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KEY POINTS

e Sustainably sourced safflower oleosomes are
explored here for their multifunctionality as
natural emulsifiers and for barrier benefits.

e Tests for stability and TEWL, skin water
content and thickness, and ceramide and
fatty acid effects are described.
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lants are exposed to their
environment in all types of
situations. To survive and
thrive, they have had to develop
sophisticated solutions through
thousands of years of evolu-
tion that will guarantee their lasting life, even during harsh
conditions. Plants are natural smart factories of effective
compounds with specific properties. One such marvel of
nature is plant cell organelles called oleosomes, also known
as oil bodies. While oleosomes are not new to the industry, the
scientific knowledge base about them has progressed over
the past 10+ years.

Safflower oleosomes are of interest in part because the
plant seeds uniquely contain a large amount of oil bodies and
low water content, resulting in decreased hydrolytic proper-
ties and lower protein degradation.' The high oil content also
creates low surface tension, increasing the oleosome’s ability
to act as an emulsifier."

As such, the present article explores safflower oleo-
somes? for their application in the personal care sector.

Their structure and function are first described, followed by
stability testing in emulsions. A clinical study using Confocal
Raman Spectroscopy (CRS) also is performed to provide new
insights into the hydrating and barrier protection potential of
the ingredient; TEWL, skin water content and thickness, and
ceramide and fatty acid measurements are described.

“ Hydresia SF2 (INCI: Carthamus Tinctorius Oleosomes (Safflower)
(and) Water (Aqua) is a product of Sharon Personal Care.
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The inherent physical stability of oleosomes
as provided by their interfacial molecules
make them good candidates as bio-based
alternatives for oil and water emulsions.

Plant Oleosomes 101

Oleosomes are natural oil droplets, abun-
dant in plants and more specifically in seeds,
with a typical diameter of 1-3 pm. The primary
function of oleosomes is to safely store the seed
energy source in the form of triacyglycerols
(vegetable oil) during dormancy and use it
during germination, and to protect the seeds
against environmental stressors.

To achieve this, oleosomes are equipped
with a sophisticated membrane that covers
the triacylglycerols (TAGs) core, granting them
physical and chemical stability. The membrane
acts as a shield, preventing the oxidation of the
TAGs. The membrane is dilatable and consists
of a continuous monolayer of phospholipids
that contains a number of proteins, mostly
oleosins, embedded in it (see Figure 1).

The cosmetic lipid ingredient market is
anticipated to expand at a 5.5% CAGR
from 2023 to 2032. &

Source: Global Market Insights

® Table 1. Oleosome Fatty Acid and
Tocopherol Content

| Fatty Acids | %
C14 Myristic 0.1
C16 Palmitic 5.05
(16:1 Hexadecenoic 0.16
(18 Stearic 1.90
C18:1n9 Oleic 77.42
(18:1 Octadecenoic 0.72
C18:2 Linoleic 12.93
(18:3n3 alpha-Linolenic 0.05
€20 Arachidic 0.41
(C20:1 Eicosenoic 0.32
(20:2n6 Eicodsadienoic 0.25
(22 Behenic 0.28
(24 Lignoceric 0.21
(C24:1n9 Nervonic 0.19

Tocopherol (antioxidant) 0.2 mg/g

i‘ i Phospholipid (purple) /|

E

(K S "_ai] Oleosine (pink) |

Triacylglycerols (TAG)

® Figure 1. Oleosome structure
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The oleosome interfacial molecules create
an interface around the oleosome lipid core that
prevents their coalescence.? The oil contributes up
to 99% while the membrane constitutes only 1%
of the total oleosome unit.? TAGs, also known as
triglycerides, are mainly constituted by a glycerol
part in which each hydroxyl group is esterified
to fatty acids.

Oleosins are amphiphilic in nature with long
hydrophobic domains that are anchored into the oil
phase, while their amphiphilic domains rest on the
hydrophilic oleosome surface.*> They play a major
role in the stabilization and function of oleosomes.®
The inherent physical stability of oleosomes as
provided by their interfacial molecules make them
good candidates as bio-based alternatives for oil
and water emulsions.

Within the oil part, tocopherol or vitamin E
occurs naturally. Tocopherol is a known antioxidant
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Figures 2 and 3 by Sharon Personal Care

and its function is to prevent the rancidification
of the unsaturated triglycerides stored within
the oleosome.?

Safflower Oleosomes

For the present work, oleosomes were naturally
and sustainably extracted from the seeds of
safflower (Carthamus tinctorius). The herbaceous
non-GMO plant is cultivated and harvested in
California, USA, without the use pesticides and
with low water requirements.

Extraction: A proprietary aqueous extraction
cold process is implemented, comprising: grinding
the seeds with aqueous medium, centrifugation
and separating the liquids from the solids by cen-
trifugation again before isolating the oleosomes.
This process keeps the oleosomes fully intact,
maintaining the micro-oil bodies as they occur
naturally, with their full qualities and capabilities.

Furthermore, cold processing retains the
antioxidants, vitamins and minerals. The result is a
natural oil-in-water (o/w) emulsion combining nat-
urality with natural high-performance properties.

Fatty acids and vitamin E: The resulting
oleosomes contain tocopherol (vitamin E) and
a major group of compounds: fatty acids (FAs),
which are key components for skin health. The
fatty acid fraction is dominated by the long-chain
linoleic and oleic fatty acids (see Table 1). Oleic
acid is monounsaturated whereas linoleic acid is
polyunsaturated (PUFA).

Stable Emulsification

As noted, the safflower plant’s resilient oleo-
somes present unique properties for personal
care and cosmetics: natural high emulsification
capabilities plus vitamin E for skin health. The
amphiphilic nature of the oleosin protein coat
gives the oleosomes self-emulsifying properties for
stable emulsions.?

Oleosomes can emulsify additional oil as well
and rearrange around the newly created larger
oleosome interface to form stable emulsions thanks
to the dilatable membrane. When dispersed oleo-
somes in water are homogenized in the presence
of free lipids, the oleosome membrane molecules
redistribute, adjusting their interfacial molecular
density on the new available interface and reaching
a new equilibrium.”

Indeed, the described safflower oleosomes?
can emulsify up to three times their weight in oil.
Studies were performed reviewing the stability of
the simplest emulsions using oleosomes and oils
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at different polarity levels and different ratios (see
Table 2). The oils included: Paraffinum liguidum,
decyl oleate, caprylic/capric triglyceride, safflower
oil and C12-15 alkyl benzoate).The stability was
evaluated by two methods: 1) centrifugation:
3,500 rpm for 30 min, Turbiscan analysis, color-

® Table 2. Simple Emulsions Testing Stability

| Ingredient Amount/ratio
Safflower oleosomes? 50% 33.30% 25%
oil* 50% 66.70% 75%
Ratio safflower oleosomes:oil 1:01 1:02 1:03

*Oils: Paraffinum Liquidum, Decy! Oleate, Caprylic/Capric Triglyceride, Safflower
Oil, C12-15 Alkyl Benzoate

)

® Figure 2. stabiity resuits of centrifugation/
microscope (a) and sample appearance (b) after 30
days at 40°C with caprylic/capric triglyceride

Low
Polarity

Medium
Polarity

High

-

— 35 -

Polarity ~

® Figure 3. Emulisifying capacity

15

| capacity 1:1
= Decyl oleate
Capryl capric triglyceride
‘_ Emulsifying
= Safflower oil = l:allacit}l' 1:2

Paraffinum Nguidum | _ Emulsifying

C12-15 alkyl benzoate
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Oleosomes are natural oil droplets, abundant in plants and more specifically in seeds, with a typical diameter of 1-3 pm.

® Formula . TEWL Test Formulas

Oleosome Petroleum-derived
Ingredients formula (%) formula (%)
Safflower Oleosomes 0.1 n/a
Petroleum-derived Ingredient n/a 7.5
Emulsifier n/a 2.0
Polymer/gelling Agent 1.3 n/a
Preservative 0.4 0.4
Water (Aqua) 88.3 90.1
50
45
40
43
g 10
=%
E 20
B
;E i5

Day 1 Day 2 Day 7 Day & Day 9 Day 15
=={l2nzome =+=pinaral O

+Petrolatum ~a—50/50 Minerzl OdPetrolatum

® Figure 4. invivo comparative evaluation of water
content in skin using CRS
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ation, microscope observation; and 2) after
30 days at 40°C in an incubator; Fig-
ures 2a-b and 3 summarize the results.
The addition of a polymer or rheological
modifier enabled stable emulsions with a
ratio of oleosome:oil of 1:3. The safflower
oleosomes were able to replace emulsifier
systems within the range of 5 < HLB < 15.
Furthermore, the obtained bio-based emul-
sions offered convenience in that they required
no additional emulsifiers or heat during the
homogenization step.

Barrier Protection Efficacy

The primary function of skin surface
lipids is to form a natural protective barrier?
and FAs play an important role. The hydro-
philic groups of long-chain FAs in particular,
such as oleic, linoleic, palmitic and others,
combine with moisture in skin and retain it,
lubricating skin while reducing TEWL.’

Humans can synthesize monounsatu-
rated FAs, which are mainly of a long-chain
structure in skin, but they cannot produce
PUFAs such as linoleic essential FA (EFA);
they must be supplemented. These intercel-
lular lipids, together with stratum corneum
cells, constitute the well-known “brick-and-
mortar” structure of skin; the bricks being
flattened, anucleated corneocytes and the
mortar being the extracellular multilamellar
lipid-enriched matrix.!® !!

TEWL: Considering the FA-rich content
of safflower oleosomes (see Table 1), a clini-
cal study was conducted in 20 volunteers
to compare the effects of the oleosomes
versus commonly used petroleum-derived
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ingredients on water loss from skin. Four basic
test formulas (see Formula 1) containing

the safflower oleosomes, petrolatum, mineral
oil or a 50/50 mineral oil/petrolatum blend
were applied.

On day one, the initial TEWL values for
each subject were recorded, then 0.30 g of each
product was dispensed onto randomized 4 cm x
4 cm test sites (two per volar forearm with the
center site on each arm serving as the untreated
control). The products were rubbed into the
skin using a finger cot.

Twenty-four hours later, the TEWL measure-
ments were made on all test sites. The products
were then re-applied and the measurements
made 24 hr later. The test ended after 16 days.

The percent reduction in water loss was

® Formula 2. water Content Test Formulas

determined by comparing the TEWL values for
the two untreated controls to the TEWL values
of the four test sites. TEWL values for each test
product were divided by the TEWL values of
the average of the two controls and subtracted
from 100 to yield a percent TEWL reduction
between the test product and the untreated
control. Low TEWL values for any test product
(indicating a strong occlusive barrier) would
thus be expressed as a high percent reduction
in TEWL.

TEWL was measured using confocal Raman
spectroscopy (CRS) (see Figure 4). CRS is a
non-invasive tool and the most frequently used
Raman technique to investigate the penetration
of exogenous substances into skin or to analyze
the skin in a healthy or diseased state;'? it also

can directly and accurately measure
water molecules in the skin. In this
case, CRS indicated the formulation

containing the oleosomes showed the
greatest reduction in TEWL especially
in the early days of the trial; up to a
40% reduction at day two.

Skin hydration: An additional
clinical study sought to determine if
the safflower oleosomes could achieve
ceramide-like effects since these
lipid components of the skin barrier
enhance its function. Thus, the effects

of the oleosomes on water content

Oleosome Ceramide
Ingredients formula (%) formula (%)
Safflower Oleosomes 5.0 n/a
Ceramide NP n/a 0.1
Xanthan Gum 1.0 1.0
Carthamus Tinctorius Seed Oil n/a 3.2
Preservative 1.2 1.2
Water (Aqua) 92.8 94.5
a) b)
1000
e 1000
— B200—
E = BO0—
= E
&8 A00+ 24
2 E 600~
5 400 g
iz -
g g A400—
200 200=
0- 0
Day0D Day28 Day0 Day28
® Figure 5. Average water content (ug) per cm? of SC
before (day O) and after 28 days of treatment with the
oleosomes (a) or ceramide (benchmark/control, b)

in skin were compared with those

of ceramide NP. Two test formulas
(see Formula 2) were developed and
applied by 10 female volunteers (ages
37 to 53) over the course of 28 days.
Figures 5a-b represent the averaged
water content (pg) per cm? of stratum
corneum (SC) before (day 0) and after
28 days of product application.

After 28 days, the safflower oleo-
some formula significantly (p < 0.05)
increased the hydration (water con-
tent) of skin by 21.5%, compared with
the ceramide formula, which increased
it by 18.8%. More specifically, the
water content increased 147.7 pg per
cm? of skin with the oleosomes versus
124.9 pg per cm? with the ceramide,
marking a significant increase.

SC thickness: CRS was addition-
ally used to measure the thickness of
the SC in vivo after treatment with
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the described safflower oleosome or ceramide age of 2.8 pm with the oleosomes and 3.2 pm
formulas. Figures 6a-b show the averaged SC with the ceramide. These results verified the
thickness before (Day 0) and after 28 days of ceramide-like effects of the oleosomes.
test product application. After 28 days of test Ceramide and fatty acid content: Lastly,
product application, the safflower oleosomes CRS again was used to directly measure the
increased the SC thickness by 18.1%, whereas ceramide and fatty acid content levels in the
the ceramide formula increased it 21.5%; more stratum corneum before/after treatment with
specifically, the SC thickness increased an aver- the test formulas. Figure 7 shows the aver-
age amount of ceramides and fatty
acids (arbitrary units) per cm? of SC
a) b} before (Day 0) and after 28 days of
_ applying the safflower oleosome or
25 257 ceramide formula. Both formulas
. i increased ceramide and fatty acid
= 20— "'E" 20— levels in the stratum corneum, with a
= =1 higher increase (+4.9%) observed for
b ! the safflower oleosomes: oleosomes
@ 15— b 15— . .
5 - increased FA content in the SC by
= =] 10% (p < 0.07) while ceramide NP
I-E 10 |'E 10 results were not significant (p =
= & 0.45).
5+ 5— . )
Discussion
- o Formulas containing the test
Day0 Day28 Day0  Day28 ingredient contain tens of billions
of oleosomes per gram of ingredi-
® Figure 6. Average SC thickness of the skin before (Day 0) ent. Upon application, these would
and after 28 days of treatment with oleosomes (a) or ceramide collapse, disrupting their membranes
and releasing moisturizing oils and
(benchmark/control, b) o . .
vitamin E onto the skin to deliver
skin barrier benefits.
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® Figure 7. Change in ceramide and FAs levels in the stratum
corneum after 28 days of treatment with ceramides or oleosomes

DM29 | www.CosmeticsandToiletries.com

Thus, the oleosomes would
impart restorative action on the lipid
structures of the stratum corneum
due to their structure as a whole.
Safflower oil, the main component
of oleosomes, is a triglyceride, rich
in lipid fractions, even unsaturated
ones, that play a fundamental role
as precursors in the skin ceramide
synthesis.

Conclusion

While oleosomes are not novel to
the cosmetic industry, the knowledge
base about them has advanced over
the past decade or more. Within this
context, safflower oleosomes were
explored as described here for their
unique structure and potential in
personal care applications.

Their self-emulsifying/emulsifying
properties were shown to support the
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creation of stable o/w emulsions, incorporating
up to three times their weight in external oils.
They also delivered fatty acids to the stratum
corneum, reducing TEWL and increasing the
average water content, skin thickness and FA/
ceramide content in skin, as demonstrated in
vivo through CRS.

Safflower oleosomes therefore combine
naturality and sustainability with high
performance for multifunctional benefits in
modern formulations.
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