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Abstract: Novel personal care products are necessary to cope with the growing market demand for
sustainable green products. In this context, this work deals with the formulation and fundamental
physicochemical and rheological characterization of different natural personal care products using
bioactive fractions from Chondrus crispus red macroalgae extracted under optimized green conditions.
Body milks, body oils and shampoos were supplemented with soluble extracts with antioxidant features
recovered after hydrothermal (200 °C) and microwave (170 °C)- and ultrasound (80 °C)-assisted
extraction of the red macroalgae used as raw material. Formulated products were also compared
with those prepared using (£)-a-tocopherol and butylhydroxytoluene standards. Body scrubs
were formulated with the remaining solids (<2.25%) after microwave hydrodiffusion and gravidity
treatment of the macroalgae. Results indicated that selected extracts provided personal care products
with similar or even better physicochemical, color and viscous features than those supplemented with
(£)-a-tocopherol or butylhydroxytoluene commercial antioxidants. Rheological profiles indicated
that it is possible to develop personal care products with adequate viscous behavior (102-10° mPas,
at 1 s71), comparable with their synthetic counterparts. To conclude, the addition of antioxidant
extracts led to lower apparent viscosity values suggesting an advantage from the skin applicability
point of view, jointly with the absence of both the hysteresis phenomenon and water syneresis of the
proposed formulations.

Keywords: body milk; body oil; shampoo; body scrub; autohydrolysis; microwave-assisted extraction;
ultrasound-assisted extraction; microwave hydrodiffusion and gravity technology

1. Introduction

Consumers are increasingly demanding green and ecofriendly products in the fields of
food, cosmetics and personal care products [1]. The use of renewable and sustainable raw
materials, containing high-added valuable compounds, with green extractive strategies
responds to a growing market interest encouraged by the environmental concerns of
consumers and the industry requirements of ensuring the availability of resources for their
production [2]. The cosmetics industry is a key industrial sector, where marine cosmetics,
also known as phycocosmetics, are an economic reality [3]. Even though plant-derived
extracts are commonly among the principal additives of natural cosmetics [4], bioactive
compounds from algae have a relevant application in this field. These marine extracts have
the capacity to mitigate the generation of process-generated unwanted chemicals, as well
as the health benefits that they provide, when compared with the potential health risks
that the use of synthetic antioxidants could produce [5]. Several beneficial metabolites can
be obtained from algae, such as antioxidants, mycosporine-like amino acids, carotenoids,
pigments or sulfated polysaccharides [4].
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Various algae sources are currently widely used in skincare cosmetics for several pur-
poses, such as moisturizers, texture-enhancing agents, antiwrinkle agents or sunscreen [1,6].
Red algae are rich sources of natural polysaccharides with promising features to be used
in cosmeceutical industries as a whitening agent [6]. Red algae can feature antioxidative,
photoprotective, anti-inflammatory and antimelanogenic activities [5]. Their antioxidative
activity was correlated with the presence of polyphenols by many researchers [3].

Extracts from red macroalgae Chondrus crispus Stackhouse 1797 could offer valuable
ingredients for personal care products since it possesses fractions with sunscreen and
antiaging potential [7]. Its extracts, mainly carrageenan, can act as thickening, water-
binding and stabilizing agents, as well as possess different biological activities that make
it adequate as an ingredient in personal care products [8], and consequently give to the
cosmetic market an interesting perspective of novel ingredients to develop enhanced
formulations to combat the inevitable skin aging. Further research should be performed
by assessing its potential through in vitro studies, thus paving way for red algae to be
incorporated into suitable formulations for both cosmetic and treatment use [1,8].

Antioxidant biomolecules can be used in numerous novel applications (e.g., shampoos,
cosmetic creams, body oils and gelled matrices, among others), which is indicative of
the technological relevance of these bioactive compounds [7]. The physicochemical and
phytochemical characterization of the bioactive extracts is critically relevant in order to
select the most adequate final application, as well as to determine the rheology of the
developed formulations [9,10]. During the processing of personal care products, the
presence of bioactive extracts must be carefully taken into account to avoid losses in
their healthy features. The monitoring of the viscosity of the formulated matrices during
manufacturing and in the final product is critically relevant for the right selection of the
processing conditions and to enhance the quality and shelf life of the end product [9,11].
The challenge is to obtain functional matrices with tailored rheological properties suitable
for personal care applications developed in a sustainable way.

In this context, the main aim of this work is to assess the feasibility of formulating
different natural personal care products supplemented with marine extracts recovered
using green extraction technologies, including the fundamental physicochemical and
rheological characterization.

2. Results

Three different personal care products (body milk, body oil and shampoo) were elabo-
rated from Chondrus crispus extracts obtained by applying autohydrolysis (AH), microwave-
assisted extraction (MAE) and ultrasound-assisted extraction (UAE) technologies, and the
body scrub was formulated from the dried red macroalgae by microwave hydrodiffusion
and gravity (MHG) (Figure 1).

The evaluation of the potential use of Chondrus crispus extracts and dried macroalgae
as cosmetic ingredients could be determined through their stability study by an accelerated
oxidation assay at 50 °C for 15 days. The results of this test on body milk samples are
shown in Figure 2. The obtained pH values fluctuated between 4.81 and 4.98. This reduced
difference reflected the limited experimented variation in this chemical parameter under
the work conditions mentioned above. Overall, samples elaborated with autohydrolysis
(AH) extracts maintained lower values, whereas personal care products enriched with
(£)-o-tocopherol and microwave-assisted extraction (MAE) presented higher pH data.

Figure 3 compiles the thiobarbituric acid-reactive substance (TBARS) concentrations
of the body milk samples submitted to the acceleration oxidation assay to define the degree
of lipid oxidations that took place in this procedure. In this case, these measurements
oscillated around 300 units over time since the TBARS outcomes were in the range of
approximately 35 to 348 nmol malonaldehyde/g personal care products. It should be noted
that from Day 8 onwards, the fluctuations were generalized for all samples without a clear
trend in all of them.
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Figure 1. Personal care products produced from C. crispus extracts or dried macroalgae: (a) body
milk; (b) shampoo; (c) body oil; (d) body scrub.
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Figure 2. Compilation of pH values in accelerated oxidation assay at 50 °C during 15 days of the body
milk samples elaborated with different C. crispus extracts. AH: Autohydrolysis; MAE: Microwave-
assisted extraction; UAE: Ultrasound-assisted extraction; BHT: Butylated hydroxytoluene.

Figure 4 indicates the impact of the utilized macroalgae extracts on the chemical
properties of the studied body oil samples. Specifically, the free fatty acid (FFA) content was
constant for the 15 days of treatment, as indicated by the plateau tendency of the obtained
data, excluding the behavior described by the samples with AH and ultrasound-assisted
extraction (UAE) extracts and butylated hydroxytoluene (BHT) and (&4)-x-tocopherol
commercial antioxidant compounds. These samples reduced their FFA percentage by about
0.4 units for Days 1 to 3, recovering their initial condition for the remaining days.
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Figure 3. Thiobarbituric acid-reactive substance (TBARS) concentrations in accelerated oxidation
assay at 50 °C during 15 days of the body milk samples elaborated with different C. crispus extracts.
AH: Autohydrolysis; MAE: Microwave-assisted extraction; UAE: Ultrasound-assisted extraction;
BHT: Butylated hydroxytoluene.
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Figure 4. Compilation of free fatty acid (FFA, %) values during accelerated oxidation assay at
50 °C during 15 days of the body oil samples elaborated with different C. crispus extracts. AH:
Autohydrolysis; MAE: Microwave-assisted extraction; UAE: Ultrasound-assisted extraction; BHT:
Butylated hydroxytoluene.

The TBARS profile of body oil samples (Figure 5) presented an opposed response since
these values increased significantly from the second day, remaining stable up to this point
(~29 nmol malonaldehyde/g personal care product). Hereafter, TBARS values were more
noticeable, reaching the maximum level at about 143 nmol malonaldehyde/g personal care
product to MAE samples at the final accelerated oxidation.
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Figure 5. Thiobarbituric acid-reactive substance (TBARS) concentrations during accelerated oxidation
assay at 50 °C during 15 days of the body oil samples elaborated with different C. crispus extracts.
AH: Autohydrolysis; MAE: Microwave-assisted extraction; UAE: Ultrasound-assisted extraction;
BHT: Butylated hydroxytoluene.

Figure 6 recompiles the evaluated chemical characteristic of the tested shampoo
samples. The plot displays the pH changes in these fresh cosmetic products, as well as
these shampoos, after their thermal treatment. AH-enriched shampoo presented the lowest
pH values (approximately 6.6) in contrast with samples with (£)-x-tocopherol since these
kept the highest pH values throughout the whole process with an average of around 6.9.
The pH data of the remaining samples were defined between around 6.6 and 6.8, so this
light variation indicates that this parameter remained like the initial one.

In relation to the evolution of the TBARS concentration of the treated samples
(Figure 7), it is noteworthy that the collected data did not show a clear trend. Although the
initial and final TBARS concentrations were similar (about 6.8 in front of approximately
17.8 nmol malonaldehyde/g personal care product), the intermediate values reached aver-
age values of ~38.8 nmol malonaldehyde/g personal care product exposed by shampoo
samples with AH C. crispus extract. These results suggest that the distinct added extracts
and antioxidant compounds presented different effects on the development of secondary
oxidation products in comparison with control shampoo elaborated with distilled water.

Body scrub samples designed with some proportions of dried microwave hydrodiffu-
sion and gravity technology (MHG) macroalgae were also subjected to stability analysis
employing an accelerated oxidation assay for 15 days. The registered FFA values of these
cosmetic models are represented in Figure 8.
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Figure 6. Compilation of pH values during accelerated oxidation assay at 50 °C during 15 days
of the shampoo samples elaborated with different C. crispus extracts. AH: Autohydrolysis; MAE:
Microwave-assisted extraction; UAE: Ultrasound-assisted extraction; BHT: Butylated hydroxytoluene.
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Figure 7. Thiobarbituric acid-reactive substance (TBARS) concentrations during accelerated oxidation
assay at 50 °C during 15 days of the shampoo samples elaborated with different C. crispus extracts.
AH: Autohydrolysis; MAE: Microwave-assisted extraction; UAE: Ultrasound-assisted extraction;
BHT: Butylated hydroxytoluene.
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Figure 8. Compilation of free fatty acid (FFA, %) values during accelerated oxidation assay at 50 °C
during 15 days of the body scrub samples elaborated with different percentages of dried macroalgae
C. crispus by microwave hydrodiffusion and gravity technology (MHG).

These results hardly varied by 0.03%; consequently, their FFA concentration can be
considered as constant independently of the thermal and time treatment and the used
macroalgae percentage. However, this last aspect disclosed is essential in the TBARS
concentration of the studied cosmetic samples (Figure 9). In this case, a parallel rise of
the generated malonaldehyde concentration was clearly linked with the quantity of the
used dried algae. Further works on the storage stability of these personal care products
should be conducted to extend the knowledge about the chemical reactions between the
macroalgae’s bioactive compounds and the detected malonaldehyde amount.
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Figure 9. Thiobarbituric acid-reactive substance (TBARS) concentrations during accelerated oxidation
assay at 50 °C during 15 days of the body scrub samples elaborated with different percentages of
dried macroalgae C. crispus by microwave hydrodiffusion and gravity technology (MHG).

Color coordinates and magnitudes of the body milk products are exhibited in Table 1
following the CIEL*a*b* method. The developed fresh cosmetics presented slight differ-
ences from each other since the range of the distinct coordinates was limited (L*, a* and
b* coordinates fluctuated in the range from 85.27 to 85.43, from —4.14 to —4.80 and from
3.50 to 5.35, respectively). This aspect was supported by the small difference described by
the total color difference (AE* < 1.5) between the studied enriched samples and the control
product (elaborated with distilled water), except for the ()-a-tocopherol sample because
it showed a distinct color difference (1.5 < AE* < 3.0) in accordance with the classification
established previously by Adekunte et al. [12]. On the other hand, Table 1 also displays
the color data of the body milk samples treated at 50 °C for 15 days to define the effects
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of an accelerated oxidation assay. Body milk samples enriched with macroalgae extracts
were hardly modified, because these samples kept their small difference to the control
body milk, but samples obtained by the addition of commercial antioxidants (BHT and
(£)-«-tocopherol) strongly increased the values of coordinates a* (more greenish color) and
b* (more yellowish color), showing a total color difference of 6.90 and 3.93, respectively, vs.
distilled water. The collected results comparing the values at 0 days and 15 days indicated
that the total color difference (AE*) varied strongly with oxidation, being most marked in
the samples with commercial antioxidant compounds, and the least change was recorded
with the body milk enriched with the microwave extract.

Table 1. Comparison of the colorimetric characteristics by CIEL*a*b* system from the body milk
samples elaborated with different C. crispus extracts. Values of the color coordinates and magnitudes
of the fresh (at 0 days) and personal care product samples submitted to an accelerated oxidation assay
at 50 °C for 15 days are summarized for comparative purposes.

Parameter

Extracts (0 days)

Distilled AH MAE UAE BHT a-Tocopherol
Water
Lightness (L*) 854240012 852740012  8535+001° 854340022 853740012 854040012
Coordinate 4174 go1c  _4174001¢  —4142£001°  —4174002° 4464001  —480+0012
green-red (a*)
Coordinate 5 59 | oy d 3.80 £ 0.01°¢ 3.50 £ 0.024 3.55 £ 0.054 416 £0.01° 5.35 £ 0.00 2
blue-yellow (b*)
H‘(lﬁfﬂ;éle —40.70 £ 0.01¢ —4232+0.01° —40224+0.02°¢ —4036+002¢ —43.01+£001°> —4812400172
Chroma (C*) 5.50 & 0.01 ¢ 5.64 £ 0.01° 5.43 +£0.01°¢ 5.48 £ 0.02° 6.10 £ 0.01° 7.19 +£0.032
Saturation (5*)  0.06 £ 0.01 0.07 £ 0.01 2 0.06 £ 0.01 2 0.06 £ 0.01 0.07 £ 0.012 0.08 £ 0.01
Total color
difference (AE¥)
e el - 0.26 0.11 0.04 0.65 1.87
water
Extracts (15 days)
Parameter s g
Distilled AH MAE UAE BHT a-Tocopherol
Water
Lightness (L*) 854540012  8543+0012 856340012 858640012  8592+0012  86.02+0.01°
Coordinate 576 | gg1c  _3034001° —380+001¢ —385+001¢ —679+0012 —5224001°
green-red (a*)
Coordinate 475 £0.01°¢ 5.62+£0.01°¢ 439 4+ 0.01 5.15 + 0.03 4 10.94 + 0.03 2 8.37 £0.01°
blue-yellow (b*)
H‘(f*aﬂ;éle 514940019 —5501+001" —4910+001° —53214+001° —5818+0.022 —58.06+0.01°
Chroma (C*) 6.07 +0.01 ¢ 6.86 + 0.01°¢ 5.81+0.01° 6.43 £+ 0.01 ¢ 12.88 40022  9.86+0.01P
Saturation (S*) 0.07 +£0.01b 0.08 +0.01° 0.07 £0.01b 0.07 +0.02° 0.15+0.022 0.11 +0.012
Total color
difference (AE*)
e e - 0.88 0.40 0.58 6.90 3.93
water
Comparison 0 days versus 15 days
Parameter s g
Distilled AH MAE UAE BHT a-Tocopherol
Water
Total color 1.22 1.84 0.99 1.69 7.19 3.11

difference (AE¥)

Data are given as mean = standard deviation. Data values in a row with different letters are statistically different
(p < 0.05). AH: Autohydrolysis; MAE: Microwave-assisted extraction; UAE: Ultrasound-assisted extraction; BHT:
Butylated hydroxytoluene
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Table 2 recompiles the color characterization of the tested body oil samples. These

presented similar coordinates and magnitudes values independently of the employed
extract or antioxidant, as well as the absence of the accelerated oxidation procedure or their
application. The reduced average outputs of AE* parameters attested to it (around 0.25
and 0.08 for fresh body oil products and 0.38 and 0.27 for treated personal care products,
respectively). The variation of the total color differences from 0 to 15 days ranged from 0.45
(UAE extract) to 1.01 (BHT), without a too appreciable perception of color change.

Table 2. Comparison of the colorimetric characteristics by CIEL*a*b* system from the body oil
samples elaborated with different C. crispus extracts. Values of the color coordinates and magnitudes

of the fresh (at 0 days) and personal care product samples submitted to an accelerated oxidation assay

at 50 °C for 15 days are summarized for comparative purposes.

Parameter

Extracts (0 days)

Distilled AH MAE UAE BHT a-Tocopherol
Water
Lightness (L*) 903240012  9026+0012 904240012 901540012  89.82+001Y  90.61 40012
Coordinate 904 0012 _295+0017 —2924001° —294+001° —300+001° —3010032
green-red (a*)
Coordinate ;) | g oqb 1254001  130+£0012® 1194000 1.31 +£0.02° 143 +0.082
blue-yellow (b*)
H‘(lﬁfﬂfle —22324£001° 230040019 —2408+001> —2201+001¢ —2354+001¢ —2544+0.017
Chroma (C*) 3.20 4+ 0.01 2 32140012 3.19 +0.01°2 317 +£0.012 327 40012 333 +£0.032
Saturation (§*)  0.04 4 0.01 2 0.04 + 0.01 2 0.04 4 0.01 2 0.04 + 0.012 0.04 4 0.01 2 0.04 4+ 0.01 2
Total color
difference (AE¥)
e e - 0.07 0.14 0.18 0.51 0.37
water
Extracts (15 days)
Parameter fogs
Distilled AH MAE UAE BHT a-Tocopherol
Water
Lightness (L) ~ 90.56 £0.012 9044 +0012 9043 +001° 90560012  9041+0012  90.74 +0.01°
Coordinate ) () 40022 26740017 28240017  -275+001° —260+002° —272+0012
green-red (a*)
Coordinate 0.59 &£ 0.01 € 0.70 £ 0.01® 1.24 £0.012 12140012 0.60 £ 0.01 € 0.76 & 0.01°
blue-yellow (b*)
H‘(l}f*arjggle 1260 £0.01¢ —14614+001° —2376+0012 —2378+0012 —1291+001¢ —15.69+0.01"
Chroma (C*) 2.71 £0.01° 2.76 £ 0.01° 3.08 +0.01° 3.00 +0.012 2.67 +£0.01° 2.82 +0.012
Saturation (S*)  0.03 & 0.01 2 0.03 +0.012 0.03 4 0.01 0.03 +0.012 0.03 4 0.01 2 0.03 +0.012
Total color
difference (AE¥)
e Sl - 0.16 0.68 0.63 0.15 0.26
water
Comparison 0 days versus 15 days
Parameter s s
Distilled AH MAE UAE BHT a-Tocopherol
Water
Total color 0.75 0.64 0.95 045 1.01 0.74

difference (AE¥)

Data are given as mean = standard deviation. Data values in a row with different letters are statistically different
(p < 0.05). AH: Autohydrolysis; MAE: Microwave-assisted extraction; UAE: Ultrasound-assisted extraction; BHT:

Butylated hydroxytoluene

commercial antioxidant compounds are displayed in Table 3.

Color measurements of the elaborated shampoo samples with C. crispus extracts and
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Table 3. Comparison of the colorimetric characteristics by CIEL*a*b* system from the shampoo

samples elaborated with different C. crispus extracts. Values of the color coordinates and magnitudes

of the fresh (at 0 days) and personal care product samples submitted to an accelerated oxidation assay

at 50 °C for 15 days are summarized for comparative purposes.

Parameter

Extracts (0 days)

D;;:‘:;:d AH MAE UAE BHT a-Tocopherol
Lightness (L*)  89.28 £0.01°>  89.82+001Y  90.86+£001° 902640012  8420+£001¢  81.91+0.019
Coordinate 57y 40012 —283+£0.027  -2564001° —258+4001° 2484001  —276+ 0032
green-red (a*)
Coordinate 5 4 gy e 1.06 + 0.01° 0.81 +0.01°¢ 0.44 +0.014 0.96 £ 0.01° 2.08 £ 0.012
blue-yellow (b*)
H‘(ﬁfﬂfle —4144001°  —2045+£001° —1747+001°¢ —962+0019 —21.09+001> —37.04+0012
Chroma (C¥) 2.72 +0.01°¢ 3.02+0.01° 2.69 +0.01°¢ 2.61 +0.01°¢ 2.66 + 0.01°¢ 345+ 0022
Saturation (§*)  0.03 4 0.01 2 0.03 +0.012 0.03 4 0.01 2 0.03 +0.012 0.03 4 0.01 2 0.04 +0.012
Total color
difference (AE¥)
e el - 1.02 1.69 1.01 5.15 7.61
water
Extracts (15 days)
Parameter -
D“/\S,;‘tlifd AH MAE UAE BHT a-Tocopherol
Lightness (L*) 8922 +£0.01°>  90.02+0012  89.89+£0012  89.01£0.00°  8457+£001¢  80.63 + 0.024
Coordinate 071 0034 218 4001b —20240025¢ —1934001° —193+001°  —269+0022
green-red (a*)
Coordinate 164 gpoe  035+4000°  —001+000¢ —039+001f  0.10=0.01° 8.23 £ 0.03 2
blue-yellow (b*)
Hl(lﬁfﬂ‘ggle 1350+£001>  —911+001f  028+0019  11.314£001¢  —3064+001¢ —719140.012
Chroma (C*) 0.69 £ 0.01 ¢ 221+40.01° 2.02+0.01° 1.97 +0.01P 1.94 +0.01P 8.66 +0.012
Saturation (S*) 0.01+0.01P 0.024+0.01° 0.02+0.01P 0.024+0.01° 0.02+0.01P 0.11 £ 0.012
Total color
difference (AE¥)
e Sl - 1.79 1.52 1.30 483 12.18
water
Comparison 0 days versus 15 days
Parameter ‘g
D“As,;‘tlelfd AH MAE UAE BHT a-Tocopherol
Total color 2.08 0.98 138 1.64 1.09 6.28

difference (AE*)

Data are given as mean =+ standard deviation. Data values in a row with different letters are statistically different
(p < 0.05). AH: Autohydrolysis; MAE: Microwave-assisted extraction; UAE: Ultrasound-assisted extraction; BHT:

Butylated hydroxytoluene

The samples that included macroalgae extracts from AH, MAE and UAE extraction

technologies exhibited similar features, as shown by their magnitude values. For example,
the hue angle (h*), chroma (C*) and saturation (S*) of average data of fresh samples were
—15.85, 2.77 and 0.03, respectively. These samples defined a small total color difference
in the Adekunte et al. ranking (i.e., AE* < 1.5) [12]. This tendency was also analyzed in
the cosmetic products submitted to the accelerated oxidation process, and the average
AE* value of the shampoos with macroalgae extracts was 1.54. Specifically, these outputs
presented noticeably different to butylated hydroxytoluene (BHT) and (+£)-a-tocopherol
samples since AE* BHT values were around one-third higher than samples with macroalgae,
extracts whereas that of the AE* (£)-a-tocopherol sample data was about eight times higher.
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The comparative AE* from 0 to 15 days of accelerated oxidation showed that samples
fortified with the extracts obtained with AH or MAE showed a smaller color variation.

Table 4 shows the colorimetric features of the body scrub cosmetics elaborated with
dried MHG C. crispus macroalgae. The results displayed an inverse relation with the
added algae percentage and the values of lightness (L*) and coordinate b* since these
values were reduced for fresh and heat-treated samples as the macroalgae percentage was
intensified. Meanwhile, the coordinate a* described the opposed tendency, so its value
grew simultaneously with the amount of used dried red macroalgae. A very distinct AE*
was defined in all cases (0 and 15 days) since the obtained results exceeded the limit of
3.0 established by Adekunte et al. [12] in comparison with the control sample (0.00%), but
the accelerated oxidation of each body scrub sample during 15 days of oxidation did not
produce such marked differences in AE*, even in the sample added with 1.51% extract of
dried C. crispus by MHG, and it was scarcely detectable (AE* = 0.88).

Table 4. Comparison of the colorimetric characteristics by CIEL*a*b* system from the body scrub
samples elaborated with different percentages of dried macroalgae C. crispus by MHG technology.
Values of the color coordinates and magnitudes of the fresh (at 0 days) and personal care product
samples submitted to an accelerated oxidation assay at 50 °C for 15 days are summarized for
comparative purposes.

Extracts (0 days)

P t
arameter 0.00% 0.75% 1.50% 2.25%
Lightness (L*) 76.41 +0.02 2 61.56 £ 0.10P 57.74 £+ 0.01 ¢ 50.83 & 0.02 4

Coordinate ~4.21+0.01° —2.44 £ 002" ~2.05+0.02°¢ ~1.15+0.014
green-red (a*)
Coordinate 446 +0.01°¢ 5.35 4+ 0.02° 6.80 +0.012 6.92 +0.012
blue-yellow (b*)
Hue angle (h*, °) —46.61 + 0214 —65.44 4 0.08 —73.19 +£0.01b —80.56 & 0.01 2
Chroma (C¥) 6.13 +0.01° 5.88 4 0.01 ¢ 7.10 4 0.01 2 7.01 +0.012
Saturation (S*) 0.08 + 0.01° 0.10 4 0.01 2P 0.12 4 0.01 2 0.14 4 0.01 2
Total color
difference (AE*) - 14.98 18.95 25.89

vs. distilled water

Parameter

Extracts (15 days)

0.00% 0.75% 1.50% 2.25%
Lightness (L*) 71.03 4 0.02 2 63.97 +0.01° 58.19 + 0.01 ¢ 57.54 + 0.01 ¢
Coordinate ~338+0012 —2.63+001P ~1.62+0.03¢ ~1.57+0.03¢
green-red (a*)
Coordinate 3.30 4 0.01 4 6.73 £ 0.02°¢ 742 +£0.04° 7.89 4+ 0.022
blue-yellow (b*)
Hue angle (h*, ©) —4431 +0.01¢ —68.66 + 0.01P —77.70 + 0.03 2 —78.734+0.012
Chroma (C*) 472 +0.01°¢ 723 +0.01° 7.59 4+ 0.02P 8.05+0.012
Saturation (S*) 0.07 £0.01°¢ 0.11 +0.01° 0.13 + 0.01 0.14 +0.01 2
Total color
difference (AE*) - 7.89 13.61 14.37

vs. distilled water

Parameter

Comparison 0 days versus 15 days

0.00% 0.75% 1.50% 2.25%

Total color
difference (AE*)

5.57 2.78 0.88 6.79

Data are given as mean = standard deviation. Data values in a row with different letters are statistically different
(p < 0.05).

Figure 10 shows the viscous profiles of the developed personal care products at 25 °C.
Body milk samples exhibited shear-thinning behavior with a notable decrease (more than
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Apparent viscosity (mPas)

1
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two decades) in the apparent viscosity with increasing shear rate (Figure 10a). In contrast,
body oils presented Newtonian behavior, with the apparent viscosity almost invariant
over the range of tested shear rates (Figure 10b). Shampoos showed intermediate profiles
between body milks and oils, where the apparent viscosity featured a Newtonian plateau at
the lowest shear rates (below 7.5 1/s) and then shear-thinning behavior (Figure 10c). Body
scrub samples also exhibited a decrease in the apparent viscosity with increasing shear rate
(Figure 10d). This type of personal care product presented the highest drop in the apparent
viscosity (about four decades).
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Figure 10. Viscosity profiles for (a) body milk, (b) body oil, (c) shampoo and (d) body scrub samples
in the absence (black) and presence of selected C. crispus extracts: AH: Autohydrolysis; MAE:
Microwave-assisted extraction; UAE: Ultrasound-assisted extraction. Note here that percentages in
(d) correspond with the residual solids content obtained after MHG treatment.

In all cases, the incorporation of selected extracts involved a slight weakness in the
viscous behavior at a fixed shear rate when compared with systems prepared with distilled
water in the absence of bioactive soluble extracts. Body mil