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Abstract: Sacha inchi (Plukenetia volubilis) oil is constituted with macronutrients and the health benefit
fatty acids. In this context, the efficient of Sacha inchi oil for anti-aging product is presented. The light-clear
yellowish seed oil of Sacha inchi was revealed on its physicochemical properties that are in the same range
of the commercializing plant-oil supplied for topical products. The oil was GC/MS exhibited to be
constituted with a-linolenic (51.72%) and linoleic (24.3%) acids, with unsaturated/saturated fatty acids
ratio of 21.26. The oil was noted onto its potent in vitro antioxidant activity assessed by ABTS, DPPH and
FRAP assays. In addition, the oil (1-3%) was proved to be safe in normal human fibroblast cells.
Furthermore, the oil exhibited cellular antioxidant with inhibitory effect against MMP-2. Sacha inchi oil is
therefore highlighted as a potential source of nutraceutical especially for anti-aging product. The oil is
specified for the product development in terms of physicochemical, chemical and biological profiles.
Innovative processing of Sacha inchi is therefore encouraged as the promising plant for anti-aging product.
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1 Introduction

Sacha inchi or Plukenetia volubilis L. (Euphorbiaceae)
is the important crop of South America" 2 The seed oil is
documented to be used for medical treatments of coronary
heart disease, arthritis, diabetes, attention deficit hyperac-
tivity disorder and inflammation® . Its seed oil is edible and
was shown to reduce serum total cholesterol and LDL cho-
lesterol, increase HDL cholesterol and increase total
protein during a course of oral administration at 10 or 15
ml for 16 weeks as examined in adult volunteers” . Its ther-
apeutic effects are governed by the biologically active fatty
acids”, i.e., a-linolenic and linoleic acids (35-60% ), which
are of significance for topical products, including those of
cutaneous and hair importancesfg) that are oleic, palmitic
and stearic acids as well as amino acids such as phenylala-
nine, tyrosine, leucine and isoleucine. Furthermore, the
health importance minerals for example potassium, magne-
sium and calcium as well as vitamin E, carotenoids and
polyphenols are reported as the constituents of Sacha inchi
oil ™ The oil is majorly produced and supplied for food
industry® ', and applicable for several health promotion
products, particularly anti-aging products, at which the ex-
pectation on natural products are dramatically increased” o
Sacha inchi oil prepared by a cold-pressed, solvent free

method, is therefore becoming of interest as a superfood
due to its nutritional and health benefits worldwide espe-
cially for the European market, which drives the price of
oil very expensivew). Nonetheless, the sufficient data appli-
cable for topical product industry is sparely to be reported
especially for its safety and efficacy claims.

The present study was therefore aimed to challenge on
the possibility of the commercially available, cold-pressed
Sacha inchi oil with required parameters enabling its uses
for cosmetic, pharmaceutical and nutraceutical products.
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In this presenting context, physicochemical, fatty acids and
n vitro antioxidant activities of seed oil of Sacha inchi
cultivated in Thailand were reported with the cellular
safety and efficacy in normal human fibroblasts (NHF), the
cells responsible for aging of skin. Innovative processing of
Sacha inchi oil for nutraceutical product is encouraged ac-
cordingly, especially for anti-aging product.

2 Experimental

All of the chemicals used were of analytical grade unless
otherwise specified. The standards (vitamin E;
a-tocopherol and vitamin C), chemicals and reagents were
from Sigma-Aldrich (USA)unless otherwise stated. The ab-
sorbance of each assay was recorded using a microplate
reader (SPECTROstar Nano, BMG Labtech, Germany).

2.1 Sacha inchi oil

The oil that is currently commercializing by the local-co-
operative farmers in Chiang Rai, Thailand was used in this
study. Sacha inchi cultivated in Chiang Rai, was seed har-
vested. The seed oil was cold-pressed and claimed as per
the process for an extra-virgin oil.

2.2 Physicochemical properties

The acid, iodine, peroxide, saponification, and unsaponi-
fication values were determined in accordance with the of-
ficial methods'”. Color parameter of the oil (glass chamber,
HunterLab, USA; 30 mL)in terms of CIELAB was examined
using chromameter (Ultrascan Vis, HunterLab, USA). Vis-
cosity of the 0il (200 mL in 250 mL beaker) was determined
with a viscometer (Brookfield RVDV2T extra, USA) under
room temperature using spindle no. 2 at a speed of 200
rpm and torque (%) of more than 80%.

2.3 Fatty acid profiles

Fatty acid profiles of the oil in the form of fatty acid
methyl esters (FAMEs)were analyzed. The oil was esteri-
fied by the mild and quantitative yield condition. Briefly,
the oil was mixed with toluene (J.T. Baker, USA), MeOH
(Merck, Germany), and 8% HCI(VWR, USA), and incubat-
ed at 45C for 24 h. The resulting reacted solution was par-
titioned with 72-hexane (Merck, Germany), the organic
phase was dried over MgSO, anhydrous (Panreac, Spain) to
collect the filtered FAMEs solution. An aliquot (1 uL) of the
FAMESs solution was injected (220 )in the splitless mode
into a gas chromatograph (Agilent, 6890N, USA). Chro-
matographic separation was by a HP-bMS capillary column
(Agilent, 30 m x 250 pm, 0.25 pm film thickness)with the
oven program starting at 50C (5 min), rising to 65C at a
rate of 2C/min, and then 200C (5C/min, 5 min), and
250C (10T /min) and held for 10 min, at which the carrier
gas was helium (1.0 mL/min). Mass spectrophotometer
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(Agilent, 5973N)and the reference mass spectrum (MS-
Willey7n.1database) were analyzedm .

2.4 In vitro antioxidant activities
2.4.1 ABTS " scavenging activity

In short, absorbance for ABTS containing potassium per-
sulfate and EtOH (with an absorbance of 0.700 =0.200 at
750 nm) mixed with samples was recorded following 5 min
of incubation at 750 nm. The antioxidant efficiency (%) was
compared to that of standard ascorbic acid in different
concentrations (1-8 pg/mL; 7>>0.999). Measurements per-
formed in triplicatelg) .

2.4.2 DPPH’ scavenging activity

Antioxidant activity, on the basis of DPPH assay, was as-
sessed in parallel. Briefly, DPPH in absolute EtOH was
allowed to react with ascorbic acid to generate a calibration
curve (#>>0.999) . The scavenging activity of the sample
against DPPH™ was monitored at 517 nm with the micro-
plate reader. The radical terminating capability (% ) was
calculated in comparison with the standard values. The ex-
periments were performed in triplicatelg).

2.4.3 Ferric reducing ability of plasma (FRAP)

A FRAP reagent was prepared in a 2,4,6-tri (2-pyridyl) -
S-triazine (TPTZ) solution with HCl, FeCl;(20 mM), and
acetate buffer. Shortly, the samples were reacted with
FRAP reagent, and absorbance was recorded at 595 nm
with the microplate reader. The reducing power of 1 mg of
extract was expressed as an equivalent concentration (EC)

of 1 ug FeSO,. The assay was determined in triplicatelg>.

2.5 Safety and biological activities in NHF cells

NHF (ATCC® CRL 2097, USA)at 6 - 13" passage, were
cultured in 75-cm” flask in DMEM medium supplemented
with 10% FBS and 1% penicillin/streptomycin at 37C
under 5% CO,. Cells were grown and harvested by 0.25%
w/v trypsin and 0.06 mM EDTA in phosphate buffer saline.
2.5.1 Cell cytotoxicity assay

The sulforhodamine B(SRB)assay was used for cell cy-
totoxicity determination. Cells were seeded at the density
of 1x 10" cells/well in 96-well plate and incubated for 24 h.
Cells were then treated with different concentrations (1 —
5% )of the oil for 72 h. The adherent cells were fixed,
washed and dyed prior to the absorbance measurement at
540 nm with the microplate reader. The cell viability was
compared with the control treated with absolute ethanol” .
2.5.2 Antioxidant activity assay

NHF were seeded in 96-well plate (1 X 10" cells/well) and
incubated for 48 h. Cells were treated with various concen-
trations of the samples and the solvents (absolute ethanol
or culture medium)for 24 h prior to treat with the fresh
medium containing 150 uM H,0, and further incubated for
3 h. The cells were fixed, washed, dyed with SRB, and solu-
bilized with 10 mM. Tris base and recorded the absorbance

at 540 nm for cell viability calculation' .
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2.5.3 Inhibitory activity against MMP-2

NHF (5 X 10° cells/well) in 6-well plate, cultivated without
the supplement of fetal bovine serum, were incubated for
24 h. The cells were treated with the sample and incubated
for 72 h. The supernatant was collected, MMP-2 quantifica-
tion was carried out by SDS-PAGE zymography using
gelatin as the substrate. The inhibitory effect was calculat-
ed in a comparison with that of the control”.

2.6 Statistical analysis

The data are presented as the mean * SD of three inde-
pendent experiments. The results from the cellular studies
are expressed as the mean =SEM. One way analysis of
variance (ANOVA) and LSD test were used for the analysis
of the test results at the significant level of p<<0.05 using
the program SPSS version 16.0.

3 Results and Discussion
3.1 Sacha inchi oil

Sacha inchi oil is an emerging plant-oil of interest for
health promotion products, including for personal care in-
dustries. Nonetheless, sufficient information for personal
care products is sparely to be addressed. Appoint applica-
tion of this plant-oil for personal care industries is there-
fore explored in this presenting context with a solidifica-
tion data on physicochemical, chemical and biological
profiles. Sacha inchi oil that was cultivated and produced
by the cooperative farmers in Chiang Rai that is currently
commercializing was examined in this study. The light-
clear yellowish transparent liquid of a cold-pressed Sacha
inchi oil with the indicated color parameters, was exhibited
to be possibly applied for personal care/cosmetic industrial

applications. Which, physicochemical properties of the
studying Sacha inchi oil are proved to be in the same
ranges of the commercially available plant-oils supplied for
topical products as exemplified in Table 1. It should be
noted that saponification value of Sacha inchi oil was indi-
cated to be lower than almond, macadamia, rice bran and
wheat germ oils. Acid, iodine, peroxide and saponification
values are oxidative indicators of the oil account for free
fatty acids, degree of unsaturation, primary oxidation
products and molecular weight of the fatty acids. Which,
iodine and saponification values are common quality
indices of fats and oils for industrial productsw . Acid value
of the studying Sacha inchi oil was higher than that of Pe-
ruvian oil prepared by Soxhlet extraction with ether'". On
the means time, iodine value of the oil was lower than the
extra-virgin Sacha inchi oil marketing in Peru'” as well as
that was Soxhlet with 7-hexane' . It should be noted that
the cold-pressed oil prepared from Thai cultivated Sacha
inchi seed was greater in peroxide value than the Peruvian
oil"”. Which, may refer to its greater proportion of the un-
saturated fatty acids. Although an acid value of Sacha inchi
oil was greater than the acceptable value for oil in food ap-
plication (0.6%)2”, on the basis of physicochemical proper-
ties, particularly iodine, saponificationm and peroxide
values; the oil is industrial applicable for topical products
without additional purification that economically feasible
for industrial application. Viscosity of Thai Sacha inchi oil
was higher than those of the Peruvian ones, which might
be ruled by a difference of the measurement condition and
the instrument as well. Because in this presenting study,
the measured condition was undertaken in line with the
guideline for cosmetic application in terms of volume,
vessel size with the controlled torque. Which, these param-
eters crucially govern the determined viscosity; that torque

Table 1 Physicochemical properties of Sacha inchi oil compared with those of commercialized plant-oils in topical
products.
Physicochemical property*
ol Color v AV PV Y usv Visc Ret™
L* a* b*
Sachainchi 81.37%0.05 -5.68+0.01  47.20%0.02 106.53%195 0.84%0.00 4.63+0.03 180.43%=3.02 0.61+0.02 130.6=0.2  This study
116.0-220.9 3.75-15.43 0.91-2.88  44.85-65.78 10)
0.37%0.01  2.90+0.20 11)
0.31%0.03 1.83+0.04
193.10 + 1.00 185.20 % 0.50 35.4%0.4 13)
3.40 -106 14)
Almond 101.10 190.60 Parchem
Macademia 68.00-82.00 10.00 Sictia
Rice bran 70.00-130.00 10.00 190.00-200.00 RITA
Wheat germ 128.00 186.00 Parchem

*1V, iodine value (g I,/100 g oil); AV, acid value (mg KOH/g oil); PV, peroxide value (meqO,/ kg oil); SV, saponification value (mg KOH/g oil); USV, unsaponification

value (%); Visc., viscosity (cps)

** data of commercialized bio-oils used in cosmetic from different suppliers were retrieved from www. cosmetics.specialchem.com
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reflects onto the precision of the analysis. Chemical profile
of the oil in term of fatty acid constituents was thereafter
examined.

3.2 Fatty acid profiles

Pharmaceutics and cosmetic importance fatty acid con-
stituents of the oil was GC/MS analyzed. The oil was noted
to be high in a-linolenic acid (51.72% ), followed by linoleic
acid (24.30% ) and palmitic acid (4.16% ), giving the unsatu-
rated/saturated fatty acids ratio (UFA/SFA) of 21.26 (Fig.
1). The oil riches with unsaturated fatty acids and high
UFA/SFA is highlighted as the promising oil with health
benefits™ . In addition, linoleic acid/a-linolenic acid ratio of
the 0il(0.47) offers important health and nutritional bene-
fits, such as providing protection against cardiovascular
disease™ ), in harmony with its medical treatment for coro-

nary heart disease” .

Linoleic and a-linolenic acids are the cosmetic active in-
gredients with skin, hair and nail nourishing efficacies.
They are applicable to be used for inflammatory, dandruff
and hair loss treatments with the potency for hair growth
stimulation”. Their anti-inflammatory activities efficiently
versatile their used in acne care productsM, Palmitic acid is
known to lowering cholesterol level and it is commonly
compounded in cleansing products and widely incorporat-
ed in topical products in dosage forms of cream and
lotion®”.

Sacha inchi cultivated in Thailand was noted onto the
oil's profile that was higher in a-linolenic acid content than
that of Peruvian ones that prepared by compression and
supercritical fluid extractions (46.8 and 50.41%)'* %’ as
well as those of Soxhlet extraction (45.62 +0.29 and 50.80
£0.03%) ">, Plant-oil with high constituents of UFAs are
more of importance for health than SFASZZ), which plant-oil
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riches in fatty acids are emerging as the valuable substanc-
es for health promotion products%). Of particular, the C18
homologues, i.e., a-linolenic, linoleic and oleic acids that
are crucial for epidermal aesthetical conditions” % Accord-
ingly, the oil's antioxidant activity that is one of the key
hallmarks of active ingredient against agingm, was exam-
ined.

3.3 In vitro antioxidant activities

The oil was in vitro antioxidant activity assessed with 3
different assays in a comparison with vitamin E, the bench-
mark active, in regards with their lipophilic natures. Sacha
inchi oil was exhibited as a stronger antioxidant as exam-
ined at the same test concentration with the standard
vitamin E as exhibited by ABTS and DPPH assays (exam-
ined at 30 and 15 mg/mL, respectively). Of which, that of
FRAP was comparable (1 mg/mL)as illustrated in Fig. 2.
These 7n vitro potency activities of the oil highlight its po-
tential to be explored as the cosmetic active for anti-aging
product. Thereafter, cellular biological activity assessment
in the culture models relevant with skin wrinkle was un-
dertaken in an order to verify the oil capability for anti-ag-

ing uses”.

3.4 Cellular safety and biological activities

The seed oil of Sacha inchi is edible and has been utilized
in foods' . However, safety of the oil specified for topical
product in NHF model has not yet reported. Safety assess-
ment in the mammalian cells refer to the target applied cell
is of crucial to be undertaken® . The cosmetic substances,
including plant-oil may cellular cytotoxic at higher concen-
tration, which governed by its componentslg). In this pre-
senting study, safety of the oil was therefore confirmed in
NHF as well as cellular activities. Cell viability was chal-
lenged with the o0il (1-5% ) prior to an evaluation for biologi-
cal activity. The oil at higher concentration (4 and 5%)
caused cytotoxicity with the cell viability of less than 80%
as depicted in Fig. 3A. Thereafter, its IC;, on NHF was cal-
culated to be 3.86% (y=—11.47In(x) +94.293; R*=
0.9876) . Cellular antioxidant activity of the oil was thereaf-

@8 Vitamin E OSacha inchi oil

FRAP

DPPH

Antioxidant assay

ABTS

0 20 40 60 80 100
Antioxidant activity (% or ugFeSO,/mg)

Fig.2 In vitro antioxidant activity of Sacha inchi oil.

ter examined at its safety concentration range (1-3%)in a
comparison with the standard vitamin C (0.1 mg/mL), the
well-known and widely used anti-aging agent‘r’)‘ H,0,-cellu-
lar oxidative stress was induced, the cellular healing effica-
cy of Sacha inchi oil was monitored following the oxidative
stress. Sachi inchi oil and vitamin C were comparable (p >
0.05)in cellular antioxidant activity (Fig. 3B). The oil and
vitamin C were thereafter revealed on their cellular MMP-2
inhibition at the maximum safe antioxidant concentration
(Fig. 4A). MMPs are zinc-dependent endopeptidases that
degrade ECM enzymes. Those that are compulsory for skin
are collagenase (MMP-1, MMP-8, MMP-13 and MMP-18),
gelatinase (MMP-2) and elastase (MMP-9 and MMP-12).
MMP-2 is a type I, I, IIT and IV, elastin and fibronectin deg-
radation enzyme that results in skin aging. Fatty acids es-
pecially those with carbon numbers greater than 18 and at
least 1 double bound, exhibit inhibitory effects against
MMPs. In search of antiaging ingredients, especially those
containing fatty acids as the active principles, the activity
against MMP-2 has been widely examined?. Tt should be
noted that Sacha inchi was comparable (p =0.118) with
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Fig. 3 Safety(A)and cellular antioxidant activity (B) of
Sacha inchi oil in NHF.
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Fig. 4 Inhibitory activity of Sacha inchi oil against MMP-2
in NHF.

vitamin C against the enzyme and as depicted in Fig. 4B.
Accordingly, Sacha inchi oil is indicated as the promising
functional oil for anti-aging product on the basis of its cel-
lular antioxidant ant inhibitory effect against MMP-2.

4 Conclusions

Sacha inchi is proved to be the promising plant for nu-
traceutical product riches with a-linolenic and linoleic
acids, the health benefits fatty acids. The plant-oil is evi-
dently revealed as a safe and efficient active for anti-aging
product in regard with the supportive physicochemical,
chemical and biological profiles. This plant-oil is economi-
cally feasible in accordance with its availability with a cost-
effective preparation. The presented cold-pressed extra-
virgin Sacha inchi oil is industrial applicable for topical
products without additional purification as indicated by its
physicochemical, chemical and biological profiles. In addi-
tion, physicochemical and chemical specifications for
Sacha inchi oil presented are useful indicators in industrial
applications for cosmetics, pharmaceutics and nutraceuti-
cals. Its functional property for anti-aging product indicat-
ed with cellular antioxidant and anti-MMP-2 activities is re-
ported for the first time abided with its 27 vitro antioxidant
activity. Thus, innovative utilizations of Sacha inchi riches
in bioactive constituents for anti-aging products are en-
couraged. Application of this plant for health promotion

6

products in addition to the conventional uses in food is ap-
pointed accordingly.
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