmasinin, incelenen hemen hemen tiim vakalarda olumlu etkileri oldugu da
kaydedilmistir. Ayrica gerilme kuvveti testi sonuglari, penetre olabilen yaglarin hem islem
gormemis hem de agartilmis saglar i¢in kirilma noktalarindaki stresi arttirdiklarini, oysa
penetre olamayan yaglarin bu konuda islem gérmemis sa¢ 6rneklerinde farkedidilir bir
iyilesme saglamadiklarini, ancak agartilmis saclar lizerinde bir etkiye sahip olduklarini

gostermistir.

Anahtar Kelimeler: Sag, Sa¢ bakim, dogal yagalar, dogal yaglarin sag iizerine etkisi
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1 INTRODUCTION

1.1 GENERAL INFORMATION

Hair fibers consist a considerable part of the surface coating of most mammals [1].
Human hair is a highly organized cylindrical appendage that contains keratin and grows from
big cavities that extend from the top of the skin into the dermis through the stratum corneum
and the epidermis, those large cavities are named hair follicles [1, 2], (figure 1-1). Secondary
components that contribute to the total mass of hair are lipids and melanin pigments [3]. Hair
is classified as a dead substance and it is alive only when it is infused in the scalp. When the

fiber appears on the skin it becomes a dead substance [4].

Figure 1-1: A section of human skin clarifying a hair fiber in its follicle as it emerges through
the skin [2].

A. Stratum Corneum B. Epidermis
C. Pilosebaceous Unit D. Sebaceous Gland
E. Blood Vessel

1.2 GENERAL HAIR STRUCTURE

Morphologically, a totally developed hair shaft contains three or occasionally four
different structures or units. At the outermost is the cuticle, which is classified to be the
protective structure of the hair. This protective layer surrounds the cortex, which contains the

main section of the mass of the hair fiber. Near the center of the fiber, coarse hairs generally



contain porous region called the medulla. The last important structure is the cell membrane
complex (CMC) which is considered to be the glue that holds the cells to each other [2],
(figure 1-2).

CUTICLE

CORTEX

Figurel-2: Schematic diagram of a cross-section of a human hair fiber [2]

1.2.1 The Cuticle

The cuticle is composed of flat overlapping scales (cells). These cells are linked at
the root end and they slope down the tip end of the hair fiber. The differential friction effect
in hair is subject to the shape and the specific coordination of the cuticle cells [2, 5].The
cuticle’s volume ratio is almost 14% of total hair volume [6], and the main component of it
is protein [7]. Each cuticle cell is relatively 0.5 um in thickness and 45-60pm in length, and
on average, seven to eight thin sheets of cuticle layers are superposed at the hair surface[8,
9] (figure 1-3). The cuticle is the chemically resistant region in the hair shaft and it protects

the cortex against chemical attacks [1].

¢ 70 um
=5 umi=
:

Cell length 60 ym

Figure 1-3: The dimensions and layering of the human hair cuticle illustrated by a schematic
diagram[9]



1.2.1.1 Layers of the Cuticle

1.2.1.1.1 The Epicuticle

Epicuticle is considered to be the outermost layer of the cuticle. It is a thin protein
reach membrane which is covered with a lipid layer, of which 18-methyl eicosanoic acid (18-
MEA) constitute the largest portion which is strongly connected to the lipid layer that is
called the F-layer [1]. This protein-lipid bound grant a substantive hydrophobic surface to
the cuticle [2]. The thickness of the epicuticle layer ranges between 10-14 nm. In terms of
the conditioning of the hair fibers, from the polymers deposition point of view, the epicuticle

is considered the most important part of the cuticle [10].
1.2.1.1.2 Layer A

A highly resistant cross-linked structure that ranges between 50-100 nm in thickness
and contains >30% cysteine [1]. The protein cross links in this layer have a great influence
on the physical and chemical resistance of the hair fiber which protects the hair against both

chemical and mechanical attacks [11].
1.2.1.1.3 The Exocuticle

This layer lays down beneath Layer A and is sometimes called Layer B. It is, as Layer
A, cystine rich (~15-20%) and it is rigid physically but still less intensively than Layer A [1,
2]. The exocuticle thickness is highly variable with an average of about 150 nm making

almost 55% of the cuticle area [9, 12].
1.2.1.1.4 The Endocuticle

The endocuticle lays underneath the exocuticle with low content of cystine (~3%) [9].
A portion of the endocuticle is also considered as epicuticle or “epicuticle-like” matter, but
it is way softer than the upper layers, and there are some clues that the endocuticle swells
with water, causing an intensification of the apex of the surface stages of the fiber, and this
demonstrate why the friction coefficient is lower in dry hair than in wet one. The thickness

of the endocuticle varies from about 50-300 nm with an average of about 150 nm [13, 14].
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Figurel-4: Schematic cross-section of a hair fiber showing medulla, cortex and cuticle cell
layers [15]

1.2.2 The Cortex
The cortex makes up the main share of the fiber mass (70-90%) [2]. Following the

cuticle, the cortex has cells occupied by cross links of cystine and separated by the CMC.

The cortex also contains keratin proteins and structural lipids [16].
1.2.2.1 Cortical Cells

Although significant difference has been reported in their size and shape, the human
hair fibers cortical cells are usually 1-6 pum in thickness and nearly 50-100 um in length [17].
Three types of cortical cells were found in diverse portions in hair among different ethics

[18], these are:
1.2.2.1.1 Orthocortical Cells

This type of cells contains lower matrix substance among the intermediate filaments

and also has less sulfur content [18].
1.2.2.1.2 Paracortical Cells

These cells have higher sulfur content than the orthocortical cells, they have smooth

curved edges and they are smaller in diameter [19].



1.2.2.1.3 Mesocortical Cells
This type of cells comprise an intermediate content of cystine [20].
1.2.2.2 Macrofibrils

The spindle-shaped macrofibrils make up the main portion among the cortical cells
and one macrofibril is somewhere between 0.1-0.4 pm in diameter and is made of
intermediate filaments named microfibrils, which are considered to be very structured

fibrillar units, embedded into a cystine rich, fewer organized construction called the matrix

[21, 22].
1.2.2.2.1 Microfibrils

Microfibrils are sub-filamentous structures contained in the macrofibrils. They are
also known as intermediate filaments (IF) as they are originated from intermediate filament
keratins or proteins [21]. Each IF is approximately 75A in diameter and is described as a
crystalline fibrous protein which is primarily constituted of the alpha-helical proteins, in

coiled coil formation, of a low cystine disulfide content [23, 24].
1.2.2.2.2 Matrix

Even though it has some structural organization, the matrix is usually known as the
amorphous region [2]. In human hair fibers, the matrix makes up the prime organizational
subunit of the cortex, and from a mechanical point of view, it does not really look like a
highly cross-linked polymer, but a lightly cross-linked gel. Matrix proteins are known as
“inter-fibrillar associated proteins” (IFAP) or “keratin associated proteins” (KAP’s)[21].

intermediate

tetramers filament  micro-fibril  macro-fibril
(IF)

keratin protein
(coiled-coils)

50 um

Figurel-5: Schematic of hair fiber showing the components of the cortex [16]



1.2.3 The Medulla

Medulla is not always found in human hair, and when present, it constitutes only a
small portion of the fiber mass [7]. It is located at the center of the hair fiber and it mainly
consists of lipids and proteins. The medulla might be continuous by the fiber axis, or it may
be discontinuous and in some cases a double medulla may be found, and in others, divided
medulla might be seen [25] (Figure 1-6). At high magnification power, medullary cells look
sphere-shaped and empty from inside, these cells are connected together via a CMC type
material. There is a direct proportion relationship between the diameter of the hair fiber and
the amount of the medulla, which means, the finer the hair fiber is, the less the chance of the
presence of the medulla in hair, and if present, the less percentage of the medulla mass. This
is why children fine hair usually does not have a medulla, but adults’ coarser hair normally
contains a medulla. From cosmetic science point of view, medulla is not of a great importance

as it negligibly affects the mechanical and chemical properties of human hair fibers[26, 27].

Some studies suggest that most of the hair of the scalp does not have a medulla, and
that the diameter of the medulla was realized to be considerably greater in pubic hair when

compared to the hair of the scalp and axillary [28, 29].

Continuous Discontinuous Absent

Figurel-6: Three types of the medulla; continuous, discontinuous, and absent [30]



1.2.4 Cell Membrane Complex

The cell membrane complex (CMC) is the structure that binds hair cells to each other.
It is made of adhesive material and cell membranes which connects the cortical cells and the
cuticle cells in keratin fibers [31]. It consists of a 15 nm thick proteinous delta layer located
at the center surrounded by two lipid layers known as beta layers, each of these beta layers
has a thickness of approximately 5 nm. CMC is considered to be the route for preferential

distribution of molecules into the hair fibers [32, 33]

According to its place of existence, CMC can be classified into three different types;
cuticle — cortex CMC exemplifying the CMC at the cortex cuticle borderline, cortex — cortex
CMC exemplifying the CMC among cortical cells, and cuticle — cuticle CMC exemplifying
the CMC among cuticle cells [31] (Figure 1-7).

cuticle-cuticle CMC
,e~¥£ e —— cortex-cortex CMC

cuticle-cortex CMC
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Figurel-7: Schematic of the location of the three types of CMC [31]

1.2.4.1 Cuticle - Cuticle CMC

The cuticle-cuticle CMC has an approximate thickness of 30 nm [1]. One of the most
important lipid components on the cuticle — cuticle CMC is covalently bound 18-MEA which
is found in the upper beta layer and some clues show that the fatty CMC are structured in
monolayer and that most of them are covalently bound to the keratin fiber surface [16, 31,

34] (Figure 1-8).
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Figurel-8: Schematic of the cuticle-cuticle CMC [31]
1.2.4.2 Cortex — Cortex CMC

%Cuticle cell membrane
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Unlike the cuticle — cuticle CMC, the beta layer of the cortex — cortex CMC does not

contain covalently bound 18-MEA, whereas most of the fatty acids in the cortex — cortex

CMC are non-covalently bound such as ceramides, cholesterol sulfate, and cholesterol [31].

These non-covalently bound fatty acids are structured in bilayers rather than in a monolayer

[7, 32] (Figure 1-9).
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Figure 1-9: Schematic of the cortex - cortex CMC [31]



1.2.4.3 Cuticle — Cortex CMC

As the cuticle — cortex CMC connects the cuticle and the cortical cells together, it is
rational for it to have the properties of both the cuticle — cuticle CMC and the cortex — cortex
CMC [7]. The beta layer alongside the cuticle is attached to the cuticle via covalent bonds
and is a monolayer, whereas the beta layer alongside the cortex has non-covalent bonds and

is organized in bilayers [31] (Figure 1-10).
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Figure 1-10: Schematic of cuticle - cortex CMC [31]
1.3 HAIR GROWTH CYCLE

Hair development and growth is in fact a cyclic dynamic process which is harmonized
by many cytokines and hormones and directly related to many factors as where hair is
growing, individual’s age, dietary habits, or even environmental variations as day length [2].
Despite the previously mentioned factors, human hair grows in three distinct phases and has
particular mutual structural characteristics and these three phases of hair fibers growing are
called anagen or growth phase, catagen or transitional phase, and telogen or resting phase
[28] (Figure 1-11). The anagen stage is the active growth stage and is characterized by strong
metabolic activity in the bulb of the hair which can last for 2-6 years in scalp hair. The catagen
or transitional stage starts when the anagen phase ends and during this stage, the metabolic
activity slows down and the bulb’s base drifts upward in the skin in the direction of the

epidermal surface. This stage lasts for only a few weeks and is characterized by a special



structure called “the club hair”. After the catagen stage comes the telogen stage at which the
hair goes into a resting stage. At this stage hair growing completely stops and the base of the
bulb atrophies to a point at which it come close to the level of the sebaceous canal and when
this stage comes to an end, hair falls. Few weeks later hair follicle return to the anagen stage

and a new hair growth cycles starts again [35].

Anagen phase Catagen phase
Growth phase Transitional phase

Telogen phase Return to anagen
Resting phase

Figure 1-11: Schematic of the different phases of hair growth cycle [28]

1.4 HAIR CHEMICAL COMPOSITION

Human hair is a complicated matter that is composed of many different structural
constituents, and every constituent consists of many diverse chemical classes. The main
chemicals that constitute the hair are proteins, lipids, water, trace elements, and pigments

[36].
1.4.1 Proteins in Human Hair

Human hair contains approximately 65% to 95% proteins, and this percentage differs
depending upon the moisture content of the hair which can goes up to 32% and the major

protein fractions that are found in human hair are [37, 38]:
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e Keratin associated proteins (KAP), which were also known as intermediate
filament associated proteins.

e Intermediate filament proteins (IF), which are known now as keratins.

e High sulfur proteins (HS).

e Ultra-high sulfur proteins (UHS).

e High tyrosine proteins (HT).

e High glycine tyrosine proteins (HGT).

The major protein components among these are keratin proteins which are part of the
fibrous structural proteins family and are complex natural compounds having a
heterogeneous morphological arrangement [39]. Keratins are considered as the main building
block of hair and wool fibers, and are part of structural material of human nails and skin as
well [39]. As hair grows, keratin which is located within the cells develops into more
crystalline state as cells differentiate, allowing hair fibers to grow, as these keratinized cells
make up an enormously well-arranged material which main task is to protect hair against
various conditions that might damage the hair as chemical treatments, UV, and physical
attacks and constrains [40]. Human hair keratins amino acid composition is characteristically
unlike the other keratins, since the major difference between keratin types rise up from the
glycine content which is 11.6% in stratum corneum keratin and 5.6% in human hair keratin,
and the cysteine content which is 2.9% in stratum corneum keratin and 7.6% in human hair
keratin [41]. However, amino acid composition of hair may be affected by several factors
such as gender, where cystine content of male hair is higher than it is in female hair, while
weathering and cosmetic treatments can also significantly affect the amino acid content of
hair [40]; for example, due to weathering, cystine and cysteine level is notably less in the tip

end of the hair than it is in the root end .
1.4.2 Lipids in Human Hair

Lipids in hair constitute 1 — 9% of total hair weight and they are originated from two
primary sources; the hair matrix cells and the sebaceous glands which are found all over the
body where hair exists and excrete their lipids onto hair and skin through a tight opening of

the follicle [42]. The output of the sebaceous glands is very low prior to puberty but it
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increases at the adulthood through the youthful years and into the fourth decade where it

starts to lower again [36, 43].

Table 1-1: Lipids in human hair [43, 44]

Type of lipid Percentage of lipid
Ceramides 1.2
Cholesterol 5.2
Hydrocarbon 9.7
Total fatty acids 59.3
Triglycerides 2.0
Wax ester 19.8
Squalene 2.8
Total 100

Wertz and Downing reported the percentages of the internal covalently bound fatty
acids of human hair as 41% 18-MEA, 18% palmitic acid, 7% stearic acid, 4% oleic acid, 21%
small fractions of fatty acids between C16 and C20, 9% uncharacterized [45].

1.4.3 Water in Human Hair

Water is considered as a fundamental constituent of human hair that the amount of
moisture of the keratin fibers is directly related to the state of dryness and the relative
humidity of the atmosphere, and this directly affects both physical and cosmetic properties
of human hair, which are greatly influenced by the moisture content of the hair [36]. Hair’s
capability of absorbing water is relatively high, though; this capability is affected by several
factors such as the lipid content of the hair as well as the pH level. When absorbing water,
hair swells, however, hair swelling is anisotropic, as the length of hair fiber increases roughly
2%, whereas the diameter of the fiber rises to more than 15% when relative humidity changes

from 0% to 100% [46].
1.4.4 Trace Elements in Human Hair

Hair contains very low mineral content, usually less than 1% [36]. Trace elements in
human hair are of a noticeable importance in both cosmetic science and forensic science, the
following are among the elements that are reported in human hair: Ca, Mg, Sr, B, Al, Na, K,

Zn, Cu, Mn, Fe, Ag, Au, Hg, As, Pb, Sb, Ti, W, V, Mo, I, P, and Se [47].
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1.4.5 Pigments in Human Hair

Pigments in hair are produced by the melanin producing cells which are called the
melanocytes which are stored in spherical or ovoid pigment containing granules that are
called melanosomes, and then, they are transported into the hair fiber cells, the keratinocytes
[48]. The size of the pigment granules usually ranges between 0.4 — 1 pm whereas the larger
pigment granules are usually found in black hair and the smaller granules are found in blonde
hair. The sizes of granules along with the type of the pigment mainly determine the color of
the hair and there are two types of main pigments in human hair, the eumelanins (the brown

— black melanins), and the pheomelanins (the red melanins) which are less common [49-51].
1.5 EFFECTS OF DIFFERENT COSMETICS ON HAIR

Hair appearance is a crucial component of human appearance with major social and
psychological effects in everyday life and human hair is considered to be one of the easy
modifiable physical features in term of shape, length, or color. Years from now and until our
current day, many cosmetics have been used in order to clean the hair and change its
appearance and style [40]. All through human history, a lot of people have wanted to modify
the way their hair appears as it was a way to distinguish the social position, for example,
Ramesses II, the third Egyptian pharaoh, used henna to change hair color to red, and in the
ancient Greece, an ointment composed of yellow flower petals and pollen was mixed with a

rinse of potassium solution and used to bleach hair [52].
1.5.1 Effects of Shampoo on Hair

The main goal of using shampoo is to remove dirt and oil from the hair fibers surface
and from the scalp. Usually, commercial shampoos may as well have extra components to
control dandruff and condition hair [53]. Because of the variety of the purposes of these hair
care products, they comprise a list of ingredients with numerous effects on the hair, although
shampoos usually contain a primary and a secondary surfactant for comprehensive cleaning,
a viscosity increasing agent, a solvent, conditioning agents, pH adjuster and other non-
essential components such as fragrance and color for commercial appeal [54]. Since shampoo
removes dirt and oils at the surface level, most of the shampoo interactions can be expected

to occur at the very first few layers of the cuticle, the cortex will only be affected if the
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damage to the cuticle is extensive and the cortex has been exposed [53]. There is evidence
that shampooing can result in hair damage in this case; however, the effect is thought to be
limited to the cuticle level; for instance, abrasive action of the shampooing process can
damage the keratin and non-keratinous structures at the surface of the hair [16]. Studies have
shown that using shampoo once can extract approximately 50% of total extractable lipids in
hair cuticula, and that 70-90% of total lipids can be extracted with repeated shampooing [53].
The cell membrane complex at the cuticle level contains covalently bounded lipids attached
to a proteinous cell membrane. At the hair’s outer surface, free lipids are removed during
shampooing. Internal lipids found deeper within the hair shaft are not affected to the same
extent as the surface lipids. Internal lipids can travel to the surface layers via the process of

diffusion after repeated shampooing [54].
1.5.2 Hair Dyeing and Bleaching

The main object of bleaching human hair is to lighten the hair, and this purpose is
mainly achieved by oxidation by using oxidative agents such as alkaline hydrogen peroxide

[55].
1.5.2.1 Compositions of Hair Bleaches

Hair bleaches mainly contain hydrogen peroxide, ammonia, and salts of persulfate to

enhance their effectiveness and speed up the process of bleaching [56].
1.5.2.2 Mechanism of Hair Bleaching

Hair bleaching with chemicals such as alkaline peroxide and alkaline peroxide-
persulfate depends on a destructive oxidation of melanin pigments. It leads to the degradation
of thioester groups that bind 18-MEA to the hair surface, and due to the harsh reaction
conditions needed for devastation of the chromophoric groups of the pigments in human hair,
simultaneous side reactions are normal to occur with hair proteins such as degradation of
thioester bonds at the hair surface and between cuticle cells as well as the disulfide bonds of

the cuticle proteins and the cortical matrix [57, 58].
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1.5.2.3 Effects of Hair Bleaching

Hair chemical bleaching deteriorates the cell membrane complex by oxidizing the
thioester bonds between cuticle cells, also remove the hydrophobic surface barrier by
attacking 18-MEA thioester binding groups [55]. Bleaches also attacks the hair regions that
are rich in cystine such as the A-layer and exocuticle in the cuticle cells and thereby oxidize
cystine, all of which cause the cell membrane complex to collapse and breakdown the cuticle
and cortex constituents and eventually vanishes proteins in these regions [59]. Bleached hair
is also prone to detachment of cuticle layers and establishment of holes in the cortex
especially during every day grooming and weathering processes such as repeated
shampooing, exposure to sun, drying with blow dryer, brushing and combing, all of which

can lead to weakening of the hair and deterioration in its feeling and appearance [55, 59].
1.5.2.4 Hair Dyeing

Using hair dye products to change hair color is a frequent habit especially among
women. However, the way hair dyes act on hair might lead to real hair damage at the
structural level [60, 61]. Hair dyes can be categorized into two main groups, according to the
dye type, oxidative or non-oxidative, and according to durability of the color after applying
the dye on hair as temporary, semi-permanent, demi-permanent, and permanent [62]. The
major distinction between dyes is the capability of reaching the cortex and staying there
permanently or not reaching the cortex but staying on the cuticle exterior and be removable
after like 15 shampoos cycles. In order for the dye to penetrate through the cuticle into the
cortex, the pH of the medium must be alkaline in order to open the scales. Usually, permanent
dyes use ammonia to increase the pH and If the product is claimed to be ammonia-free,
ethanolamine is used for the purpose of increasing pH. Both substances, ammonia and
ethanolamine, remove 18-MEA, which grants hydrophobicity to hair fibers, causing cuticle

damage and making hair more hydrophilic [60].
1.5.3 Effects of Permanent Waving on Hair

Permanent waving is the process of converting straight hair into curled hair using a
chemical process which comprises the breaking and restructuring of the disulfide bonds

within hair using reducing agents such as thioglycolates and bisulfites. Alkaline reductive
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solutions are used to lift the scales of the cuticle so that the reducing agent can effectively
diffuse into the cortex and the reduction infuses throughout the cuticle and into the outer
layers of the cortex [16]. In a second step, the hair fibers are shaped into the preferred curl
and held wusing curlers. During this time, molecular reorganization occurs in
the cuticle layers, as well as in the outer levels of the cortex. Lastly, the fibers are neutralized
with an oxidizing agent such as hydrogen peroxide [63]. The damage caused to hair due to
permanent waving is well known as the use of hydrogen peroxide in the oxidation step
increases surface damage and decreases the stiffness of the fiber. Additionally, the permanent
waving process was found to extract internal lipids from the cell membrane complex of the
fiber, as a significant decrease in polar internal lipids after permanent waving treatment was
noted. Furthermore, the permanent waving process converts the hydrophobic hair surface to

a more hydrophilic one [16].
1.5.4 Hair Straightening

Many people with curly hair try to find ways to straighten their hair. In order for this
to happen, disulfide bonds of hair must be relaxed and reformed and this process requires an
alkaline agent with a high viscosity two phase emulsion [64]. There are two main groups of
agents used to straighten hair, first group include reductive agents such as sulfites and
mercaptans which are generally selective so that they don’t disturb the entire protein, but
instead they cleave the disulfide bonds so that they can be when the process ends [15]. If a
permanent hair straightening is desired, a hot iron may be used to provoke enough additional
stress. The other group of agents used for hair straightening is alkaline agents that contain
hydroxides with a pH higher than 9.0. This group of agents is less selective, cleaving disulfide
bonds with a permanent fission. Alkaline medium stimulates swelling of the hair causing
cuticle scales to open and thus, allowing the alkaline agent to deeply penetrate into the cortex
where a rearrangement of disulfide bridges may happen as the hydroxyl ions disorder hair
keratins disulfide bonds. This alkali hair treatment includes lanthionization reaction in which
a part of the amino acid cystine is substituted for lanthionine [15]. Hair straightening using
this procedure is more efficient, though it causes harm to hair fiber integrity because this
disulfide bonds into lanthionine bonds conversion is permanent and it affects almost one-

third of the disulfide bonds [15, 65].
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1.5.5 Blow Drying of Hair

Using hair dryer to dry hair causes hair damage at a surface level and when this is
repeated it can cause several breaks and fractures on hair cuticle and it might as well lead to
damage the hair ultrastructure and change hair color. Hair damage increases as temperature
increases, however, unless the cuticle is totally damaged and removed so the cortex becomes
exposed, this damage is always limited to hair surface and cuticle and does not exceed it to
the cortex. Anyhow, using hair dryer at a distance of 15 cm while moving continually was

found to cause less damage than naturally drying hair [66].
1.5.6 Sun Exposure and UV Light

Sun exposure is considered to be one of the most common reasons behind structural
damage of hair shaft. Excessive sun exposition might lead to hair dryness and loss of color,
stiffness and brittleness of hair, decreased luster and rough texture, as well as decreased hair
strength [67]. Increased exposition to sun also leads to removing hair surface lipids and
cuticular layers including split end formation due to cuticular layers rupture and detachment
by the effect of UVB which causes loss of hair surface proteins, whereas UVA can overcome
the cuticle and penetrate into the hair cortex and is responsible for hair color changes and
pigment degradation. Melanin helps protecting hair against adverse UV radiations therefore
protecting hair proteins explaining why hair with higher amount of pigmented granules loose

less protein when exposed to UV radiation [67].
1.6 COSMETICS USED TO IMPROVE HAIR PROERPTIES

Hair is considered of a very high importance for self-confidence and it has an
extremely significant role in our appearance and self-concept. Hair appearance reveals
person’s personality and if hair damage might have both social and psychological
consequences. This is why hair cosmetics and care products are widely used by almost

everyone [67].
1.6.1 Hair Conditioners

The main reasons for using hair conditioners are to decrease friction, untangle the
hair, improve hair combability and reduce frizz, re-establish hair hydrophobicity, add shine

to hair, and enhance smoothness and manageability [53]. The main mechanism that
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conditioners act by is decreasing negative charge of hair fibers and by so neutralizing the
charge of hair fibers mainly by adding positively charged ions on hair surface, also friction
is reduced by conditioning ingredients that smoothens the cuticle layers against the
longitudinal axis of hair fiber. Light is more reflected of hair surface on cuticle layers when
they are flattened, improving hair color and shine and adding softness to the hair. Hair
conditioners also provide protection to the cortex by sealing cuticle gaps that expose the
cortex, defending it against damage, although depending on the molecular weight of the
conditioner molecules, they can either stay on the surface of the cuticle or penetrate into the
hair cortex. Conditioners are mainly oil in water emulsions holding a positive charge. The
main ingredients of a conditioner are polymers, oils or waxes, preservatives, cationic agents,
aesthetic agents, and additives as well as bridging agents may also be combined to cationic
molecules to enhance hydrophobic ingredients adsorption to the hair. UV filters can also be
used in a conditioner to protect color [53, 63]. One among the most used conditioning agents
is silicone. Silicones are inert, heat resistance, rubber like polymers. Silicon dioxide is the
starting material to produce silicones. The most widely used silicone in hair conditioners is
dimethicone and other silicones commonly used are anionic silicones, aminosilicones,
siloxysilicates, polysiloxane polymers, and others, which all act differently on hair.
Dimethicones are hydrophobic substances, that’s why they adsorb better on the root of the
hair fiber rather than the tip and on virgin hair rather than bleached hair. Dimethicones protect
hair against harsh actions, whereas siloxysilicates increase volume of hair, while
polysiloxane polymers set lifted cuticle layers back to its place preventing damage caused

by heat [68, 69].
1.6.2 Natural Oils

Many natural oils have been used all around the world as hair treatments. The usage
of natural oils for hair care is increasingly growing either as a prewash or by including in
commercial hair care products as shampoos and conditioners [70]. Using oils on hair is an
ancient practice especially in African and Asian countries. Using oils for hair care might be
beneficial to both hair shaft and hair follicle. First of all, oil hydrophobicity has a significant
effect on protecting hair against damage, secondly, the lubrication of hair surface provided

by oil is considered to be the initial point to protect hair from harsh damage caused by
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grooming. The hygral fatigue, which is repeated swelling and deswelling, is a main factor to
damage hair fibers and is caused by the penetration of low molecular weight surfactants
present in shampoos such as sodium lauryl sulfate (SLS) into the hair fiber lifting the cuticle
and causing swelling of hair. Applying oil to hair increases hair hydrophobicity and decreases
water absorption by hair, causing hair fiber swelling to reduce. On the hair follicle level, SLS
and other low molecular weight surfactants which can penetrate and reach into the hair
follicle may obstruct the follicular structures adhesion, causing a loosening of the hair fiber
in the follicular cavity, and eventually causing hair loss. However, using oil on hair regularly,
and if the oil is reaching and getting into the hair follicle, the gap between the follicular wall
and the hair fiber is filled and by so the surfactant solution can no more penetrate into the
follicle, eliminating follicular damage and protecting hair [69, 71, 72]. Oil penetration
through the hair cuticle and into hair cortex is desirable for extensive benefits, as the health
of the cortex determines the mechanical properties of the hair fiber. Using coconut oil on hair
either as prewash or post-wash treatment reduces protein loss from hair whether it is healthy
or damaged hair. On the other hand, sunflower oil and mineral oil do not have the same effect.
The difference between the effects of the previous oils is probably due to the difference in
each oil composition. Coconut oil which is mainly a triglyceride of lauric acid is highly
attracted to hair proteins, and due to its low molecular weight and its structure, it is able to
penetrate into hair cortex. On the other hand, mineral oil, which is a hydrocarbon, has no
affinity towards proteins found in hair and it cannot penetrate through the hair cuticle and
reach the cortex, as well as sunflower oil which is mainly linoleic acid triglyceride with a
bulky structure and double bonds. However, non-penetrating oils such as mineral oil and
sunflower oil may form a film around hair fiber and adsorb to hair cuticle surface helping to
avoid hair damage by reducing friction and enhancing hair shine [69, 72, 73]. Among other
popular oils used as hair treatments is Morrocan argan oil which is claimed to keep hair
moisturized and hydrophobic. Anyhow, there is no enough scientific studies proving
beneficial effects of Moroccan argan oil for hair care [74]. Some preliminary studies showed
that Buriti oil is very homogeneous in its fatty acid distribution, it has 79% oleic acid causing
high specular light reflection and surface gloss [75]. Ucuuba butter showed a slight increase
in the stress to break. This butter has a high amount of low molar mass triglycerides

composed of short and straight linear fatty acid chains (75% miristic acd (C14)) [75]. Various
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oils perform conditioning functions due to their molecular characteristics, such as surface
energy, cohesive forces, and surface attaching properties. Most or all of the oils show good
performance in reduction of split end formation, and combing resistance. The combing
benefit is the result of the decrease in friction on the hair surfaces. The ability of the fatty
triglycerides’’ attachment to the hair surface and spreading influences the decrease if

frictional forces [70].
1.6.2.1 Mineral Oil

Mineral oil is also known as liquid paraffin and it is derived from petroleum. It is a
mixture of straight chain hydrocarbons that occur during petroleum distillation process.
Paraffin as pure was used for hair care for many years. It is also a well-known ingredient of
lotions, creams and other cosmetic products. Using mineral oil in high quantity can clog the
pores of the skin leading to insufficient oxygen delivery. It also may cause skin irritation
and/or dehydration. However, mineral oil does not penetrate into the epidermis nor into the
hair, but it leaves an oily film around the hair surface and by so reducing water loss of hair.
Mineral oil is a good hair conditioner and it reduces tangling but using mineral oil too often

may cause hair dryness and scalp irritation [76].
1.6.2.2 Coconut Oil

Coconut oil is one of the oils that has been used since the ancient times as a hair care
oil and using it has always been associated with a healthy-looking hair suggesting the ability
of this oil to prevent cuticle damage due to grooming procedures. In addition to the
lubricating effects and film forming abilities, coconut oil was found to be able to penetrate
into hair cortex protecting it and providing more strength to hair [77]. Coconut oil is
composed of relatively lower fatty acids. It contains mainly lauric acid (C12; 50%) and
myristic acid (C14; 20%). It also contains in lower amounts of capric acid (C10; 5%) and
palmitic acid (C16; 8.3%), as can be seen in Appendix A2. Coconut oil is extracted from
mature and fresh kernel of coconut by mechanical and by natural means with or without the
use of head and without going through chemical treatment nor refining procedures. Many
different methods are used for the extraction such as cold extraction process, chilling,
freezing and thawing method, centrifugation method, fermentation method, aqueous

enzymatic extraction method, and hot extraction process [78].
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Figure 1-12 Coconut Fruit [79]

1.6.2.3 Linseed Oil

Linseed, also called flaxseed oil, is a colorless or pale-yellow oil which is extracted
by cold extraction methods from the seeds of the flax plant. Linseed oil is a great source of
omega-3 fatty acid linolenic acid. It is also an excellent source of protein as the protein
content varies widely from 10 to 31%, and the main amino acids found in linseed proteins
are arginine, aspartic acid, and glutamic acid. The linseed oil we used in our study contains
mainly linolenic acid at 50.3%, oleic acid at 22%, linoleic acid at 15.6%, stearic acid and
palmitic acid both at around 5.5%. Appendix A3 shows the certificate analysis of the linseed
oil used in this study. Linseed oil may be used directly on the hair or it may be incorporated

into other haircare products [80].

Figure 1-13 Flaxseed [80]

1.6.2.4 Almond Oil

Almond oil is one of the oils used traditionally for hair care. It smoothes the hair and
gives it a softer texture making it easier to comb and protecting it against damage due to
grooming habits. Almond oil might be applied directly to hair or it may be incorporated into

hair care formulations. There is a variety of extraction methods that can be used to extract
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almond oil as solvent extraction method which is widely used for this oil, and as an alternative
method the use of pressing is used for almond oil extraction [81, 82]. The almond oil we used
in this study has 74.11% oleic acid, 16.70% linoleic acid, 6% palmitic acid and 2.1% stearic
acid. The full analysis of the oil can be found in appendix A4.

Figure 1-14 Almond seed [83]
1.6.2.5 Baobab Oil

Baobab tree is widely found in Angola, Zambia, Mozambique, Zimbabwe, and South
Africa. The seed oil that is extracted from baobab is used in cosmetic industry and sold
internationally. Its high content of linoleic acid and oleic acid is well known to soften the
skin and to protect and moisturize the epidermis [84]. The oil also has medical and cosmetic
uses. In this study, the oil used was extracted by cold pressing method and had 39% oleic
acid, 27.96% linoleic acid and 4.67% stearic acid. The full composition of the oil can be

found in appendix AS.

Figure 1-15 Baobab fruit and seeds [85]
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1.7 TESTING HAIR PROPERTIES

Hair is a very important constituent of human self-concept and appearance over and
above its importance for self-confidence. It is a major characteristic personal element that
has a key role in self-perception. However, hair fibers are sensitive to different treatments
and external effects even if they are physical, chemical or mechanical. Such effects can cause
a major damage and change in hair fiber characteristics and features. There are different
techniques and tests in order to evaluate hair physical and chemical damage and changes [40,

67].
1.7.1 Evaluation of Physical and Chemical Properties of Hair

Consumers’ perception of a soft, silky hair feeling is associated with the ease of
combing of the hair as well as how our hand (skin) glides over the hair fibers. For a smooth
wet and dry feel, friction between hair and the skin should be minimized in wet and dry
environments. Similarly, for a good feel about bouncing and shaking of the hair while
walking and running, friction between hair fibers and bunches of hair fibers should also be
low [86]. Tribology is the science and engineering of interacting surfaces in relative motion,
including the study and application of the principles of friction, lubrication and wear and is
highly interdisciplinary, draws on many academic fields, including physics, chemistry,
materials science, biology and engineering. Special care is needed to lay down a protocol for
the test methods and the conditions of them in order to guarantee sensitivity and
reproducibility of the methods. Not only the test conditions, but also the test substrate, hair
tresses, used during the tests may affect the results. Scientists have been aware of the effects
of differing hair types on the results of many hair tests, although reasons are still a mystery,
therefore where / how the hair tresses are obtained, if they are treated samples, how they were
treated, and which chemicals and methods were used to treat them has to be monitored very
carefully [87]. The tribology of the hair changes as a function of the various hair care
processes and the products used as hair care purposes. There are macro-, micro and nanoscale
mechanisms behind these interactions, that make surface roughness, friction, and adhesion
very important to hair and skin. Table 1-2 summarizes some of the features and
corresponding tribologic attributes of hair. In order to investigate the effects of hair care

products, properties of hair are measured before and after the treatment applied to hair. The
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tests used for analyzing the physical and chemical changes caused by the treatments or ware

and the attributes caused are summarized in Table 1-3 and Table 1-4.

Table 1-2: Desired features and corresponding tribological attributes

Desired hair feature Tribological attributes

Low friction between hair and skin in
respective environment

Shaking and bouncing during daily | Low friction between hair fibers and
activities groups of hair

Low friction between hair and comb
(plastic) and low adhesion. Note: more
complex styles may require higher
adhesion between fibers.

Smooth feel in wet and dry environments

Easy combing and styling

Table 1-3: Tests used for analysis of physical properties of hair

Combing (Dry/Wet)

Breaking point/ Tensile strength
Contact angle

Microscopic appearance and diameter measuring (Swelling)
Hydration/ dehydration

Fatigue/ grooming

Lustre

Atomic Force Microscopy
Scanning Electron Microscopy
Differential Scanning Calorimetry
Fluorescence Microscopy
Sensory evaluation tests

Table 1-4: Tests used for analysis of chemical properties of hair

Name of | Details Suggested

the test Method
18-MEA | To analyze 18-MEA in the upper B layer of the cuticle | LC-MS or GC-
Analysis | CMC FID

Covalentl | Palmitic acid/ Stearic acid/ Oleic acid TLC/FID or
y bound GC-MS

fatty

acids

Free fatty | Oleic (C18:1)/ Linolenic (C18:3)/ Linoleic (C18:2)/ | TLC/FID or
acids Hexadecatrienoic acid (16:3) GC-MS
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Ceramide | Hair ceramide analysis (Non-hydroxy acyl | GC-MS

s analysis | dihydrosphingosine, Non-hydroxy acyl sphingosine, a- | (identification),

(Cortical | hydroxy acyl dihydrosphingosine, a-hydroxy acyl | TLC/FID

CMC) sphingosine, a-hydroxy acyl phytosphingosine)

Cholester | To analyze cholesterol sulfate and cholesterol oleate in the | LC-MS or GC-

ol sulfate/ | cortical CMC/hair shaft FID

Oleate

Squalene/

Wax TLC/FID or

esters/ HPTLC/Densito

Triglycer metry

ides

Amino Cysteine/Cystine/Serine/Glutamic ~ Acid/  Threonine/ | HPLC or amino

acid Glycine/Leucine/Valine/Arginine/Aspartic acid analyzer

analysis | Acid/Alanine/Proline/Isoleucine/Tyrosine/Phenylalanine/
Histidine/Methionine

1.7.2 Physical and Mechanical Properties of Hair

Hair is surprisingly strong because of its cortex keratin and its long keratin chains
which are compressed to form a regular structure. Hair fibres are extremely flexible as well.
The physical proprieties of hair involve resistance to stretching, elasticity and hydrophilic
power. Physical proprieties of hair depend mostly on its geometry. Caucasian hair is oval;
Asian hair is circular; Afro hair is elliptic, and several mechanical proprieties are directly
related with fiber diameters [70]. The diameter of the hair fibers can be measured by a

micrometer, or fibers can be sized under the microscope against a micrometer.
1.7.2.1 Tensile Strength

Hair strength is one of the most concerns that people look after. Most people have a
strong desire for strong healthy hair, and this is why establishing a method to measure and
quantify hair strength became a necessary [70]. Different methodologies have been adopted
for this purpose, but it is consequential to consider that the hair complex structure plays an
important role in its properties, hence, getting different outcomes out of different methods is
not unusual [1]. In general, people determine their hair strength by observing the number of
broken hair on a comb or a brush after combing, by observing hair fibers on shower floor, or
even by noticing split ends on a mirror. Therefore, it is important to consider if in-vitro hair

strength measurement method is intended to simulate, to a certain extent, real life conditions.
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The amount of force that is required to break one hair fiber might be the most instinctive
indicator of hair strength. It would be expected that this value would drop the more the hair
fiber is damaged. This is accurate to a certain extent, but there are many factors that must be
considered when evaluating the outcome of this method, taking in hand that the break force
of a hair fiber is affected by type of hair, age of hair, temperature of the experiment medium,
dimensions of hair fibers [88]. Another important factor to consider is the presence of
plasticizers which can noticeably alter the mechanical properties of hair fibers. Water for
example is a powerful hair plasticizer that can cause the salt bridges and hydrogen bonds
within the hair protein structure to solvate, decreasing the mechanical properties of the hair.
Never the less, water content of hair fibers is generally overwhelmingly prescribed by the
environment’s relative humidity. So, in order to achieve reliable results, all of the previous
variables should be monitored and controlled as much as possible. However, it is important
to keep in mind that even after taking all the possible precautions, this type of testing will
still give results with a relatively high standard deviation, which can be minimized to as much

as possible by running a high number of samples [89].
1.7.2.1.1 Resistance to Stretching

In general, the weight needed to produce a natural hair thread rupture is 50-100 g. An
average head has about 100,000 to 150,000 hair and all of the hair we carry on our scalp can
support 10 to 15 tons. The resistance to breakage is a function of the diameter of the hair
thread as well as the condition of its cortex which is negatively affected by chemical
treatments, such as bleaching, permeant dying, permanent styling [55, 57, 63]. Water content
of the hair is also important because of its plasticizing effect, hair and wool absorb water
about 35% of their dry weights [90]. It is well known that the water content of hair is depends
on the relative humidity of the environment and the degree of damage of the hair. If the hair
is damaged, sites that water will be bound will be increasing because the more hydrophobic
di-sulfide bonds will be converting to more hydrophilic cystic acid bods [91]. And also due
to the removal of the hydrophobic outermost lepidic layers, penetration of water is
encouraged. This is one of the important facts that the researchers should be careful about
when setting the experimental conditions of their measurements for characterization of hair.
When a certain load is applied on a hair filament, its elongation can be measured and the
pattern of stretching and the point of breaking can be observed. However, the cosmetic
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chemist needs a quantitative method for the evaluation of hair condition that will yield
statistically significant results by using relatively small number of samples. The procedure
must also be sensitive enough to minor changes in hair conditions. The results obtained by
the methods used should be accurate and reproducible. Selection of the hair types also have
an incredible effect on the results and interpretation of the results may not be very easy. The
methods used to measure the elasticity and tensile properties of the hair are based on
measuring the yield point of a single hair fiber and correlating changes of elasticity and
tensile properties of the hair fiber to the certain hair conditions studied during the testing [87,
88]. If a hair fiber is exposed to a progressive stretching (strain) at a given extension rate and
the resultant internal forces are measured, “stress-strain” curves are obtained which could be
used to characterize the fiber properties [87]. One of the most common tests used to
determine the mechanical properties of the hair fiber is “tensile strength test”. This test is
very often used to monitor the changes caused by the chemical treatments (dying, bleaching,
perming or relaxing), or environmental effects, like UV exposure, or effects of grooming on
the hair fibers. There are many manually controlled devices used for these tests, but some
automated devices are also used because of the tedious nature of the test [87]. One of the
most important indication of hair strength involves the amount of force that is required to
break an individual fiber and this parameter can be evaluated from the very end of the trace,
where the magnitude of the force drops sharply to zero at the break point and this break force
is highly dependent on the dimensions of the hair fiber: a thicker fiber will be stronger than
a thin one [87]. It is desirable to express “strength” in a manner that is independent of fiber
dimensions, so the “break stress” is reported by simply as “force divided by cross-sectional
area”. Diminishing tensile properties arise as the result of an actual reduction in the number
of strength-supporting chemical bonds within the hair fiber, therefore, difference between
“the before and after chemical treatment” applied on hair tresses can be monitored by this
method. Manual devices are the most common ones where single hair filament is attached
into jaws and the force is applied until the fiber is stretched to a point and then breaks. For
the automatic measuring devices, the sample preparation involves using a crimping block to
precisely mount individual fibers between two brass ferrules and these specimens are then
placed in a carousel that attaches to the instrument where the device automatically measures

the dimensions of each individual fiber using a laser micrometer and then stretches each fiber
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bunch to break, with the subsequent generation of a stress-strain curve [87] (figure 1-12).
When increasing strain is applied , the hair behaves like a spring (i.e. its alpha helical protein
structure), and when the spring is extended beyond a critical value, it will be distorted and
no longer can return to its initial conformation when the strain is removed (this threshold

3

condition is termed the “yield point”) and additional stretching immediately above this
condition does not produce any further build-up in the internal force, and at still higher
extensions, the fiber ultimately breaks). The break stress for wet hair is around 10% lower

than in the dry state due to the plasticizing effect of water [87].

Figure 1-16: Tensile strength testers

1.7.2.1.2 Breaking of Hair Filaments

The presence of broken fibers can be a major problem for some consumers that just
seeing broken hair fragments in a brush or comb can be a problem to worry. Broken hair in
most cases causes the formation of split ends, but also fibers no longer align as readily, often
reducing the perception of hair smoothness, inducing a degree of frizz, lowering shine and
hindering a fluid flowing motion [92]. Conventional tensile testing of hair applying a one-
time external force or deformation that is sufficient to induce breakage (tensile testing),
however, fatiguing involves the repeated application of relatively small stimuli which may
be considered better simulation of everyday grooming motion [92]. In a fatigue test, failure
is attributed to the gradual propagation of pre-existing flaws within a material, an in these
repeated combing tests, hair breakage ultimately results from flaw propagation induced by
repeated forces associated with day to day grooming. The distribution of these flaws is
statistical in nature, so hair breakage also needs to be treated as a statistical variable.
Modelling and characterization of breakage can be performed by fitting a Weibull statistical

distribution to the data [92]. By thorough analysis of such test results not only the broken
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hair and split ends will be successfully evaluated, but also the effects of chemical treatments
(bleaching, dying, perming) as well as the favorable effects of hair care products can be

investigated.
1.7.2.2 Wet and Dry Combing

Combing is the individual observation of ease or difficulty when hair is combed. This
is directly related to the forces that oppose the action of combing hair and an important
attribute in the conditioning of hair and in consumer perception [63]. Early studies to measure
the combing resistance of hair was as early as 1970s [93]. Early studies focused on comparing
the conditioning effects of the experimental or commercial products, but the relationship
between comb-hair/ hair-hair friction and combing force were also studied. First attempts to
explain the nature of the combing force curves obtained during the passage of a comb through
a hair assembly were made by Tolgyesi and co-workers [94]. There is no standard protocol
to conduct combing tests and therefore laboratories developed their slightly different devices,
the general principles of all are the same. Assessment of combing forces requires a modified
dynamometer or texturometer with one or two non-metallic combs placed on a support [12,
64, 65] (figure 1-13). This method depends on hanging the hair tress over a force measuring
instrument, and by using a comb cose to the root end of the tress putting the comb in the
correct combing way directly through the tress at a fixed speed and recording the forces that
repel the comb’s motion starting at the point of insertion and until it gets out of the tip end of
the tress [64, 65]. Chemical treatments and daily grooming activities do have noticeable
effects on combing forces. Hair straightening alters the resistance to the combing of human

hair, and over that, the conditioning agents in hair straightener improve the test results [12].
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Figure 1-17: Illustration of combing machines [95]
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1.7.2.3 Repeated Grooming

Hari breakage resistance is among the top claims regarding shampoos, conditioners
and hair care products. Nowadays, anti-breakage products are offered by almost any hair care
brands [96]. Sometimes, the appearance of broken hair fibers can be a cause of worry for
some people, mainly because broken hair fibers are a sign of hair weakness and split end
formation [97]. Hair breakage was tested in literature in different ways, among them is
repeated combing of hair tresses, for which, special instruments are used. Usually a repeated
combing device constitutes of automated parallel combing of several hair tresses
simultaneously where four combs are mounted at 90° angles running at a steady speed
allowing four times combing for a tress in a full single round, then the broken hair fibers are
collected from separated boxes placed under each drum [92] (figure 1-14). Previous study
exhibited a direct relationship between the affinity of hair to break and the magnitude of the
applied stress. It concluded how a conditioner with lubricating properties which decreases
the stress connected to the repeated grooming will yield a lowered affinity to hair breakage

[92].

Figure 1-18: Repeated grooming device

1.7.2.4 Differential Scanning Calorimetry

Hair fibers have rather high thermal stability, therefore drying hair by blowing hot air
or temporary styling by using certain devices (hair curling, hair straightening irons) is very
common. Some of these devices which are suitable for home use can go up to the
temperatures around 230-240 °C. Keratin structures like human hair or animal wool have
been studied extensively also because of some industrial reasons to characterize these

complex structures. Freughelman proposed a two-phase filament-matrix model as early as

30



1959 that helical fraction of the intermediate filaments, in other words microfibrils, are
identified as the crystalline phase, and the matrix and the other structures (cuticula, cell
membrane complex and other structures) are the amorphous phase [98]. The glass transition
point of hair has been studied by several researchers to understand the behavior of hair to
understand the effect of water, chemical treatments, haircare products on hair fibers. DSC is
mostly used in order to figure out the glass transition temperature (Tg) of polymers. The heat
that is transferred into or out from a specific sample in comparison to a defined reference is
measured by DSC [99]. The DSC device has a cell that is constituted of two heating
compartments, one of them is for the reference’s pan and the other is for the sample’s pan,
where the reference’s pan is usually left empty [100]. The temperature of the sample and the
reference most be the same during the whole experiment, and this purpose is achieved and
controlled by the device and the software on the computer. The heat capacity of materials
such as polymers changes when they undergo chemical or physical changes such as melting,
so the device and its software monitor these changes and keep the sample’s and reference’s
temperature the same by applying different heating to each component [100]. For hair, DSC
has been used to study the morphological phases and thermal stability of the hair, where
denaturation enthalpy is measured and recorded. One previous study concluded that the
denaturation enthalpy is a dependent on the strength of the IFs, which are mainly composed
of a-helical proteins, and the denaturation temperature depends on the crosslink density of
the matrix around the IFs [99]. In most of the experiments, the endothermic process observed
was around 230° C -235° C when DSC of different ethnic hair was investigated [101]. Some
chemical changes caused by hair care treatments or products were also assumed to change
the peak temperature and endothermic enthalpies, but these were corresponding to the 230°
C where melting thermal denaturing of alpha—helices and matrix pyrolysis happens. Many of
the studies were conducted as regular DSC thermogram analysis, in other words dry, closed
(crimped) pans were used to hold the sample. When hair samples were crimped in wet DCS
pans, there was another peak which took place less than 150° C, and this was related to the
changes taking place in cortex; only in the ordered regions showing the disorders in the
keratin intermediate filaments also amount of cross-linking in the matrix [102, 103]. These
investigations made DSC a method of use to investigate the effects of cosmetic treatments

and products.

31



2 MATERIALS AND METHODS

2.1 MATERIALS AND EQUIPMENTS
2.1.1 Materials

Table 2-1 List of used materials

INCI Name Trade Name Supplier

Paraffin Oil Mineral Oil Sigma-Aldrich

Cocos Nucifera oil Coconut oil Arkem Chemicals

Linum Usitatissimum seed | Keten tohumu yagi (Flax Zade Vital AR-Ge ve

oil seed oil) Uretim Tesisleri

Adansonia digitata Baobab oil Kupanda African Plant

oil Based Natural Products

Prunus amygdalus dulcis oil | Almond oil Zade Vital AR-Ge ve
Uretim Tesisleri

Bleaching powder Bleaching powder Redist

Oxidant cream L’oreal 40V L'Oréal Tiirkiye Kozmetik
Tic. ve San. A.S.

Sodium Lauryl Sulfate Texapon N70 BASF Tiirk Kimya San. ve

Tic. Ltd. Sti.
Cocamidopropyl Betaine Tego Betain F50 Evonik Nutrition & Care
GmbH, BL Personal Care

dimethylol-5 5- Glydant Lonza Istanbul, Turkiye

dimethylhydantoin

Sodium Chloride NaCl -

Water (Distilled) - -

Nile Red Nile Red (HPLC Grade) Sigma Aldrich

Alcohol Ethanol

Paraffin wax 56° Paraplast Bulk Leica Microsystems

2.1.1.1 Sodium Lauryl Sulfate

Sodium lauryl sulfate is an anionic surfactant used in a wide range of pharmaceutical
formulations and cosmetics. It is a detergent and wetting agent that is effective in both
alkaline and acidic conditions. It consists of white or cream to pale-yellow colored crystals,
flakes, or powder with a smooth feel, a soapy-bitter taste, and a faint odor of fatty substances.

It is stable under normal storage conditions but under extreme conditions like when pH goes
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down to 2.5 or below, it undergoes hydrolysis to lauryl alcohol and sodium bisulfate. It is

prepared by sulfation of lauryl alcohol and then neutralization with sodium carbonate [104].
2.1.1.2 Cocamidopropyl Betaine

Cocamidopropyl betaine is an amphoteric synthetic detergent that has been
increasingly used in personal hygiene products and cosmetics. CAPB induces relatively mild
skin irritation and contact sensitization prevalence is estimated at between 3.0 and 7.2%.

CAPB was named the allergen of the year in 2004 [105].
2.1.1.3 Dimethylol-5 5-dimethylhydantoin

Dimethylol-5 5-dimethylhydantoin (DMDM hydantoin) is an odorless powder or
solid that is slightly volatile and is very soluble in water. It is used as antimicrobial agent and
preservative in cosmetics. If released to the environment, DMDM hydantoin will break down
in air. Direct contact with DMDM hydantoin or its solutions may result in eye damage and

skin irritation [106].
2.1.1.4 Sodium Chloride

Sodium chloride is widely used in a variety of parenteral and nonparenteral
pharmaceutical formulations, where the primary use is to produce isotonic solutions. Sodium

chloride is found as a white crystalline powder or colorless crystals [104].
2.1.1.5 Nile Red

Nile red is an uncharged hydrophobic molecule and a benzophenoxazone dye. It

functions as a fluorescent probe for lipids and hydrophobic domains of proteins [107].
2.1.1.6 Bleaching Powder and Oxidant Cream

Other materials as bleaching powder and oxidant cream were purchased locally and

used as purchased.
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2.1.2 Equipment

Table 2-2 List of used equipment

software

Equipment Model Manufacturer
Analytical balance E12140 OHAUS

Thermometer H100 Loyka

pH meter HI 83141 HANNA Instruments
Light microscope Leica CME Leica Microsystems
Liquid paraffin embedding | Leica EG1160 Leica Microsystems
center

Microtome RM?2245 Leica Microsystems
Cutting Knives Patho Cutter-I1 ERMA

Microscopic slides Polusine Slides Thermo Scientific
Fluorescence microscopy Axio Vert. Al Carl Zeiss Microscopy
Fluorescence  microscopy | Zen blue 2012 Carl Zeiss Microscopy

Combing force

Custom Made device

Combing force software

Custom Made device

Tensile strength

Custom Made device

Tensile strength software

Custom Made device

Repeated combing | -- Custom Made device

(Grooming)

Combs Hercules No. 366 Hercules Combs

Micropipette 1192T60 United Scientific Supplies

Vortex MX-S Toption

Surface tension KSV CAM100 KSV INSTRUMENTS LTD

Surface tension software CAM100 KSV INSTRUMENTS LTD

Oven WOF-155 Wiss. Laboratory
Instruments

Syringe filters Minisart SRP 4 Sartorius

DSC Hitachi 7000X Hitachi

Desiccator 262 D/K Simax

2.2 HAIR SWATCHES / TRESSES

Hair used in this research was dark brown Turkish hair purchased from a local hair
dresser. Hair was either used as switches of 3g, 20 cm long and 3.5 cm wide or as individual
hair fibers depending on each experiment requirements. Hair switches were used as virgin
hair, bleached x1, bleached x4, and bleached x7 samples. Whereas hair fibers were used as

virgin hair, bleached x1, bleached x3, bleached x5, and bleached x7 samples.
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2.3 PREPARING HAIR FOR EXPERIMENTS
2.3.1 Bleaching Hair
Hair was bleached in accordance with the following steps:

e 70 ml of 40% liquid hydrogen peroxide (LOREAL oxidant créme 3) was
added to 40 grams of bleaching powder (REDIST bleaching powder) and was
mixed until a smooth creamy consistency is obtained.

e A bleaching brush (REDIST) was used to evenly apply approximately 10
grams of the previously prepared bleaching mix to 5 grams of hair.

e Bleaching mix was rubbed evenly into the hair for 5 minutes.

e Hair was wrapped in foil and left at 25°C for thirty minutes.

e Hair was then thoroughly washed to remove bleaching mix under a running
tap for 5 minutes.

e The previous steps were repeated for repeated bleaching.

e Bleached hair was left to dry overnight at a temperature of 25°C (£2 °C) and
a relative humidity of 50% (£5%).

2.3.2 Cleaning Hair

After getting the hair bleached, virgin and bleached hair samples were cleaned using
the base shampoo (table 2-3) and tap water with a flow rate of 4 liters/minute and a

temperature of 35°C - 40°C following the upcoming steps:

e The base shampoo was applied onto the hair swatches by prefilled syringes.
The amount of the shampoo was calculated as 0.1g shampoo/1g hair.

e A simple assembly was set up which was made of a hose and a funnel to
provide running water at 35-40 °C and with a flow rate of 4 liters/minute.

e Hair was wetted out by running it under the tap.

e Excess water was removed by running the first and the middle finger down
the length of the hair.

e Hair was laid down on a flat surface and half of the measured shampoo was

evenly applied down the length of the hair.
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e Shampoo was gently massaged into the hair for 30 seconds.

e Hair was then rinsed for thirty seconds running the first and the middle fingers

down the hair every 5 seconds.

e [Excess water was removed by tissue.

e The remainder of the shampoo was evenly applied down the length of the hair

and massaged for 30 seconds.

e Hair was rinsed with water for 30 seconds running the first and the middle

finger down the hair every 10 seconds.

e Excess water was removed.

e Hair was carefully combed, using a wide teeth Hercules comb, from the root

to the tip to remove tangling.

e Hair was then left to dry and kept for using at a room temperature of 25°C +2

and a relative humidity of 50% +£5.

The base shampoo used in hair cleaning was of the following composition (Table 2-3):

Table 2-3: Composition of base shampoo

Material name %
Sodium laureth sulfat 12.00
Cocamidopropyl Betaine (Tegobetaine) 1.60
DMDM Hydantoin 0.40
Distilled water To 100

(pH range of the cleaning shampoo 5.5 — 6.5)
2.4 FLUORESCENCE MICROSCOPY
2.4.1 Preparing Hair Samples for Cross-sectioning
Nile Red was added directly to the oil as following:

2.4.1.1 Preparing oil-Nile Red Solution for dying

A very trace amount of Nile Red (~0.1 mg) was directly added to 10 ml of oil and
was mixed with a vortex mixer for 5 minutes. It was then passed through a 0.2 um syringe

filter (Sarorius RC 0.20) to make sure that no solid particles or undissolved Nile Red remains

in the oil.




2.4.1.2 Application of oil containing Nile Red on hair

Hair swatches of virgin hair, hair bleached once, and hair repeatedly bleached for 7
times were used. 200-300 hair fibers with a length of 7.5 cm were immersed in 1 ml of oil
containing Nile Red for 10 minutes. Hair fibers were then removed out of the oil and gently

wiped with a dry tissue and were immediately taken to cross sectioning.
2.4.2 Cross Sections Preparation

For cross-sectioning, treated hair fibers were embedded in melted paraffin (Leica
EG1160, Germany) in a parallel alignment. Melted paraffin was then left to solidify for 20
minutes. Solidified block was then mounted onto the microtome (Leica RM2245, Germany).
The adjustment of the block was completely perpendicular to the fiber axes. Cross-sections
of 5 um were cut using special stainless-steel blades (ERMA INC. Japan). Three blocks were
prepared for each hair sample and sections were mounted onto polysine microscope adhesion

slides (Thermo Scientific, Germany) using glycerol.
2.4.3 Fluorescence Microscopy Imaging

For the fluorescence microscopy, cross sections were mounted onto polysine
microscope adhesion slides where cross-sections were mounted by using glycerol and were
examined under green excitation using an Axio Vert.Al fluorescence microscope. On

average, 20 photos were taken for each sample. A scale bar was used to size the images.
2.5 COMBING FORCE MEASURMENT

Clean and dry hair switches were used in this experiment. Samples of virgin hair,
bleached hair x1, bleached hair x4, and bleached hair x7 were treated with 0.1 ml oil per 1g
hair. Hair switch was laid down flat on the work surface and half of the measured amount of
the oil was applied to each side of the switch. Oil was gently massaged into the hair for 30
seconds using root to tip motion to ensure even spread of the oil over the switch and was then
combed once using wide teeth comb to remove severe tangling and help the oil to evenly
spread over the switch. Oil was left on the hair for 10 minutes at a temperature of 25°C (+2
°C) and a relative humidity of 50% (£5%) before starting the test. For this experiment,
measurements were made on a custom built combing force/ tensile tester device (figure 2-1).

Combing was achieved by a Hercules comb with 19 teeth/30 mm which was fixed to the

37



machine and a smooth retaining bar was used to avoid hair fibers slipping during the
measurement. Hair switch was attached to a 20 N load cell and the changes in the load were
measured and recorded as the hair was pulled through the comb at a speed of 5 mm/s. The
comb was changed each time to avoid samples contamination of the oils. Hair fibers were

visually chosen to be of the same thickness.

Figure 2-1 Combing force device used in our experiments

2.6 HAIR GROOMING

After measuring the combing forces of the hair, switches were taken to the grooming
machine to measure hair breakage due to repeated combing. The experiments were performed
on a custom-built device that consists of a hallow rotating drum-like assembly where
combing was performed by four combs per strand (swatch) mounted on a motor driven wheel.
Combs were mounted to the wheel at an angle of 90°, allowing the switch to be combed four
times during one complete rotation. The machine has four similar horizontally positioned and
separated by spacer plats allowing simultaneous combing of four switches at a time. Hair
collecting plates are placed under each wheel to save broken fiber fragments (figure 2-2).
The combs used in the unit were Hercules combs with 19 teeth /30mm and the experiments
were performed at 100 stroke/ minute. All experiments were performed at a temperature of
25°C £2 and a relative humidity of 50% +5. Hair switches were combed in 1000-stroke blocks
with consequent counting of the broken fragments in the collecting plates under each switch.
Numbers of collected broken fibers were recorded, the collecting plates were cleaned, and

the switches were then cycled for another 1000 strokes. This procedure was repeated until a
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total of 5000 grooming strokes had been obtained. Data analysis was performed with

statistical software SPSS (Build 1.0.0.950 for Mac).
2.6.1 Statistical Analysis

Chi-Square Independence test is used for comparing broken hair ratio for all hair
samples after 1000,2000,3000,4000 and 5000 grooming cycles. P values lower than 0.05

were considered statistically significant

Figure 2-2: Repeated grooming device used in our experiments

2.6.2 Hair Weight Measurements

10 sets of 100 clean and dry hair fibers 20 cm long each were weighed at a temperature
of 25°C £2 and a relative humidity of 50% +5 using analytical balance (OHAUS Model
E12140). In average, it was found that each of the hair tresses used contains approximately

2700 fibers £130.
2.7 TENSILE STRENGTH MEASUREMENTS

Samples of clean and dry virgin and bleached hair fibers with a length of 10 cm were
treated with 0.1 ml oil per 1g hair. Oil was gently rubbed and massaged onto the hair for 30
seconds and was then left for 10 minutes before starting the test. Measurement of the tensile
strength was carried out on the custom built combing force/ tensile tester device which was
mentioned in section 2.5, with the comb being detached and a hair fiber holder being attached
instead so that the hair fiber is held from both sides. The bottom end was fixed still whereas
the top end was moving up at a rate of extension of 5 mm/s while attached to the load cell.

Each hair filament was introduced to the device one by one and the force at breakage was
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recorded for each filament. The test was run for samples of virgin hair, bleached hair x1,
bleached hair x3, bleached hair x5, and bleached hair x7, for a sample size of 50 fibers each
run, which were visually chosen to be of the same diameter. By measuring the diameter of
300 hair fibers under the microscope, the average area of the hair fibers for virgin and
bleached hair switches was calculated. These average hair fiber areas were used to calculate
the tensile strength. Tensile properties were measured at a temperature of 25°C £2 and a

relative humidity of 50% =5.
2.7.1 Statistical Analysis

Data analysis was performed with statistical software SPSS (Build 1.0.0.950 for
Mac). First data was analyzed to determine whether it showed normal distribution (Shapiro
Wilks test, p<0.05). All analyzed data didn’t show normal distribution, therefore
nonparametric tests were preferred for statistical analysis. Baseline, mineral oil, coconut oil,
linseed oil, almond oil and baobab oil groups’ stress at break data were tested between and
within. Mann Whitney U Test was used for comparing the means of two independent groups.
Kruskal-Wallis test was used for comparing means of three or more independent groups. P

values equal to or lower than 0.05 were considered statistically significant.

Figure 2-3: Tensile strength testing device used in our experiments

2.8 HAIR POROSITY MEASUREMENT

For this test, petri dishes were washed and dried in the oven at 110 °C for 2 hours to

constant weight. Dishes were then saved in a desiccator filled with silica gel at a temperature
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of 25°C (£2 °C) and a relative humidity of 32% (£0.5%). Clean hair samples (virgin hair, hair
bleached x1, hair bleached x4, and hair bleached x7) were wetted with tap water (~35 °C).
Excess water was removed by carefully tapping the hair with a dry tissue. Oils were then
applied to the hair, 0.1 ml oil per 1g hair, and was rubbed onto the hair to achieve even spread
over the sample as previously mentioned. Hair was left to dry overnight at a temperature of
25°C (£2 °C) and a relative humidity of 50% (£5%). Weights of the empty petri dishes were
recorded and three subsamples of each hair sample each weighing about 100 mg were then
put on the petri dishes and instantly moved into the oven. Samples were left in the oven at a
temperature of 110 °C for 1 hour and were then instantly taken out to the desiccator where
they were left for one hour to cool down before weighing again. Temperature and relative
humidity inside the desiccator were monitored during the cooling down time and were 25°C

(£3 °C) and 35% (£2%) respectively.
2.8.1 Statistical Analysis

Data analysis was performed with statistical software SPSS (Build 1.0.0.950 for
Mac). P values equal to or lower than 0.05 were considered statistically significant. Non-
treated hair samples, hair samples treated with mineral oil, coconut oil, linseed oil, almond
oil and baobab oil water loss data measured by the percentage of weight loss after oven drying
were tested between and within. Mann Whitney U Test was used for comparing the means
of two independent groups. Kruskal-Wallis test was used for comparing means of three or
more independent groups. P values equal to or lower than 0.05 were considered statistically

significant.
2.9 DIFFERENTIAL SCANNING CALORIMETRY

Standard DSC thermogram analysis were performed by applying on average 5.0 mg
weighed hair sample, which was cut in very fine particles, and put in dry DSC pan and
crimping them according to the requirements of the instrument. All initial DCS tests were
performed in Yeditepe University Faculty of Chemical Engineering laboratories. All samples
were crimped in aluminum DSC pans. Virgin and bleached hair form the baseline for DSC
experiments, these tests were aimed to show the effect of bleaching. Then oils were applied
to see if they had any effect on the transition peaks or decomposition peaks seen in DSC

thermograms. Therefore, thermograms of virgin, bleached once, bleached 4 times and
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bleached 7 times hair examples were obtained under nitrogen gas and 10 degrees
centigrade/min heating rate. Also, thermograms of virgin hair samples treated with mineral
oil (LPV), bleached x1 hair treated with mineral oil (LPB1), virgin hair treated with coconut
oil (CCV), bleached x1 hair treated with coconut oil (CCB1), virgin hair treated with linseed
oil (LNV) and bleached x1 hair treated with linseed oil (LNB1) were obtained. Due to the
unrepeatability of the thermograms, outside sources of DSC facilities were looked for and
tests were continued by using a Hitachi a 7000X DSC device in Arel-POTKAM Polimer
Teknolojileri ve Uygulama Merkezi, Istanbul. Thermograms of all samples were obtained at
a temperature range of 0-270° C at a heating rate of 10°C / min in a nitrogen gas atmosphere.
Closed pan, open pan, closed pan with holes and wet closed pan conditions were tried in
order to determine the best conditions to test the hair samples. As will be reported in the
results, the wet process analysis was found to be the best test condition to use. The samples
of LPV, LPBI1, CCV, CCBI1, LNV and LNV1 were weighed into the pressure pans and 50
ul of distilled water was added, and the pressure pans were crimped tightly, kept for 12 hours
before obtaining the DSC thermograms.
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3 RESULTS

3.1 FLUORESCENCE MICROSCOPY:

Fluorescence microscopy results are presented by giving two representative pictures
of each case and listing the repetitive pictures are given in appendix B. Because of reduced
sizes of the pictures in the appendixes, resolution of pictures is reduced, and pictures may not
clearly indicate the amount of penetration. By using electronic copy, pictures can be enlarged
to see the level of oils penetration for each oil. Table 3-1 summarizes the pictures illustrated
for each group of hair samples.

Table 3-1: Summary of the pictures of virgin, bleached once and bleached 7 times under
fluorescence microscopy

Virgin Bleached 1 Bleached 7
Mineral oil 3-1 3-2 3-3
Coconut oil 34 3-5 3-6
Linseed oil 3-7 3-8 3-9
Almond oil 3-10 3-11 3-12
Baobab oil 3-13 3-14 3-15
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50 pm

Figure 3-1: Cross-sections of virgin hair treated with mineral oil under fluorescence
microscopy




Figure 3-2: Cross-sections of bleached hair x1 treated with mineral oil under fluorescence
microscopy




Figure 3-3: Cross-sections of bleached hair x7 treated with mineral oil under fluorescence
microscopy




Figure 3-4: Cross-sections of virgin hair treated with coconut oil under fluorescence
microscopy




Figure 3-5: Cross-sections of bleached hair x1 treated with coconut oil under fluorescence
microscopy




Figure 3-6: Cross-sections of bleached x7 hair treated with coconut oil under fluorescence
microscopy




Figure 3-7: Cross-sections of virgin hair treated with linseed oil under fluorescence
microscopy




Figure 3-8: Cross-sections of bleached x1 hair treated with linseed oil under fluorescence
microscopy
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Figure 3-9: Cross-sections of bleached x7 hair treated with linseed oil under fluorescence
microscopy




Figure 3-10: Cross-sections of virgin hair treated with almond oil under fluorescence
microscopy




Figure 3-11: Cross-sections of bleached x1 hair treated with almond oil under fluorescence
microscopy




Figure 3-12: Cross-sections of bleached x7 hair treated with almond oil under fluorescence
microscopy




Figure 3-13: Cross-sections of virgin hair treated with baobab oil under fluorescence
microscopy




Figure 3-14: Cross-sections of bleached x1 hair treated with baobab oil under fluorescence
microscopy




Figure 3-15: Cross-sections of bleached x7 hair treated with baobab oil under fluorescence
microscopy




3.2 TENSILE STRENGTH DATA ANALYSIS

Table 3-2: Stress at break data for all hair groups according to oil treatment

Group ?ot;zZ/Sci;l)grriali (S(I}) P Value

Virgin 52238 + 78,86
Bleached 1 495,81 + 73,30

Baseline | Bleached 3 488,60 &+ 59,56 <.001
Bleached 5 444,05 + 53,67
Bleached 7 423,11 + 65,13
Virgin 502.96 = 70,67
Bleached 1 502.82 + 73,3

Mineral | Bleached 3 488.02 £+ 62,48 <.001
0il Bleached 5 | 441.09 + 64,29
Bleached 7 444.09 £+ 48,8
Virgin 546,65 + 67,06
Bleached 1 519,94 + 64,12

Coconut | Bleached 3 517,08 + 75,89 <.001
Qi Bleached 5 | 472,23 + 62,53
Bleached 7 461,42 + 60,27
Virgin 614,21 &+ 83,36
Bleached 1 563,69 + 96,32

Linseed | Bleached 3 506,62 = 76 <.001
oil Bleached 5| 475,12 + 57,58
Bleached 7 467,87 + 66,36
Virgin 539,99 + 62,69
Bleached 1 528,62 + 69,31

Almond | Bleached 3 523,71 £ 57,13 <.001
0il Bleached 5 | 506,76 + 55,08
Bleached 7 471,19 + 66,36
Virgin 529,75 + 50.02
Bleached 1 549,83 + 56,79

Baobab Bleached 3 550,82 £ 52,07 <.001
Oil Bleached 5| 497,73 + 55,27
Bleached 7 488,59 + 56,21

When compared according to the type of applied oils, mean values of all of the

previous samples were different. The differences were statistically different from each other

(P<0.05).
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Table 3-3: Stress at break data for all hair groups according to hair treatment

Stress at Break (G-

Group force/cm?) m £ SD P Value
Baseline | 522,38 + 78,86
Mineral | 502.96 + 70,67
Virgin Cf)conut 546,65 + 67,06 <001

Linseed | 614,21 + 83,36
Almond | 539,99 + 62,69
Baobab | 529,75 + 50.02
Baseline | 495,81 + 73,30
Mineral | 502.82 + 73,3

Bleached 1 C.oconut o, 0a - gay” <.001
Linseed | 563,69 + 96,32
Almond | 528,62 + 69,31
Baobab | 549,83 + 56,79
Baseline | 488,60 + 59,56
Mineral | 488.02 + 62,48

Bleached 3 Cgconut 517,08 + 75,89 <001
Linseed | 506,62 + 76
Almond | 523,71+ 57,13
Baobab | 550,82 + 52,07
Baseline | 444,05 + 53,67
Mineral | 441.09 + 64,29

Bleached 5 Cf)conut 472,23 + 62,53 <001
Linseed | 475,12+ 57,58
Almond | 506,76 + 55,08
Baobab | 497,73 + 55,27
Baseline | 423,11 + 65,13
Mineral | 444.09 + 48,8

Bleached 7 Cf)conut 461,42 + 60,27 <.001
Linseed | 467,87 + 66,36
Almond | 471,19 £ 66,36
Baobab | 488,59 + 56,21

When compared according to the type of hair treatment, mean values of all of the

previous samples were different. The differences were statistically different from each other

(P<0.05).
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Table 3-4: Statistical analysis of stress at break data for virgin and bleached x1

Stress at Break
Group (G-force/cm?) m+ | P Value
SD

Virgin 522,38 + 78,86
Bleached 1| 495,81 + 73,30

Baseline 0.021

Means of Baseline Virgin and Baseline Bleached 1 are statistically different from each other
(P<0.05).
Table 3-5: Statistical analysis of stress at break data for virgin and bleached x3

Stress at Break
Group (G-force/cm?) m+| P Value
SD

Virgin 522,38 + 78,86
Bleached 3 | 488.60 + 59,56

0.001

Baseline

Means of Baseline Virgin and Baseline Bleached 3 are statistically different from each other
(P<0.05).

Table 3-6: Statistical analysis of stress at break data for virgin and bleached x5
Stress at Break
Group (G-force/cm?) m+ | P Value
SD
Virgin 522,38 + 78,86
Bleached 5 | 444,05 £ 53,67

<.001

Baseline

Means of Baseline Virgin and Baseline Bleached 5 are statistically different from each other
(P<0.05).
Table 3-7: Statistical analysis of stress at break data for virgin and bleached x7

Stress at Break
Group (G-force/cm?) m+ | P Value
SD

Virgin 522,38 + 78,86

Baseli <.001
BN 1 Bleached 7 423.11 + 65,13 00

Means of Baseline Virgin and Baseline Bleached 7 are statistically different from each other
(P<0.05).
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Figure 3-16: Box plot representing stress at break data for baseline non-treated hair samples

62



Table 3-8: Statistical analysis of stress at break data for virgin and bleached x1 mineral

Stress at Break
Group (G-force/cm?) m+| P Value
SD

Virgin 502.96 £ 70,67
Bleached 1| 502.82 + 73,3

0.863

Mineral

Means of Mineral Virgin and Mineral Bleached 1 are not statistically different from each other
(P>0.05).
Table 3-9: Statistical analysis of stress at break data for virgin and bleached x3 mineral

Stress at Break
Group (G-force/cm?) m=* | P Value
SD

Virgin 502.96 £+ 70,67
Bleached 3| 488.02 + 62,48

0.102

Mineral

Means of Mineral Virgin and Mineral Bleached 3 are not statistically different from each other
(P>0.05).

Table 3-10: Statistical analysis of stress at break data for virgin and bleached x5 mineral
Stress at Break
Group (G-force/cm?) m+| P Value
SD
Virgin 502.96 + 70,67
Bleached 5 [ 441.09 + 64,29

<.001

Mineral

Means of Mineral Virgin and Mineral Bleached 5 are statistically different from each other
(P<0.05).

Table 3-11: Statistical analysis of stress at break data for virgin and bleached x7 mineral
Stress at Break
Group (G-force/cm?) m+ | P Value
SD
Virgin 502.96 + 70,67
Bleached 7 | 444.09 + 48.8

Mineral <.001

Means of Mineral Virgin and Mineral Bleached 7 are statistically different from each other
(P<0.05).
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Figure 3-17: Box plot representing stress at break data for baseline mineral oil treated hair

samples
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Table 3-12: Statistical analysis of stress at break data for virgin and bleached x1 coconut

Stress at Break
Group (G-force/cm?) m+ | P Value
SD

Virgin 546,65 £+ 67,06
Bleached 1| 519,94 + 64,12

0.007

Coconut

Means of Coconut Virgin and Coconut Bleached 1 are statistically different from each other
(P<0.05).
Table 3-13: Statistical analysis of stress at break data for virgin and bleached x3 coconut

Stress at Break
Group (G-force/cm?) m=* | P Value
SD

Virgin 546,65 + 67,06
Bleached 3| 517,08 + 75,89

0.001

Coconut

Means of Coconut Virgin and Coconut Bleached 3 are statistically different from each other
(P<0.05).

Table 3-14: Statistical analysis of stress at break data for virgin and bleached x5 coconut
Stress at Break
Group (G-force/cm?) m+ | P Value
SD

Virgin 546,65 + 67,06
Bleached 5 | 472,23 + 62,53

<.001

Coconut

Means of Coconut Virgin and Coconut Bleached 5 are statistically different from each other
(P<0.05).
Table 3-15: Statistical analysis of stress at break data for virgin and bleached x7 coconut

Stress at Break
Group (G-force/cm?) m=+ | P Value
SD

Virgin 546,65 + 67,06
Bleached 7 | 461,42 &+ 60,27

Coconut <.001

Means of Coconut Virgin and Coconut Bleached 7 are statistically different from each other
(P<0.05).
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Figure 3-18: Box plot representing stress at break data for baseline coconut oil treated hair

samples
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Table 3-16: Statistical analysis of stress at break data for virgin and bleached x1 linseed

Stress at Break
Group (G-force/cm?) m+ | P Value
SD

Virgin 614,21 + 83,36
Bleached 1| 563,69 + 96,32

Linseed 0.001

Means of Linseed Virgin and Linseed Bleached 1 are statistically different from each other
(P<0.05).
Table 3-17: Statistical analysis of stress at break data for virgin and bleached x3 linseed

Stress at Break
Group (G-force/cm?) m=+| P Value
SD
Virgin 614,21 + 83,36
Bleached 3| 506,62 + 76

<.001

Linseed

Means of Linseed Virgin and Linseed Bleached 3 are statistically different from each other
(P<0.05).
Table 3-18: Statistical analysis of stress at break data for virgin and bleached x5 linseed

Stress at Break
Group (G-force/cm?) m=* | P Value
SD

Virgin 614,21 + 83,36
Bleached 5| 475,12 + 57,58

Linseed <.001

Means of Linseed Virgin and Linseed Bleached 5 are statistically different from each other

(P<0.05). o .
Tab?e 3-19: Statistical analysis of stress at break data for virgin and bleached x7 linseed

Stress at Break
Group (G-force/cm?) m+ | P Value
SD

Virgin 614,21 &+ 83,36
Bleached 7 | 467,87 + 66,36

Linseed <.001

Means of Linseed Virgin and Linseed Bleached 7 are statistically different from each other
(P<0.05).
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Figure 3-19: Box plot representing stress at break data for baseline linseed oil treated hair
samples
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Table 3-20: Statistical analysis of stress at break data for virgin and bleached x1 almond

Stress at Break
Group (G-force/cm?) m+ | P Value
SD

Virgin 539,99 + 62,69
Bleached 1| 528,62 + 69,31

Almond

0,016

Means of Almond Virgin and Almond Bleached 1 are statistically different from each other
(P<0.05).
Table 3-21: Statistical analysis of stress at break data for virgin and bleached x3 almond

Stress at Break
Group (G-force/cm?) m=* | P Value
SD

Virgin 539,99 + 62,69
Bleached 3| 523,71 + 57,13

Almond 0.008

Means of Almond Virgin and Almond Bleached 3 are statistically different from each other
(P<0.05).
Table 3-22: Statistical analysis of stress at break data for virgin and bleached x5 almond

Stress at Break
Group (G-force/cm?) m+ | P Value
SD

Virgin 539,99 + 62,69
Bleached 5| 506,76 + 55,08

Almond <.001

Means of Almond Virgin and Almond Bleached 5 are statistically different from each other
(P<0.05).
Table 3-23: Statistical analysis of stress at break data for virgin and bleached x7 almond

Stress at Break
Group (G-force/cm?) m=* | P Value
SD

Virgin 539,99 + 62,69
Bleached 7| 471,19 + 66,36

Almond <.001

Means of Almond Virgin and Almond Bleached 7 are statistically different from each other
(P<0.05).
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Figure 3-20: Box plot representing stress at break data for baseline almond oil treated hair

samples
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Table 3-24: Statistical analysis of stress at break data for virgin and bleached x1 baobab

Stress at Break
Group (G-force/cm?) m+| P Value
SD

Virgin 529,75 + 50.02
Bleached 1| 549,83 + 56,79

Baobab 0.011

Means of Baobab Virgin and Baobab Bleached 1 are statistically different from each other
(P<0.05).
Table 3-25: Statistical analysis of stress at break data for virgin and bleached x3 baobab

Stress at Break
Group (G-force/cm?) m=| P Value
SD

Virgin 529,75 + 50.02
Bleached 3| 550,82 + 52,07

Baobab 0.024

Means of Baobab Virgin and Baobab Bleached 3 are statistically different from each other
(P<0.05).

Table 3-26: Statistical analysis of stress at break data for virgin and bleached x5 baobab
Stress at Break
Group (G-force/cm?) m+| P Value
SD
Virgin 529,75 £ 50.02
Bleached 5 [ 497,73 + 55,27

Baobab <.001

Means of Baobab Virgin and Baobab Bleached 5 are statistically different from each other
(P<0.05).
Table 3-27: Statistical analysis of stress at break data for virgin and bleached x7 baobab

Stress at Break
Group (G-force/cm?) m=| P Value
SD

Virgin 529,75 + 50.02

Baobab <.001
Bleached 7| 488,59 + 56,21

Means of Baobab Virgin and Baobab Bleached 7 are statistically different from each other
(P<0.05).
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Figure 3-21: Box plot representing stress at break data for baseline baobab oil treated hair
samples
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Table 3-28: Statistical analysis of stress at break data for virgin hair baseline and mineral

oil treated

Means of Virgin Baseline and Virgin Mineral are not statistically different from each other

P>0.05).

able 3-29: Statistical analysis of stress at break data for virgin hair baseline and coconut

oil treated

Means of Virgin Baseline and Virgin Coconut are statistically different from each other (P<0.05).
Table 3-30: Statistical analysis of stress at break data for virgin hair baseline and linseed

oil treated

Means of Virgin Baseline and Virgin Linseed are statistically different from each other (P<0.05).
Table 3-31: Statistical analysis of stress at break data for virgin hair baseline and almond

oil treated

Means of Virgin Baseline and Virgin Almond are statistically different from each other (P<0.05).
Table 3-32: Statistical analysis of stress at break data for virgin hair baseline and baobab

oil treated

Means of Virgin Baseline and Virgin Baobab are statistically different from each other (P<0.05).

Stress at Break (G-

Group force/cm?*) m = SD P Value
Baseli
Virgin a.se ine 522,38 + 78,86 0.070
Mineral 502.96 + 70,67

Stress at Break (G-

Group force/cm?) m £ SD P Value
Baseli
Virgin ° 9EP,38 + 460 <.001
Coconut

546,65 + 67,06

Stress at Break (G-

Uy force/cm?) m £ SD Rialue
Baseline 22,38 +
Virgin - 922,38 + 78,86 <.001
Linseed 614,21 + 83,36

Stress at Break (G-

Group force/cm?) m = SD P Value
Baseli
Virgin aseline 522,38 + 78,86 0.001
Almond 539,99 + 62,69

Stress at Break (G-

Group force/cm?) m £ SD P Value
Virgin Bascline 522,38 + 78,86 0.045
Baobab 529,75 £ 50.02
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Figure 3-22: Box plot representing stress at break data for virgin hair treated with studied oils
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Table 3-33: Statistical analysis of stress at break data for bleached 1 hair baseline and mineral

oil treated S Break (G
tress at Breal -
Group force/cm?) m + SD P Value
Baseli
Bleached 1 a.se e 495,81 + 73,30 0.542
Mineral 502.82 + 73,3

Means of Bleached x1 Baseline and Bleached x1 Mineral are not statistically different from each

other (P>0.05).

Table 3-34: Statistical analysis of stress at break data for bleached 1 hair baseline and coconut

oil treated Str Break (G
ess at Bre: -
Group force/cm?) m £ SD P Value
Baseli
Bleached 1 aseline 495,81 + 73,30 0.012
Coconut 519,94 + 64,12

Means of Bleached x1 Baseline and Bleached x1 Coconut are statistically different from each
other (P>0.05).
Table 3-35: Statistical analysis of stress at break data for bleached 1 hair baseline and linseed

oil treated S Break (G
tress at Breal -
Gralp force/cm?) m £ SD e
Bleached 1 B?sellne 495,81 + 73,30 <001
Linseed 563,69 + 96,32

Means of Bleached x1 Baseline and Bleached x1 Linseed are statistically different from each

other (P>0.05).
Table 3-36: Statistical analysis of stress at break data for bleached 1 hair baseline and almond

oil treated
Stress at Break (G-
Group force/cm?) m = SD P Value
Baseline 4 1+
Bleached 1 25,81 £ 73,30 0.010
Almond 528,62 + 69,31

Means of Bleached x1 Baseline and Bleached x1 Almond are statistically different from each
other (P>0.05).
Table 3-37: Statistical analysis of stress at break data for bleached 1 hair baseline and baobab

oil treated

Stress at Break (G-

Group force/cm?) m = SD P Value
Bleached 1 Baseline 495,81 + 73,30 <001
Baobab 549,83 + 56,79

Means of Bleached x1 Baseline and Bleached x1 Baobab are statistically different from each
other (P>0.05).
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Figure 3-23: Box plot representing stress at break data for bleached x1 hair treated with
studied oils
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oil treated

Table 3-38: Statistical analysis of stress at break data for bleached 3 hair baseline and mineral

Stress at Break (G-
Group force/cm?) m + SD P Value
Bleached 3 Ba.sehne 488,60 + 59,56 0610
Mineral 488.02 £ 62,48

Means of Bleached x3 Baseline and Bleached x3 Mineral are not statistically different from each
other (P>0.05).

Table 3-39: Statistical analysis of stress at break data for bleached 3 hair baseline and coconut

oil treated

Stress at Break (G-
Group force/cm?) m £ SD P Value
Baseli
Bleached 3 aseline 488,60 + 59,56 0.007
Coconut 517,08 £+ 75,89

Means of Bleached x3 Baseline and Bleached x3 Coconut are statistically different from each
other (P>0.05).

Table 3-40: Sta

oil treated

tistical analysis of stress at break data for bleach
Stress at Break (G-
Galp force/cm?) m = SD e
Bleached 3 [ Da3cline | 488,60 + 59,56 0.044
Linseed 506,62 + 76

ed 3 hair baseline and linseed

Means of Bleached x3 Baseline and Bleached x3 Linseed are statistically different from each

other (P>0.05).

oil treated

Table 3-41: Statistical analysis of stress at break data for bleached 3 hair baseline and almond
Stress at Break (G-
Group force/cm?) m + SD P Value
Baseli +
Bleached 3 —oine 1 488,60+ 59,56 <001
Almond 523,71 £ 57,13

Means of Bleached x3 Baseline and Bleached x3 Almond are statistically different from each

other (P>0.05).

Table 3-42: Statistical analysis of stress at break data for bleached 3 hair baseline and baobab

oil treated

Stress at Break (G-
Group force/cm?) m £ SD P Value
Bleached 3 Baseline 488,60 + 59,56 <001
Baobab 550,82 + 52,07

Means of Bleached x3 Baseline and Bleached x3 Baobab are statistically different from each
other (P>0.05).
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Figure 3-24: Box plot representing stress at break data for bleached x3 hair treated with

studied oils
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Table 3-43: Statistical analysis of stress at break data for bleached 5 hair baseline and mineral

oil treated
Stress at Break (G-
Group force/cm?) m + SD P Value
Baseli
Bleached 5 a.se ine 444,05 + 53,67 0815
Mineral 441.09 + 64,29

Means of Bleached x5 Baseline and Bleached x5 Mineral are not statistically different from each
other (P>0.05).
Table 3-44: Statistical analysis of stress at break data for bleached 5 hair baseline and coconut

oil treated S Break (G
tress at Breal -
Group force/cm?) m £ SD P Value
Baseli
Bleached 5 aseline 444,05 + 53,67 0.004
Coconut 472,23 + 62,53

Means of Bleached x5 Baseline and Bleached x5 Coconut are statistically different from each
other (P>0.05).
Table 3-45: Statistical analysis of stress at break data for bleached 5 hair baseline and linseed

oil treated S Break (G
tress at Breal -
UL force/cm?) m = SD e
Bleached 5 B.asehne 444,05 + 53,67 0.007
Linseed 475,12 + 57,58

Means of Bleached x5 Baseline and Bleached x5 Linseed are statistically different from each
other (P>0.05).
Table 3-46: Statistical analysis of stress at break data for bleached 5 hair baseline and almond

oil treated S t Break (G
tress at Brea -
Group force/cm?) m £ SD P Value
Baseline +
Bleached 5 444,05 + 53,67 <.001
Almond 506,76 £ 55,08

Means of Bleached x5 Baseline and Bleached x5 Almond are statistically different from each
other (P>0.05).
Table 3-47: Statistical analysis of stress at break data for bleached 5 hair baseline and baobab

oil treated k (
Stress at Break (G-
Group force/cm?) m £ SD P Value
Bleached 5 Baseline 444,05 + 53,67 <001
Baobab 497,73 + 55,27

Means of Bleached x5 Baseline and Bleached x5 Baobab are statistically different from each
other (P>0.05).
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Figure 3-25: Box plot representing stress at break data for bleached x5 hair treated with
studied oils
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Table 3-48: Statistical analysis of stress at break data for bleached 7 hair baseline and mineral
oil treated

Stress at Break (G-

Group force/cm?) m = SD

P Value

Bleached 7 Ba.sehne 423,11 £ 65,13
Mineral 444.09 + 48,8

0.013

Means of Bleached x7 Baseline and Bleached x7 Mineral are not statistically different from each
other (P>0.05).

Table 3-49: Statistical analysis of stress at break data for bleached 7 hair baseline and coconut

oil treated
Stress at Break (G-
Group force/cm?) m £ SD P Value
Bleached 7 Baseline 423,11 £ 65,13 0.001
Coconut 461,42 + 60,27

Means of Bleached x7 Baseline and Bleached x7 Coconut are statistically different from each
other (P>0.05).

Table 3-50: Statistical analysis of stress at break data for bleached 7 hair baseline and linseed
oil treated

Stress at Break (G-

Gizip force/cm?) m = SD

P Value

Bleached 7 B'asehne 423,11+ 65,13
Linseed 467,87 + 66,36

<.001

Means of Bleached x7 Baseline and Bleached x7 Linseed are statistically different from each
other (P>0.05).

Table 3-51: Statistical analysis of stress at break data for bleached 7 hair baseline and almond

oil treated St Break (G
€ss at Bre -
Group force/cm?) m = SD P Value
Baseline 423,11 + 65,13
Bleached 7 <.001
Almond 471,19 + 66,36

Means of Bleached x7 Baseline and Bleached x7 Almond are statistically different from each
other (P>0.05).

Table 3-52: Statistical analysis of stress at break data for bleached 7 hair baseline and baobab
oil treated

Stress at Break (G-

Group force/cm?) m = SD P Value

Bleached 7 Baseline 423,11 £ 65,13
Baobab | 488,59 = 56,21

<.001

Means of Bleached x7 Baseline and Bleached x7 Baobab are statistically different from each
other (P>0.05).
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Figure 3-26: Box plot representing stress at break data for bleached x7 hair treated with

studied oils
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Table 3-53: Stress at break percentage changes for each oil treatment after bleaching

Virgin Bleached x1 Bleached x3 Bleached x5 Bleached x7
Baseline 0 -5,09 % -6,47 % -14,99 % -19,00 %
Mineral 0 -0,03 % -2,97 % -12,30 % -11,79 %
Coconut 0 -4,89 % -5,41 % -13,61 % -15,59 %
Linseed 0 -8,23 % -17,52 % -22,65 % -23,83 %
Almond 0 -2,11% -3,01 % -6,15 % -12,74 %
Baobab 0 3,79 % 3,98 % -6,04 % -7,77 %

Table 3-54: Stress at break percentage changes for each oil treatment compared to virgin

baseline
Virgin Bleached x1 Bleached x3 Bleached x5 Bleached x7
Baseline 0,00 -5,09 % -6,47 % -14,99 % -19,00 %
Mineral | -2,72% -3,74 % -6,58 % -15,56 % -14,99 %
Coconut | 4,65% -0,47 % -1,01 % -9,60 % -11,67 %
Linseed | 17,58 % 7,91 % -3,02% -9,05 % -10,43 %
Almond 3,37 % 1,19 % 0,25 % -2,99 % -9,80 %
Baobab 1,41 % 5,25% 5,44 % -4,72 % -6,47 %
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3.3 COMBING FORCES
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Figure 3-28: Combing forces of bleached 1 hair treated with different oils
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Figure 3-30: Combing forces of bleached x7 hair treated with different oils
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Figure 3-32: Combing forces of bleached x1 hair treated with different oils (No baseline)
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Figure 3-34: Combing forces of bleached x7 hair treated with different oils (No baseline)
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Figure 3-36: Combing forces max load of all studied samples (According to oil treatment)
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3.4 GROOMING

3.4.1 Statistical Analysis

Table 3-55: Chi square test data for baseline non treated virgin and bleached samples

Baseline (No Oil Treatment) P
Value
Virgin | Bleached Bleached Bleached Total
x1 x4 x7
Cycle | 100 | Count 14 16 20 23 73
S 0 [ % Within Cycles | 19,2% 21,9% 27.4% 31,5% 100,0
%
% Within 48,3% 38,1% 39.2% 42,6% 41,5%
Groups
200 | Count 5 8 13 14 40
0 [% Within Cycles | 12,5% 20,0% 32,5% 35,0% 100,0
%1 0,990
% Within 17,2% 19,0% 25,5% 5,9% 22,7% ’
Groups
300 | Count 4 7 9 8 28
0 | % Within Cycles | 14,3% 25,0% 32,1% 28,6% 100,0
%
% Within 13,8% 16,7% 17,6% 14,8% 15,9%
Groups
400 | Count 3 7 5 6 21
0 [ % Within Cycles | 14,3% 33,3% 23,8% 28.,6% 100,0
%
% Within 10,3% 16,7% 9,8% 11,1% 11,9%
Groups
500 | Count 3 = = 3 14
0 [% Within Cycles | 21,4% 28,6% 28,6% 21,4% 100,0
%
% Within 10,3% 9,5% 7,8% 5,6% 8,0%
Groups
Total Count 29 42 51 54 176
% Within Cycles | 16,5% 23,9% 29,0% 30,7% 100,0
%
% Within 100,0 100,0% 100,0% 100,0% 100,0
Groups % %

Chi-Square Test

When compared according to type of oil treatment, in Baseline samples, all samples groups (virgin,
bleached x1, bleached x4, bleached x7) broken fibers ratio between 1000,2000,3000,4000 and 5000

grooming cycles are not statistically different from each other (P>0,05).
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Table 3-56: Chi square test data for mineral oil treated virgin and bleached samples

P
Mineral Oil Value
Bleached Bleached Bleached
Virgin x1 x4 x7 Total
L
100 | 7o Within 18,0% | 24.0% 28,0% 30,0% 19)0’0
o | Cycles %
AL
é"rxl;l;m 47.4% | 462% 40,0% 39.5% | 42.4%
Count 5 6 8 11 30
200 | % Within 16,7% | 200% | 267% | 367% | 1900
0 Cycles %
I
é’ Viin 263% | 23.1% 22.9% 28.9% | 254%
roups
Count 3 3 7 5 18
S
Cycle | 300 | 7o Within 167% | 167% | 389% | 27.8% | 1000
S 0 Cycles %
="
jgpvithin 15.8% | 11,5% 20,0% 132% | 153% | 0,999
Groups
Count 1 3 4 4 12
Y 4
400 | 70 Within 83% | 25.0% | 333% | 333% | 000
0 Cycles %0
eSS
% Within 53% | 11,5% 11,4% 10,5% | 10.2%
Groups
Count 1 2 2 3 8
% Within 100.0
500 ;
00| Cyeles 12,5% | 5,0% 25,0% 37.5% 0,
=S
% Within 53% | 7.7.% 5.7% 7.9% | 6.8%
Groups
Count 19 26 35 38 118
% Within 100,0
Total | Cyeles 16,1% | 22.0% 29.7% 32.2% o
% Within 100,0 ) ) [ 100,0
Groups o 100,0% | 100,0% | 100,0% o

Chi-Square test

When compared according to type of oil treatment, in Mineral oil treated samples, all samples
groups (virgin, bleached x1, bleached x4, bleached x7) broken fibers ratio between
1000,2000,3000,4000 and 5000 grooming cycles are not statistically different from each other

(P>0,05).
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Table 3-57: Chi square test data for coconut oil treated virgin and bleached samples
P
Coconut Oil Value
Bleached | Bleached | Bleached
Virgin x1 x4 x7 Total
Count 8 11 13 13 45
L
100 g\)lvlmln 17,8% | 24,4% 28,9% 28,9% 19)9’0
0 vygve'fh' -
G"mu‘psm 471% | 44,0% 39,4% 382% | 41,3%
Count 3 4 8 10 25
—
200 | % Within 120%| 160% | 320% | 400% | 'OP
0 Wygve'fh' -
G"roulpsm 17,6% | 16,0% 24,2% 294% | 22,9%
Count 3 5 5 5 18
-
Cycle | 300 é“yzlvelzhm 16,7% | 27.8% 27,8% 27.8% 1(3)9’0
s 0 2
— LA
é’rgl‘;;‘n 17,6% | 20,0% 15,2% 14,7% | 16,5% | 0,984
Count 1 4 4 3 12
il
400 é"y‘c’lvelzhm 8,3% | 33,3% 33,3% 25,0% 19)9’0
0 (1)
AL
é"rz:’lfslm 59% | 160% | 12,1% 8.8% | 11,0%
Count 2 1 3 3 9
—
500 é’y‘c’lvézhm 22% | 11.1% 133% | 33,3% 19)2)’0
0
=
é’rxg};‘n 11,8% |  4,0% 9,1% 8.8% | 83%
Count 17 25 33 34 109
L
Total é’y\c’lvelzhm 15,5% | 22,9% 30,3% 31,2% 129’0
o
AL
é’rz:’lfslm 01 1000% | 1000% | 1000% |0
Chi-Square test

When compared according to type of oil treatment, in Coconut oil treated samples, all samples
groups (virgin, bleached x1, bleached x4, bleached x7) broken fibers ratio between
1000,2000,3000,4000 and 5000 grooming cycles are not statistically different from each other

(P>0,05).
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Table 3-58: Chi square test data for linseed oil treated virgin and bleached samples

P
Linseed Oil Value
Bleached Bleached Bleached
Virgin x1 x4 x7 Total
Count 8 12 13 14 47
ZOu_
100 | 7o Within 17,0% | 255% | 277% | 208% | 1900
o [Cycles %o
YOS
é’rxlg)}s“n 44.4% | 46,2% 38.2% 412% | 41,3%
Count 3 5 9 9 26
200 | 7o Within 11,5% | 192% | 346% | 346% | 1000
0 Cycles %o
I
é“rxgls“n 16,7% | 192.0% 26.5% 25.0% | 22.8%
Count 3 4 5 6 18
Cycle | 300 | 7o Within 167% | 222% | 27.8% | 333% | 1900
Cycles %
S 1Y% 1% witm
G"roups 16,7% | 15.4% 14,7% 16,7% | 15.8% | 0,999
Count 2 4 5 4 15
400 | 7o Within 133% | 267% | 333% | 267% | 1900
0 Cycles %0
YOS
é’rglf;m 11,1% | 15.4% 14,7% 11,1% | 13.2%
Count 2 1 2 3 8
% Within 100.0
500 | 7 ;
00 ] Cyeles 25.0% | 12.5% 25.0% 37.5% "
I
é’rxlgs“n 11,1% |  3.8% 5.9% 83% | 7.0%
Count 18 26 34 36 114
% Within 100,0
Total | Cycles 158% | 22.8% 29.8% 31,6% o
% Within 100,0 ) ) [ 100,0
Groups o 100,0% | 100,0% | 100.,0% o

Chi-Square test

When compared according to type of oil treatment, in Linseed oil treated samples, all samples
groups (virgin, bleached x1, bleached x4, bleached x7) broken fibers ratio between
1000,2000,3000,4000 and 5000 grooming cycles are not statistically different from each other
(P>0,05).
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Table 3-59: Chi square test data for almond oil treated virgin and bleached samples

P
Almond Oil Value
Bleached | Bleached | Bleached
Virgin x1 x4 x7 Total
L
100 | 7o Within 17,1% | 24,4% 6,8% 31,79 | 1000
o | Cycles %
AL
/o Within 46,7% | 47.6% | 355% | 382% | 40,6%
Groups
Count 3 6 8 8 25
200 | % Within 12,0% | 24,0% 32,0% 32,0% | 1000
0 Cycles %
PR
é’ N, 20,0% | 28,6% 25,8% 23,5% | 24,8%
roups
Count 2 3 5 7 17
SR
Cycle | 300 | 7o Within 11,8% | 17,6% 29,4% 41,00 | 1000
s 0 Cycles /0
e
% Within 133% | 14.3% 16,1% 20,6% | 16,8% | 0,996
Groups
Count 2 1 5 4 12
L
400 | 7o Within 16,7% | 8,3% n,7% | 333% | 1000
0 Cycles %0
AL
/o Within 133% | 4,8% 161% | 11.8% |11,9%
Groups
Count 1 1 2 2 6
% Within 100,0
580 C"y s 16,7% | 16,7% 33,3% 33,3% %
RN
7o Within 67% | 4.8% 6,5% 59% | 5,9%
Groups
Count 15 21 31 34 101
% Within 100,0
Total | Cyeles 14,9% | 20,8% 30,7% 33,7% o
% Within 100,0 ) ) | 100,0
Groups " 100,0% | 100,0% | 100,0% 0

Chi-Square test

When compared according to type of oil treatment, in Almond oil treated samples, all samples
groups (virgin, bleached x1, bleached x4, bleached x7) broken fibers ratio between
1000,2000,3000,4000 and 5000 grooming cycles are not statistically different from each other

(P>0,05).




Table 3-60: Chi square test data for baobab oil treated virgin and bleached samples

P
Baobab Oil Value
Bleached Bleached Bleached
Virgin x1 x4 x7 Total
Count 7 11 12 13 43
SOu_
100 | 7o Within 163% | 25.6% 279% | 302% | 1000
o [Cycles %
YOS
7 Within 412% | 44,0% 37.5% 37.1% | 39.4%
Groups
Count 5 B 8 9 27
200 | 7o Within 18,5% | 18,5% | 29.6% | 333% | 1000
0 Cycles %
I
é’ Vigin 29.4% | 20,0% 25,0% 25.7% | 24.8%
roups
Count 2 5 5 6 18
Sl 4
Cycle | 300 é’ygézhm 11% | 278% | 278% | 333% 1(3,9’0
s 0 (f—r °
gpVithin 11,8% |  20,0% 15,6% 171% | 16,5% | 1,000
Groups
Count 2 3 5 4 14
400 | 7o Within 143% | 21,4% 35,7% 28,6% 19,0’0
0 Cycles %0
YOS
% Within 11,8% | 12,0% 15,6% 11.4% | 12.8%
Groups
Count 1 1 2 3 7
N
500 é° Within 143% | 14,3% 28,6% 4299 | 1900
0 ycles %0
I
é"rxl;};m 59% | 4.0% 6,3% 60,0% | 6.4%
Count 17 25 32 35 109
% Within ) ) ) ) 100,0
Total | Cycles 15,6% | 22.9% 294.0% 32.1% o
% Within 100,0 ) ) [ 100,0
Groups o 100,0% | 100,0% | 100.0% o

Chi-Square test

When compared according to type of oil treatment, in Baobab oil treated samples, all samples
groups (virgin, bleached x1, bleached x4, bleached x7) broken fibers ratio between
1000,2000,3000,4000 and 5000 grooming cycles are not statistically different from each other

(P>0,05).
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Table 3-61: Chi square test data for virgin hair treated with different oils

Virgin Hair P
Value
Baseli | Miner | Cocon | Linse | Baob | Almo | Total | 1,000
ne al ut ed ab nd

Cycl | 100 | Count 14 9 8 8 7 7 53

€s 0 % Within 26,4% | 17,0 | 15,1%| 15,1 13,2 | 13,2 100,0
Cycles % % % % %

% Within 48,3% | 47,4 | 47,1% | 44,4 | 41,2 | 46,7 | 46,1
Groups % % % % %
200 | Count 5 5 3 3 5 3 24
0 % Within 20,8% | 20,8 | 12,5% | 12,5 | 20,8 [ 12,5 100,0
Cycles % % % % %
% Within 17,2% | 26,3 17,6% | 16,7 | 29,4 |[20,0 | 209
Groups % % % % %
300 | Count 4 3 3 3 2 2 17
0 % Within 23,5% | 17,6 | 17,6%| 17,6 | 11,8 [ 11,8 100,0
Cycles % % % % %
% Within 13,8% | 15,8 | 17,6% | 16,7 | 11,8 [ 13,3 14,8
Groups % % % % %
400 | Count 3 1 1 2 2 2 11
0 % Within 27,3% 1 9,1% | 9,1% | 18,2 | 18,2 | 18,2 100,0
Cycles % % % %
% Within 10,3% | 5,3% | 5,9% | 11,1 11,8 | 13,3 | 9,6%
Groups % % %
500 | Count 3 1 2 2 1 1 10
0 % Within 30,0% | 10,0 | 20,0% | 20,0 | 10,0 | 10,0 100,0
Cycles % % % % %
% Within 10,3% | 5,3% | 11,8% | 11,1 | 59% | 6,7% | 8,7%
Groups %

Total Count 29 19 17 18 17 15 115
% Within 252% | 16,5 | 14,8% | 15,7 | 14,8 | 13,0 100,0
Cycles % % % % %

% Within 100,0 | 100,0 | 100,0 | 100,0 | 100,0 [ 100,0 | 100,0
Groups % % % % % % %

Chi-Square test

When compared according to type of treated hair, in Virgin hair treated samples, all samples
groups (non-treated hair, mineral, coconut, linseed, baobab, and almond treated hair) broken
fibers ratio between 1000,2000,3000,4000 and 5000 grooming cycles are not statistically
different from each other (P>0,05).



Table 3-62: Chi square test data for bleached x1 hair treated with different oils
P
Bleached x1 Value
Baseli | Miner | Cocon | Linse | Baob | Almo
ne al ut ed ab nd Total
Count 16 12 11 12 11 10 72
% Within 16,7 16,7 | 15,3 13,9 | 100,0
100 0 ’ 0 ) ) 5 ,
0 Cycles 22,2% % 15,3% % % % %
% Within o 46,2 o 46,2 | 44,0 | 47,6 | 43,6
Groups 1% 1 o [ AR0% o o e |
Count 8 6 4 5 5 6 34
% Within 17,6 14,7 | 14,7 17,6 | 100,0
200 0 0 s 0 s ) s s
0 Cycles Z28 % 11.8% % % % %
% Within o 23,1 o 19,2 | 20,0 | 28,6 | 20,6
Groups 19.0% | 7o 7 | 160% 1 /7 | ol | oy | oy
Count 7 3 5 4 5 3 27
% Within 11,1 14,8 18.5 11,1 | 100,0
C 1 300 0 ) 0 D) ) D) D)
2517, [ Cyeles 23.9% | oy | 18S% 1 o o | gy |
% Within 4 11,5 o 154 | 12,0 o 13,3
Groups 16,7% o 16,0% o o 4,8% o 0,999
Count 7 3 4 4 3 1 22
% Within 13,6 18,2 | 13,6 100,0
400 0 ) 0 ) ) 0 ,
X Cycles 31,8% % 18,2% o % 4,5% o,
% Within o 11,5 o 154 | 12,0 o 13,3
Groups 16,7% o 16,0% o o 4,8% o
Count 4 2 1 1 1 1 10
% Within 20,0 10,0 | 10,0 10,0 | 100,0
500 Y ) 5 ) ) 5
o | Cycles 40.0% | o | 100% 1 o | el | 0y |y
5 —
é’rxglgm 9,5% | 7,7% | 4,0% | 3,8% | 4,0% | 4.8% | 6,1%
Count 42 26 25 26 25 21 165
% Within 0 15,8 o 15,8 15,2 12,7 | 100,0
Total Cycles 25,5% % 15,2% % % % %
% Within 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0
Groups % % % % %o % %

When compared according to type of treated hair, in Bleached x1 hair treated samples, all

Chi-Square test

samples groups (non-treated hair, mineral, coconut, linseed, baobab, and almond treated hair)
broken fibers ratio between 1000,2000,3000,4000 and 5000 grooming cycles are not statistically
different from each other (P>0,05).
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Table 3-63: Chi square test data for bleached x4 hair treated with different oils
P
Bleached x4 Value
Baseli | Miner | Cocon | Linse | Baob | Almo
ne al ut ed ab nd Total
Count 20 14 13 13 12 11 83
% Within 16.9 15.7 14.5 13.3 | 100.0
100 0 0
X Cycles 24.1% % 15.7% % o % %
% Within o 40.0 o 38.2 37.5 | 35.5 38.4
Groups 39.2% o 39.4% % o o %
Count 13 8 8 9 8 8 54
% Within 14.8 16.7 14.8 14.8 | 100.0
200 0 0
X Cycles 24.1% % 14.8% % o o %
% Within 22.9 26.5 25.0 | 25.8 | 25.0
Groups 25.5% o, 24.2% o % o %
Count 9 7 5 5 5 5 36
% Within 19.4 13.9 13.9 | 13.9 | 100.0
Cycl | 300 0 0
eysc X Cycles 25.0% % 13.9% o o o o,
% Within o 20.0 . 14.7 15.6 | 16.1 16.7
@oups 17.6% % 15.2% % % o % 1,000
Count 5 4 4 5 5 5 28
% Within 14.3 17.9 17.9 | 17.9 | 100.0
400 0 0
X Cycles 17.9% o 14.3% % o o %
% Within o 11.4 o 14.7 15.6 | 16.1 13.0
Groups 9-8% % 12.1% % % % %
Count 4 2 3 2 2 2 15
% Within 13.3 13.3 13.3 13.3 | 100.0
500 | 7°
0 Cycles 26.7% % 20.0% % % % o
5 —
érxlgslm 78% | 5.7% | 9.1% | 5.9% | 6.3% | 6.5% | 6.9%
Count 51 35 33 34 32 31 216
% Within o 16.2 o 15.7 14.8 14.4 | 100.0
Total Cycles 23.6% % 15.3% % % % %
% Within 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
Groups % % % % % % %

When compared according to type of treated hair, in Bleached x4 hair treated samples, all

Chi-Square test

samples groups (non-treated hair, mineral, coconut, linseed, baobab, and almond treated hair)
broken fibers ratio between 1000,2000,3000,4000 and 5000 grooming cycles are not statistically
different from each other (P>0,05).
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Table 3-64: Chi square test data for bleached x7 hair treated with different oils

P
Bleached x7 Value
Baseli | Miner | Cocon | Linse | Baob | Almo
ne al ut ed ab nd Total
Count 23 15 13 14 13 13 91
S —
100 C/:oy\c’;f;‘;hm 25.3% 106/.5 14.3% 105/.4 1;.3 1;.3 1(())/0.0
O 0 0 0 0 0
% Within o 39.5 o 38.9 | 37.1 38.2 | 394
Groups 42.6% o 38.2% o o o o
Count 14 11 10 9 9 8 61
P —
200 é)y\c’}f;‘;hm 23.0% 1?/.0 16.4% 1;8 1;.8 103/.1 1(())/0.0
0 0 0 0 0 0
% Within o 28.9 o 250 | 257 235 | 264
Sups 25.9% o 29.4% % % % o
Count 8 5 5 6 6 7 37
S —
Cyel | 300 g’y‘c’lvelzhm 21.6% 13/'5 13.5% 106/'2 13'2 13'9 12})'0
es 0 0 0 0 0 0
% Within o 13.2 o 16.7 17.1 20.6 16.0
Groups 14.8% % 14.7% % o o o 1,000
Count 6 4 3 4 4 4 25
n —
400 é)y\;}f;‘;hm 24.0% 106/.0 12.0% 106/(.)0 1;;0 13(;0 1(())/00.0
O 0
% Within o 10.5 o 11.1 114 11.8 10.8
Groups L% o [ 88% o | 0g | 0 | %
Count 3 3 3 3 3 2 17
% Within 17.6 17.6 17.6 11.8 | 100.0
500 | 7°
o | Cycles 17.6% | o | 17:6% 1 o | 0y | oy |
5 —
(/“:rz:/llrt)}slm 56% | 7.9% | 8.8% | 83% | 8.6% | 5.9% | 7.4%
Count 54 38 34 36 35 34 231
% Within 16.5 15.6 15.2 14.7 | 100.0
Total | Cycles 234% | o | 1AT% 0 o e | g | v
% Within 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
Groups % % % % % % %

When compared according to type of treated hair, in Bleached x7 hair treated samples, all

Chi-Square test

samples groups (non-treated hair, mineral, coconut, linseed, baobab, and almond treated hair)
broken fibers ratio between 1000,2000,3000,4000 and 5000 grooming cycles are not statistically
different from each other (P>0,05).




3.4.2 Weight of Hair Fibers

Table 3-65: Weight of 10 sets of hair each contains 100 fibers

_ Standard
Set Weight (g) | Average | J ..
1 0,108
2 0,119
3 0,111
4 0,104
5 0,114
- 0,109 0,111 0,00597
7 0,11
8 0,113
9 0,101
10 0,12




The following table illustrates typical data obtained from repeated grooming

experience for all used hair samples untreated and treated with used oils after 5000 brushing

strokes. Figure 3-12 shows a comparison between total broken fibers after 5000 brushing

strokes for all used hair samples untreated and treated with used oils. Results clarifies the

benefit of using these oils on hair, as the breakage of hair was clearly reduced for all used

oils, with some differences between different oils. Nevertheless, more detailed information

can be obtained by further analyzing the results as below.

Table 3-66: Typical repeated grooming data for all samples after 5000 brushing strokes

Baseline Mineral Oil Coconut Ol Linseed Oil Almond Oil Baobab Oil

Cylces| V |Bx1{Bx4|Bx7| V |Bx1({Bx4|Bx7| V |Bx1|{Bx4|Bx7|V [Bx1|Bx4|{Bx7|V [Bx1|Bx4|Bx7|V [Bx1|Bx4|Bx7
1000(14| 16|20 {23 (9|12 (14 (1581113 |13 |8 |12|13|14|7|10 (11|13 (7|11[12|13
2000158 |13|14|5/6|8[11(3|4]8(10/3 919 (3/6|8|8|5/5]|8]9
3000147198337 [5(3]/5]5/(5]3 5161235 71]2|5|51]6
4000(3[7 (5|6 (13 |4|4(1]4]4]3]2 5141211514123 |51]4
500013(4 4|3 (1]22[3(2]1]3|3]2 203|111 2|2(1|1]2]3
Total (29| 42 | 51 |54 (19|26 | 35|38 (17| 25|33 |34 (18]26 (34 |36 (1521 |31|34(17|25|32]35
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Figure 3-37: Total broken fibers after 5000 brushing strokes according to type of oil treatment
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Figure 3-38: Total broken fibers after 5000 brushing strokes according to type of hair
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Figures 3-39 through 3-62 illustrates survival probability plots that can expect the

possibility of hair fibers breakage as a function of brushing cycle over the range of the

experiment.

Table 3-67: Survival probability and breakage likelihood calculation for virgin non-
treated hair after 5000 grooming cycles

Baseline
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 14 2686 0,995 0,52%
2000 2686 5 2681 0,993 0,70%
3000 2681 4 2677 0,991 0,85%
4000 2677 3 2674 0,990 0,96%
5000 2674 3 2671 0,989 1,07%
Baseline
1
0,998
3
= 0,996
o)
g
& 0994
2
S 0,992
a
0,99
0,988
0 1000 2000 3000 4000 5000

Grooming Cycles

Figure 3-39: Survival probability curve for non-treated virgin hair after 5000 grooming

cycles
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Table 3-68: Survival probability and breakage likelihood calculation for virgin hair
treated with mineral oil after 5000 grooming cycles

Mineral Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 9 2691 0,997 0,33%
2000 2691 5 2686 0,995 0,52%
3000 2686 3 2683 0,994 0,63%
4000 2683 1 2682 0,993 0,67%
5000 2682 1 2681 0,993 0,70%
Mineral
1
0,998
=
E 0,996
e
[a
S 0,99
>
3
0,992
0,99
0 1000 2000 3000 4000 5000

Grooming Cycles

Figure 3-40: Survival probability curve for mineral oil treated virgin hair after 5000 grooming
cycles
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Table 3-69: Survival probability and breakage likelihood calculation for virgin hair
treated with coconut oil after 5000 grooming cycles

Coconut Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 8 2692 0,997 0,30%
2000 2692 3 2689 0,996 0,41%
3000 2689 3 2686 0,995 0,52%
4000 2686 1 2685 0,994 0,56%
5000 2685 2 2683 0,994 0,63%
Coconut Oil
1,000
0,998
0,996
0,994
0,992
0,990
0 1000 2000 3000 4000 5000

Figure 3-41: Survival probability curve for coconut oil treated virgin hair after 5000

grooming cycles
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Table 3-70: Survival probability and breakage likelihood calculation for virgin hair
treated with linseed oil after 5000 grooming cycles

Linseed Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 8 2692 0,997 0,30%
2000 2692 3 2689 0,996 0,41%
3000 2689 3 2686 0,995 0,52%
4000 2686 2 2684 0,994 0,59%
5000 2684 2 2682 0,993 0,67%
Linseed Qil
1,000
0,998
0,996
0,994
0,992
0,990
0 1000 2000 3000 4000 5000

Figure 3-42: Survival probability curve for linseed oil treated virgin hair after 5000 grooming
cycles
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Table 3-71: Survival probability and breakage likelihood calculation for virgin hair
treated with almond oil after 5000 grooming cycles

Almond Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 7 2693 0,997 0,26%
2000 2693 3 2690 0,996 0,37%
3000 2690 2 2688 0,996 0,44%
4000 2688 2 2686 0,995 0,52%
5000 2686 1 2685 0,994 0,56%
Almond Oil
1,000
0,998
0,996
0,994
0,992
0,990
0 1000 2000 3000 4000 5000

Figure 3-43: Survival probability curve for almond oil treated virgin hair after 5000 grooming

cycles
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Table 3-72: Survival probability and breakage likelihood calculation for virgin hair
treated with baobab oil after 5000 grooming cycles

Baobab Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 7 2693 0,997 0,26%
2000 2693 5 2688 0,996 0,44%
3000 2688 2 2686 0,995 0,52%
4000 2686 2 2684 0,994 0,59%
5000 2684 1 2683 0,994 0,63%
Baobab Oil
1,000
0,998
0,996
0,994
0,992
0,990
0 1000 2000 3000 4000 5000

Figure 3-44: Survival probability curve for baobab oil treated virgin hair after 5000 grooming

cycles
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Table 3-73: Survival probability and breakage likelihood calculation for bleached once
non-treated hair after 5000 grooming cycles

Baseline
Brushing Total Fibers in Fibers Non- Survival Breakage

Stroke Swatch Broken Broken Probability Likelihood

0 2700 0 3000 1,000 0,00%
1000 2700 16 2684 0,994 0,59%
2000 2684 8 2676 0,991 0,89%
3000 2676 7 2669 0,989 1,15%
4000 2669 7 2662 0,986 1,41%
5000 2662 4 2658 0,984 1,56%

Baseline
1 o

.. 0,995

Z_(—é

= "o,

& 099

© e,

2

S ‘...,

A 0,985 e °

0,98
0 1000 2000 3000 4000 5000

Grooming Cycles

Figure 3-45: Survival probability curve for non-treated bleached once hair after 5000
grooming cycles
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Table 3-74: Survival probability and breakage likelihood calculation for bleached once

hair treated with mineral oil after 5000 grooming cycles

Mineral Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 12 2688 0,996 0,44%
2000 2688 6 2682 0,993 0,67%
3000 2682 3 2679 0,992 0,78%
4000 2679 3 2676 0,991 0,89%
5000 2676 2 2674 0,990 0,96%
Mineral
1 o
0,998
=
E
'S 0,996
o
S 0,994
= AT
0992 e
..... ...
....... N
0,99
0 2000 3000 4000 5000

Grooming Cycles

Figure 3-46: Survival probability curve for mineral oil treated bleached once hair after 5000
grooming cycles
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Table 3-75: Survival probability and breakage likelihood calculation for bleached once
hair treated with coconut oil after 5000 grooming cycles

Coconut Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 11 2689 0,996 0,41%
2000 2689 4 2685 0,994 0,56%
3000 2685 5 2680 0,993 0,74%
4000 2680 4 2676 0,991 0,89%
5000 2676 1 2675 0,991 0,93%
Coconut Oil
1 .
0,998
F
5 -
® 0,996 .,
2
=
£ 0,994 .
S .
) e,
0,992
‘@eenn....
A ERY )
0,99
0 1000 2000 3000 4000 5000

Grooming Cycles

Figure 3-47: Survival probability curve for coconut oil treated linseed bleached once hair
after 5000 grooming cycles
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Table 3-76: Survival probability and breakage likelihood calculation for bleached once
hair treated with linseed oil after 5000 grooming cycles

Linseed Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 12 2688 0,996 0,44%
2000 2688 5 2683 0,994 0,63%
3000 2683 4 2679 0,992 0,78%
4000 2679 4 2675 0,991 0,93%
5000 2675 1 2674 0,990 0,96%
Linseed QOil
1 o
0,998
Z
E 0,996
2
g 0,994 ...
0,992 L
A T
...... [}
0,99
0 1000 2000 3000 4000 5000

Grooming Cycles

Figure 3-48: Survival probability curve for oil treated bleached once hair after 5000 grooming
cycles
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Table 3-77: Survival probability and breakage likelihood calculation for bleached once
hair treated with almond oil after 5000 grooming cycles

Almond Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 10 2690 0,996 0,37%
2000 2690 6 2684 0,994 0,59%
3000 2684 3 2681 0,993 0,70%
4000 2681 1 2680 0,993 0,74%
5000 2680 1 2679 0,992 0,78%
Almond QOil
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Figure 3-49: Survival probability curve for almond oil treated bleached once hair after 5000
grooming cycles
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Table 3-78: Survival probability and breakage likelihood calculation for bleached once
hair treated with baobab oil after 5000 grooming cycles

Baobab Oil
Brushing Total Fibers in Fibers Non- Survival Breakage

Stroke Swatch Broken Broken Probability Likelihood

0 2700 0 3000 1,000 0,00%
1000 2700 11 2689 0,996 0,41%
2000 2689 5 2684 0,994 0,59%
3000 2684 5 2679 0,992 0,78%
4000 2679 3 2676 0,991 0,89%
5000 2676 1 2675 0,991 0,93%
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Figure 3-50: Survival probability curve for baobab oil treated bleached once hair after 5000

grooming
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Table 3-79: Survival probability and breakage likelihood calculation for bleached once

hair treated with baobab oil after 5000 grooming cycles

Baseline
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 20 2680 0,993 0,74%
2000 2680 13 2667 0,988 1,22%
3000 2667 9 2658 0,984 1,56%
4000 2658 5 2653 0,983 1,74%
5000 2653 4 2649 0,981 1,89%
Baseline
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Figure 3-51: Survival probability curve for non-treated bleached x4 hair after 5000 grooming

cycles
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Table 3-80: Survival probability and breakage likelihood calculation for bleached x4 hair

treated with mineral oil after 5000 grooming cycles

Mineral Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 14 2686 0,995 0,52%
2000 2686 8 2678 0,992 0,81%
3000 2678 7 2671 0,989 1,07%
4000 2671 4 2667 0,988 1,22%
5000 2667 2 2665 0,987 1,30%
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Figure 3-52: Survival probability curve for mineral oil treated bleached x4 hair after 5000

grooming
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Table 3-81: Survival probability and breakage likelihood calculation for bleached x4 hair
treated with coconut oil after 5000 grooming cycles

Coconut Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 13 2687 0,995 0,48%
2000 2687 8 2679 0,992 0,78%
3000 2679 5 2674 0,990 0,96%
4000 2674 4 2670 0,989 1,11%
5000 2670 3 2667 0,988 1,22%
Coconut Oil
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Figure 3-53: Survival probability curve for coconut oil treated bleached x4 hair after 5000

grooming cycles
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Table 3-82: Survival probability and breakage likelihood calculation for bleached x4 hair
treated with linseed oil after 5000 grooming cycles

Linseed Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 13 2687 0,995 0,48%
2000 2687 9 2678 0,992 0,81%
3000 2678 5 2673 0,990 1,00%
4000 2673 5 2668 0,988 1,19%
5000 2668 2 2666 0,987 1,26%
Linseed Oil
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Figure 3-54: Survival probability curve for linseed oil treated bleached x4 hair after 5000

grooming
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Table 3-83: Survival probability and breakage likelihood calculation for bleached x4 hair

treated with almond oil after 5000 grooming cycles

Almond Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 11 2689 0,996 0,41%
2000 2689 8 2681 0,993 0,70%
3000 2681 5 2676 0,991 0,89%
4000 2676 5 2671 0,989 1,07%
5000 2671 2 2669 0,989 1,15%
Almond Oil
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Figure 3-55: Survival probability curve for almond oil treated bleached x4 hair after 5000

grooming cycles
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Table 3-84: Survival probability and breakage likelihood calculation for bleached x4 hair
treated with baobab oil after 5000 grooming cycles

Baobab Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 12 2688 0,996 0,44%
2000 2688 8 2680 0,993 0,74%
3000 2680 5 2675 0,991 0,93%
4000 2675 5 2670 0,989 1,11%
5000 2670 2 2668 0,988 1,19%
Baobab Oil
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Figure 3-56: Survival probability curve for baobab oil treated bleached x4 hair after 5000

grooming
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Table 3-85: Survival probability and breakage likelihood calculation for bleached x7

non-treated hair after 5000 grooming cycles

Baseline
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 23 2677 0,991 0,85%
2000 2677 14 2663 0,986 1,37%
3000 2663 8 2655 0,983 1,67%
4000 2655 6 2649 0,981 1,89%
5000 2649 3 2646 0,980 2,00%
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Figure 3-57: Survival probability curve for non-treated bleached x7 hair after 5000 grooming

cycles
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Table 3-86: Survival probability and breakage likelihood calculation for bleached x7 hair
treated with mineral oil after 5000 grooming cycles

Mineral Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 15 2685 0,994 0,56%
2000 2685 11 2674 0,990 0,96%
3000 2674 5 2669 0,989 1,15%
4000 2669 4 2665 0,987 1,30%
5000 2665 3 2662 0,986 1,41%
Mineral
1 o
2 0,995 .
£ 0% YR
T ...
S T ...
S e .
Y 0,985
0,98
0 1000 2000 3000 4000 5000

Grooming Cycles

Figure 3-58: Survival probability curve for mineral oil treated bleached x7 hair after 5000
grooming cycles
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Table 3-87: Survival probability and breakage likelihood calculation for bleached x7 hair
treated with coconut oil after 5000 grooming cycles

Coconut Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 13 2687 0,995 0,48%
2000 2687 10 2677 0,991 0,85%
3000 2677 5 2672 0,990 1,04%
4000 2672 3 2669 0,989 1,15%
5000 2669 3 2666 0,987 1,26%
Coconut Oil
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Figure 3-59: Survival probability curve for coconut oil treated bleached x7 hair after 5000
grooming cycles
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Table 3-88: Survival probability and breakage likelihood calculation for bleached x7 hair
treated with linseed oil after 5000 grooming cycles

Linseed Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 14 2686 0,995 0,52%
2000 2686 9 2677 0,991 0,85%
3000 2677 6 2671 0,989 1,07%
4000 2671 4 2667 0,988 1,22%
5000 2667 3 2664 0,987 1,33%
Linseed Oil
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Figure 3-60: Survival probability curve for linseed oil treated bleached x7 hair after 5000
grooming
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Table 3-89: Survival probability and breakage likelihood calculation for bleached x7 hair
treated with almond oil after 5000 grooming cycles

Almond Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 13 2687 0,995 0,48%
2000 2687 8 2679 0,992 0,78%
3000 2679 7 2672 0,990 1,04%
4000 2672 4 2668 0,988 1,19%
5000 2668 2 2666 0,987 1,26%
Almond Oil
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Figure 3-61: Survival probability curve for almond oil treated bleached x7 hair after 5000
grooming cycles
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Table 3-90: Survival probability and breakage likelihood calculation for bleached x7 hair
treated with baobab oil after 5000 grooming cycles

Baobab Oil
Brushing Total Fibers in Fibers Non- Survival Breakage
Stroke Swatch Broken Broken Probability Likelihood
0 2700 0 3000 1,000 0,00%
1000 2700 13 2687 0,995 0,48%
2000 2687 9 2678 0,992 0,81%
3000 2678 6 2672 0,990 1,04%
4000 2672 4 2668 0,988 1,19%
5000 2668 3 2665 0,987 1,30%
Baobab Oil
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Figure 3-62: Survival probability curve for baobab oil treated bleached x7 hair after 5000
grooming cycles
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3.5 POROSITY STATISTICAL ANALYSIS

Table 3-91: Statistical analysis data of weight loss of studied hair

Percentage of weight loss
Group (m < SD) P Value
Virgin 7,106 + 0,294
. Bleached 1 6,417+ 0,187
Baseline .019
Bleached 4 7,815+ 0,214
Bleached 7 8,166 = 0,230
Virgin 7,217 +£ 0,351
) Bleached 1 6,399 + 0,447
Mineral .023
Bleached 4 7,716 = 0,352
Bleached 7 8,403 +£ 0,315
Virgin 4,131 £ 0,287
Bleached 1 5,895 + 0,302
Coconut .019
Bleached 4 4,659 £ 0,162
Bleached 7 6,338 + 0,168
Virgin 4,400 + 0,264
. Bleached 1 5,953+ 0,158
Linseed .016
Bleached 4 5,485+ 0,291
Bleached 7 6,288 + 0,197
Virgin 3,979 + 0,220
Bleached 1 5,095 + 0,227
Almond .038
Bleached 4 5,249 + 0,194
Bleached 7 4,810+ 0,273
Virgin 4,585 + 0,301
Bleached 1 5,663 + 0,234
Baobab .022
Bleached 4 6,592 + 0,349
Bleached 7 6,237 £ 0,225

When compared according to the type of applied oils, means of all of the previous samples are

statistically different from each other (P<0.05).
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Table 3-92: Statistical analysis data of weight loss of studied hair

Percentage of weight loss
Group (m = SD) P Value
Baseline 7,106 £ 0,294
Mineral 7,217 £ 0,351
L Coconut 4,131+ 0,287
Virgin - .016
Linseed 4,400 + 0,264
Almond 3,979 + 0,220
Baobab 4,585+ 0,301
Baseline 6,417+ 0,187
Mineral 6,399 + 0,447
Coconut 5,895 + 0,302
Bleached 1 - .022
Linseed 5,953 £ 0,158
Almond 5,095 + 0,227
Baobab 5,663 £ 0,234
Baseline 7,815+ 0,214
Mineral 7,716 £ 0,352
Coconut 4,659+ 0,162
Bleached 4 — .007
Linseed 5,485+ 0,291
Almond 5,249+ 0,194
Baobab 6,592 + 0,349
Baseline 8,166 + 0,230
Mineral 8,403 + 0,315
Coconut 6,338 + 0,168
Bleached 7 — .014
Linseed 6,288 £ 0,197
Almond 4,810+ 0,273
Baobab 6,237 £ 0,225

When compared according to the type of hair treatment, means of all of the previous samples are
statistically different from each other (P<0.05).
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Table 3-93: Statistical analysis data of weight loss of virgin and bleached 1 baseline

Percentage of

Group weight loss P Value
(m+ SD)
— n
Baseline Virgin 7,106 + 0,294 0.050

Bleached 1] 6,417 +£ 0,187

Means of Baseline Virgin and Baseline Bleached 1 are statistically different from each other
(P=0.05).
Table 3-94: Statistical analysis data of weight loss of virgin and bleached 4 baseline

Percentage of

Group weight loss P Value
(m =+ SD)
Virgin 7,106 + 0,294

Baseline 0.050

Bleached 4| 7815+ 0,214

Means of Baseline Virgin and Baseline Bleached 4 are statistically different from each other
(P=0.05).
Table 3-95: Statistical analysis data of weight loss of virgin and bleached 7 baseline

Percentage of
Group weight loss P Value
(m £ SD)
- "
Baseline Virgin 7,106 £ 0,294 0.050
Bleached 7| 8,166 + 0,230

Means of Baseline Virgin and Baseline Bleached 7 are statistically different from each other
(P=0.05).

Table 3-96: Statistical analysis data of weight loss of virgin and bleached 1 mineral

Percentage of

Group weight loss P Value
(m = SD)
Virgin 7,217 £ 0,351

0.050

Mineral

Bleached 1| 6,399 + 0,447

Means of Mineral Virgin and Mineral Bleached 1 are statistically different from each other
(P=0.05).
Table 3-97: Statistical analysis data of weight loss of virgin and bleached 4 mineral

Percentage of
Group weight loss P Value
(m + SD)
Virgin 7,217 £ 0,351
Mi 1 2 ? 0.127
Y [ Bleached 4] 7,716 = 0,352

Means of Mineral Virgin and Mineral Bleached 7 are statistically different from each other
(P=0.05).
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Table 3-98: Statistical analysis data of weight loss of virgin and bleached 1 coconut

Percentage of

Group weight loss P Value
(m <+ SD)
Coconut o2l {4,131 + 0,287 0.050

Bleached 1| 5,895 + 0,302

Means of Coconut Virgin and Coconut Bleached 1 are statistically different from each other
(P=0.05).

Table 3-99: Statistical analysis data of weight loss of virgin and bleached 4 coconut
Percentage of

Group weight loss P Value
(m = SD)
Coconut |~ {4,131+ 0,287 0.050

Bleached 4 | 4,659 + 0,162

Means of Coconut Virgin and Coconut Bleached 4 are statistically different from each other
(P=0.05).
Table 3-100: Statistical analysis data of weight loss of virgin and bleached 7 coconut

Percentage of

Group weight loss P Value
(m = SD)
Coconut |8 {4,131+ 0,287 0.050

Bleached 7| 6,338 + 0,168

Means of Coconut Virgin and Coconut Bleached 7 are statistically different from each other
(P=0.05).
Table 3-101: Statistical analysis data of weight loss of virgin and bleached 1 linseed

Percentage of
Group weight loss P Value
(m = SD)
Virgi + 0,264
Linseed £ 4,400+ 0, 0.050
Bleached 1| 5,953 + 0,158

Means of Linseed Virgin and Linseed Bleached 1 are statistically different from each other
(P=0.05). . . : . .
Table 3-102: Statistical analysis data of weight loss of virgin and bleached 4 linseed

Percentage of

Group weight loss P Value
(m = SD)
Virgin 4,400 + 0,264

0.050

Linseed
Bleached 4 | 5,485 + 0,291

Means of Linseed Virgin and Linseed Bleached 7 are statistically different from each other
(P=0.05).
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Table 3-103: Statistical analysis data of weight loss of virgin and bleached 1 almond

Percentage of
Group weight loss P Value
(m =+ SD)
Almond Virgin 3,979 + 0,220 0.050
Bleached 1| 5,095+ 0,227

Means of Almond Virgin and Almond Bleached 1 are statistically different from each other
(P=0.05). - . : o
Table £-104: Statistical analysis data of weight loss of virgin and bleached 4 almond

Percentage of
Group weight loss P Value
(m = SD)
Almond [ rgm 3,979 + 0,220 0.050
Bleached 4 | 5,249 + 0,194

Means of Almond Virgin and Almond Bleached 4 are statistically different from each other
(P=0.05).
Table 3-105: Statistical analysis data of weight loss of virgin and bleached 7 almond

Percentage of

Group weight loss P Value
(m = SD)
Almond |8l 3,979 £ 0,220 0.050

Bleached 7| 4,810+ 0,273

Means of Almond Virgin and Almond Bleached 7 are statistically different from each other
(P=0.05).
Table 3-106: Statistical analysis data of weight loss of virgin and bleached 1 baobab

Percentage of
Group weight loss P Value
(m £ SD)
Virgin +
Baobab £ 4,585 £ 0,301 0.050
Bleached 1| 5,663 + 0,234

Means of Baobab Virgin and Baobab Bleached 1 are statistically different from each other
(P=0.05).
Table 3-107: Statistical analysis data of weight loss of virgin and bleached 4 baobab

Percentage of
Group weight loss P Value
(m =+ SD)
Baobab [—iem {4,585+ 0,301 0.050
Bleached 4 | 6,592 + 0,349

Means of Baobab Virgin and Baobab Bleached 7 are statistically different from each other
(P=0.05).
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Table 3-108: Statistical analysis data of weight loss of virgin baseline and mineral

Means of Virgin Baseline and Virgin Mineral are not statistically different from each other

(P>0.05).

Table 3-109: Statistical analysis data of weight loss of virgin baseline and coconut

Means of Virgin Baseline and Virgin Coconut are statistically different from each other (P=0.05).
Table 3-110: Statistical analysis data of weight loss of virgin baseline and linseed

Means of Virgin Baseline and Virgin Linseed are statistically different from each other (P=0.05).
Table 3-111: Statistical analysis data of weight loss of virgin baseline and almond

Means of Virgin Baseline and Virgin Almond are statistically different from each other (P=0.05).
Table 3-112: Statistical analysis data of weight loss of virgin baseline and baobab

Means of Virgin Baseline and Virgin Baobab are statistically different from each other (P=0.05).

Percentage of weight

Group loss P Value
(m+ SD)
Virgin Ba'sehne 7,106 + 0,294 0513
Mineral 7,217+ 0,351

Percentage of weight

Group loss P Value
(m+ SD)
Baseli
Virgin aseline 7,106 £ 0,294 0.050
Coconut 4,131+ 0,287

Percentage of weight

Group loss P Value
(m+ SD)
Baseline 7,106 £+ 0,294
Virgin - 2 . 0.050
Linseed 4,400 £ 0,264

Percentage of weight

Group loss P Value
(m+ SD)
Baseli
Virgin aseline 7,106 = 0,294 0.050
Almond 3,979 £ 0,220

Percentage of weight

Group loss P Value
(m+ SD)
Baseli
Virgin aseline 7,106 = 0,294 0.050
Baobab 4,585 £ 0,301




Table 3-113: Statistical analysis data of weight loss of bleached 1 baseline and mineral

Percentage of weight

Group loss P Value
(m =+ SD)
Bleached 1 [ooseline | 6417 0,187 0.827
Mineral 6,399 + 0,447

Means of Bleached x1 Baseline and Bleached x1 Mineral are not statistically different from each

other (P>0.05).

Table 3-114: Statistical analysis data of weight loss of bleached 1 baseline and coconut

Means of Bleached x1 Baseline and Bleached x1 Coconut are statistically different from each

other (P=0.05).

Table 3-115: Statistical analysis data of weight loss of bleached 1 baseline and linseed

Means of Bleached x1 Baseline and Bleached x1 Linseed are statistically different from each

other (P=0.05).

Table 3-116: Statistical analysis data of weight loss of bleached 1 baseline and almond

Means of Bleached x1 Baseline and Bleached x1 Almond are statistically different from each

other (P=0.05).

Percentage of weight

Group loss P Value
(m+ SD)
Baseline 6,417 £ 0,187
Bleached 1 | conut [ 5.895 £ 0.302 0050

Percentage of weight

Group loss P Value
(m+ SD)
Bleached 1 | ooeline | 6,417 0,187 0.050
Linseed 5,953 £ 0,158

Percentage of weight

Group loss P Value
(m =+ SD)
Bleached 1 Bascline 6,417+ 0,187 0.050
Almond 5,095 £ 0,227

Table 3-117: Statistical analysis data of weight loss of bleached 1 baseline and baobab

Means of Bleached x1 Baseline and Bleached x1 Baobab are statistically different from each

other (P=0.05).

Percentage of weight

Group loss P Value
(m £ SD)
Baseli +
Bleached 1 foooie | 6417+ 0,187 0.050
Baobab 5,663 + 0,234
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Table 3-118: Statistical analysis data of weight loss of bleached 4 baseline and mineral

Percentage of weight

Group loss P Value
(m =+ SD)
Bleached 4 Ba.sehne 7,815+ 0,214 0.827
Mineral 7,716 £ 0,352

Means of Bleached x4 Baseline and Bleached x4 Mineral are not statistically different from each

other (P>0.05).

Table 3-119: Statistical analysis data of weight loss of bleached 4 baseline and coconut

Means of Bleached x4 Baseline and Bleached x4 Coconut are statistically different from each

other (P=0.05).

Percentage of weight

Group loss P Value
(m =+ SD)
Bleached 4 Baseline 7,815+ 0,214 0.050
Coconut 4,659 + 0,162

Table 3-120: Statistical analysis data of weight loss of bleached 4 baseline and linseed

Means of Bleached x4 Baseline and Bleached x4 Linseed are statistically different from each

other (P=0.05).

Percentage of weight

Group loss P Value
(m =+ SD)
Bleached 4 B?sellne 7,815+ 0,214 0.050
Linseed 5,485 £ 0,291

Table 3-121: Statistical analysis data of weight loss of bleached 4 baseline and almond

Means of Bleached x4 Baseline and Bleached x4 Almond are statistically different from each

other (P=0.05).

Percentage of weight

Group loss P Value
(m =+ SD)
Baseline 7,815+ 0,214
Bleached 4 2 . 0.050
AR T Almond | 5,249 + 0,194

Table 3-122: Statistical analysis data of weight loss of bleached 4 baseline and almond

Means of Bleached x4 Baseline and Bleached x4 Baobab are statistically different from each

other (P=0.05).

Percentage of weight

Group loss P Value
(m+ SD)
Bleached 4 |oascline | 7,815+ 0.214 0.050
Baobab 6,592 + 0,349

133



Table 3-123: Statistical analysis data of weight loss of bleached 7 baseline and mineral

Percentage of weight

Group loss P Value
(m= SD)
Bleached 7 Ba-sehne 8,166 = 0,230 0513
Mineral 8,403 + 0,315

Means of Bleached x7 Baseline and Bleached x7 Mineral are not statistically different from each

other (P>0.05).

Table 3-124: Statistical analysis data of weight loss of bleached 7 baseline and coconut

Means of Bleached x7 Baseline and Bleached x7 Coconut are statistically different from each

other (P=0.05).

Percentage of weight

Group loss P Value
(m+ SD)
Bleached 7 Baseline 8,166 + 0,230 0.050
Coconut 6,338 + 0,168

Table 3-125: Statistical analysis data of weight loss of bleached 7 baseline and linseed

Means of Bleached x7 Baseline and Bleached x7 Linseed are statistically different from each

other (P=0.05).

Table 3-126: Statistical analysis data of weight loss of bleached 7 baseline and almond

Means of Bleached x7 Baseline and Bleached x7 Almond are statistically different from each

other (P=0.05).

Percentage of weight

Group loss P Value
(m + SD)
Bleached 7 B.asehne 8,166 + 0,230 0.050
Linseed 6,288 + 0,197

Percentage of weight

Group loss P Value
(m=+ SD)
Baseli 166 + 0,2
Bleached 7 —ooric 1 8166+ 0.230 0.050
Almond 4,810 + 0,273

Table 3-127: Statistical analysis data of weight loss of bleached 7 baseline and baobab

Means of Bleached x7 Baseline and Bleached x7 Baobab are statistically different from each

other (P=0.05).

Percentage of weight

Group loss P Value
(m+ SD)
Bleached 7 Baseline 8,166 + 0,230 0.050
Baobab 6,237 + 0,225
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Figure 3-63: Boxplot representing % of weight loss for non-treated hair samples
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Figure 3-64: Boxplot representing % of weight loss for Mineral oil treated samples
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Figure 3-65: Boxplot representing % of weight loss for coconut oil treated samples
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Figure 3-66: Boxplot representing % of weight loss for linseed oil treated samples
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Figure 3-67: Boxplot representing % of weight loss for almond oil treated samples
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Figure 3-68: Boxplot representing % of weight loss for baobab oil treated samples
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Figure 3-69: Boxplot representing % of weight loss for virgin hair treated with different oils
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Figure 3-70: Boxplot representing % of weight loss for bleached once hair treated with
different oils
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Figure 3-71: Boxplot representing % of weight loss for bleached x4 hair treated with different
oils
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Figure 3-72: Boxplot representing % of weight loss for bleached x4 hair treated with different
oils
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3.6 DIFFERENTIAL SCANNING CALORIMETRY

Table 3-128: Open pans, dry pans, dry pans with holes DSC thermograms

Test Conditions Temperature (C°)
VH 1 (Virgin hair), open pan 235,5
VH 2 (Virgin hair), open pan 235,8
VH 1 (Virgin hair), dry, closed pan 230,7 (121,2)
VH 2 (Virgin hair), dry, closed pan 232,8 (121,0)
BHI1 (Bleached once) dry, closed pan with
hole 251,6
BH2 (Bleached once) dry, closed pan with
hole 2514
VH Virgin hair +Boabab oil open pan 234,0
VH Virgin hair +Boabab oil open pan 235,1

Table 3-129: Dry pan, dry pan with holes, open pan thermograms, sample amount Smg

Test Conditions Peak Temperature (C°) Enthalpy (mJ/mg)
VH (Virgin hair), dry,
closed pan 221,00-222,00 1,55-1,94
VH (Virgin hair), dry,
closed pan with holes 225,00-225,50 1,75-2,06
VH (Virgin hair), dry, open
pan 225,30- 225,80 1,08-1,69
BH1 (Bleached once) dry,
closed pan 229,7-231,6 1,83-1,99
BH1 (Bleached once) dry,
closed pan with holes 231,1-232,60 1,50-1,81
BH1 (Bleached once) dry,
open pan 232.00-232,30 1,18-1,43
BH?7 (Bleached hair 7
times), dry, closed pan 246,3-245,3 1,66-1,95

BH?7 (Bleached hair 7
times), dry, closed pan with

holes 247,6-248,2 1,12-1,49
BH?7 (Bleached hair 7
times) dry, open pan 247,4-248 1,1-1,18
Table 3-130: The Closed pressure pan thermograms, sample size 5 mg 50 ul water
Test Conditions Peak Temperature (C°) Enthalpy (mJ/mg) +SD
VH (Virgin hair) 157.50+£1.12 11.75+1.11
BH (1) (Bleached once) 154.65+1.41 11.50+0.02
BH (4) (Bleached 4 times) 150.20+0.06 11.25+0.02
BH (7) (Bleached 7 times) 141.90+1.01 10.85+0.01
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Figure 3-73: DSC Analysis spectra of virgin hair samples treated with mineral oil
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Figure 3-74: DSC Analysis spectra of bleached x1 hair samples treated with mineral oil
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Figure 3-75: DSC Analysis spectra of virgin hair samples treated with coconut oil
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Figure 3-76: DSC Analysis spectra of bleached x1 hair samples treated with coconut oil
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Figure 3-77: DSC Analysis spectra of virgin hair samples treated with linseed oil
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Figure 3-78: DSC Analysis spectra of bleached x1 hair samples treated with linseed oil
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4 DISCUSSION

4.1 FLOURESCENCE MICROSCOPY
4.1.1 The Positive Control and Negative Control

As shown in figure 3-1; mineral oil was not able to penetrate into the cortex, but clear
rings of dye were seen on the outside of the hair fiber indicating that the oil only stayed in
cuticle. Similar results were reported by other researchers as they indicated that mineral oil
does not penetrate into hair cortex [72, 108]. This is mainly due to the fact that mineral oil is
nonpolar, contains long linear carbon chains with length of above C20 [73]. In this study,
mineral oil was used as a negative control and results agreed with reported results. On the
other hand, coconut oil penetrated into hair cortex as shown in figure 3-4. Coconut oil has
been known as one of the penetrating oils and it has been therefore widely used as a hair care
oil in several countries [72, 77]. Many researchers have reported good penetration of coconut
oil into hair cortex [71, 108]. In this study coconut oil was used as a positive control and
results agreed with the earlier reported results. Coconut oil is composed of relatively lower
fatty acids. It contains mainly lauric acid (C12; 49%) and myristic acid (C14; 22%). It also
contains in lower amounts of capric acid (C10; 5%) and palmitic acid (C16; 8.4%). Since the
majority of the fatty acids of coconut oil are low carbon, straight chain fatty acids with no
double bonds, they are more readily available for penetration [73]. When the penetration
studies for both positive and negative controls were repeated with bleached hair fibers, all of
the results showed penetration into the cortex as shown in figures 3-2, 3-3, 3-5, and 3-6. This
was due to the damage caused to the cuticle of the hair fibers. Bleaching oxidizes thioester
bonds between cuticle cells as well as cystine in cystine reach regions as the A-layer and
exocuticle causing deterioration of cell membrane complex [55, 59]. The number of cycles
of bleaching may have increased the penetration but it was not possible to quantify the
differences This could be because of the nature of the bleaching process; even one bleaching
was strong enough chemical treatment which really caused enough damage in the cuticle and
cortex of the hair. The procedure used in this experiment was stronger than the regular dying
process. From these results we could conclude that even one cycle of bleaching damaged the
cuticle and cortex as mentioned in the literature therefore, one cycle of bleaching or more

cycles of bleaching did not show any significantly different results. In all cases, because of
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the damaged cuticle all of the oils penetrated into the cortex without any difference which
could be related to the oils. In other words, this clearly indicated that when cuticle is damaged
because of chemical treatments, the type / composition of the oil was not a determining factor

in the penetration of the oils into the hair cortex.
4.1.2 Linseed Oil

When virgin hair treated with linseed oil, there was a penetration into the cortex,
(figure 3-7). Linseed oil is mainly composed of linolenic acid (C18:3) and had double bonds.
Our study clearly indicated that linseed oil could be qualified as a penetrating oil like coconut
oil although it contained longer chain length fatty acids and double bonds. This was not in
compliance with the general view. Our studies showed that, linseed oil can be used as a hair
treatment oil or incorporated into other hair care products. As seen with mineral and coconut
oils, whenever hair was bleached once or seven times, linseed oil penetrated into the cortex
because of the damaged cuticle not having its barrier function anymore (figures 3-8 and 3-

9).
4.1.3 Almond Oil

According to this study, almond oil also can also be used for hair care purposes as it
showed penetration into virgin hair cortex under florescence microscopy, as can be seen in
figure 3-10. When the composition of the almond oil is taken into account, it could be put
under non-penetrating oil category, because an average composition of almond oil is: 62-
86% oleic acid (C18:1), 7-30% linoleic acid (C18:2), 4-9% palmitic acid (C16:0) and a little
of palmitoleic acid (C16:1), stearic acid (C18:0). The specific brand of almond oil we used
in our study reported the composition of the particular batch as 74,11% oleic acid (C18:1),
16,70% linoleic acid (C18:2), 6% palmitic acid (C16:0) and ,16% stearic acid (C18:0). Based
on our results, we again report that almond oil is one of the penetrating oils we used in our
study. Based on the composition, it seems that penetration could not be controlled only with
the chain length of the fatty acids composing the oils and / or with the presence of the double
bonds. In Turkish tradition, in fact, Almond oil is one of the oils recommended as hair / skin
treatments. We concluded again that further studies need to be conducted in order to explain

the mechanism of the penetration of oils into the cortex.

145



Similar to the previously studied oils, almond oil penetrated into the cortex of
bleached once and bleached seven times hair filaments due to the same reason as explained

above (Figures 3-11 and 3-12).
4.1.4 Baobab Oil

As shown in figure 3-13, baobab oil behaved similar to mineral oil. The oil clearly
stayed on the cuticle and did not penetrate into the cortex of virgin hair. Baobab is one of the
oils introduced recently into the market as a candidate for hair and skin care oil. The
composition of baobab was reported to be 39% oleic acid (C18:1), 27% linoleic acid (C18:2),
25% palmitic acid (C16:0) and 5% stearic acid (C18:0). This oil is different from all others,
similarities and differences can be seen when compared with coconut, almond and linseed
oils in terms of chain length of fatty acids composition. For example, lower chain length of
palmitic acid was higher in baobab oil than almond oil suggesting that penetration of baobab
oil would have been easier. On the other hand, linoleic acid content of baobab is higher than
almond oil and this may have had an unfavorable effect on penetration. Again, when hair is
bleached, baobab oil was also able to reach the cortex (Figures 3-14 and 3-15), suggesting

strongly that the cuticula of the hair has a strong barrier function.

Based on our findings, we can conclude that penetration of oils into the hair cortex
cannot be easily explained just because of the chain lengths as well as the number of the
double bonds contained in the fatty acid/ triglyceride chains. When earlier studies were
searched thoroughly in order to compare the results, it was noted that the number of oils used
in penetration studies were limited. In most of the studies mentioned earlier, penetration of
an oil was investigated together with a known positive (coconut oil) and negative (paraffin
oil), and results were explained more easily. Most of the other studies extensively
investigated the effect of the oils on mechanical properties of the hair, but these results were
not related to penetration ability of the oils used in the studies. Further research is required
to better understand these complex effects of oils. Most probably the ability of various oils
to penetrate into the cortex is related to their molecular characteristics, such as surface
energy, cohesive forces, and surface attaching conformation, diffusion characteristics
through cuticula lipids, ability to bind the cortex proteins and more not investigated up to this

date. There is no doubt that one of the main characteristics of the oils to affect its penetrability
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into cortex could be its ability to diffuse through the cuticula layer of hair, however any

properties to facilitate or promote this permeation process requires further investigation.
4.2 TENSILE STRENGTH

As a general rule, bleaching reduces stress at break forces because of the damage
caused to disulfide bonds [55]. It has a negative effect on stress at break due to damage given
to hair fibers. The main goal in bleaching hair is to lighten the hair, and this purpose is mainly
achieved by oxidation [55]. In spite of this, hair proteins are also affected by side reactions
due to the severe reaction conditions needed for the devastation of hair pigments
chromophoric groups, and because of the proteinaceous structure of hair, it has a considerable
portion of oxidizable groups [55]. Hair has thioester bonds in between the cuticle cells, as
well as on the surface of them. It also includes disulfide bonds of both cuticle proteins and
cortical matrix. As the mentioned groups are part of the hair structural proteins, bleaching
also causes degradation to these proteins [55], nevertheless, hair strength is mainly accredited
to the cortex which is responsible for the hair mechanical properties and forms the bulk of
the fiber [75]. In this study, it was clearly seen that the more the hair was bleached, the lower
the stress at break point was for all of the studied samples and oils, as shown in table 3-1 and
corresponding figures. These results were in agreement with all other studies and treatment
with the oils also showed similar results with other studies [109] except for baobab oil, so
that all the other oils used in this study improved the stress at break point when compared to
baseline for both virgin and bleached hair. Baobab oil, on the other hand, had no statistically
significance different effect on virgin hair stress at break point, but it noticeably increased its

value for bleached hair.
4.2.1 Mineral Oil

In our study, mineral oil was used as negative control. When compared to its
corresponding sample, mineral oil had no statistically significant difference on improving the
strength of the studied samples in neither on virgin nor on bleached cases as shown in tables
3-28, 3-33, 3-38, 3-43, 3-48 and their corresponding figures. This corresponds to the results
in a previous study were it showed that mineral oil had no statistically significance effect on

the tensile strength of the hair [75].
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4.2.2 Coconut Oil:

Coconut oil, our positive control, had a positive statistically significance effect on the
tensile strength of all our studied samples as shown in tables 3-29, 3-34, 3-39, 3-44, 3-49 and
their corresponding figures. According to our study and to previous studies as discussed
earlier, coconut oil was able to penetrate into the cortex, and as it has high affinity towards
hair proteins [72], causing a statistically significant improvement to treated samples stress at

break points.
4.2.3 Linseed Oil:

As shown in tables 3-30, 3-35, 3-40, 3-45, 3-50 and corresponding figures, linseed
oil improved the stress at break points for all studied samples in both virgin and bleached
cases. As linseed oil was able to penetrate into hair cortex as shown in fluorescence
microscopy experiment, this corresponds to the fact that oils diffusing into hair cortex can

increase strength of the hair [75].
4.2.4 Almond Oil:

Tables 3-31, 3-36, 3-41, 3-46, 3-51 and their corresponding figures shows that almond
oil had statistically significant improvement on the stress at break points for all studied
samples in both virgin and bleached hair samples. Also, almond oil was able to penetrate into
hair cortex as shown in fluorescence microscopy experiment. This again corresponded to the

fact that when oil diffuses into hair cortex it increases strength of the hair [75].
4.2.5 Baobab Oil:

Table 3-32 shows that when virgin hair was treated with baobab oil, the stress at break
point was improved by almost 7 G-force/cm?, with a P value of 0.45 which makes it
statistically significant difference, yet at the line. According to our study, baobab oil was not
able to penetrate into the cortex of virgin hair, meaning that it was not supposed to affect the
stress at break point of virgin hair. When compared to the changes caused by other oils and
baobab oil on the bleached hair which was able to penetrate into its cortex, it is seen that it
improved the stress at break point by about 50-60 G-force/cm?, tables 3-37, 3-42, 3-47, and

3-52, leading to the conclusion that the change to the stress at break point of virgin hair
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treated with baobab oil is probably due to other reason which cannot be explained only by

penetration into the cortex.
4.3 COMBING FORCES

As shown in figure 3-36, the more times the hair was bleached, the higher the max
load value was obtained in combing tests. This is due to the damage caused to the cuticle due
to the repeated bleaching. As the resistance to combing is a matter of hair cuticle due to its
scale shape and geometry and has nothing to do with the cortex [1], it is expected to see that
all of the oils used noticeably decreased combing forces compared to non-treated baselines,
due to the lubricating effect of the oily layer formed over the hair fiber. It was also noticed
that for both oil treated and non-treated hair switches, the max load was always near the tip-
end. Figure 3-35 shows that almond oil, even with a very little margin when compared to the
other oils used, always decreased the max load to minimum in all samples. All the other oils

decreased the max load in different percentages.
4.4 GROOMING

Table 3-17 illustrates typical repeated grooming data for virgin hair, bleached once
hair, bleached four times hair, and bleached 7 times hair fibers including non-treated baseline,
and hair treated with all the oils used in this study. It clearly shows that in all studied cases,
the first 1000 combing caused the most hair breakage, and the number decreases as the
grooming cycles advance. This could probably be because of the weakest and most fragile
hair fibers were broken during the first 1000 combing cycles. These results complied with
previous studies, for example; Evans and Park also found that the first 1000 brushing strokes
caused the most hair breakage [92]. It also shows that all of the tested oils caused a reduction
in hair breakage up to 5000 brushing strokes. This reduction was noticed for both virgin hair
and bleached hair swatches as shown in figure 3-38. This must be due to the lubricating effect
of the oils and film forming around hair fibers which causes ease of combing and less
tendency to tangle forming. The collected data were used to predict hair fiber breakage
possibility as a function of combing strokes by creating survival probability plots (figures 3-
39 to 3-62) and by using these results, we were able to predict that, for virgin non-treated
hair, around 1000 combing strokes are needed to produce 0.5% likelihood of breakage, and

almost 4300 combing strokes to produce 1% likelihood of breakage. These numbers however
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are not the same when oil is applied; when mineral oil is applied, 1000 combing strokes
would produce approximately 0.33% likelihood of breakage, and 4300 combing strokes
would produce almost 0.68% breakage likelihood, table 3-19. Coconut oil, linseed oil,
almond oil, and baobab oil all reduced the breakage likelihood to somewhere between 0.26%
to 0.30% at 1000 combing strokes and between 0.55% to 0.61% at 4300 combing strokes,
tables 3-20, 3-21, 3-22, and 3-23 respectively. Figure 3-37 illustrates that for non-treated hair
and oil treated hair, bleaching clearly increased the number of broken hair fibers after
repeated grooming. This higher breakage incidence occurs due to chemical damage caused

to hair as a result of bleaching.
4.5 POROSITY

Figures 3-69 through 3-78 represents the data of the weight loss of studied samples.
This data showed had meaningful explanation and it could not be explained by the
penetration or no-penetration of the oil into the hair fibers. There seems to be other chemical,
physiochemical, or structural effects leading to these results. Thus, the results of this

experiment are not to be included in the conclusion of this study.
4.6 DIFFERENTIAL SCANNING CALORIMETRY

Although DSC is used extensively to investigate the effectiveness of hair conditioning
treatments, our results clearly showed that not only the interpretation of the thermograms but
also finding the most appropriate protocol for the testing alone is rather difficult. In terms of
the peak temperatures of the endothermic peak / enthalpy values, obtaining statistically
significant differences or staying within acceptable level of standard error conditions is not
very easy, since the different experimental conditions give different results. One may obtain
good agreement between the results of same conditions (table 3-128, Table 3-129 and Table
3-130). Commonly used method of dry closed pan method most of the time masked the

earlier peaks which seem to be more important in our studies.

As shown in table 3-128, Table 3-129 and Table 3-130, bleaching once, 4 times and
7 times had a clear effect on the peak temperatures in all methods used. However, in dry
pan conditions, except for one case denaturation of alpha-helices were not identified, only

pyrolysis peaks were seen on the thermograms. The wet pan / pressurized pan experiments
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yielded clear endothermic peaks due to aggregation and unfolding of alpha-helices,
probably all available bonds (di-sulfide and ionic bods) become more free and more easily
moving. The results are in agreement with the literature that cosmetic treatments like
bleaching decreased the T, peak temperatures and the more the temperature is decreased the

more the damage is.

When oils are applied on the hair samples, there were no increase of peak
temperatures were observed. In cosmetic industry, increase in Ty is regarded as a repair.
Whether strong covalent bonds are re-established or not or the protein structure is repaired,
DSC results are used for claims substantiation. In our opinion, DSC alone may not be the
best method to make strong claims about cosmetic hair repairing, also care should be taken

in interpretation of the thermograms.
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S CONCLUSION

This research aimed to investigate the penetration abilities of linseed oil, almond oil,
and baobab oil into the cortex of human hair, along with the damage caused to hair due to
repeated bleaching, and how can those oils restore hair properties. Penetration studies were
conducted by using fluorescence microscopy. Hair cross sections were examined after
treating them with the oils that are labelled with a florescent dye. Florescent dye and oil
penetration into the hair cortex is monitored with a microscope. Penetration of the
experimental oils are compared with the positive control, coconut oil, and negative control,
mineral oil. Bleaching damages hair and oils’ offer benefits to the hair especially improving

tensile strength, combing forces and repeated grooming.

It can be concluded that two of the studied oils; linseed oils and almond oil, were able
to penetrate into virgin hair cortex, whereas baobab oil was not. Bleaching hair caused real
damage to the hair cuticle layer allowing all the oils, even mineral oil, to penetrate into the
cortex of the hair. All of the oils tested caused combing forces to reduce due to lubricating
effect and film forming properties, but coconut oil, linseed oil and almond oil were able to
statistically improve the tensile strength of virgin hair as well. Hair breakage due to repeated

grooming was also reduced by all of the oils.

Although mechanical strength tests may indicate beneficial effects of the hair care

products, penetration has to be monitored by means of more reliable objective tests.

152



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

6 REFERENCES

Velasco, M.V.R., et al., Hair fiber characteristics and methods to evaluate hair
physical and mechanical properties. Braz J Pharm Sci, 2009. 45(1): p. 153-162.
Robbins, C.R., Morphological, Macromolecular Structure and Hair Growth, in
Chemical and Physical Behavior of Human Hair, C.R. Robbins, Editor. 2012,
Springer-Verlag Berlin Heidelberg. p. 1-104.

Fernandez, E., et al., Photodamage determination of human hair. J Photochem
Photobiol B, 2012. 106: p. 101-6.

Longo, V.M., et al., Charge density alterations in human hair fibers: an investigation
using electrostatic force microscopy. Int J Cosmet Sci, 2006. 28(2): p. 95-101.
Bhushan, B. and N. Chen, AFM studies of environmental effects on nanomechanical
properties and cellular structure of human hair. Ultramicroscopy, 2006. 106(8-9): p.
755-764.

Takahashi, T., et al., Age-dependent changes in damage processes of hair cuticle. ]
Cosmet Dermatol, 2015. 14(1): p. 2-8.

Takahashi, T. and S. Yoshida, 4 highly resistant structure between cuticle and cortex
of human hair. Int J Cosmet Sci, 2016.

D, H., Quantitative hair form variation in seven populations. Am J Phys Anthrop,
1973.39: p. 7-18.

Swift, J.A., Human hair cuticle: Biologically conspired to the owner's advantage. ]
Cosmet Sci, 1999. 50(1): p. 23-47.

Swift, J.A. and J.R. Smith, Microscopical investigations on the epicuticle of
mammalian keratin fibres. ] Microsc-Oxford, 2001. 204: p. 203-211.

Zahn, H., H. Messinger, and H. Hocker, Covalently-Linked Fatty-Acids at the Surface
of Wool - Part of the Cuticle Cell-Envelope. Text Res Jour, 1994. 64(9): p. 554-555.
Ruetsch, S.B. and H.D. Weigmann, Mechanism of tensile stress release in the keratin
fiber cuticle .1. J Soc Cosmet Chem, 1996. 47(1): p. 13-26.

JA, S., Morphology and histochemistry of human hair, in Formation and structure of
human hair, J. C, Z. C, and H. C, Editors. 1997, Birkhauser Verlag: Basel. p. 164—
168.

Hunter, L.D., et al., Observation of the Internal Structure of the Human Hair Cuticle
Cell by SEM. Text Res Jour, 1974. 44(2): p. 136-140.

Miranda-Vilela, A.L., A.J. Botelho, and L.A. Muehlmann, An overview of chemical
straightening of human hair: technical aspects, potential risks to hair fibre and health
and legal issues. Int J Cosmet Sci, 2014. 36(1): p. 2-11.

Zhang, Y., et al., Effect of shampoo, conditioner and permanent waving on the
molecular structure of human hair. Peerj, 2015. 3: p. e1296-¢1296.

Rogers, G.E., Electron microscope studies of hair and wool. Ann N'Y Acad Sci, 1959.
83: p. 378-99.

Mercer, E.H., The Heterogeneity of the Keratin Fibers. Text Res Jour, 1953. 23(6):
p. 388-397.

Kassenbeck, P., Morphology and Fine Structure of Hair, in Hair Research, C.E.
Orfanos, W. Montagna, and G. Stiittgen, Editors. 1981, Springer-Verlag: Berlin
Heidelberg. p. 52-64.

153



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Mowat, 1., et al.,, Crimp, Amino-Acid-Composition, and the Proportion of
Orthocortical, Paracortical, and Mesocortical Cells in Wools from Different Breeds
of Sheep. Journal of the Textile Institute, 1982. 73(5): p. 246-249.

Kuzuhara, A., N. Fujiwara, and T. Hori, Analysis of internal structure changes in
black human hair keratin fibers with aging using Raman spectroscopy. Biopolymers,
2007. 87(2-3): p. 134-140.

Harland, D.P., et al., Three-dimensional architecture of macrofibrils in the human
scalp hair cortex. J Struct Biol, 2014. 185(3): p. 397-404.

Crewther, W.G., et al., Structure of Intermediate Filaments. Int J Biol Macromol,
1983. 5(5): p. 267-274.

Rafik, E., J. Doucet, and F. Briki, The intermediate filament architecture as
determined by X-ray diffraction modeling of hard alpha-keratin. Biophys J, 2004.
86(6): p. 3893-3904.

Langbein, L., et al., The Keratins of the Human Beard Hair Medulla: The Riddle in
the Middle. J Invest Dermatol, 2010. 130(1): p. 55-73.

Das-Chaudhuri, A.B. and V.P. Chopra, Variation in hair histological variables:
medulla and diameter. Hum Hered, 1984. 34(4): p. 217-21.

Nagase, S., et al., Influence of internal structures of hair fiber on hair appearance. 1.
Light scattering from the porous structure of the medulla of human hair. J Cosmet
Sci, 2002. 53(2): p. 89-100.

Buffoli, B., et al., The human hair: from anatomy to physiology. Int ] Dermatol, 2014.
53(3): p. 331-341.

Tolgyesi, E., et al., 4 Comparative-Study of Beard and Scalp Hair. J Soc Cosmet
Chem, 1983. 34(7): p. 361-382.

Moorthy T, N. and J.M. Roy, Study on Hair Morphology to Distinguish the Dominant
Races in Malaysia for Forensic Investigation. J Forensic Sci Criminol, 2015. 3(4).
Robbins, C., The cell membrane complex: three related but different cellular
cohesion components of mammalian hair fibers. J] Cosmet Sci, 2009. 60(4): p. 437-
65.

Yang, F.-C., Y. Zhang, and M.C. Rheinstidter, The structure of people's hair. Peerj,
2014. 2: p. e619-e619.

Naito, S., et al., Histochemical Observation of the Cell Membrane Complex of Hair.
SEN-I GAKKAISHI, 1992. 48(8): p. 420-426.

Jones, L.N., et al., Hairs from patients with maple syrup urine disease show a
structural defect in the fiber cuticle. J Invest Dermatol, 1996. 106(3): p. 461-464.
Wolfram, L.J., Human hair: A unique physicochemical composite. ] Am Acad
Dermatol, 2003. 48(6): p. S106-S114.

Robbins, C.R., Chemical Composition of Different Hair Types, in Chemical and
Physical Behavior of Human Hair C.R. Robbins, Editor. 2012, Springer-Verlag
Berlin Heidelberg. p. 105-176.

Rogers, G.E., Hair follicle differentiation and regulation. Int J Dev Biol, 2004. 48(2-
3): p. 163-70.

Rogers, G. and K. Koike, Laser capture microscopy in a study of expression of
structural proteins in the cuticle cells of human hair. Exp Dermatol, 2009. 18(6): p.
541-7.

Plowman, J.E., The proteomics of keratin proteins. ] Chromatogr B Analyt Technol
Biomed Life Sci, 2007. 849(1-2): p. 181-9.

154



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Cruz, C., et al., Human Hair and the Impact of Cosmetic Procedures: A Review on
Cleansing and Shape-Modulating Cosmetics. Cosmetics, 2016. 3(3): p. 26.

Yu, J.,, et al., Human hair keratins. J Invest Dermatol, 1993. 101(1 Suppl): p. 56S-
598S.

Cruz, C.F., et al., Keratins and lipids in ethnic hair. Int ] Cosmet Sci, 2013. 35(3): p.
244-9.

Masukawa, Y., H. Narita, and G. Imokawa, Characterization of the lipid composition
at the proximal root regions of human hair. J Cosmet Sci, 2005. 56(1): p. 1-16.
Wertz, P.W. and D.T. Downing, Integral lipids of mammalian hair. Comp Biochem
Physiol B, 1989. 92(4): p. 759-61.

Wertz, P.W. and D.T. Downing, Integral lipids of human hair. Lipids, 1988. 23(9):
p. 878-81.

Barba, C., et al., Water content of hair and nails. Thermochimica Acta, 2009. 494(1—
2): p. 136-140.

Gellein, K., et al., Trace element profiles in single strands of human hair determined
by HR-ICP-MS. Biol Trace Elem Res, 2008. 123(1-3): p. 250-260.

Tobin, D.J., Human hair pigmentation--biological aspects. Int J Cosmet Sci, 2008.
30(4): p. 233-57.

Kim, E., et al., Reverse Engineering Applied to Red Human Hair Pheomelanin
Reveals Redox-Buffering as a Pro-Oxidant Mechanism. Sci Rep, 2015. 5: p. 18447.
Liu, Y., et al., Comparison of Structural and Chemical Properties of Black and Red
Human Hair Melanosomes. Photochem Photobiol, 2005. 81(1): p. 135-144.
Christie, R.M. and O.J.X. Morel, The Coloration of Human Hair, in The Coloration
of Wool and Other Keratin Fibers, D.M. Lewis and J.A. Rippon, Editors. 2013,
Wiley: United Kingdom. p. 357-392.

Sherrow, V., Encyclopedia of Hair: A Cultural History. Library Journal, 2006.
131(7): p. 114-114.

Robbins, C., Interactions of Shampoo and Conditioner Ingredients with Hair, in
Chemical and Physical Behavior of Human Hair, C. Robbins, Editor. 2012, Springer:
Berlin. p. 329-436.

Preedy, Handbook of hair in health and disease, ed. P. VR. Vol. 1. 2012,
Wageningen: Wageningen Academic Publishers.

Robbins, C.R., Bleaching and Oxidation of Human Hair, in Chemical and Physical
Behavior of Human Hair, C.R. Robbins, Editor. 2012, Springer-Verlag Berlin
Heidelberg. p. 263-322.

Guerra-Tapia, A. and E. Gonzalez-Guerra, Hair Cosmetics: Dyes. Actas Dermo-
Sifiliograficas (English Edition), 2014. 105(9): p. 833-839.

Ruetsch, S.B. and Y. Kamath, Change in surface chemistry of the cuticle of human
hair by chemical and photochemical oxidation. IFSCC Mag, 2004. 7(4): p. 299-307.
Smith, R.A.W., et al., Mechanistic insights into the bleaching of melanin by alkaline
hydrogen peroxide. Free Radical Biol. Med., 2017. 108: p. 110-117.

Masukawa, Y., et al., Damage to Human Hair Caused by Repeated Bleaching
Combined with Daily Weathering during Daily Life Activities Exog Dermatol, 2004.
3:p. 273-281.

Harrison, S. and R. Sinclair, Hair colouring, permanent styling and hair structure. J
Cosmet Dermatol, 2003. 2(3-4): p. 180-5.

155



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Ahn, H.J. and W.S. Lee, An ultrastuctural study of hair fiber damage and restoration
following treatment with permanent hair dye. Int ] Dermatol, 2002. 41(2): p. 88-92.
Boga, C., et al., Investigation on the dyeing power of some organic natural
compounds for a green approach to hair dyeing. Dyes Pigm, 2013. 97(1): p. 9-18.
Bolduc, C. and J. Shapiro, Hair care products: waving, straightening, conditioning,
and coloring. Clin Dermatol, 2001. 19(4): p. 431-6.

Bhushan, B., Introduction—Human Hair, Skin, and Hair Care Products, in
Biophysics of Human Hair. 2010, Springer: Berlin, Germany. p. 1-19.

Wolfram, L.J., Human hair: a unique physicochemical composite. ] Am Acad
Dermatol, 2003. 48(6 Suppl): p. S106-14.

Lee, Y., et al., Hair Shaft Damage from Heat and Drying Time of Hair Dryer. Ann
Dermatol, 2011. 23(4): p. 455-462.

Sebetic, K., et al., UV damage of the hair. Coll Antropol, 2008. 32 Suppl 2: p. 163-
5.

Nazir, H., et al., Multilayered silicone oil droplets of narrow size distribution:
preparation and improved deposition on hair. Colloids Surf B Biointerfaces, 2012.

100: p. 42-9.

Gavazzoni Dias, M.F R., Hair Cosmetics: An Overview. Int J Trichol, 2015. 7(1): p.
2-15.

Dias, G. and M.F. Reis, Hair Cosmetics: An Overview. Int J Trichol, 2015. 7(1): p.
2-15.

Gode, V., et al., Quantitative measurement of the penetration of coconut oil into
human hair using radiolabeled coconut oil. J Cosmet Sci, 2012. 63(1): p. 27-31.
Rele, A.S. and R.B. Mohile, Effect of mineral oil, sunflower oil, and coconut oil on
prevention of hair damage. J Cosmet Sci, 2003. 54(2): p. 175-92.

Keis, K., et al., Investigation of penetration abilities of various oils into human hair
fibers. J Cosmet Sci, 2005. 56(5): p. 283-295.

El Abbassi, A., et al., Physicochemical characteristics, nutritional properties, and
health benefits of argan oil: a review. Crit Rev Food Sci Nutr, 2014. 54(11): p. 1401-

14.

Fregonesi, A., et al., Brazilian oils and butters: the effect of different fatty acid chain
composition on human hair physiochemical properties. ] Cosmet Sci, 2009. 60(2): p.
273-80.

Nanoil. Mineral oil for hair a brilliant conditioner or a relic of a past age. [cited
2019 29 - Jul - 2019]; Available from: https://nanoil.us/blog/post/mineral-oil-for-
hair-a-brilliant-conditioner-or-a-relic-of-a-past-age.

Rele, A.S. and R.B. Mohile, Effect of coconut oil on prevention of hair damage Part

1.J. Cosmet. Sci., 1999. 50: p. 327-339.

Agarwal, R., Extraction Processes of Virgin Coconut Oil. MOJ ISSN: 2381-182X
MOJFPT Food Processing & Technology, 2017. 4: p. 1-3.

[cited 2019 29 Jul 2019]; Available from:
https://www.oliosmarket.com/store/p55/Coconut_White_Balsamic_Vinegar.html.
Shim, Y.Y., et al., Flaxseed (Linum usitatissimum L.) bioactive compounds and
peptide nomenclature: A review. Trends in Food Science & Technology, 2014. 38(1):
p. 5-20.

Roncero, J.M., et al., Virgin Almond o0il: Extraction methods and composition. Grasas
Aceites, 2016. 67(3): p. 143.

156



82.

83.

&4.

85.

86.

87.

88.

&9.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

100.

101.

Watson, K. Almond Oil for Hair. 2018 [cited 2019 29 Jul 2019]; Available from:
https://www.healthline.com/health/almond-oil-for-hair.

Almond Seed Picture. Available from: https://shamanoils.com/products/sweet-
almond-oil-prunus-amygdalus-dulcis?variant=14376134279226.

Komane, B.M., et al., Beauty in Baobab: a pilot study of the safety and efficacy of
Adansonia digitata seed oil. Revista Brasileira de Farmacognosia, 2017. 27(1): p. 1-
8.

Baobab Fruit Picture. Available from: https://stargazer-valley-
farm.squarespace.com/essential-carrier-oils/baobab-oil.

La Torre, C., Nanotribological effects of silicone type, silicone deposition level, and
surfactant type on human hair using atomic force microscopy. J Cosmet Sci, 2006.
1(57): p. 37-56.

Evans, T.A., Measuring Hair Strength, Part 1: Stress-Strain Curves. Cosm & Toil,
2013. 128(8): p. 590-594.

Richard Beyak, B.S., C.F. Meyer, and G.S. Kass, Elasticity and Tensile Properties of
Human Hair. 1. Single Fiber Test Method of hair. J. Soc. Cosmetic Chemists, 1969.
20: p. 590 - 594.

Evans, T.A., Measuring Hair Strength, Part I: Stress-Strain Curves. Cosm & Toil,
2013. 128(8).

Park, A.C. and C.B. Baddiel, Rheology of stratum corneum—I: A molecular
interpretation of the stress-strain curve. J. Soc. Cosmetic Chemists, 1972. 23: p. 3-
12.

Evans, T.A., Measuring the water content of hair. Cosm & Toil, 2014. 129(2): p. 64-
69.

Evans, T.A. and K. Park, A statistical analysis of hair breakage. Il. Repeated
grooming experiments. J Cosmet Sci, 2010. 61(6): p. 439-55.

Newman, W., G.L. Cohen, and A. Hayes, Quantitative characterization of combing
force. J. Soc. Cosmetic Chemists, 1973. 24: p. 773-782.

Tolgyesi, W.S., E. Cottingon, and A. Fookson, Mechanics of hair combing, in
Symposium on Mechanics of Fibrous Stractures. 1959: Atlanta, GA.

Kamath, Y. and H.D. Weigmann, Measurements of combing forces. J. Soc. Cosmetic
Chemists, 1986. 37: p. 111-124.

Haake, H.M., et al., Hair breakage-How to measure and counteract. J Cosmet Sci,
2009. 60(2): p. 143-151.

Evans, T.A., et al. Hair testing — quantifying the benefits of conditioning treatments
on hair breakage. 2010 [cited 2016 13/12/2016]; Available from:
https://www.cosmeticsbusiness.com/technical/article_page/Hair_testing__quantifyi
ng_the benefits_of conditioning_treatments_on_hair_breakage/58198.

Freedberg, .M., Two phase structure of keratins. Text Res Jour, 1959. 29: p. 223.
Wortmann, F.J., G. Sendelbach, and C. Popescu, Fundamental DSC investigations of
alpha-keratinous materials as basis for the interpretation of specific effects of
chemical, cosmetic treatments on human hair. J Cosmet Sci, 2007. 58(4): p. 311-7.
Chiu, M.H. and E.J. Prenner, Differential scanning calorimetry: An invaluable tool
for a detailed thermodynamic characterization of macromolecules and their
interactions. ] Pharm Bioallied Sci, 2011. 3(1): p. 39-59.

Worthman, F.J., Thermal denaturation and structural changes of alpha-helical
proteins. J. Struct. Biol., 2012. 177: p. 553-560.

157



102.

103.

104.

105.

106.

107.

108.

109.

Alter, H. and K. Kivimagi, The melting of keratin. Text Res Jour, 1969. 39(608-610).
Worthman, F.J. and H. Deutz, Characterizing keratins using high-pressure
differential scanning calorimetry (HPDSC). J. Appl. Polym. Sci., 1993. 48: p. 137-
150.

Rowe, R.C., S.P. J., and P.J. Weller, Handbook of pharmaceutical excipients. 6 ed,
ed. R.C. Rowe, S.P. J., and M.E. Quinn. Vol. 6. 2003, London: Pharmaceutical Press.
Jacob, S.E. and S. Amini, Cocamidopropyl betaine. Dermatitis, 2008. 19(3): p. 157-
160.

Information, N.C.£B. DMDM Hydantoin. 29 Jul 2019]; Available from:
https://pubchem.ncbi.nlm.nih.gov/compound/ DMDM-Hydantoin.

Nile Red. Available from:
www.sigmaaldrich.com/catalog/product/sigma/19123?lang=en.

Ruetsch, S.B., et al., Secondary ion mass spectrometric investigation of penetration
of coconut and mineral oils into human hair fibers: Relevance to hair damage. ]
Cosmet Sci, 2001. 52(3): p. 169-184.

Kavitha, S., et al., Effect of Oil Application, Age, Diet, and Pigmentation on the
Tensile Strength and Breaking Point of Hair. Int J Trichology, 2016. 8(4): p. 155-
159.

158



7 APPENDICES

Appendix A: Analysis Certificates/ Specifications of The Oils Used

Appendix Al: Mineral oil

Appendix A2: Coconut oil

Appendix A3: Linseed oil

Appendix A4: Almond oil

Appendix AS: Baobab oil
Appendix B: Fluorescence Microscopy Images of Oil-treated Hair Cross-sections
Appendix C: Publications/ Posters

Appendix C1.1: 3. Ilag ve Eczalcilik Kongresi Abstract

Appendix C1.2: 3. Ilag ve Eczalcilik Kongresi Poster

Appendix C2.1: 9’ncu Kozmetik Kimyas: Uterim ve Standarizasyonu Kongresi

poster abstract

Appendix C2.2: 9’ncu Kozmetik Kimyas: Uterim ve Standarizasyonu Kongresi

poster

Appendix C3.1: 9°ncu Kozmetik Kimyas1 Uterim ve Standarizasyonu Kongresi short

presentation program

Appendix C3.2: 9°ncu Kozmetik Kimyas1 Uterim ve Standarizasyonu Kongresi short

presentation

159



Appendix A1l

petr@'yag

LUBRICANTS 13.06.2019

PY/145
TARIS INCIR

To whom it may concern,

We hereby declare that our product OYSTER 193 (Paraffinum Liquidum) is 100% medicinal grade paraffinic
white oil. It conforms to European Pharmacopeia requirements and the product has CAS number, 8042-47-5.

Sincerely yours,

Giircan VARLI

Business Development Specialist
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Appendix A2

ANALYTICAL REPORT

SAMPLE NOTDRAWN RY QUALITY TESTING LABORATORY. (DB

Sample Submitted and Identified by Supplier as

Virgin Coconut Oil
(Batch No: KAF/001/11-17)

Sampling Method

NA

Sample Description/ Condition

Packed in PET Bottle

Sample Quantity

250 mi

Sample Received: 02,1117

Tost start date: $3.11.17

Test end date:10.11.17

RESULT OF ANALYSIS

:10 Test Requirements Protocol Result

{. | *Unsaponifiable Matter 1S: 548 part I, 1964 0.29 %

2. | * Fatty Acid Composition

a) | Caproic acid 0.503 %
by | Caprylic acid 6.204 %
¢ Caniva AOCS Official method 5 |29 %
d) | Lauric acid 80,020 %
¢) | Myristic acid Edtn. Ce 1-62 20212 %
f) | Palmitic acid 8.240 %
gl | Oleic acid 5.120 %
hj | Linoleic acid 1.021%
i} | Stearic acid 3214 %

!
The parameters marked with an * are not aceredited hy NABL
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Appendix A3

; EZ Z 1888 der /m\'e;

ZADE VITAL iLAC KIMYA GIDA SAN. VE TiC. A.S.
SOGUK PRES YAG KONTROL SERTIFiKASI
ZADE VITAL PHARMA CHEMICALS & FOOD INC.
COLD PRESSED OIL CONTROL CERTIFICATE

C~

ZADE

W)

VITAL

NUTRITIONAL SUPPLEMENTS

“ SOGUK PRES KETEN TOHUMU YAGI A .
Urlin ismi{Product name) {COLD PRESSED LINSEED OIL) Uretici {(Manufacturer) ZADE VITAL
Urin Kod no {Product Code no) YAG_003 Uretim tarihi (Monufocture dote) 04.2019
Parti no (8atch no) 900302 Son kullanma tarihi (Expiry date) 04.2022
Dokiiman kod no (Document code no) KM_YAG-003_01_SER Numune alma tarihi (Sampling dote) 09.04.2019
Saklama kogullan & énlemier 25°C'nin altinda ki oda sicakhginda 1siktan koruyarak saklayiniz.
{Storage conditions & precautions) (Keep awoy from sunlight and store at room temperature below 25°C)
ANALIZ ANALYSIS SPESIFIKASYONLAR SONUCLAR BiRIM METODLAR
PARAMETRELERI PARAMETERS SPECIFICATION RESULTS UNIT METHODS
Berrak, sari veya
- kahverengimsi sari sivi Uygun X
2 A
1. Gorlwills ppearance Clear, yellow or brownish Complies Organoleptic
s : _yellowliquid _ o o2
Kendine 0zgu Uygun .
o Odf' — Y i Charecteristic Complies . Organoleptic
£ ! ; Kendine 6zgu Uygun P
‘_i' T“ e d;l'l!!fe v A y - Charecteristic Cghpl;}s . Orsanoleptlf
< £ J . B B - A—1 % Alan Firma ici metod
4. Asit K Fi Acid
Yag Asit Kompozisyonu atty Acid Composition Areo % nhouse method
<C16:0 Max. 1.00 0.06
Palmitic Acid C 16:0 3.00-8.00 5.35
Palmitoleic Acid C16:1 Max. 1.00 0.07
Stearic Acid C 18:0 2.00-8.00 5.64
Oleic Acid C 18:1 11.00 - 35.00 22.05
Linoleic Acid C 18:2 11.00-24.00 15.62
Linolenic Acid C 18:3 35.00 - 65.00 50.26
Arachidic Acid C 20:0 Max. 1.00 0.19
5. Asitdegeri Acid value Max. 4.5 20 mg KOH / g yag (oil)
6.  Kinlma indisi Refractive Index ~1.480 1.4800 (20°C)
7.  Peroksit Peroxide Value Max, 15.0 55 meqO; / kg yag (oil) 3 25,
8. Sabunlagmayan Madde Miktani  Unsaponification Matter Max. 1.5 0.6 % 3
9. Sabunlagma Sayisi Saponification Value 188.0-195.0 193.0
10. iyot Sayisi lodine e 160.0 - 200.0 175.0 Wijs
11.  Ozgil Agirlik Relative Density ~0.931 0.930 (20°C) g/ml Ph. Eur. 2.2.5
12. Kadmiyum Cadmium Max. 0.5 <0.5 ppm Ph. Eur. 2.4.27
13. Sulgerigi Water Content Max. 0.10 0.02 % Ph. Eur. 2.5.32
[, : o T N W o Ph. Eur. 2.6.12,
14. Mikrobiyal Kontaminasyon Microbial Contamination 26.13,5.1.4,5.1.8
TAMC Max. 10* <10* cfu/g
TYMC Max. 10’ <10% cfu/g
Bile-tolerant gram-negative bacteria Max. 10° <10° cfu/g
Escherichia coli Negative / g Negative
Salmonella Negative /258 Negative
KARAR(RESULT): ANALIZI YAPAN KONTROL EDEN ONAYLAYAN
(ANALYSED BY) (CONTROLLED BY) [APPROVED BY)
ADI/SOYADI/TARIH/IMZA ADI/SOYADI/TARIH/IMZA ADI/SOYADI/TARIH/IMZA
(NAME/SURNAME/DATE/SIGNATURE) (NAME/SURNAME/DATE/SIGNATURE] (NAME/SURNAINE/DATE/SIGNATURE)
[V] UYGUN Kalite Kontrol Analisti Mikrobiyoloji Laboratuvar Sorumlus: Kalite Kontrol Sorumliusu Kalite Glivence Sorumlusu
(APPROVED) Quaiity Controf Analyst Microbiology Labratory Responsible Quolity Controf Responsible Quality Assurance Responsible
Zeliha SARI Seyma AKALIN BENDERLI Ali GOKYER Gizem KAHRAMAN
15.04.2019 04.2019 15.04.2019 15.04.2019
[ ] UYGUN DEGiL W2 At )
(NOT APPROVED) i _ /1 C
, A ]
AGIKLAMA b i z
(EXPLANATION) Sayfo (page) 1/ 1
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Appendix A4

Helpaereadde

KONTROL SERTIFIKASI
CONTROL CERTIFICATE

Yag Ismi (Oil Name) Badem Yagi
Almond Oil

Yag Kod No (Oil Code No) YAG_018

Kontrol No (Control No) / 018703

Parti Buyuklugu (Batch Size) ***U.Y) =+ (NA)

Sevk Miktar (Delivery Amount) *HU.Y) (NA)
100 mL Cam Sige (Glass Bottle)

25 °C nin altindaki oda sicakhiginda
i1giktan koruyarak saklayiniz. (Keep away
from sunligt and store at room temperature

Ambalaj Formu (Packaging)
Saklama Kosullan & Onlemler

[§ g

Uretici (Manufacturer)

Uretim Tarihi (Manufacture Date)
Son Kullanma Tarihi (Expiry Date)
Numune Alma Tarihi (Sampling Date)

Dokiiman Kod No (Document Code
No)

Sayfa No (Page No): 1/1

HELVACIZADE A.$

06.03.2017
06.03.2019
06.03.2017
KM_YAG -018_00_SER

below 25°C.)
YAPILAN KONTROLLER SPESIFIKASYONLAR SONUCLAR DEGERLENDIRME
(CONTROL PARAMETERS) (SPECIFICATIONS) (RESULTS) (EVALUATION)
15 Yag Asit K i (Fatty Acid C
Palmitik Asit (Palmitic Acid) C 16:0 %4,50 - %10,00 %6,00 WU *a) [JUD~NA)
Stearik Asit (Stearic Acid) C 18:0 %1,00 - %4,00 %2,16 WU @ [JUD*(NA)
Oleik Asit (Oleic Acid) C 18:1 %55,00 - %80,00 %74,11 ViU ") [JUD*nNA
Linoleik Asit (Linoleic Acid) C 18:2 %15,00 - %35,00 %16,70 VU *a) [JUD*N&)
Linolenik Asit (Linolenic Acid) C 18:3 Maks. %0,70 %0,07 [VIU *a) [JUD*nNA
Aragidik Asit (Arashidic ,Acid) C 20:0 Maks. %0,50 %0,08 VIV *a) [JUD*mNA)
Eikosenik Asit (Eicosenic Acid) C 20:1 Maks. %0,40 %0,05 ViU ») [JUD"(NA
Behenic Asit (Behenic Acid) C 22:0 Maks. %0,30 %0,02 ViU &) [JUD*nNA
2. FFA (% Oleik Asit Cinsinden- %Oleic acid) Maks. %4,00 %2,00 VU *4)- [JUD N4
3. Kiriima Indisi (Refractive Index) 1,4620 - 1,4690 1,4635 VIU*®4) [JUD*NA
4, Peroksit (Peroxide Value) Maks. 15,0 meqO./ kg 7.8 meqO./ kg ViU *@a) [JUD*mNAa
5. Sabunlagmayan Madde Miktan (Unsaponification Matter) Maks. 15,0 g/kg 5,6 g/kg ViU @A) [IUD*NA)
6. Sabunl; Sayisi Value) 185,0 —200,0 190,0 VI1U*@a) [JUD N4
7: iyot Sayisi (lodine Value) 90,0 Wijs — 110,0 Wijs 100,0 Wijs VU *a) [JUD*NA)
" conunts tpmearnco s ek e WA 11UD
9. Ozgul AGirlik (Relative Density) 0,912 g/em® - 0,926 g/cm® 0,918 glcm® MU*@® [JUD“(N&)
40; Koku (Odor) Kendine zgii (Characteristic) ’?::g::;;i;’ VU@ [JUD*nNa
M tat (Taste) Kendine ézgii (Characteristic) }((::;::egszngc;l MU @ [JUD*na)
12, Mikrobiyal K inasyon (Microbial Ct
TAMC Maks. 10° CFU/g 10° CFU/g MU*® [JUD*Na
TYMC Maks. 10° CFU/g 10° CFU/g NN [1UD N4
Bile-tolerant gram-negative bacteria Maks. 10? CFU/g 10° CFU/g ViU-@®) [JUD=(NA)

Escherichia coli

Olmamali/ g (Absent/g)

Yok. (Abseny—-—-{v4lU.2a) . [JU D ma)

Salmonella Olmamali/25 g (Absent / 25g) Yok. (Absent) wvu “(A) [1IUD*mNa
“(A): APPROVED
“*(N A): NOT APPROVED g
“**(U.Y): UYGULAMASI YOK ——
****(N/A): NO APPLCATION e
KARAR ANALIZI YAPAN KONTROL EDEN ONAYLAYAN
(DECISION) (ANALYSED BY) (CONTROLLED BY) (APPROVED BY)
ADI/SOYADI/TARIH/IMZA ADI/SOYADI/TARIH/IMZA ADI/SOYADI/TARIH/IMZA
(NAME/SURNAME/DATE/SIGNATURE) ( IRNAME/DAT! TURE) ( IRNAME/DAT TURE)
[V] UYGUN Kalite Kontrol Analisti MkaOnyO|OJI Laboratuvar Sorumlusu Kalite Kontrol Sorumlusu Mesul Madar
(APPROVED) Quality Control Analyst bit Labratory Quality Control Responsible Responsible Manager
Nihal ILHAN Seyma AKALIN BENDERLI Ali GOKYER Burak DURUS
4, 03.04.2017 .04.
[ ] UYGUN DEGIL [RB0aRm7 3.04.2017 04.20 03.04.2017
(NOT APPROVED) 4 &\/,,. g ) s/ 2
ACIKLAMA DALY e NA) :
7{7Ei<PLANATION) - AN e il
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'neotron:

ANALYTICAL AND TECHNICAL SERVICES

Modena (ltaly), li 16/06/2015

Analysis beginning date
29/05/2015

TEST REPORT nr. 15E16625-In-0

far L

Q5 - Ihe Priifsystem
mittel

QS-feedmonitoring
QS-residuemonitoring
QS-Labor fir Frisches Obst
Gemise und Kartoffeln
" |Qs-Labor fir Futtermitel

Neot-dir/008/86 ed.8 01/07/2010

ACCREDIA N

LAB N°0026
Signatory of EA, IAF ard ILAC
Nuteal Recognition Agreemerts

Page 1di4

CUSTOMER

BAOBAB FRUIT COMPANYSENEGAL S.A.R.L.
Quartier 10éme ex Riaom
BP826 THIES SENEGAL

SAMPLE 15E16625

Description provided by Customer: OBO-BIO ORGANIC BAOBAB OIL COLD PRESSED Batch code:: BLEND 2015
Extranet request n° NO010/15 - 28/05/2015 08:43:12. - Sample arrived on the 29/05/2015 - Sampling by: Customer - Transport
by: Corriere
Sample Condition on Receipt: Room temperature

ANALYSIS DESCRIPTION RESULT REC.% TR La o METHOD uvses
lodine number 84.4 % IS0 3961:2013 - Titrimetrico | 09/06/2015
Saponification number 186,2 mg KOHIg * ASG 0910672015
Density at 20 °C 0,910 oml * PESOSPEC0MRev0- | 10062015
Refractive index 1,46965 (a NGD C 31 - 1976 - Rifrattometrico | 09/06/2015

20°C)
NUTRITIONAL ANALYSIS (Single
Parameters)
Moisture <LQ 91009 01 07(349) 2013 Rev.9 - Gravimetric | 05/06/2015
|
Flash point [AE] See * EMCP 1110612015
enclosure
HEAVY METALS DETERMINATION
Arsenic as As <LQ malkg 0,008 O(1CP-MS) 2012 Rev.1 - ICP 0410672015
Cadmium as Cd <LQ ma/kg 0,005 05(ICP-MS) 2012 Rev.1 - ICP 0410612015
Mercury as Hg <LQ markg 0,005 05(1GP-MS) 2012 Rev.1 - ICP 0410672015
massa
Lead as Pb <LQ mg/kg 0,005 OS(ICP-MS) 2012 Rev.1 - ICP 0410672015
FATTY ACIDS COMPOSITION BY GC
CAPILLARY
Butyric Acid (C4:0) <LQ % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
Caproic Acid (Cé-g) <LQ % 005 07(S46) rev10 2012 - GC-FID 15/06/2015
Enanthic Acid (C‘?-()) <LQ % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
Caprylic Acid (cgb) <LQ % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
Capric Acid (C1 00) <LQ % 0,05 07(S46) rev10 2012 - GCFID 15/06/2015
Decenoic Acid (C1 0:1) <LQ % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
Lauric Acid (C12:0) ’ <LQ % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
Dodecenoic Acid (C12:1) <LQ % 005 07(S46) revi0 2012 - GC-FID 1510612015
Tridecanoic Acid (C13:0) <LQ % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
12-methyl tridecanoic Acid (C14:0) <LQ % 005 07(S46) rev10 2012 - GC-FID 15/06/2015
Myristic Acid (C14:0) 0,25 +0,02 % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
13-methyl tetradecanoic Acid (C15:0) <LQ % 005 07(846) rev10 2012 - GC-FID 1810612015
12-methyl tetradecanoic Acid (C15:0) <LQ % 005 07(S46) rev10 2012 - GC-FID 15/06/2015
Myristoleic Acid (C14:1) <LQ % 005 07(S46) rev10 2012 - GC-FID 15/06/2015
Pentadecanoic Acid (C15:0) 0.06 +001 % 005 07(S46) rev10 2012 - GC-FID 151062015
14-methyl pentadecanoic Acid (C16:0) <LQ % 005 07(S46) rev10 2012 - GC-FID 15/06/2015
10-pentadecenoic acid (C15:1) <LQ % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
Palmitic Acid (C16:0) 25,02 +052 % 005 07(S46) rev10 2012 - GC-FID 15/06/2015
15-methyl hexadecanoic Acid (C17:0) <LQ % 005 07(S46) rev10 2012 - GC-FID 1500612015
Palmitoleic acid, including geometrical and 0,32 =002 * 0.05 07(S46) revi0 2012 - GC-FID 1510672015
positional isomers (C16:1)
14-methyl hexadecanoic Acid (C17:0) <LQ % 005 07(S46) rev10 2012 - GC-FID 15/06/2015
Heptadecanoic Acid (C17:0) 0,21 +002 % 005 07(S46) rev10 2012 - GC-FID 15/06/2015
Continued...
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Modena (ltaly), li 16/06/2015

Analysis beginning date
29/05/2015

CUSTOMER

BAOBAB FRUIT COMPANYSENEGAL S.AR.L.
Quartier 10éme ex Riaom
BP826 THIES SENEGAL

TEST REPORT nr. 15E16625-In-0 SAMPLE 15E16625
ANALYSIS DESCRIPTION RESULT v Rec.® WEALGRE I VoD ENDNG DATE
Heptadecenoic Acid (C17:1) <LQ % 005 07(S46) revi0 2012 - GC-FID 15/06/2015
Stearic Acid (C18:0) 467 £015 % 005 07(S46) revi0 2012 - GC-FID 1500612015
Oleic acid, including geometrical and 39,05 £048 b 005 07(346) rev10 2012 - GC-FID 15/0612015
positional isomers (C18:1)
Linoleic acid, including geometrical and 27,96 048 % 005 07(S46) rev10 2012 - GC-FID 1510612015
positional isomers (C18:2)
Arachidic Acid (C20:0) 1,02 +008 % 005 07(346) rev10 2012 - GCFID 1500612015
11-Eicosenoic Acid (C20:1) 0,15 2002 % 005 07(S46) rev10 2012 - GC-FID 15/06/2015
Linolenic acid, including geometrical and 0,56 *005 % 005 07(S46) rev10 2012 - GC-FID 1510672015
positional isomers (C18:3)
Eneicosanoic Acid (C21:0) <LQ % 005 07(S46) revi0 2012 - GC-FID 15/106/2015
Stearidonic acid (C18:4) <LQ % 0,05 07(S46) revi0 2012 - GC-FID 15/06/2015
11,14 eicosadienoic acid (C20:2) <LQ b 005 07(346) revi0 2012 - GC-FID 1510612015
Behenic Acid (C22:0) 0,41 +005 % 005 07(S46) rev10 2012 - GCFID 1510672015
Homo-gamma linolenic acid (C20:3) <LQ % 005 07(S46) revi0 2012 - GC-FID 1510612015
Erucic Acid (C22:1) <LQ % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
11,14,17 eicosatrienoic acid (C20:3) <LQ % 005 07(346) revi0 2012 - GC-FID 15/0612015
Arachidonic Acid (C20:4) <LQ % 005 07(S46) rev10 2012~ GC-FID 1500612015
Docosadienoic acid (C22:2) <LQ % 0,05 07(S46) rev10 2012 - GCFID 15/0612015
Lignoceric Acid (C24:0) 0.25 +0,06 % 005 07(S46) revi0 2012 - GC-FID 15/06/2015
Eicosapentaeonic Acid (EPA) (C20:5) <LQ % 005 07(S46) rev10 2012 - GC-FID 1610612015
Nervonic Acid (C24:1) <LQ % 0,05 07(S46) rev10 2012 - GC-FID 15/06/2015
Docosatetraenoic acid (C22:4) <LQ % 005 07(S46) revi0 2012 - GC-FID 1510612015
Docosapentaenoic acid (DPA) (C22:5) <LQ % 005 07(S46) rev10 2012 - GC-FID 1610612015
Docosahexaenoic Acid (DHA) (C22:6) <LQ * 005 07(S46) rev10 2012 - GC-FID 1610612015
Other fatty acids <LQ % 0,05 *  AGRASZ04Rev1-GO- | 15062015
DETERMINATION OF STEROLS
COMPOSITION BY CAPILLARY GC
(percentage composition)
Cholesterol (%) 0,08 +0,06 % 0,05 Fgggg:wswuencn:tsae 09/06/2015
Brassicasterol (%) <LQ % 005 ‘r‘lgg%mgawnsocn:wsso 09/06/2015
24-Methylenecholesterol (%) 0,06 =004 % 005 NGD C71:1980 + NGD C72:1389 | 0910612015
Campesterol (%) 3’28 +025 % 0,05 NGD C71:1989 + NGD C72:1989 | 09/06/2015
Campestanol (%) 0’24 £017 % 005 NGB Cr1-1989 + NGD C721960 | 09062015
Stigmasterol (%) 2,84 014 % 0,05 N(é%cn:wsgmeocnzweg 09/06/2015
Delta-7-campesterol (%) 0’33 +020 % 0,05 ;«gg-gnzmssmencv:mse 09106/2015
Delta-5,23-stigmastadienol (%) <LQ % 005 NGD C71:1989 + NGD C721969 | 090612015
Chlerosterol (%) 117 £020 % 005 NGD C71:1969 + NGD C721969 | 090612015
Beta-sitosterol (%) 718 4 +06 % 005 NGD C71:1989 + NGD C72:1989 | 09/06/2015
Sitostanol (%) 1 é8 +058 % 0,05 NGD CT1:1980 +NGD C72:1689 | 0910612015
Delta-5-avenasterol (%) 3’79 +034 % 005 :Ngcn:wasmsocrz:mg 09/0612015
Delta-7,9, (11)- Stigmastadienol (%) <LQ % 005 NGD C71:1969 + NGD C721969 | 0310512015
Delta-5,24-stigmastadienol (%) 1,08 +033 % 0,05 NGD C71:1989 + NGD C721989 | 090612015
Delta-7-stigmastenol (%) 1.10 014 % 0,05 NGD C71:1960 + NGD C72:1389 | 09/06/2015
rotar s e o o wo || [ oo | mover
Total sterols 426 : s -GoFD. i
Continued...
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CUSTOMER

BAOBAB FRUIT COMPANYSENEGAL S.AR.L.
Quartier 10éme ex Riaom

BP826 THIES SENEGAL

TEST REPORT nr. 15E16625-In-0 SAMPLE 15E16625

ANALYSIS DESCRIPTION RESULT v reew [ owtor | | o e _mwvses
Fatty acids Omega 9
Erucic acid (C22:1 omega 9) <LQ 91009 *  AGRAS2014Rewi-GO- | 150612015
VITAMIN E - TOCOPHEROLS
Alpha tocopherol <LQ mg100 g 20 07(S124) rev2 2012 - HPLC 0010672015
Alpha tocopherol acetate <LQ mgi100 g 20 07(S124) rev2 2012 - HPLC 0010672015
Beta-tocopherol <LQ mg/100g 20 07(S124) rev2 2012 - HPLC 090612015
Delta tocopherol 6.1 £10 mg100 g 20 07(S124) rev2 2012 - HPLC 0010672015
Gamma tocopherol 87’ 5 +105 mg/100g 20 07(S124) rev2 2012 - HPLC 09/06/2015
Alpha tpcotrienol < |:Q mg/100g 20 *  TOCOFE-OLI-HPLC 0910612015
Vitamina E (tocoferolo equivalenti) [403] 8,8 mg/1009 *  TOCOFE-OLI-HPLC 0910612015
Vitamina E (Ul) [428] 13,0 ur100g * TOCOFE-OLI - HPLC 09/0612015
POLYCHLORODIBENZODIOXINS AND
POLYCHLORODIBENZOFURANES
(values referred to the whole product)
2,3,7,8-TCDD <LQ pg/g 0,050 EPA 16138 1994 1110672015
1’2'377 8-PeCDD <LQ pyig 0,050 EPA 16138 1994 11/06/2015
1)2‘3Y4’7 8-HxCDD <LQ pg/g 0,100 EPA 16138 1994 1110612015
1.2,3.6.7,8-HXCDD <LQ palg 0,100 EPA 16138 1994 110612015
1’2‘3‘7’8’9-HXCDD <LQ pa/g 0,100 EPA 16138 1994 11106/2015
1’2‘3Y4’6’7 8-HpCDD <LQ poig 0,150 EPA 16138 1994 1110612015
O’C‘Db’ o <LQ polg 0,200 EPA 16138 1994 111062015
2.,3,7,8-TCDF <LQ pa/g 0,050 EPA 16138 1994 1110672015
1’2‘3‘7 8-PeCDF <LQ polg 0,050 EPA 16138 1904 111062015
2’3‘4‘7’8-PeCDF <LQ poig 0076 EPA 16138 1994 111062015
1’2‘3‘4’7 8-HxCDF <LQ palg 0,100 EPA 16138 1994 11/06/2015
1.2,3,6.7,8-HXCDF <LQ b | oo P 16138 1904 152015
2'31416,7’8-HXCDF <LQ pgig 0,100 EPA 16138 1994 1110672015
1’2‘3‘7’8’9-HxCDF <LQ palg 0,100 EPA 16138 1994 11/06/2015
1,2‘3’4’6’7 8-HpCDF <LQ palg 0,150 EPA 16138 1994 11/0612015
1'21314’7’8‘9-HpCDF <LQ pg/g 0,150 EPA 16138 1994 11106/2015
O'C'Di: Y <LQ pa/g 0,200 EPA 16138 1994 11/06/2015
Total WHO-PCDD/F-TEQ on the whole 0,204 0029 oY EPA16138 1994 1110612015
product (upper bound)

- Limite (Reg. CEE 1881/2006 e s.m.i.) 0,75
AFLATOXINS B1, B2, G1, G2
Aflatoxin B1 <LQ ugkg 0,050 % MICOLOMS 2015 Rev1- | 05062015
Aflatoxin B2 <LQ ugkg 0,050 % MICOLCMS2015Rev.i- | 05/06/2015
Aflatoxin G1 <LQ ugkg 0,050 «  MCOLOMS 2015 Rev - | 050612015
Aflatoxin G2 <LQ ugkg 0,050 * MICO-LCM'A_"S:LZ(O;H Rev.1- | 050612015
Ochratoxin A <LQ ugkg 0,10 . MICO-LCMS 2015 Rev.1- | 050612015
MICROBIOLOGICAL RESEARCH
Aerobic total count in P.C.A. at 30°C for 72 h <LQ UFC/ml 1 x O824 Rev132012- 0810612015
MICROBIOLOGY - MOULDS and YEASTS
Continued...
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ANALYTICAL AND TECHNICAL SERVICES

BAOBAB FRUIT COMPANYSENEGAL S.A.R.L.
Quartier 10éme ex Riaom

Modena (ltaly), i 16/06/2015 BP826 THIES SENEGAL

Analysis beginning date
29/05/2015

TEST REPORT nr. 15E16625-In-0 SAMPLE 15616625

ANALYSIS DESCRIPTION RESULT v REC.% et L © METHOD ENDING DATE
Moulds <LQ UFCIm 1 *  06(S36) rev. 13 2011 0810612015

END TEST REPORT

The original document is a PDF file with Digital Signature: 15E16625-In-0-DigitalSignature.pdf

Notes and method reference:

< LQ: = lower than Quantification Limit. Please note that results expressed as '<LQ' may not indicate the absence of the searched parameters in the sample.

[AE]: Analysis performed by a specialized external laboratory

[403]: Fattori utilizzati per il calcolo degli d-alfa-TEs negli oli vegetali : d-alfa-tocoferolo 1,0 dl-alfa-tocoferolo acetato 0,671 beta-tocoferolo 0,5 gamma-
tocoferolo 0,1 alfa-tocotrienolo 0,3

[428]: Vitamina E in unita internazionali (Ul) = alfa -tocoferolo equivalenti (a-TEs) x 1,49

U: the reported uncertainty is the expanded uncertainty calculated using a coverage factor equal to 2 which gives a reliability of approximately 95%. For
microbiological detections it is reported either the lower and the upper bounds of the confidence interval with a probability of 95% K=2 or the confidence interval
itself.

Results coming from microbiological tests are calculated according to the Standard ISO 7218:2007/Amd 1:2013. If the results are reported as <4 (CFU/ml) or <40
(CFU/g), this means that the microorganisms are present in the sample but in amounts less than 4 CFU/ml or 40 CFU/g respectively.

LQ: Quantification Limit. It is the lowest analyte concentration which can be detected at an acceptable precision (repeatability) and accuracy, under well defined
conditions.

LD: Detection Limit. Itis the lowest analyte concentration which can be detected but not necessarily quantified, under well defined conditions.

Conformity evaluation: values not complying with laws, decrees, national and EU regulations or specifications supplied by the customer are evaluated case by case,
also taking into consideration the uncertainty of measure for each single test and the regulations on rounding-off of values, and pointed out when considered as “non
conform”.

Rec %: Recovery % "+" means that the recovery has been applied to the result. The numeric results between brackets (..) after the espression <LQ are purely
indicative of traces that cannot be exactly quantified.

Methods marked with an asterisk (*) are not accredited by ACCREDIA (UNI CEI EN ISO/IEC 17025)

TEST REPORT VALID FOR ALL LEGAL PURPOSES (ltalian R.D. 1-3-1928 n°842 (article 16), — ltalian Law 19-7-1957 n°679 articles 16 and 18, Italian Ministerial Decree 25-3-1986).

Test Report issued according to the 17025:2005 Standard

DATA and SAMPLE STORAGE: Raw data, ic paths and i reports are stored for 5 years. One control sample is stored for 2 months.

Data expressed in this test report refer only to the sample tested in the laboratory. The description or any other reference concerning the sample are declared by the customer. This Test Report
cannot be reproduced except in full. Partial reproductions must be authorized in writing by our laboratory.

LABORATORY MANAGER: DR. GIAN CARLO GATTI - MEMBER OF AOAC N. VM 90231001 - EURCHEM
Approved by Analysis Manager - laboratory LMIB: Nicoletta Belletti, Tecnologo degli Alimenti Approved by Analysis Manager - laboratory LMAA-Nut
N°208

Approved by Analysis Manager - laboratory LMAA-Met Approved by Analysis Manager - laboratory DOX
Approved by Analysis Manager - laboratory LC-MIC Approved by Analysis Manager - laboratory GC-BRO
Approved by Analysis Manager - laboratory LC-VIT Approved by Analysis Manager - laboratory LMAA-Bro
NEOTRON SPA

Stradello Aggazzott, 104 Laboratorio Qualificato D.M. 26-2-87 Art. 4 - Legge 46/82 per la Ricerca Applicata e Innovazione Tecnologica
41126 MODENA - ITALY Regione Emilia Romagna - AUTORIZZAZIONE Autocontrollo N° 008/MO/008
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Appendix B

Figure 7-1 Cross sections of virgin hair treated with mineral oil under fluorescence
microscopy
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Figure 7-2 Cross sections of bleached once hair treated with mineral oil under fluorescence
microscopy
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Figure 7-3 Cross sections of bleached x7 hair treated with mineral oil under fluorescence
microscopy
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Figure 7-4 Cross sections of virgin hair treated with coconut oil under fluorescence
microscopy

171



Figure 7-5 Cross sections of bleached once hair treated with coconut oil under fluorescence
microscopy
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Figure 7-6 Cross sections of bleached x7 hair treated with coconut oil under fluorescence
microscopy
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Figure 7-7 Cross sections of virgin hair treated with linseed oil under fluorescence
microscopy
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Figure 7-8 Cross sections of bleached once hair treated with linseed oil under fluorescence
microscopy

175



Figure 7-9 Cross sections of bleached x7 hair treated with linseed oil under fluorescence
microscopy
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Figure 7-10 Cross sections of virgin hair treated with almond oil under fluorescence
microscopy
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Figure 7-11 Cross sections of bleached once hair treated with almond oil under fluorescence
microscopy
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Figure 7-12 Cross sections of bleached x7 hair treated with almond oil under fluorescence
microscopy
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Figure 7-13 Cross sections of virgin hair treated with baobab oil under fluorescence
microscopy
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Figure 7-14 Cross sections of bleached once hair treated with baobab oil under fluorescence
microscopy
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Figure 7-15 Cross sections of bleached x7 hair treated with baobab oil under fluorescence
microscopy
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Pe 26-29
ILAC VE ECZACILIK NISAN
KONGRES] Mt cermeans 2017

POSTERLER / POSTERS

P-0726
The Effects of Some Natural Oils on Damaged Hair

Essam Turkmani, Yasemin Uzuner
Department of Cosmetology, Faculty of Pharmacy, Yeditepe University, Istanbul, Turkey

Background: Hair is a fundamental component of human appearance with substantial social and psychological
effects during daily life [1]. Achieving a healthy good looking hair is of much importance to many people who
had their hair damaged due to several causes starting with daily processes as repeated shampooing, everyday
grooming processes, and sun exposure throughout hair chemical treatments like permanent waving which all
could somehow lead to a noticeable hair damage [2]. Along with the previously mentioned processes, treating
hair fibers with alkaline hydrogen peroxide for the purpose of hair bleaching has increased the probability of
detaching hair cutide layers and even damaging the cortex by forming holes in it [3].

The use of natural oils for hair care is an ancient tradition in many countries and cultures. Coconut oil for
example, had been used to achieve a good looking healthy long hair. Nowadays, lots of oils are being extensively
used as cosmetic treatments for hair either as a pre-wash or by including in commercial hair care products [4].

Objective: In this study, we investigated the damage caused to hair due to bleaching, and explored the benefits
of applying coconut oil and linseed oil to damaged hair.

Methods: Hair tresses were bleached five times following the same protocol each time. Virgin and bleached hair
tresses were cleaned using base shampoo and left to dry overnight. Hair was then stored at a temperature of 20¢
C (%2¢) and a relative humidity of 45% (+£5%). Tresses were divided into the following test groups: (a) virgin
hair, (b) bleached hair, (c) bleached hair treated with oils. Virgin hair was used as a reference and oils were only
applied to bleached hair tresses to evaluate the benefits of using the oils by comparing the results of the tests
before and after oil application. Bleached tress 1 was treated with coconut oil, whereas bleached tress 2 was
treated with linseed oil.

The following tests were conducted for all studied hair groups: scanning electron microscopy (SEM), tensile
strength, combing forces, and hair breakage due to repeated combing.

Results: SEM images showed significant damage in the cortical cells of bleached tresses due to the chemical
treatment, no improvement was noticed after oils application. Combing forces of oil treated bleached tresses
were considerably reduced if compared to bleached tresses before oil application and even to virgin hair.
Applying oil to bleached hair notably improved tensile strength results which were best for virgin hair, and worst
for bleached hair before oil application. Hair breakage due to repeated combing results also showed
improvements after oil application.

Conclusion: As it is well known, our study showed that hair bleaching causes immense damage to the fibers, on
the other hand, coconut oil and linseed oil seem to have good effects on damaged hair; these effects might be
further studied by using other test techniques and methods.

References

[1] Cruz, C., Costa, C., Gomes, A., Matama, T., Cavaco-Paulo, A., Cosmetics, 3, 26-47, 2016.
[2] Dias, G, Reis, MLF,, Infernational Journal of Trichology, 7, 2-15, 2015.
[3] Masukawa, Y., Tsujimura, H., Tanamachi, H., Narita, H., Imokawa, G., Exog Dermatol, 3, 273-281, 2004.

183



ULUSLARARASE >
5

ILAG VE ECZACILIK

KONGRESI mmmram s

POSTERLER / POSTERS

[4] Gode, V., Bhalla, N., Shirhatti, V., Mhaskar, S., Kamath, Y., Journal of Cosmetic Science, 63, 27-31,2012.

Keywords: Hair damage, hair bleaching, coconut oil, linseed oil.
Combing forces for virgin hair, bleached hair, bleached hair treated with oils

Combing fForoes

Yvon

foren (N

w

$T) — w0 b
' — et ] T
L

— el

—Liencred 2 Tiewno

B L) o
el Lewrh OV

Force at break data for virgin hair, bleached hair, and bleached hair treated with oil.

14
12
1
=
EAI
(13
o4
02 Meaies  Wadel — “Heshed  Beaded  Vese
Toess 1 Toss Treas 1 Toess 2 Har
Tnased Toaed

SEM photomicrograph of root section of virgin hair to the left and bleached hair to the right
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Hurman hair is & highly orgenited cylindrical sppendage that containg
herutin and grows from big cavities that exend from the ©p of the
skin inte the dermis through the stratum ceneum and the
epidermis, those lesge cavities are named hair follicles [1,2] (Figure
1 that 10 the total mass of hair
are ligids and melanis pigment [3]. Morphologically, & totally
developed hal shaft contain three o cccaionally four different
structures of units A1 the oulermest is the cuticle, which ks
clagsified to be the protective structure of the haic This protective
layer surrounds the cortex, which contain the main section of the
mass of the hale fiber. Near the center of the fder, cosrse hales
generally contain poreus region called the medulle The lat

& the coll comphex (CMC) which is

considered 10 Be the ghie that hokds the cells to each other [2]
(Figure 2).

Essam Turkmani *, Yasemin Uzuner *

Tensle strergth and combing forces were messwred wilng & device
spedfically buik for this purpose and equiped with an 18 newten
foece seraitive cell running ot & coratant speed of ~ 0.35 cmfsec as
shown in (figures S and §). For tenslie sength, 25 hair Sbees of each
previouily mentioned test grougs were wied For combing forces,
Hercules NO 366 wide teeth comb was used. Hair tresses were
combed twice pricr Lo messwring to remove severe liagling.
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DISCUSSION

Figures 7-8-9 of the virgin hair shows & sight degradation in
the status of the cuticle fom the oot section towards tip end
Through the mid-section which bs normal due 1o hair aging and
s & result of the expasure of the sections sway from the root
10 more naturel and mechanical factors like sunlight, hair
combing, hair dryer, and other factoes. On the other hand,
Bleached hair parts of the figures show excessive damage
cauded to hair after bleaching in all hair sections, snd as figure
9 shows, perts of the cutide were even Sminihed. Chemical

{The use of natural oils for hale care is an ancient tradition in many

|countries and cultures. Coconut off for example, had been used 1o

achieve & good looking healtly koag hait Nowadaps, fots of ol are

being exterively used as cosmetic trestments for hai either as &
of by L ducts [S]

In this study, we lsvestigeted the damage caused 1o hair due 1o

bleaching, and explored the benefits of & single use of coconut ol

and lirdeed cil to damaged hai.
MATERIALS & METHODS

Hal switches used were & gift from Unilever (puschased from

International Hair Importers & Froducts, NI, USA).

Halr was bleached five consecutive times for 30 minutes each time

following exactly the same protocol. Bleaching powder and axident

cream wied for bleaching were purchased from o local store.

Bleached and virigin hair treses were then widhed with base

shamgoo prepared is cur lab (Table 1), and ket 1o dry cvermight.
Hale wist then stored ot & temperature of 20° C (£2) and & relative

Coconut oil and Enseed of wied were wwalable. An
amount of 0,013 ol per 13 hak was applied 10 each side of the

e ™ 2 -
Ngme T Sde by wde M pheencrignoks of rovenon

of viggn hur

N7

Sade by
vigs bar = the Jeft md Seached Mt 12 fhe right

the csll b complex by caldizing
thivester links Between cuticle calls It slso cddites cystine
residues of the matrix in the cortex and other hair regions as A-
leyer and exccuticle within cuticle calls. These proceises leads
10 Bresk down of the coll membrane comples, the cuticle and
conex compenents and eventually Sssolves peoteins is these

regora.

Figure 10 presents force ot Break date for ol test groups for
samples of 25 hake fter each greup. Vign hak was the
strongest among the samples with an aversge of 0.83 N force
at Break. Bleached hair on the other hand, had an eversge of
.61 N force at beeak. Applying cils 1o bleached hair slightly
increased the force requived 1o brewk hair fhers as apslying
cenut of incressed that force to 065 N end lirmeed ol
increased & 10 0.72 N. Hair strength, s genersl, b attributed 1o
the cortex. This can be inked 10 the fact that coconut off & well
nown 10 penetrate into the hair cortex. Unseed of, oo the
other hand, has & noticeable amourt of olelc adid (1851% of
tomal fatty acids) [6], and by that s abio Bhely to penetrate into
hair cortex [7).

Both of the olls showed remarkable reduction in the combing
forces as figure 11 demoratrates, which & mainly related to the
lubeicating effects and film forming properties of olls.

CONCLUSION

This study ks 1o be catinued 1o see the effects of these ails,
and other ofbs, cn demaged hair using SEM, dierential
scanning calorimetry and other test techniquein order %
Clartty the effects of hai penetrating cib on darmaged ha.

L Velwcz, MR, o al, rair Ay chamacariaicr and Twetads © mako
ciences, J008. &G 3 15160

2Acbbine, CA.
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su—'.t_t—-sl.-l.!-—‘l‘
s oy 8 A o Dot 3, 73381
& Popa, M, Grua, A, Rata, D. N, Durbran, 0, Makionn, C, Bardean,
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UYGULANAN KiMYASAL iSLEMLERIN VE BAKIM URUNLERININ
SAC UZERINDEKI ETKILERI
Essam Turkmanil, Yasemin Yagan Uzuner2
1) Yeditepe Universitesi, Saglhk Bilimleri Enstitiisii,
Kozmetoloji Yiiksek Lisans Program, Istanbul
2) Actbadem Mehmet Ali Aydinlar Universitesi, Eczacilik Fakiiltesi,
Farmasétik Teknoloji ABD, Istanbul
essamturkmani@gmail.com

Saglarin genel saglig ve goriintiisi, gerek sosyal gerek psikolojik etkileri nedeniyle giinliik yasamumizda nemli yer tutar. Tekrarlanan
giinlitk bakim islemleri (sampuanlama, kurutma) , glines iginlarina maruz kalma, sagin rengini degistirme (boyama, agma), kalict
sekillendirme (perma, diizlestirme) gibi islemler sag tellerinin hasarlanmasina yol agabilir’. Bu islemlerin bircogu sag tellerinin
kimyasal ve anatomik yapisini * bozar, érnegin alkali iglemler ve oksidasyon gerektiren sag rengini agma (bleaching) isleminin sag
tellerinin en dis katman olan kiitikiil tabakasinin yerinden kalkmasina yol agtigy, hatta korteks tabakasinin yapisin da etkiledigi pek
cok arastirmaci tarafindan bildirilmistir'. Saglarin saglikl ve giizel gortiniimlii olmasint saglamak iizere de, farkl yollarla etki eden
saysiz tiriin titketici kullanimina sunulmaktadir. Dogal yaglarin kullanimi pek cok iilkede geleneksel bir sag bakim yoéntemi olarak
uzun yillardir kullaniimaktadir. Hindistan cevizi yag, zeytinyag, badem yag gibi yaglar bagta olmak tizere bitkisel kaynakli pek cok
yag yipranmus saclann yeniden saghkl ve parlak goriinmest iin kullanilmaktadir. Son yillarda artan sayida yeni dogal yaglar da farkl
} sekillerde, sag bakim iiriinii olarak veya diger bakim iiriinlerinin formiillerinde yer alarak kullamlmaya baglannustir4. Bu ¢alismanin
amacl, sacin rengini agma igleminin sa tellerinin fiziksel ve kimyasal yapist iizerindeki zararlar: ve dogal yaglanmn iyilestirici etkilerini
aragtirmaktir. Kimyasal isleme maruz kalmamus (virgin hair, VH) ve rengi tekrarlanan sayida kimyasal iglemle agilmug (bleached
hair, BH) sa¢ tutamlarmin 6zellikleri incelenerek, renk agma igleminin etkileri incelenmisti. Aym sa¢ tutamlarina farkh yaglar
uygulanip bekletildikten sonra, bu ézellikleri yeniden incelenmis ve uygulanan yaglarin olumlu etkileri olup olmadif aragtnlmustir.
Sag tutamlannin 6zellikleri elektron mikroskobu (SEM) ile yiizey goriintiilerinin incelenmesi, gerilme direnci, 1slak ve kuru tarama
direnci ve tekrarlanan taramaya dayanikhlik testleri ile aragtirilmus, sonuclar istatistiksel olarak kargilagtinilarak degerlendirilmistir.
Uygulanan yaglarin kortekse penetrasyonu ise sac tellerin enine kesitlerinin floresan mikroskop ile goriintiilenmesi ve Diferansiyel
Taramal Kalorimetre (DSC) ile sogurulan veya saliverilen enerji miktarinin tespiti yontemleriyle incelenmis, yaglar uygulanmadan
6nce ve uygulandiktan sonra elde edilen sonuglar kargilagtinlmustir. Alinan sonuglara gore, kimyasal beyazlatma igleminin yalniz 1 kez
uygulanmasimn bile kiitikiil tabakasinda 6nemli hasara yol actif yapilan tiim test sonuglarinda olumsuz etkiler olarak goriilmiistiir.
Beyazlatma igleminin 3,5,7 kez tekrarlanmast ile olumsuz etkiler artmaktadir. Kullarulan yaglarin sadece bir kismu VH tutamlarinda
korteks igine penetre olurken (Sekil 1a ve b), BH drneklerinin tiimiinde penetrasyon goriilmistiir ($ekil 2a ve b). Renk agma igleminin
sadece bir kez uygulanmas: durumunda bile, sa tellerinin koruyucu katmani olan kiitikiiliin hasarlanmasi nedeniyle, tiim yaglarin
kortekse penetrasyonunun miimkiin oldugu sonucuna vanlmistr. Saglarin gerilme direnci, tarama direnci ve tekrarlanan taramaya
dayanikhilik testleri ile testlerde kullanilan yaglarin penetrasyon ézellikleri arasindaki bagntilar da ayr1 ayr1 incelenmistir.

Sekil 1La. ve 1 b : VH korteks igine penetre olan ve olmayan yaglar $ekil 2.a. ve b aym yaglarin BH korteks tabakasina
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Saga Uygulanan Kimyasal islemlerin ve Bakim iiriinlerinin Etkileri
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GIRI -~ ~ . . . Ta ramarte‘stleri

Fiziksel 6zellikler 25°C (£2 °C) derece ve 50% (£5%) bagil nem 2
kosullarinda ilen Grneklerle , bu

Testlerin yapildigi ana cihazlar:

1- Hercules tarak ( 30 mm de 19 dis) takilmis sag tarama cihazi (
Resim 4)

2- Kopmaya dayaniklilik testi ( Resim 6) ve Grooming / Resim 5)
3- Floresan mikroskobu ( Resim 3)

| insan killan viicudun olduksa genis bir yazeyini kaplar [1] ve Gnemli

derecede organize olmus silindirik bir yapida, st derinin eklerinden
biridir. Yapisinda yiiksek oranda keratin bulunur ( epidermisin 61a
stratum korneum hicreleri) Dermis igine kadar uzanmis olan «kil
folikala» olarak adlandinlan yapilar iginde degisime ugrayan kil
kokandeki hacrelerin  ug uga uzamayl saglayacak sekilde
yapilanmasiyla deri yuzeyine dogru buyur [1,2] (Sekil 1). Keratin
diginda kil lipidleri ve killara rengini veren melanin pigmentleri de kil
yapisi iginde Gnemlidir (3)

Sekil 22: Tarama kuvveti ( nlagilan maksimmm kuvvet olarak)
Enine kesitinde, sagin i ice halkalar halinde, farkli yapilari olan
tabakalardan olustugu gorular  Sekil 2)

1-Katikal

2-Kortek

3- Medulla, sadece daha kalin saglarda gozlenir.

Grooming Testi

Diger 6nemli bir yapida Hiicre mem branmi kompleksi adi verilen S
(CMC) ve adeta bir tutkal gibi diger yapilar yapistiran diger bir i I
Gromii gt cwna : E
,,/1 'y -
2 -CORTEX
Sekil 3: Fluorescence Sekil 4: Tensile/Tarama kuvveti 5
Microscope (Zen blue 2012, cihazi. pa—
Carl Zeis Microscopy) e it i i
i Tarama testi yapildiktan sonra, tutamlar GROOMING cihazina SRR ST
takilarak dakikada 100 tarama yapacak sekilde ayarlanan cihazda Tensile Strength ( Kopmaya/ gerilmeye dayanikiik )
Sekil 1 o ermp 1000-5000 tarama yapacak sekilde test edilmistir. -
dD:"A'A“f R IR Sac /Kl enine kesiti[2]. Bu test sonunda da
riiinde yerlesimi : oz a0 won aasss ascow
1-Kirilan sag telleri sayist
Sag boyama ve rengini agma islemleri 2-uglari catallanan sag telleri sayisi a7 e = e e
Her iki kimyasal islemde de sagin oxidasyonu s6z konusudur. Yiksek tespit edilmistir. “ sen 7% oax % aes
oranda da alkali uygulamasi yapilir (4). Ozellikle de sag rengini agma Mekanik 6zeliklerin incelendigi bu testlerin tima | e | EP e sas % 0mn
sagin yapisini bozmakta , CMC ve kutikala hucrelerinin tiyo- ester 1- Virgin; islem yapilmamis, = pu— — p— pu— p—
baglan(oker i B Klemler katikal tabakast yer | | 2-Rengi agilmis saglar (Bleached B), islem sayisi 1 ile 7 kez arasinda
yer kalkabilmekte, hatta ginluk ykama, kurutma, tarama gibi degismistir. [ [ = i o il
bakimlar sirasinda korteks delikler 3-Virgin sag ile ayri ayn 5 yagin etkisi igin Tablo 2: Tensile strength ; Kopma anmdaki kuvvetin % degisiklik cinsinden
tar kimyasal ve gnlik bakim islemleri sagin yapisini degistirdij 4-Bleached saglar igin her biri grup igin, ayr ayri her bir yagin etkisi orant. % degisiklik miktan virgin sag ile higbir uygulama yapiimanusken alinan
dokununca hissedilenler, goranasa, parlakiigi gibi ozelliklerini de| | igin tekrarlanmistir degerle karylagtunlaralc hesaplanmustc
biiyak Glgiide etkilemektedir [4-5]. Tekrarlanan testler sunlardir: TARTISMA
-Tarama
S ey - “Kopmaya / gerilmeye dayanikiik( tensile strength) Sekil 8-9-11-12-14-15-17-18-20-21 cok agik bir sekilde saga

renk agma islemi uygulandiginda yagin korteks igine penetre

ini gosten ir. Bu olgu gimiz tim yaglar
igin gegerli olmustur, negatif kontrol olan LP dahil olmak azere.
canka kimyasal renk agma islemi katikula hcreleri arasindaki
tiyoester baglarini etkileyerek bozar. Ayrica sistin agisindan
zengin bolgelerine, 6rnegin A-katmami ile ekzo-katikal
arasindaki sistin amino asidini okside eder. Katikal tabakasi
dokilme egilimi gosterir. Derinin stratum korneum tabakasi
gibi, kitikil de sagn en disini saran koruyucu duvaridir.
Soyulmasi halinde maddelerin korteks icine girmesi cok
kolaylagir. Galismamiz sirasinda negatif kontrol olan LP dahil
tim yaglarin korteks rengiagilmis sa¢ orneklerinin icine
penetrasyonu bu yizden mumkin olmustur. Sekil 7'de
gorulduga gibi, kimyasal isleme tabi tutulmamis saglarla ise (V),

-Grooming (Resim 5)

Uzun yillardir pek cok Ulkede dogal yaglar sagn bakimi igin g
-Yag penetrasyonu

Yazeyi yag gini artirmak
yaninda, sirtanmeyi azaltarak ganlak bakim islemleri sirasinda da
daha az yipranmasini sagladigi iddia edilmektedir.

Yaglarin korteks icine penetre ederek sagin mekanik 6zelliklerini
artirabilmesi ise gok istenen yarar olarak soz edilmektedir [6-7].

AMAC
Bu calismada sag renginin agilmasinin sagin bazi ozeliklerini
degistirmesi ve yaglarin sagin
yeniden iyilestirme olasilig1 arastinimistir. Bu amagla Boabab yag,
keten tohumu ve badem yaglan denenmistirr.

Sekil 6: Tensile/Combing force cihaz: LP korteks icine penetre olmamis sadece yesil bir halka halinde
TERIALS & METHODS ve gekmeyle kopma atagmanlan . sag telinin etrafinda géruntlenebilmis, yani kutikalin Gzerinde
Kullanilan saglar, lokal kuafdrlerden alinmis Tiirk kadin sagidir Ll Tl e A D AT LT
ullani u inmis Tark kadin sagidi 8 °
= ve keten tohumu lari Coco yag kadar olmasa da, korteks
3gagrriiginda, 20 cm ve 3,5 cm genislikte tutamlar halide SONUCLAR L =

; > igine penetre olmustur.
sikica dikilmig olarak kullanilmigtir. Tek sag telleri olarak da kopmaya Floresan Mikroskop Incelemeleri

glcamlestlicin Tum yag islemleri tutamlara
tarama kuwvetleri azalmistir. Ganka V veya B sag tutamlarinda,
killarin yazeyi yag ile kaplandigindan, kayganlik artmis, sag
telleri ve tarak disleri arasindaki surtunme kuwveti azalmistir

Skl - Blechex e Skl - Blsched 7 i (lubrikasyon etkisi). Bu etki tim yaglarla ve tam sac
tutamlaninda gozlenmistir, ancak badem yag: bu etkiyi en fazla
gosteren yag olmustur. Bunun nedeninin, yaglarin film
olusturma igine bagh Gsunalmasta

Ornekler

1-Virgin (V) islem gérmemis

2-B11kez........ B7 7 kez renk agma islemi yapilmis sag tutami
seklinde hazirlanmistir.
Sag acici train ve oksidan krem, ticari olarak satilan Granlerdir ve
islemler kullanma talimatinda verildigi sekilde uygulanmstir.
Tutamlar Tablo 1’de formala verilen sampuan ile yikanmis ve bolca
deiyonize su ile durulanmis, kilimal odada tutulmuslardir (25° C (+2)
| Meew ] fncon ] %)
Texapon Primary surfactant 12.00
Cocoamidopropyl Betaine Tegobetain Co-surfactant 160
040

Cekme |Ie kopma testlerinin sonuglari da Sekil 23'te
Sell 11: Bleached x1 hair 5 v 5 saga sag rengini agici islem sayisi
coconut oil il arttikca  katikalun soyulma egilimine paralel olarak sagin
kinlganh@ da artmistr. Tum sag Grneklerinde ve tim yag
uygulamalarinda, grooming testinde kirilan sag teli sayisi
azalmistir. Tablo 2'de Gzetlendigi gibi V sag ile keten tohumu
ya@i daha iyi ve Boabab yag en az etkili olurken, B sag
Sekil 15: Bleached x7 hair Grneklerinde Boabab yaginin etkisi olumlu olmustur.

linseed oil

DMDM Hydantoin Glydant Preservative

Sodium Chioride Thickener 140
Distilled Water
Table 1: Baz sampuan formiils
Coconut oil ve mineral oil pozitif ve negatif kontrol olarak
kullanilmiglardir. Coconut oil is sag korteksine penetre edebilen,
Mineral oil ise bu 6zelligi tagimayan yaglar olarak
kullaniimaktadiriar [7]. Nile Red yagda céziilen bir boya olarak , ve
floresan ozelliginden dolay: Sekil 3'te gorlen sag enine kesit
sag alinan 200-300 sag
teli 6rnekleri (V ve B1....87) , Nile Red iceren yaga konarak en az 10
dakika bekletilmis, saclar tizerindeki fazla yag yumusak kagida
emdirilerek alinmis tir. Parafine gomlen sag tellerinin dermatom ile
enine kesitleri alinarak floresan mikroskop ile incelenmis ve
resimleri gekilmistir.
Sag tutamlarinin tarama testleri, gerilmeye dayaniklilik testi ve
ganlak bakim ve yaslanmayi temsil eden GROOMING testleri
yapilmistir. Yeterli sayida 6rnekle galigilarak, gruplar arasindal
enzerlik ve farkliliklar istatistik olarak analizler edilmistir.

Bu galismanin sonucunda gézlenen sag tellerinin daha giigli ve
daha az kinlgan olmasinin ne dlgiide penetre eden yagin
kimyasal yapisina ve miktarina bagli oldugunun arastiriimasi, bu
tar test yo inin, sag aranlerle ilgili
iddialan  destekleyen objektif test yontemleri olarak
gelistirilmesi sektdre Gnemli bir katki olacaktir.
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Appendix C3.1

KISA SOZEL SUNUM PROGRAMI

|
| l .
| POSTERNO | YAZAR BASLIK |
f (KS-PS-1) | Buse OGEL, Elif Begiim YILDIRIM, Krem Bazi Formiilasyonlar: ve Aktif Madde |
} | frem BAHGIVAN, Feyza Sebnem Salimimi Arasindaki iliskinin Incelenmesi i
; | GORUR, Naz GURBUZ, '
| | Pelin I[YIKOSKER, Ozan SAVASAN,
: = | Yasemin Yagan UZUNER B
i (KS-PS-2) Caner ACAR, Kadri Gokhan " | Anason (Pimpinella anisum L. )TJQ_u-aj YaémE
; | OZOKAN | Nanoemiilsiyon Formiilasyonlarinin
| | | Hazirlanmasi ve Karakterizasyonu i
| (KS-PS-3) Essam TURKMANI, Uygulanan Kimyasal fslemlerin ve Bakim !
| Yasemin Yagan UZUNER Uriinlerinin Sag Uzerindeki Etkileri
l (KS-PS-4) ’ Fatih ARICAN, Sadik GONES Kolajen Peptit Uretimi ve Kozmetik Sektorunde
j ‘ b | Uygulama Alanlary
| (KS-PS-5) i Feyyaz KUTMUR, Seil CAM | TEQPON AAB- Sampuan & Kisisel Bakim Igin |
i . Siilfatsiz Yiizey Aktif Karisimin Elde Edilmesi ve |
‘ ) — | Uygulama Alanlar " 1
| (KS-PS-6) | Kadri Goékhan OZOKAN, | Anason (Pimpinella anisum L.) Bitkisinden
Al | Caner ACAR 7-7 ! | Dogal Koruyucu Ekstraksiyonu |
| (KS-PS-7) | Osman KOLA, Mehmet Onur | $ampuan Icerisine Eklenen Bitkisel Ekstrakt |
; | TURKDOGRU, Gokhan YILDIZ, | Kangminin Antimikrobiyal i
f | Omer Faruk GECESEFA, Kenan | Koruyucu Olarak Etkinliginin Aragtirilmas: |
5 | ERCAN, Aysel ESKICI, Aysegiil I ‘
| PARIM, Géknil INANLI | B
| (Ks-PS-8) | Nilgiin Giiler KUSCULU | Cesitli Bitkilerin Oziitlerindeki Fenolik
| ‘ 1 Bilesiklerin Beyaz Sag Boyas: Olarak
'* | | Kullanimunin In-Vitro ve In-Vivo Olarak
; ow | ; | Degerlendirilmesi iy
i (KS-PS-9) t Rasime DEMIREL, izel BAHADIR, | Tasarlanmig MicNo-ZnO Partikiillerinin Gune§
i ’ Zuhal SAPAN, Oktay UYSAL, ENDER | Kremi Formiilasyonlarindaki Mikrobiyolojik ‘
i | SUVACI | Etkinligi ‘
| (KS-PS-10) | Selma YAZAR " | Giines Koruyucu Uriinlerin Givenliligi i
‘ ] | Konusunda Serbest Eczacilarin Bilgi, Tutum ve |
P ' | Davranislarinin Degerlendirilmesi |
| (KS-PS-11) ; M. Tiimerkan Kesim, Ender SUVACI, ; MicNo® Tozlarinin Giines Koruyuculuk Ozelhgl \
‘; | Ziihal SAPAN, Giirol DEMIREL Olan Kozmetik Uriinlerde Kullanimi ve Mevcut |
! { | Sektorel Sorunlara Goziim Onerisi |
(KS-PS-12) | Yasemin Yagan Uzuner, Demet Sezgin | Diferansiyel Taramali Kalorimetre fle Sag
| MANSUROGLU, Erdi BULUS, Uriinlerinin Etkilerinin incelenmesi
Yesim Muge SAHIN N |
(KS-PS-13) Fatih UCKAYA, Meryem UCKAYA Antalyada Yetisen Arum dioscoridis Bitkisi ve
| Hatice Eda AKELGI Bitkiden Hazirlanan Jel Formiilasyonunun

Antioksidan ve Anti-aging Aktivitelerinin
Incelenmesi

9. KOZMETIK KIMYASI URETIM! VE STANDARDIZASYONU KONGRES! SUNUM VE BILDIR! OZETLERI/ 22-24 §UBAT 2019-ANTALYA

www.kozmetikkongresi.org

188



Appendix C3.2

Effect of Different Oil
Treatments on Hair

Yasemin Yagan Uzuner

On behalf of Essam Turkmani
23.02.2019

Cuticle cell 1

Epicuticle
Exocuticle

_ Inner layer

Cuticle  Epicuticle of cuticle
cell 2

Cortex

Figure 1: Schematic cross-section of a hair fibre showing
medulla, cortex and cuticle cell layers

intermediate
filament  micro-fibril - macro-fibril

keratin protein
(coiled-coils)

tetramers.

50

Figure 2: Schematic drawing of hair fiber showing the
compononets of the cortex
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Materials and Methods

Figure 3: Flourescence Microscope Figure 4: Tensile/Combing force Figure 5: Repeated hair grooming
device instrument.

FluorescenFleurosance

Micrpscopy

N C

Figure 6: Mineral oil on V/B1/B7* hair Figure 7: Coconut oil on V/B1/B7 hair Figure 8: Linseed oil on V//B1/B7 hair

Figure 9: Baobab oil on V/B1/B7 hair Figure 10: Almond oil on V/B1/B7 hair * V: Virgin
B1: Bleached x1
B7: Bleached x7
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Tarama kuvveti
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Figure 12: Combing forces max load of|all studied samples
(According to oil treatment)

Repeated Grooming
Baseline Mineral Oil Coconut Oil Linseed Oil Almond Oil Baobab Ol
Cylces| V (Bx1{Bx4[Bx7| V [Bx1{Bx4|Bx7| V [Bx1|Bx4|Bx7|V [Bx1|Bx4|Bx7| V |Bx1|Bx4|Bx7|V |Bx1|Bx4|Bx7
1000 (14|16 |20 (23 |9 |12 1415|811 (13|13 |8 (12|13 |14 |7 (10|11 |13 |7|11|12|13
20058 |13|14|5|6|8[11(3|4|8(10|3[5/9)9|3/6|8[8[5/5|8]39
3000{4(7|9|8[33|7[5|3]/5[5/|5]3 516235 7[2|5]5]|6
4000 31| 7 6|13 |4 |4[1)4]|4]3](2 51412/ 1|5]4(2{3]5]|4
50003 (4|4 |3 12|23 |2{1 |3 |3 |2{1|2|3|1|1|2]2|1|1]2]3
Total (29| 42 | 51 54 |19] 26 [ 35|38 |17( 25|33 |34 (18|26 | 34 [ 36 (15| 21 |31 |34 17| 25|32 | 35

Table 1: Typical repeated grooming data for all samples after 5000 brushing strokes
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Repeated Grooming

40

54
51
38
35 35 34 35
34 34353
33
3 32
29
26,526 g
21
19
1718 17 §
15 ®
10 g
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Virgin Bleached 1 Bleached 4 Bleached 7

Broken Fibers

N

% EEEE-

% 13¢

Hair Treatment
mBaseline ®WMineral MCoconut Wlinseed WAImond M Baobab

Figure 13: Total broken fibers after 5000 brushing strokes according to type of hair

Results

Bleached x1 Bleached x3 Bleached x5 Bleached x7
Baseline -5,09 % -6,47 % -14,99 % -19,00 %
-0,03 % -2,97% -12,30% -11,79%
-4,89 % -5,41% -13,61% -15,59 %
8,23% -17,52% -22,65% -23,83%
-2,11% -3,01% -6,15 % -12,74 %
0 3,79% 3,98 % 6,04 % -7,77%

Figure 14: Stress at break percentage changes for each oil treatment after bleaching
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Results

Baseline

| vmn | sewhedn]  oewheds] et Bmhedn
0,00

5,09% 6,47 % 14,99 % -19,00%

2,72% 3,74% 6,58 % -15,56 % -14,99%
4,65% 0,47 % -1,01% -9,60 % 11,67 %
17,58 % 7,91% 3,02% 9,05 % 10,43 %
337% 1,19% 0,25% 2,99% 9,80 %
1,41% 5,25% 544% 4,72% 6,47%

Figure 15: Stress at break percentage changes for each oil treatment compared to virgin baseline

Thanks For

Listening
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