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Al) Production of biochar from olive mill solid waste for heavy metal and PAH
removal

Abstract:

Commercial Activated Carbon (CAC) and biochar are useful tools for removing heavy metals
(HM) from water, but their production is costly. We tested the production of biochar from solid
waste of Picual and Souri olive cultivars, which were milled using two- or three-phase oil
separation. The biochar yield was 24-35% of the biomass, with a surface area of 1.65 - 8.12 m?/g
(using the Langmuir model), as compared to 1100 m?/g for CAC. Picual residue from the two-
phase milling technique, when pyrolysed at 350°C, had the best cumulative removal capacity for
Cd*?, Cu*?, Ni*?, Pb*?, Se*? and Zn™ compared to other biochar types and was more efficient
than CAC. This suggests that surface area cannot be used as a sole predictor of HMs removal
capacity. FTIR analysis revealed the presence of different functional groups in the different
biochar types, which may be related to the differences in HMs removal capacities.

1.1 Materials and Methods:
OMSW of Picual and Souri cultivars were collected during the winters of 2015 and 2016 from
two- and three-phase production sites at Kibutz Ramon, lksal, Tzipori and Daliat el Carmel,
Israel. The samples were dried under cover for two weeks then stored in plastic bags at room
temperature (20-22°C).

1.1. Preparation of Biochar

The biochar was prepared from the two cultivars where each type was used as mixed biomass
(Whole) or physically separated to cellulose (C) and Kernel (K) using sieves with diameter
greater than 12 mesh. Pyrolysis was performed on each fraction in a special one liter jar at
temperatures of 350°C or 450°C for 5 h. The yield of the different biochar samples was
determined by weighting the resulting solid fraction.

1.2. Determination of the surface area using liquid phase adsorption

Aqueous Methylene Blue (MB, CARLO ERBA) was used as the adsorbate in a liquid phase
adsorption experiment. An aqueous solution was prepared by mixing 40 mg of MB with 40 ml
distilled water to obtain 1000 ppm, which was then diluted to obtain 33 ppm. Adsorption
experiments were conducted by weighing 13 different biochar samples (2-1000 mg), placing them
in 45 ml flasks with 30 ml MB solution, incubating for 24h at 25°C, and shaking at 100rpm. The



samples were allowed to settle for another 24h, and then the liquid was filtered through a 0.45um
filter (PTF-425-013). The concentration of the adsorbate (MB) in the adsorption samples
(biochar) were determined by UV/visible spectrophotometer at 660 nm. The Langmuir model (eq.
1) was tested for equilibrium distribution at ambient temperature for the calculation of the surface
area. The Langmuir model can be described by the following equation:

(am*Kq*Ce)

. = e W
a*Ce . .

where ge (Mg g™) is the adsorbed amount per gram of adsorbent, Ce¢(ppm) is the concentration in
the aqueous solution, g (Mg g™) is the maximum adsorption capacity and Ka (I mg™) is the
Langmuir model constant.
Langmuir surface area results were compared with the Brunauer-Emmett-Teller (BET) model.
The samples were analyzed using nitrogen adsorption-desorption at 77 K.
1.3. Heavy metals solution and removal capacity of the biochar

A stock solution of Cd*, Cu™, Ni*2, Pb*2 Se*? and Zn** was prepared by dissolving their
respective salts [Pb(NO3)2.6H,0O, Ni(NO3),.6H,0, ZnSO,.7H,0, Na,SeO,;, 3CdS0O,.8.H,0,
CuCl,.2H,0] (all from Merck) in deionized water at a final concentration of 50ppm. The initial
pH of the prepared stock solution was 5.2.

1.3.1 Batch experiments

To test the potential of the biochar to remove heavy metals from solution we used 500 mg of
biochar or the powdered commercial activated carbon (CAC, Merck) as control. To each 120 ml
flask, a 50ml heavy metal mix solution was added. The flasks were incubated on a shaker at
100rpm at 25°C. Samples were taken in triplicates at five time intervals of: 0, 5, 15, 30, 60 min.
After measuring pH, each sample was filtered using a 0.45 pum membrane (JET BIOFIL). Filtrate
samples were digested using nitric acid (10%), and then incubated at least 24h before measuring
the heavy metal concentration in each sample using an ICP (720-ES, Varian).

1.3.2 ATR-FTIR Analysis

Attenuated total reflection Fourier transform infrared (ATR-FTIR) spectra were measured on a
Nicolet Avatar 320 FTIR (Nicolet Analytical Instruments) using a MIRacle ATR device with a
diamond crystal plate (Pike Technologies). Spectra were recorded at 600-4000 cm™' nominal
resolution with mathematical corrections yielding a 1.0 cm™' actual resolution. OMNIC 8.1
(Thermo Fisher Scientific Inc.) software analytical procedures were used to convert the spectra
from ATR to absorbance and to perform additional analysis. Each spectrum was measured 100
times.

2. Results and Discussion

Yields of the different pyrolysed OMSW components (Whole, Cellulose or Kernels) are
presented in Table 1. Biochar yield decreased as the temperature was increased, in accordance
with previous work (Aljundi and Jarrah, 2008; Baccar et al., 2009).

2.1. Surface area

The calculated surface areas of the different biochar particles, based on either Langmuir model or
BET theory, are summarized in Table 2. According to the Langmuir model, material from the
three-phase process of both Picual and Souri, had a greater surface area than that from the two-
phase process. The highest surface area (8.12 m?/g) was from the Picual three-phase material
(Table 2).

2.2 Heavy metal removal by OMSW Biochar

Biochar made from unseparated OMSW (Whole) of Picual two-phase oil production at 350°C had
the same ability to remove heavy metals as cellulose biochar produced at 350°C or at 450°C (Fig



1). The removal percentage was up to 88% except for Se, which was 5% and 18% for cellulose at
350°C or 450°C, respectively. From the economical and energetic aspects, it is better to produce
biochar from cellulose at 350°C than at 450°C, and there is no need to separate cellulose from
kernels. All biochar types had a very high removal capacity, with the greatest for Pb and Cu
(99.69% and 98.63% respectively) and the least for Se (19.55%). Kernels alone had very low
metal removal (for Pb up to 90% and less than 40% for the Cu) (data not shown).
The cumulative removal capacity by cellulose biochar of the Picual three-phase (Produced at
450°C was two-fold more than for cellulose or whole OMSW obtained at 350°C (Fig. 2),
however, it was two-fold lower than Picual-cellulose two-phase obtained at the same temperature
(Fig. 1). The removal capacity of the biochar for Pb and Cu was greater than 90%, however the
removals of the other metals were ca 20% for each except for Se which was only 8%. Biochar
produced from two-phase Picual was better than biochar produced from the three-phase,
especially from the cellulose fraction (Figs. 1 and 2).
The cumulative removal capacity of biochar produced at 350°C or at 450°C from cellulose of
Souri two-phase showed 1.5-fold more compared to OMSW whole after 60 min of incubation
(Fig. 3). The removal capacity by cellulose obtained at 350°C or at 450°C was the same, ranging
between 75-99%, except for Se where removal did not exceed 8%. Biochar produced from
cellulose of the Souri two-phase was better for heavy metal removal than whole OMSW at both
temperatures.
The removal capacity of biochar produced from cellulose of Souri three-phase obtained at 450°C
was better than cellulose obtained at 350°C and whole OMSW (Fig. 4). The removal of Pb and
Cu was greater than 80%, and the removal of the other metals ranged between 15%-30%. Similar
to Picual, the cumulative removal capacity of biochar produced at 350°C or at 450°C from
cellulose of the Souri two-phase was better than three-phase (Figs. 3 and 4).

2.3 Heavy metals removal by commercial activated carbon

The cumulative removal of heavy metals by commercial activated carbon (CAC) was less than
that of Picual and Souri biochar, especially the two-phase (Fig. 5). The removal capacity for CAC
of Pb and Cu after 60 min of incubation was 54% and 74% respectively, whereas the removal for
the other metals did not exceed 30%. Biochar produced from OMSW was more efficient in heavy
metal removal compared to CAC, therefore, producing biochar from the OMSW-cellulose is
superior to the commercial CAC. There was no correlation between surface area and the removal
capacity of the different OMSW biochars produced at different temperatures.

2.4 FTIR analysis of different biochar types

The results of the ATR-FTIR spectra were measured for the biochar produced at 350°C or at
450°C from the OMSW whole of the two cultivars Picual and Souri two- as well as the three-
phase. The spectra showed the following 11 assignments (Fig. 6):

1. The band of xylan (hemicellulose) C=0 is small in all samples. As the matter of fact
traces of it can only be seen in both cultivars two-phase of the 450°C samples.

2. A very small shoulder slightly more noticeable in two-phase of the 450°C samples.

3. In all samples we can see this band. At 350°C in “Picual two-phase” relatively smaller,
compared to the others. In the 450°C a larger band for the “Souri three-phase”.

4. In the 350°C can be seen as band in both Souri two and three-phase (and shoulder only

for the Picual). In the 450°C the band becomes even clearer for the Souri two-phase but flattens
for the three-phase.

5. Appears in all. More notable on two-phase. This is especially emphasized in the 450°C.
In the 350°C it appears the exact location and form differs.

6. Very small ("flat") on all samples.



7. Notable mainly on “Picual three-phase” samples. In the 450°C can be seen also for the
“Souri two-phase”.

8. In both 350°C and 450°C, it is observed mainly in the Picual samples, more notable on
the three-phase.

9. Appears in all samples. More flat in “Souri three-phase”.

10. Can be seen and very similar in all for the 350°C samples. In the 450°C it is slightly
larger for the “Picual two-phase”.

11. Can be seen and it is very similar in all samples of the 450°C. In the 350°C it is slightly

larger for Picual samples.

These functional groups found in both cultivars may explain in part why the biochar produced in
the two-phase at 350°C (especially for the Picual) exhibits better removal capacity for the various
heavy metals compared to the others. The more significant absorption bands for the two-phase
samples, that are considerably smaller in the three-phase, are peaks 5 (C-H deformation in
cellulose and hemi cellulose) and 9 (C-O stretch in cellulose and hemi cellulose) (Fig. 6).
Combined with the fact that cellulose samples exhibit better performance than the "whole™
samples, may lead to the conclusion that a main functional group in the successful metals removal
is related to remains of cellulose: In the Picual samples those remains are larger, and in general- at
450°C remains of cellulose fraction decrease (as it is reduced by the facts that cellulose absorption
bands flatten). In any case, the detailed link between specific functional groups and successful
metals removal requires further investigation.

Table 1: The obtained mean yield (%) of biochar of the different OMSW types at
350°C and 450°C. Data is mean of 3 replicates + SD.

Olive Cultivar Process Type Pyrolysis Yield (%)
temperature
Whole® @450°C | 25.69 + 0.63
Whole @350°C 35.37 + 0.45
Two-phases | C” @450°C 24.38 + 0.67
C @350°C 34.38 + 0.56
Picual K® @450°C 26.79 + 0.15
Whole @450°C 25.01 + 0.19
whole@350°C 33.4 + 0.06
Three-phases | C @450°C 24.16 + 0.41
C @350°C 31.13 + 0.06
K @450°C 26.71 +0.109
Whole @450°C 26.34+0.14
Whole @350°C 30.97 + 0.08
Two-phases | C @450°C 23.62 +0.91
C @350°C 30.37 + 0.28
Souri K @450°C 27.33+0.37
Whole @450°C 23.96 + 1.08
Three-phases Whole @350°C 31.47+0.24
C @450°C 23.91+0.4
C @350°C 31.53 + 0.24




| K@450°C 26.95 +0.41

a= OMSW not separated; b=Cellulose; c= Kernels



Table 2: The mean surface area of biochar produced at 450°C of the different OMSW
types using Langmuir (MB) and BET methods. Data is mean of 3 replicates + SD.

Type @450°C SAms (M?g) | SAseTr(m?/g)

Picual Two-phases 1.65+0.14 1.0 + 0.005

Picual Three-phases | 8.12 + 0.85 3.5+0.0175

Souri Two-phases 3.48 +0.01 1.2 +0.006

Souri Three-phases | 4.30 + 1.22 5.3 +0.0265

Activated Carbon - 1100 +5.5




Figure 1. The removal (%) values of the six heavy metals using the Picual two-
phases (a) Whole @350°C, (b) Whole @450°C, (c) Cellulose @350°C, and (d)
Cellulose @450°C biochar after incubation for 0, 5, 15, 30, 60 min. Data is mean of 3
replicates + SD.



Figure 2: The cumulative removal (%) values of the six heavy metals using the Picual three-
phases biochar after incubation for 0, 5, 15, 30, 60 min. Each bar is mean of 3 replicates + SD.

Figure 3: The cumulative removal (%) values of the six heavy metals using the Souri
two-phases biochar after incubation for 0, 5, 15, 30, 60 min. Each bar is mean of 3
replicates + SD.



Figure 4: The cumulative removal (%) values of the six heavy metals using the Souri
three-phases biochar after incubation for 0, 5, 15, 30, 60 min. Each bar is mean of 3
replicates + SD.



Figure 5: The cumulative removal (%) values of the six heavy metals using the
commercial activated carbon (CAC) after incubation for 0, 5, 15, 30, 60 min. Each
bar is mean of 3 replicates + SD.



17 2 3 4 5 6 7 8 9 10 11
Suri ’ '
3 phases

Su
| B N 2 phases /\ S
; =t \\ ,,.
£ ox Lo L \ /
S —— , \'/ 4 \‘ AT -\\—’ = »
I " % S " [ Picual N L ) “
/ % F=~tda-=~./ | 1\ /3phases ‘/ N~
// / \‘ '
I, B /’l ‘\ - II’
s - o S
| |/
s o / 11 Picual
g 2 phases
I,"
7 100 1400 1200 1000 800
Wavenumber [cm]
T 2 3 4 5 6 7 8 9 10 11

Tl \

h\//\\\na-"‘\a~~~“"'~
Sun

=
17NC L2 N 47\ 2 phasep
/ N /

y s LS P|cua{ %
-t F .\ a —-“ -~
oy el P / \\ / A S~ ':’ ‘3 phases \J .’

Picual
~—_7 o~er | b 2 phases

1600 1400 1200 " 1000 800
Wavenumber [cm-]
Figure 6: Summary of the functional groups associated with the different

wavelength ranges between 800-1800 cm™ obtained for the different biochar
samples produced at 350°C (top) or at 450°C (bottom).



A2) PAH's removal by charcoal derived from olive mill solid wastes
(OMSW)

Experimental conditions:

The PAH's stock solution was prepared by dissolving Pyrene (CsHyo), fluoranthene
(Ci6H10) and phenanthrene (Ci4H10) (Merck) in 80:20 ACN, deionized water at
concentration of 33ppm.

a. Biochar without activation:

To test the potential of the produced biochar to remove PAH's from solution we used
500 mg of either biochar or the commercial activated carbon (CAC, Merck) as
control, which was placed in 120 ml plastic flasks in triplicates. To each flask, a 50 ml
PAH's solution was added. The flasks were incubated on a shaker at 120rpm at 25°C.
Samples were taken in triplicates after five min of incubation. The samples were
filtered using a filter membrane of 0.22 um (JET BIOFIL). The results showed that
biochar produced at 350°C or at 450°C from both two as well as three phase using the
different fractions resulted in low removal capacity to all the PAHs (Figs 1, 2),
whereas commercial CAC resulted in high removal capacity, 92-100% removal (Fig.
3)..

Fig. 1. The cumulative removal (%) values of the three PAH's using the Picual and
Suri- two and three phase biochar obtained at 450°C after incubation for 5 min.
Each data point represents an average of 3 replicates = SD.



Fig. 3. The cumulative removal (%) values of the three PAH's using the Picual and
Suri- two and three phase biochar obtained at 350°C after incubation for 5 min.
Each data point represents an average of 3 replicates + SD.

Fig. 3. The removal (%) values of the three PAH’s using the Commercial Activated
Carbon (CAC) after incubation for 5 min. Each data point represents an average of 3
replicates £ SD.

b. Biochar after physical activation:

Picual and Suri two and three phase biochar which obtained after pyrolysis process at
3500°C for 5h, where activated physically under inert atmosphere using argon gas at
900°C for 6h.

The activated carbons have been tested to remove PAHSs (Fig.4).



Fig. 4. The Cumulative removal (%) values of the three PAH’s using the Physical
Activated Biochar (PAB) after incubation for 5 min. Each data point represents an
average of 3 replicates + SD.

e As we can see, the physical activation increased the adsorption capacity of the
PAHs (Fig. 4). Whole Picual two phase has the better removal capacity

compared with the other biochar and the activated biochar and reached ca63%
removal for the 3 PAHSs.



B) Production of sunscreen from the olive mill wastewater for skin
protection

Introduction:

Olive mill wastewater (OMW) is one of the byproducts of olive oil
production, and is claimed to be one of the most polluting load. It also exhibits
high toxicity to plants, bacteria and aquatic organisms due to its compositions
of polyphenols (up to 20 g/l). So far, there is no accepted treatment method for
the waste generated during olive oil production.

For a long time, OMW has been regarded as a hazardous waste with negative
impact on the environment. However, this view is changing, and the potential
of OMW to become a starting material, rich in bioactive compounds, is being
recognized. In particular, polyphenols, abundant in OMW, are natural
antioxidants for the food and pharmaceutical industries. A number of studies
have also shown that polyphenols are effective as antibacterial, antiviral, and
antifungal compounds.

Polyphenols from OMW have been recently tested, also in our lab, for their
potential for protection against sunlight. The preliminary results showed that
polyphenols are potentially effective for protecting the skin from the solar UV
radiation, indicated by its promising values of the Sun Protection Factor
(SPF).

The aim of the research

Extraction and preparation of enriched OMW polyphenols fractions,
optimized for skin protection against UV radiation.

Goals :

1) Preparation of different fractions of polyphenols extracted from OMW to
evaluate their protection effectiveness against UV radiation.

2) Determination of SPF and the critical wavelength (CW) of the different
polyphenol fractions by using the spectrophotometer.

3) The study of the fractionation of the best samples for the optimization of
SPF values.

4) Analysis, characterization and quantification of the enriched polyphenols
of the active fraction with HPLC. In order to understand the extent to
which certain polyphenols are involved in the enhancement of activity
against solar light.



5) Advanced analysis and standardization to prepare a sunscreen product
from OMW.

Here we describe each of the goals in more detail:
1. Preparation of different fractions of polyphenols from OMW.

The OMW was generated from the olive oil production using the three
phase’s centrifugation process. OMW for this study was obtained from a
nearby olive mill press in the Galilee region and stored at 4°C for almost a
year.

Five different OMW fractions were prepared as described in Fig 1. The total
phenols (TP) in the different fractions were determined according to the
Folin-Cioacalteau method, and the major phenolics will be identified and
quantified by using reversed phase HPLC — Thermo Scientific Finnigian
Surveyor system equipped with PDA plus detector.

The separation between solids and liquid of OMW was done by
centrifugation at 8000 g for 10 min, followed by filtration.

The filtered liquid, which is OMW after centrifuge (OAC) was characterized
by measuring three parameters:

a) pH=4.9

b) COD =84 g/l

c) Quantification of Total Phenols (TP) = 3.3 g/l.

Five fractions were prepared From OAC under a variety of conditions as
described in Fig 1: Antisolvent, s-TP, f-TP, AAA and nCAA.

The f-TP fraction was prepared exactly as the s-TP but at a higher
temperature of 60°C.

Total phenols (TP) for the five fractions were determined according to the
Folin-Cioacateau method (Table 1).

Table 1: Total Phenols was determined as equivalent to Caffeic acid:

Fractions Antisolvent s-TP f-TP AAA nCAA

TP [ppm] 6.22 22.28 18.76 52.20 22.82
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Figure 1 shows that all fractions, except for Antisolvent, are obtained from
Ethylacetate (EtOAC) extraction (with an aqua layer of treated OAC with
different conditions). EtOAc solvent was found to be the most efficient,
relative to other organic solvents, for the extraction of polyphenols from
OMW.

The Antisolvent fraction (Fig. 1) wasn’t prepared from EtOAc extraction,
unlike the other 4 fractions; instead it was concentrated from the original
water solvent. Therefore, Antisolvent fraction contains other organic
components (like sugars) besides polyphenols. This resulted in low
concentration of polyphenols in comparison to the other 4 fractions as
evident from Table 1. For this reason we decided to extract the polyphenols
from Antisolvent fraction with EtOAc. This extract resulted indeed in higher
TP (41.06 ppm) with respect to the original Antisolvent (6.22 ppm).

The “EtOAc extract of Antisolvent” is an additional fraction to the above
mentioned five fractions.

Since, the original Antisolvent fraction contains all polyphenols in OMW, it
was fractionated further. To do so, we utilized the polar properties of the
various polyphenols, by using different solvents with increasing polarity for
the extraction process (see Scheme 1).



The Antisolvent fraction was dissolved in water and extracted first with a
nonpolar solvent of hexane followed by a second extraction with the more
polar chloroforom and then followed by a third extraction with an even more
polar solvent of ethyacetate (EtOAc 3™ phase) (Scheme 1)

Scheme 1: Extraction of polyohenols from Antisolvent with different solvents

TP were determined for the EtOAc extracts from the Antisolvent fraction as
summarized in Table 2. The EtOAc third phase which was obtained from
the fractionation process (Scheme 1) were more than those obtained from the
direct antisolvent extraction using ehyleacetate.

Table 2: Total Phenols was determined as equivalent to Caffeic acid.

Fraction Antisolvent | EtOAc extract of | EtOAc 3™ phase
Antisolvent extract of Antisolvent
TP [ppm] 6.22 41.06 61.08

We have prepared in total seven fractions for the SPF determination using
the spectrophotometer.

All the seven fractions were dried under reduced pressure at 45°C and stored
at 4°C.

The seven fractions were:

1) Antisolvent

2) s-TP

3) f-TP

4) AAA

5) nCAA

6) EtOAc of Antisolvent

7) EtOAc 3" phase of Antisolvent

The yield of the different fractions from one liter of OMW was
determined as well (Tables 3-5).

Table 3: The yield of Antisolvent, s-TP and f-TP produced from each 1 liter

OMW.
oMW Antisolvent s-TP f-TP
1 liter 40.55 gr 6.10 gr 3.70 gr




Table 4: The yield of AAA and nCAA produced from total amount of 6 gr s-

TP.

Fraction name AAA nCAA

6 grs-TP 3.36 gr 1.95gr

Table 5: The yield of chloroform and ethylacetate extraction from total 10 g
Antisolvent.

Fraction name Chloroform phase EtOAc 3rd phase

10 gr Antisolvent 100.18 mg 218.50 mg

2. Determination of the SPF of the different OMW fractions using

ultraviolet spectrophotometry:

The harmful effects of solar radiation are caused predominantly by a UV
region of the electromagnetic spectrum, which can be subdivided into three
parts: UVA, from 320 to 400 nm; UVB, from 290 to 320 nm and UVC, from
200 to 290 nm. The atmosphere filters the UVC radiation before reaching
earth, however, the UVB radiation is not completely filtered out by the ozone
layer and is responsible for the sunburn damage. The UVA radiation reaches
the deeper layers of the epidermis and provokes serious problems of the skin.
For example, UV radiation has been implicated as a causative factor of skin
cancer.

The efficacy of a sunscreen is usually expressed in terms of its SPF, which is
defined as the ratio of the UVB energy from 290 nm to 320 nm required to
produce a minimal erythema dose (MED) on protected skin, to that of the
unprotected skin. The higher the SPF, the more effective is the product in
preventing sunburns. Nevertheless, it is necessary to standardize methods to
determine the SPF of these products.

In vitro UVB methodologies are in general of two types:

1) Methods that involve the measurement of absorption or the transmission
of UV radiation through sunscreen product films in quartz plates or bio-
membranes.

2) Methods in which the absorption characteristics of the sunscreens agents
are determined based on spectrophotometric analysis of dilute solutions
(Mansur et al., 1986).

Mansur et al., (1986), developed a very simple equation which
substitutes the in vitro method, utilizing UV spectrophotometry,

SPF = CF x ¥320EE (1) x I(A) x Abs(A). 1)



Where EE (1) is the erythemal effect spectrum, 1 (1) is the solar intensity
spectrum, Abs (1) is the absorbance of sunscreen product and CF is the
correction factor (=10).

The EE x | values are constants (Sayre et al., 1979) and are shown in Table
6.

Table 6 — Normalized product function used in the calculation of SPF
(Sayre et al., 1979).

Wave 290 | 295 300 305 310 315 320 | Total
length (A

nm)

EE x 1/0.015|0.0817 | 0.2874 | 0.3278 | 0.1864 | 0.0839 | 0.018 | 1
(normalized)

Methods used to evaluate only UVB SPF values proved to be inadequate,
because the harmful consequences of UVA exposure have become known.
Therefore, increasing concern with the effects of the UVA radiation has led
to the development of broad-spectrum sunscreens. For example, COLIPA
(The European Cosmetic, Toiletry and Perfumery Association) group has
developed in vitro measures of UVA wavelength.

In vitro UVA methodology or the Critical Wavelength (CW) method:
This method is based on the use of the spectrophotometer with integration
boundaries from 290 nm to 400 nm. The wavelength at which the summed

absorbance reaches 90% of total absorbance is defined as the critical
wavelength (Eq. 2),

[29% Abs(2) x d(2) = 0.9 [0 Abs(2) x d (). Eq. 2
Where the wavelength increment d(4) is taken to be 1nm. The sunscreen
products are then classified as broad-spectrum when the CW is longer than
370 nm.

Results

Sample preparation and measurements using the spectrophotometer:
Each sample was dissolved in MeOH:H,0 (1:1) with a concentration of 800
ppm. The UV absorption of the samples was measured with Evolution 260

Bio UV-Visible spectrophotometer in the range of 290 to 400 nm.

The values of SPF and CW were calculated by using Egs. 1 and 2.




Figure 2: Absorption curves of all the polyphenol fractions obtained with UV

range

Table 7: Summary of the different parameters SPF, CW and TP as well.

Fraction Conc. [ppm] | SPF Cw TP [ppm] eq to
Caffeic acid

Antisolvent 800 9.90 380 6.22

s-TP 800 19.87 355 22.28

f-TP 800 16.00 350 18.76

AAA 800 9.86 360 52.20

nCAA 800 33.38 345 22.82

EtOAC of | 800 27.97 345 41.06

Antisolvent

EtOAc 3™ phase | 800 33.89 345 61.08

of Antisolvent

The Antisolvent fraction has the lowest SPF value but the highest CW. The CW value
qualifies the fraction to the category of “broad-spectrum sunscreen”. The ethylacetate
extracts of the different fractions of s-TP, f-TP have an improved SPF but rather
lower CW values than the Antisolvent. The nCAA is an interesting fraction, the SPF
value is 3 times higher than the Antisolvent. Both fractions “EtOAc of Antisolvent”
and “EtOAc 3™ phase of Antisolvent” showed a great improvement within the SPF
values relatively to Antisolvent, especially the EtOAc 3™ phase. From Table 7, both
fractions nCAA and “EtOAc of Antisolvent” have the best SPF values and were
chosen for further study. The SPF and CW values of these two fractions make the




assumption that they might contain the same type of polyphenols. Analysis and
identification of both fractions will be carried out by HPLC.

As we see from Table 7, the CW values for all the fractions except for Antisolvent
were lower than 370 nm; hence, the fractions can no longer be under the category of
broad spectrum. This factor cannot be ignored due to its importance. An effort to
improve the CW value, along side with the SPF, is underway.

As we mentioned before, OMW contains, alongside polyphenols, different sugars.
Some of these sugars are attached chemically to polyphenols and others are free.
Since ethylacetate extraction leaves most sugars in the water layer of OMW, and
hence, yields a relative large polyphenols fraction, therefore theses sugars have great
impact on the CW values compared to polyphenols alone. Therefore, it is safe to
assume that the sugars/polyphenols in OMW are responsible for broad-spectrum
protection (UVA) and polyphenols without sugars are responsible for the protection
against UVB (SPF).

3. The fraction with the best SPF result was chosen for further study and
fractionation for the optimization of SPF values.

The EtOAc 3" phase was chosen for further fractionation with a Solid Phase
Extraction (SPE) technology.

An enriched fraction with optimal polyphenols was obtained using this
method. The SPF results were encouraging (more than 33) but further study
is still needed to confirm the reproducibility of the results.

4. HPLC spectra for some fractions:

Analysis and characterization of the different fractions by HPLC is necessary
in order to analyze and identify the major peaks of polyphenols that
contribute to the activity against UV radiation.

Some fractions were measured with HPLC and from a preliminary analysis
we could characterize two major polyphenols: Hydroxytyrosol (7.8 min) and
p-coumaric acid (14.54 min) (Figures 3-5).

The HPLC samples were prepared in MeOH:H,0 1:1 with a concentration of
2000 ppm.
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Figure 5: HPLC of EtOAc 3" phase of Antisolvent.

5) Advanced analysis and standardization to prepare a sunscreen
product from OMW.

The fraction of EtOAc 3™ phase (Table 7) was produced from OMW after storing for
one year at 4°C. This fraction has the best SPF values (33.89) relatively to
Antisolvent and other fractions. This fraction was chosen for further study and
development. Nevertheless, the CW values of the “EtOAc 3™ phase” fraction was
lower than 370; hence, it can no longer be under the category of broad spectrum. This
factor cannot be ignored due to its importance.

At the same time we received new OMW (fall-2016) from the Galilee region, and new
fractions of Antisolvent and “EtOAc 3™-2016” were produced for comparison with
older fractions. From Table 8, both fractions of EtOAc 3" have better SPF values than
the Antisolvent-2016 but the SPF value of the EtOAc 3™ 2015 is much higher (33.65)
than the EtOAc 3'-2016 (19.7). The CW values of both EtOAc 3™ were lower than
370 nm.

These results gave rise to two challenges; the first challenge is to solve the non-unity
(different qualities) of the EtOAc 3" from different sources of OMW (which is due to
the differences of the SPF values), and have to find a method to produce similar
qualities or unity of the same fraction that is produced from different sources of
OMW. The second challenge is to improve the CW values of a potential fraction to a
value above 370 nm in order to guarantee the category of broad spectrum of a product.

The UV absorption of several commercially available phenols was studied using
HPLC-technique. Many phenols and polyphenols (such as: HT, Caffeic, Ferulic,
vanillic acid etc.) have maximum absorption in the UV range between 250-320 nm.
Other phenols especially those who are connected covalently to glycosides (such as:
chlorogenic acid, Quercetin and Rutin) several high absorption points in the UV range
between 220-280 nm, and an increasing absorption curve that starts from 290 up to



360 nm, the later type of phenols (phenolic glycosides) in principle can contribute to
the CW values.

From our recent intensive studies, we concluded that polyphenols in OMW are
responsible for the SPF values and active against UVB radiation (280 nm — 320 nm),
while phenolic glycosides in OMW are active against UVA radiation (320 nm — 400
nm) and responsible for the CW values.

The fractionation process of Antisolvent with different organic solvents leads to
extracts with mainly polyphenols that absorb UVB but with nearly no glycosides, that
due to its high solubility in water they prefer to remain in the water layer of the
Antisolvent.

In this stage of the project, we didn’t proceed with further fractionation of the “EtOAc
32015 by using Solid Phase Extraction (SPE) - as planned previously - because
first; we have to find an optimized method to obtain similar SPF values from different
batches of OMW. And second, to find conditions for increasing CW values.

Commercially available phenols of OMW were added with concentration of 100 ppm
to “EtOAc 3"-2016” fraction (Table 8), in order to study their influence on the
improvement of the SPF values. All the added phenols contributed significantly to the
SPF values, from 19.7 of the original fraction to values above 30, with a preference to
p-coumaric acid addition that contributed to the best SPF value (36.2). We observed as
well that CW values dropped from 360 nm to the lowest value of 353 nm while adding
Ferulic acid.

Table 8: The effect of different phenols on the SPF and CW parameters of the “EtOAc 3"
2016” fraction

Original sample Original sample Original sample Original sample Original sample Original sample
. - plus 100 ppm
Fraction (800 ppm in plus 100 ppm 3 4-dihvdrox plus 100 ppm p. plus 100 ppm plus 100 ppm
MeOH: H20 1:1) Vanillic acid ! yaroxy coumaric acid Caffeic acid Ferulic acid
benzoic acid
SPF cw SPF | CW | SPF | Cw | SPF cw SPF cw SPF | CW
AS-2016 11.17 378 - - - - - - - -
EtOAc 3"- 33.8 353
2016 197 360 27.56 356 29 34 36.2 362 34 357
rd_
Etgﬁfsg 3365 | 343

Since, p.-coumaric acid addition in Table 8 yielded the best results of SPF values; it
was used in a new experiment with varied concentrations to different fractions (Table
9A). That is in order to find an optimized concentration that yields SPF values above
30. It was found (Table 9A and 9B) that added concentrations of p-coumaric acid
between 20 ppm and 30 ppm would be sufficient to reach the desired result with
different fractions. Any concentration above 40 ppm of p-coumaric acid added to the
different fractions would yield the same SPF values due to saturation.

For next studies, we decided to use a concentration of 30 ppm of p-coumaric acid to
any fraction in order to get SPF values above 30 and of the same degree. As a result of
this addition, it was guaranteed to obtain similar results of any potential fraction that
comes from different sources of OMW.




Table 9A: The effect of different concentrations of p-coumaric acid on the SPF and CW values of different

fractions
Original sample Original sample | Original sample Original sample Original sample Original sample
Fraction (800 ppm in plus 10 ppm p- | plus 20 ppm p- plus 30 ppm p- plus 40 ppm p- plus 50 ppm p-
MeOH: H20 1:1) coumaric acid coumaric acid coumaric acid coumaric acid coumaric acid
SPF Ccw SPF | CW | SPF | CW | SPF Ccw SPF CcwW SPF | CW
AS-2016 cont7 | 11.17 378 - - - - 28.5 365 - - - -
EtOAc 1°- B 370 3375 | 353
2016 23.41 355 32 350 33.67 350 33.0 346
EtOAc 3"- 3416 | 350
2016 1475 330 - - - - 28.9 338 - -

Table 9B: The effect of different concentrations of p-coumaric acid and TiO, on the SPF and CW parameters of
different fractions

Original sample Original sample | Original sample Olrtlglggl sarr:pl_e O{{'J%'Zgl sanrr:plfe O:’Lgslgg| sanrr:plfa
Fraction plus 100 ppm p- | plus 150 ppm p- | plus 200 ppm p- plus S pp_d P 10 P PP 'dp P PP 'dp
coumaric acid coumaric acid coumaric acid | ceumaric acid + coumaric acid coumaric acid
ppm TiO2 50 ppm TiO2 100 ppm TiO2
SPF cw SPF | CW | SPF | CW | SPF cw SPF cw SPF | CW
AS-2016 cont7 - - - - - - - - - - - -
EtOAc 1°-
2016 33.31 345 33.7 345 33.1 345
EtOAc 3"- ] ] 2867 | 339
2016 - - - - 27.6 338 28.86 338

Titanium dioxide (TiO) is used in most sunscreens as inorganic physical sun blockers
to block UVA and UVB rays, similar to zinc oxide (ZnO). The combination of both
minerals assures a broadband UV protection. Different concentrations of TiO, were
added to “EtOAc 3"-2016” fraction (Table 9B) to study their influence on CW values,
but unfortunately, at any added concentration of TiO; (from low to high) there was no
improvement with CW values and not even for the SPF values.

The OMW is rich with glycosides and free sugars that are considered to be responsible
for the UVA blockage, and in which they exist in the original prepared fraction of AS-
2016. Other prepared fractions containing low amount of glycosides because they tend
to stay in the water layer of the Antisolvent during the extraction process with organic
solvent. Different types of sugars (Table 10) from simple (Galactose) to complicated
(Maltodextrin) were added to the “EtOAc 1%-2016” fraction in a concentration of 30
ppm each. The results presented with no improvement with the CW values (CW<370
nm).

Table 10: The effect of different types of sugars on SPF and CW parameters

Original sample - .
Original sample +130 ppm p- Original sample | Original sample +
. . L + 30 ppm p- 30 ppm p-
Fraction (800 ppm in coumaric acid + ] LA
. . coumaric acid + | coumaric acid + 30
MeOH: H20 1:1) 30 ppm :
30 ppm Sucrose | ppm Maltodextrin
Galactose
SPF Ccw SPF CcwW SPF SPF SPF CcwW
AS-2016 cont4 | 11.37 378 - - - - - -
EtOAc 1%
2016 10.3 368 28.47 348 | 28.20 346 27.17 | 347




We decided to add commercially available phenolic glycoside that exists naturally in
OMW like Oleuropein (Table 11), to “EtOAc 3™ 2016” fraction, but there was no
significant change in the CW values and the fraction is still not considered a broad
spectrum.

Table 11: The effect of different concentrations of Oleuropein on the SPF and CW values of “EtOAc 3" 2016”
fraction

Original sample Original sample | Original sample | Original sample | Original sample | Original sample
Fraction (800 ppm in plus 10 ppm plus 20 ppm plus 30 ppm plus 50 ppm plus 100 ppm
MeOH: H20 1:1) Oleuropein Oleuropein Oleuropein Oleuropein Oleuropein
SPF cw SPF | CW | SPF | cw | sPF | CW [ spr | cw | SPF | CW
EtOAc 3" 13.21| 361
2016 14.75 357 13.43 363 13.26 361 | 13.25 | 360 13.7 | 365

More of the natural glycosides were tested on the “EtOAc 1% 2016 fraction (Table
12) and part of them caused an enhancement to the SPF values, like Chlorogenic
acid, but others like Rutin contributed to both factors (SPF and CW), and it was
found to be very effective by increasing the CW values of “EtOAc 1% 2016” fraction,
at a concentration of 60 ppm. To the same sample was added 30 ppm p-coumaric
acid that yielded values of SPF>30 and CW>370 nm (Table 12).

Table 12: The effect of different phenolic-glycoside on the SPF and CW parameters of “EtOAc 1* 2016” fraction

. . i Original sample
_ Original san]ple Original sample | Original sample Original sample | Original sample +30 ppm p-
Fraction (800_ Ppm |n. +30 ppm + 30 ppm + 30 ppm Rutin | + 60 ppm Rutin coumaric acid +
MeOH: H20 1:1) | Chlorogenic acid Quercetin 60 ppm Rutin
SPF cw SPF CW | SPF | CW | SPF | CW SPF | cw [ SPF cw
AS-2016 mix 11 378 - - - - _ j . _ - -
EtOAc 1°%- 32 373
2016 13.34 355 28.57 342 24.6 342 27.42 365 21.4 373

The phenolic glycoside of Rutin was proven to be effective on the enhancement of CW
values when added to different fractions (Table 13); its addition can convert any
fraction to become a broad-spectrum sunscreen. It was noticed that the SPF values
were affected and increased as well.

The addition of 30 ppm of p-coumaric acid and 60 ppm Rutin to any fraction yielded
similar values of SPF and CW despite the differences in these values of the original
samples (Table 13).

Table 13: The effect of p-coumaric acid and Rutin on the values of SPF and CW
of different fractions

Original Sample | Original sample + Original sample + Original sample Original sample
Fraction 800 ppmin 30 ppm p-coumaric | 30 ppm p-coumaric + 68 m Rurt)in + 100 ppm
MeOH:H20 1:1 acid acid + 60 ppm Rutin PP Rutin
SPF CwW SPF Cw SPF Cw SPF Cw SPF CwW

Antisolvent 10.71 377 26 365 29.2 377 19.25 377 23.35 377
EtOAcC 1st 1141 358 28.06 343 27.33 373 21.07 372 24.79 374
EtOAc 3rd-
2016 14.75 357 314 345 29.43 373 23.28 374 24.74 374




EtOAc 3rd-

2015 28.36 344 - - - - 28.73 372 28.63 374
CL 2nd-2016 8.80 356 28.56 337 28.56 373 - - - -

STP 10.40 367 28.56 345 373 18.96 374 22.53 376
FTP 8.77 364 28.1 343 28.93 373 16.43 374 21.33 376

In order to understand better to what extent is the effect of Rutin addition on different
fractions, SPF and CW values of Rutin only were tested with different concentrations
(Table 14). There is a clear conclusion that Rutin itself can be considered as a
sunscreen and it contributes not only to the CW values but to the SPF values too when
added to different fractions. Afterall, the addition of two different phenols (p-coumaric
acid and Rutin) were requiered to improve the SPF and CW values of different
fractions and their contribution to the final results are massive.

Table 14: The effect of Rutin in different concentrations on SPF and CW values.

Rutin in
MeOH:H20
1:1 SPF CW
60 ppm 7.35 379
100 ppm 205 383

In general, OMW contains the phenols for the UVB protection, and the phenolic
glycosides for the UVA protection, the only matter is to find a method to selectively
extract the active phenols and phenolic glycosides, in order to obtain a natrual
sunscreen product, without the neccessity of any additions of comercailly available
phenols. For that reason, an experiment was planned, using non-ionic adsorbent resins
of XADs (Rohm and Hass Co.). The copolymerisate XAD resins are made of styrene-
divinylbenzene or acrylate-divinylbenzene with different specific surface and porosity.
The main concept of the methodology is that polyphenols and phenolic glycosides
contained in the Antisolvent fraction of OMW (1) could be selectively adsorbed by a
series of adsorption resins affording extracts useful as natural sunscreen with good
SPF and CW values.

Different types of resins (Table 15) were tested in the adsorption experiments. Prior
to use, each resin (1gr) was rinsed with water and acetone, then added to a solution
of Antisolvent (200 mg in 20 ml H,0) and shacked for 3h. With time, the white color
resin was changing to brownish, indicating an adsorption process of Antisolvent
content. The water solutions of AS were decanted and the resins were washed with
MeOH/IPA/EtOH/H20 to extract the adsorbed organic phenols. The organic
solvents were evaporated and the extracts were dried for the evaluation of SPF and
CW values. The washed Resins were regenerated/reactivated and were ready to be
used again.

Table 15: SPF and CW of the extracts of different XAD resins

Sample 800 ppm Yield from |
inMeOH:H,01:1 | S~ | W | Range &

200 mg
Antisolvent 12.30 | 376 375-380




Extract-Resin-1 10.69 | 377 | 375-380 54 27
Extract-Resin-2 19.60 | 377 | 375-380 40 19.95
Extract-Resin-3 2030 | 377 | 375-380 32 16.25
Extract-XAD-4 2060 | 376 | 375-380 471 23
Extract-XAD-16 | 2054 | 376 | 375-380 46 23
Extract-XAD-1600 | 22.30 | 377 | 375-380 40 20
Extract-XAD-1180 | 22.00 | 377 | 375-380 38 19
Extract-XAD-7HP | 24.15 | 379 | 375-380 30 15
Extract-XAD-16HP | 22.40 | 378 | 375-380 41 20

Figure 6: The absorption spectra of the extracts of different resins versus UV range

From Table 15 and Figure 6, we can see that the SPF values of the extracts with all
types of resins used, were increased almost two times (24.15 of XAD7HP) more than
the original sample of Antisolvent (12.3) and CW values in all experiments were
above 370 nm. These preliminary results indicated that the resins could selectively
adsorb/extract phenols and phenolic glycosides from the Antisolvent solution and
these extracts yielded reasonable SPF values and CW >370 nm.

It was obvious from Figure 6 that XAD7HP was the most efficient resin; its extract
gave the highest SPF and CW values. The extracts of the other resins afforded values
within similar range.

Two resins of XAD7HP and XAD16 were chosen for further studies as adsorbent
resins. Each experiment of the same resin was duplicated to check the reproducibility
of the results; the experiment was carried out under the same conditions as described
above using water solutions of Antisolvent. From Table 16, the SPF and CW values of
the extract XAD7HP 1% (23.56, 376 respectively) and 2" (19.53, 374) were similar
with tiny differences. The same conclusion goes with the extract of XAD16. But, an
interesting result was observed, when extract of XAD7HP was mixed with extract of



XAD16, the values of SPF were obtained even higher (25.41, 24.76) than the
individual resins, and CW was already above 380 nm.

Table 16: Duplicated exp. With XAD7HP and XAD16

Sample 800 ppm

in MeOH:H,0 1:1 SPF W

Ext of XAD7HP 1st 2356 | 376

Extof XAD7HP 2nd | 1993 | 374

Ext of XAD16 1st 2096 | 377
Ext of XAD16 2nd 1841 | 378
Mixed Ext

XAD7HP+XAD16 2541 | 382
1st

Mixed Ext

XAD7HP+XAD16 2476 | 380
2nd

The resin adsorption experiments were planned usually for 3 h. This time duration was
chosen after studying the resin adsorption capacity of XAD7HP and XAD16 (Tables
17, 18A and 18B). The experiment in Table 17 was performed in duplicates, and the
Antisolvent was prepared from OMW of year 2015 and OMW of year 2016.

Aqua solution of Antisolvent (100 mg/15 ml water) was added first to XAD7HP resin
(0.5 gr) and shacked for 3h at room temperature, then the aqua solution was decanted
directly into XAD16 resin (0.5 gr) and shacked for another 3h. The extract solution of
both resins (that were extracted with MeOH/EtOH/IPA/H,0) were evaporated and
dried. The same experiment was repeated but with time duration of overnight instead
of 3h. Solutions of all extracts were prepared in MeOH:H,O (1:1) with concentration
of 800 ppm. The results in Table 17, showed similar values of SPF and CW of a
certain extract within 3h and overnight experiment, with slightly higher values of the
3h experiment.

Table 17: Antisolvent solution on XAD7HP then on XAD16 for 3h and overnight experiments.

Sample 800 ppm Amount/yield
Exp. Time Source in H,0:MeOH 1:1 SPF cw [mg]
AS-2015 8,44 378 100 mg
AS-2015-1 Extract of XAD7HP 25,47 372 22,8
Extract of XAD16 15,96 370 29,4
Mixed extracts
XAD7HP+XAD16 29,14 373
AS-2015-2 Extract of XAD7HP 26,29 372 22
3h Extract of XAD16 17,57 378 20,7
Mixed extracts
XAD7HP+XAD16 27,02 3718
AS-2016 9,59 378 100 mg
AS-2016-1 Extract of XAD7HP 18,04 370 22,4
Extract of XAD16 6,54 367 52,6
Mixed extracts
XAD7HP+XAD16 22,99 3




AS-2016-2 Extract of XAD7HP 18,2 374 27,6
Extract of XAD16 21,26 369 80,3
Mixed extracts
XAD7HP+XAD16 28,12 3713

Exp. Time | Source Sample SPF Ccw Amount [mg]

AS-2015 8,44 378 100

AS-2015-1 Extract of XAD7HP 24,88 373 20
Extract of XAD16 7,12 370 23,9
Mixed extracts
XAD7HP+XAD16 24,22 375

As-2015-2 Extract of XAD7HP 22,76 371 20,5
Extract of XAD16 9,75 369 24,2
Mixed extracts

. XAD7HP+XAD16 24,74 374
Overnight

AS-2016 11,58 378 100

AS-2016-1 Extract of XAD7HP 18,82 370 22,8
Extract ofl XAD16 6,04 365 24,5
Mixed extracts
XAD7HP+XAD16 20,94 370

AS-2016-2 Extract of XAD7HP 24,36 374 20
Extract of XAD16 6,2 365 28,3
Mixed extracts
XAD7HP+XAD16 23,91 314

Total Phenols (Eq to Caffeic acid) and carbohydrates (eq to D-(+)-Glucose) - of the
Antisolvent fraction and all extracts of Table 17 - were measured and calculated
(Tables 18A and 18B). If we have a look at the concentration of the carbohydrates, for
example of “Aqua after XAD16” of AS-2015-1 at 3h exp. (346.79 ppm) and overnight
(480.11), we can see values at the same range, and again there is a slight preference to
the 3h experiment. The low concentration of carbohydrates in the aqua solution of
Antisolvent after XAD16 experiment indicates a good absorption process on the resin.
And in our case there were more carbohydrates in the overnight experiment than 3h.
Most probably, the adsorption process of the resin was at equilibrium after 3h.
Concentrations of TP and carbohydrates, in the aqua solution of Antisolvent, after
passing on XAD7HP were lower than the original fraction. The concentrations were
kept decreasing after passing the aqua solution on the second resin of XAD16. The
extracts of the resins contained higher concentration of TP and carbohydrates in
comparison to the original sample of Antisolvent. Again, the highest concentrations
were obtained with the mixed extracts of XAD7HP and XAD16. The mixed extract is
a fraction enriched with phenols and phenolic glycosides.

Table 18A: TP and carbohydrates of the Antisolven,qand extracts during 3h

Exp. Concentration | D-(+)-Glucose ™ [m_g
Time ppm [mg/1] [mg/l] Ca_ffelc
Source Sample acid/l]

AS-2015 100 mg /15 ml 6666 802.26 447
3h AS-2015-1 Aqua after XAD7HP 759.59 203.47
Extract of XAD7HP 4000 656.49 652.86
Aqua after XAD16 346.79 100.1




Extract of XAD16 4000 1366.94 1215.1
Mixed extracts XAD7HP
& XAD16 4000 1598 776.32
AS-2015-2 | Agua after XAD7HP 572.13 445.71
Extract of XAD7HP 4000 346.79 648.76
Aqua after XAD16 275.4 120.69
Extract of XAD16 4000 578.13 464.08
Mixed extracts XAD7HP
& XAD16 4000 723.44 964.9
AS-2016 100 mg / 15 ml 6666 672 665
AS-2016-1 Aqua after XAD7HP 644.66 259.08
Extract of XAD7HP 4000 222.16 474.29
Aqua after XAD16 121,17 220,2
Extract of XAD16 4000 222.16 372.24
Mixed extracts XAD7HP
& XAD16 4000 447.32 1071.02
AS-2016-2 | Aqua after XAD7HP 425.4 358.98
Extract of XAD7HP 4000 321.42 741.63
Aqua after XAD16 195.23 248.27
Extract of XAD16 4000 635.6 895.75
er exiracts XADTHP 4000 827.92 1695.5
Table 18B: TP and carbohydrates of the Antisolven,qand extracts during overnight
Exp. Time Concentration D-(+)-Glucose TP [mg
P. Source Sample ppm [mg/1] [mg/l] Caffeic acid/l]
@;’;015 100 mg/15mi 6666 802.26 447
AS-2015-1 | Aqua after XAD7HP 850.26 201.43
Extract of XAD7HP 4000 540.82 878.37
Aqua after XAD16 480.11 94.8
Extract of XAD16 4000 353.51 332.45
Mixed extracts
XAD7HP & XAD16 4000 1393.81 1228
AS-2015-2 | Aqua after XAD7HP 647.28 219.8
Extract of XAD7HP 4000 534.85 576.33
Aqua after XAD16 580.86 113.16
Overnight Extract of XAD16 4000 385.6 262.04
Mixed extracts
XADTHP & XAD16 4000 1917.46 1948.56
AS-2016 100mg/15ml 6666 672 665
water
AS-2016-1 | Aqua after XAD7HP 511.83 262.65
Extract of XAD7HP 4000 370.67 638.57
Aqua after XAD16 319.66 113.67
Extract of XAD16 4000 147.54 308.98
Mixed extracts
XADTHP & XAD16 4000 572.68 1026
AS-2016-2 | Aqua after XAD7HP 557.35 249.90
Extract of XAD7HP 4000 493.81 922.24




Aqua after XAD16 369.66 110.1

Extract of XAD16 4000 46.79 242.65

Mixed extracts
XAD7HP & XAD16 4000 626.42 1000

The resin adsorption capacity was followed up after 3h and after overnight as
discussed above (Table 17, 18A and 18B). A new experiment was planned to follow
up the adsorption capacity of XAD7HP and XAD16 every hour during 4h. In this
experiment at time=0 a sample of the Antisolvent solution was picked up for TP and
carbohydrates measurements. The Antisolvent solution was then added to XAD7HP
for 4h. Every hour a sample was withdrawn for the same measurements. After 4h the
Antisolvent solution was decanted directly into XAD16 resin for another 4h with
continues measurements in each hour. Table 19 summarized the results, and it was
observed that after the second hour on XAD7HP there were hardly any changes with
the concentration of TP and carbohydrates. The same observation was made within
XAD16. The results indicated that the resin reached equilibrium with the Antisolvent
solution after nearly 2-3h.

Table 19: concentrations of TP and carbohydrates of the Antisolvent solution every 60
min of the exp.

Time (hours) TP [;ncgid%?ffe'c Efficiency % D-(Jr[)r;]Gg;:,]lcose Efficiency %
XAD 7HP
0 300.82 6.01 973.66 19.47
1 132.45 2.65 666.94 13.34
2 134.49 2.69 619.18 12.38
3 131.43 2.62 567.69 11.35
4 142.65 2.85 487.09 9.74
XAD 16
1 108.98 2.18 500.52 10.01
2 103.88 2.07 477.38 9.54
3 100.82 2.01 468.43 9.36
4 101.84 2.03 452.76 9.05

A large-scale experiment was planned to produce extract fractions in grams, utilizing
XADTHP and XAD16 resins. From previous experiments, it was clearly concluded;
that mixed extracts of both resins yielded the highest values of SPF and CW, therefore
the best results were obtained. In the large-scale experiment, 10 gr productions of the
mixed extracts were planned in addition to 10 gr extract of each resin.

An amount of 7.87 gr Antisolvent in 600 ml water were added to 30 g resin of
XADTHP for 3h (Table 20), the solution was decanted into another 30 g resin of
XAD16 and shacked for another 3h at RT. The resins were washed with organic
solvents to dissolve all absorbed phenols. The organic phase of each resin was
evaporated and dried separately to obtain two extracts of XAD7HP and XAD16. This
process was repeated 8 times, and 63 gr in total of Antisolvent were consumed, using
the same resins after reactivation. An amount of 8.8 gr extract from XAD7HP resin
and 7.6 gr extract from XAD16 resin were obtained.



A new set of another 47 gr Antisolvent was used and added to both resins as described
above. This time both extracts were mixed to obtain 10 gr of mixed fraction.

In Table 20 the results were summarized. The SPF value of the mixed extracts (31.21)
was higher than the values of the individual extracts. CW values of the three extracts
were above 370 nm with the highest value of the mixed extract again (382). TP and
carbohydrates for all the fractions were calculated and summarized in Table 21. The
concentrations of TP and carbohydrates are the highest in the mixed fraction, which
explains the reason behind obtaining the best values of SPF and CW.

Table 20: the yield, pH, SPF and CW results of the 3 fractions produced from Antisolvent by

XAD resins
Sample Amount [gr] pH + 3std SPE + 3std CW+ 3std Table 21:
AS 2016 63 5.28 + 0.15 11.27 £0.70 378+ 1.15 TP and
Ext XAD 88 4.41+0.18 26.83 + 2.30 377 +0.57 carbohyd
7HP rates
EXt'féAD 76 4.28+0.06 18.78 + 0.51 377+ 1.10 results of
Mixed Ext. 10 gi]feferen t
(XAD 7HP 43+0.09 31.21£2.32 382+ 1.50 _
+ XAD16) fractions
Sample conc. 1600 ppm | TP [mg Caffeic acid/l] Y(i)/ild D—(+[)I;](S}HC°SG vields
AS 2016 108.23+5 6.76 292.55 + 40 18.3
XAD 7HP 210.78 £ 47.11 13.17 | 292.05 + 35.85 18.25
XAD 16 150.57 + 35.9 9.41 2441+ 72.32 15.25
Mix (XADlg*P + XAD 378.54 + 91.42 23.65 | 586.6:+298.67 36.67

We produced 2 fractions from 63 gr Antisolvent by using XAD resins:

1) The extract of XAD7HP (8.8 gr)

2) The extract of XAD16 (7.6 gr)

We produced a third fraction from another 47 gr Antislvent using the same resins
3) The mixed extracts of XAD7HP and XAD16 (10 gr)

In total: from 110 gr Antisolvent 26.4 gr mixed fraction can be obtained. In order to
have 100 gr mixed fraction we need to produce 417 gr Antisolvent.

Yield of Antisolvent preparation:

From each 5 liters OMW it was produced 216.72 gr (x 25.94 gr, 3std) Antisolvent
(W/V)%=4.33 % = (4.33 gr/100 ml).

In order to produce 100 gr of the active mixed fraction of both resins (XAD7HP and
XAD16) we need to start with 10 liters of OMW.

10 L OMW

433.44 g Antisolvent 100 g active mixed suns cream.



HPLC analysis of Antisolvent (Fig. 7), extract of XAD7HP (Fig. 8), extract of XAD16
(Fig. 9) and the mixed extracts (Fig. 10) were measured. The peak at 6.47 min is
Hydroxytyrosol, at 10.02 min is Tyrosol, at 13.2 min is Caffeic acid, at 13.74 min is
Vanillic acid, at 14.67 min is p-coumaric acid.

From HPLC, we can see clearly, concentrations of phenols in the mixed fraction are
the highest in comparison with the separated extracts. The concentration of the
phenolic glycosides is indicated by the hilly peak from 12 min to 17 min, and again it
is the highest within the mixed extracts (Fig. 10).
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Figure 8: HPLC analysis of XAD7HP extract
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Figure 9: HPLC analysis of XAD16 extract
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Figure 10: HPLC analysis of mixed extracts of XAD7HP and XAD16

We could accomplish the production of a natural sunscreen product, produced from
OMW. A product that protects against sunlight with high values of SPF and CW.
Values required for a product to passes the standard regulation.

Our future achievements still needs to overcome few more challenges, which are:
1) To study the decomposition of the phenols and the toxicity level of the active
fraction after its exposure to sunlight at the peak of the heat time of the day.
2) pH adjustment of the product to be suitable on the skin.
3) Finding the method to develop the product from powder like to a cream
like.
4) Testing the product on cell culture.
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