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ABSTRACT: The physicochemical properties of oil from Rosa
affinis rubiginosa seeds were analyzed after extraction by (i) or-
ganic solvent, (ii) cold pressing, and (iii) cold pressing assisted by
enzymatic pretreatment using a mixture of the Novo-Nordisk A/S
products Cellubrix (cellulase and hemicellulase activities) and
Olivex (pectinase, cellulase, and hemicellulase activities). There
were no significant differences in oil quality parameters, such as
iodine value, refractive index, saponification value, unsaponifi-
able matter, and FA profile, when applying any of the three ex-
traction processes. Although significant variations were observed
in FFA content (acid value) and PV of the oil obtained by both of
the cold-pressing oil extraction processes, these results were
lower than the maximum value established from the Codex Ali-
mentarius Commission. All-trans-retinoic acid content improved
by 700% in rosehip oil obtained through cold pressing, with and
without enzymatic pretreatment, in comparison with organic sol-
vent extraction. This result is quite important for cosmetic oil be-
cause all-trans-retinoic acid is the main bioactive component re-
sponsible for the regenerative properties of this oil.
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Rosa affinis rubiginosa L. (rosehip) seeds contain less than
10% oil on a dry basis. Thus, the conventional process of oil
extraction is basically carried out using organic solvents. How-
ever, this process has drawbacks, such as (i) the need to use
volatile organic compounds and (ii) the high temperature ap-
plied during the procedure, which can diminish product quality
(1). Such limitations can be reduced by using cold pressing as
the oil extraction procedure; however, this process generates a
rather low oil yield (30-40%). Oil extraction yield has been in-
creased (up to 72%) by applying enzymes in the extraction
process (2,3).

Rosehip seed oil contains over 77% PUFA, which are very
susceptible to chemical reactions, causing its rapid deteriora-
tion. This issue is relevant to cosmetic and therapeutic applica-
tions because free radical species from rosehip oil lipoperoxi-
dation are known to be the cause of photohemolytic effect (4).
The main bioactive component of rosehip oil is all-trans-
retinoic acid (or tretinoin), a natural precursor of vitamin A that
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is known to be responsible for restoring and rebuilding tissue
(5).

To preserve rosehip oil’s cosmetic and therapeutic proper-
ties, low-temperature oil extraction processes could become a
basic requirement, allowing the active compounds to remain
undamaged and maintaining the ratio between saturated and
unsaturated, which is very important. Cold-pressing the seeds,
i.e., never exceeding 40°C, to obtain the oil is the safest, most
natural extraction process. Applying enzymes during the oil ex-
traction process increases product qualities, and cell wall poly-
mer degradation enhances oil extractability and improves the
nutritional quality of residual meal (6-8).

The attributes of oil extracted by aqueous methods, both
with and without enzymes, have been analyzed, and little
change in FFA content as well as in oxidative stability was
shown between the two. However, differences became more
conspicuous when the extracted oil was compared with that ob-
tained through organic solvent extraction (9—12). The type of
extraction procedure used, whether aqueous, solvent (hexane),
or enzyme-assisted, will have an effect on the physicochemical
properties of the oil, especially on its FFA and PV.

Enzyme-assisted oil extraction using cold pressing has been
studied with the goal of enhancing the oil extraction yield of
canola and Chilean hazelnut oil, but only the physicochemical
properties have been evaluated (8), not the bioactive com-
pounds of the resultant oil. The objective of this work is to eval-
uate the effect of three different oil extraction processes on
rosehip oil and residual meal properties, paying special atten-
tion to the oil tretinoin content.

MATERIALS AND METHODS

Materials. Rosa aff. rubiginosa seeds were supplied by Lonco-
pan S.A. (Santiago, Chile), almost husk-free (6% moisture).
The approximate composition (g/100 g dry matter) was 9% oil,
3% protein, 56% crude fiber, and 2% ash (3).

Enzymes. The commercial enzymes Olivex (mainly pecti-
nase, cellulase and hemicellulase activities) and Cellubrix
(mainly cellulase and hemicellulase activities) were supplied
by Novozymes (Novo-Nordisk A/S, Madrid, Spain).

Oil extraction process. Enzymatic treatment was carried out
with 30% moisture (w/w) using a 1:3 Cellubrix/Olivex mixture
(g/g) of 1.5 g of enzyme per 100 g of substrate (1.5% E/S), for
6 h at a hydrolysis temperature of 45°C. This enzyme mixture
was determined previously (3) to be optimal because it resulted
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in the highest oil yield. Specific details pertaining to the equip-
ment and methodology used in the extraction process have
been published (3).

Analytical methods. Oil content was analyzed by Soxhlet
extraction according to Chilean Standard Method NCh 485
(13). Physicochemical properties were determined by AOAC
methods (14): Free Fatty Acid Content by protocol 940.28;
Saponification Value by procedure 920.160; Peroxide Value
(PV) by technique 965.53, and Iodine Value, according to
Hanus, by method 920.158. The Refractive Index was deter-
mined in a Universal Abbé refractometer. All experiments were
carried out in triplicate.

Rosehip oil FA were analyzed using a gas chromatograph
(Hewlett-Packard 5890 series II) equipped with an FID and fit-
ted with an SP-2330 column (30 m, 0.25 mm i.d., 0.2 um film
thickness; Supelco, Bellefonte, PA), using helium as the carrier
gas. FA were methylated with 14% BF;-methanol solution and
extracted with hexane. Then, 0.5 puL of the upper phase, contain-
ing FAME, was injected into the GC column. The temperatures
of the injector and detector ports were 220 and 250°C, respec-
tively. FAME were separated using a temperature program start-
ing at 170°C, ramped to 190°C at 1°C/min, then to 215°C at
4°C/min, and finally held at 215°C for 30 min. The weights of
the individual FAME were calculated on the basis of their rela-
tive peak area compared with that of tridecanoic acid, which is
used as an internal standard, and then they were corrected using
the corresponding GC response factors for each FA (15).

The tretinoin composition was analyzed by HPLC. The pro-
cedure involved a one-step extraction of the all-trans-retinoic
acid from rosehip oil. Then, the tretinoin was analyzed by iso-
cratic elution on a reversed-phase column (LiChrosorb RP-18,
0.5 um particle size; Merck, Santiago, Chile), with UV detec-
tion at 340 nm. The mobile phase used was acetonitrile/
water/methanol/ammonium acetate (15:5:4:1, by vol) at a flow
rate of 1.2 mL/min (16).

Residual meal was analyzed by AOAC procedures: Protein
was determined by the micro-Kjeldahl AOAC 960.52 proto-

TABLE 1
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col, using the %N X 6.25 conversion factor; Crude Fiber by the
AOAC 962.09 procedure; and Ash according to the AOAC
923.03 protocol. Moisture was measured by vacuum drying at
60°C to a constant weight. Detergent fibers were measured by
Van Soest methods (17,18) and pectin according to the proce-
dure of Carbonell et al. (19). Reducing sugars, once extracted
from the defatted meal with 80% ethanol, were determined by
dinitrosalicylic acid method (20).

Statistical analysis. Mean values and SD were calculated.
One-way ANOVA was applied to compare the mean values,
using the GraphPad version 3.05 software (GraphPad Software
Inc., San Diego, CA).

RESULTS AND DISCUSSION

Table 1 shows the physicochemical characteristics of Rosa aff.
rubiginosa oil extracted through different processes. The color
of rosehip oil extracted by cold pressing, with and without en-
zymes, is characterized by its reddish pigmentation, which can
be associated with carotenoid content (21). In contrast, the sol-
vent-extracted oil has a yellowish color, which could be due to
the ability of the organic solvent to extract pigments and sev-
eral other substances from the seeds, and/or to the degradation
of the red pigment owing to the high temperature of the oil ex-
traction process (5).

The oils obtained through organic solvent extraction and
cold-pressing, whether with or without enzymatic treatment,
showed no significant differences of iodine value, refractive
index, specific gravity, unsaponifiable matter or saponification
value (P > 0.05). However, the FFA content, acid value, and
PV were significantly higher (P < 0.05) when the oil extraction
was done by cold pressing.

FFA in oil recovered through cold pressing extraction, with
or without enzymatic pretreatment, showed significant differ-
ences in comparison with organic solvent extraction (P < 0.05).
This difference could be associated with the content of dark-red
pigment in oil extracted by cold pressing, which could interfere

Physicochemical Characteristics of Rosa affinis rubiginosa Oil?

Cold pressing

Characteristic Control Enzyme-assisted Organic solvent
lodine value (Wijs)

(g iodine/100 g) 179 179 179
Refractive index

(20°0) 1.481 1.481 1.479
Specific gravity (20°C) 0.927 0.927 0.927
Saponifiable matter

(mg KOH/g) 187.4 187.2 189.3
Unsaponifiable matter

(/100 g) 1.4 1.4 1.2
FFA (g oleic

acid/100 g) 1.72 2.16 0.40
PV (mequiv O2/kg) 1.7 1.7 0.3
Tretinoin (mg/L) 0.357 0.324 0.051

“Replicated values with <5% relative SD.
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TABLE 2
FA Composition of Rosa aff. rubiginosa Oil?
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Cold pressing

Component Control Enzyme-assisted Organic solvent
Palmitic (C16:0) 4.52 +0.45 4.97 £ 0.49 3.33 +0.96
Stearic (C18:0) 0.11 +0.03 Traces 1.75 £ 1.21
Oleic (C18:1) 14.82 + 1.86 12.36 £ 1.97 14.43 +1.56
Linoleic (C18:2n-6) 47.87 £2.18 46.09 + 3.31 42.20 £ 4.92
Linolenic (C18:3n-3) 26.41 +£3.22 30.12 £ 2.62 31.09 + 3.44
Total saturated 4.63 4.97 5.08
Total monounsaturated 14.82 12.36 14.43
Total polyunsaturated 74.28 76.21 73.29

> Saturated/>unsaturated 0.052 0.056 0.058

9All the analyses were done in triplicate and are reported as mean + SD.

with the analysis. The possibility of an increase in FFA content,
caused by hydrolytic action of natural enzymes of seeds, is ruled
out because of the thermal inactivation that occurs owing to heat
treatment after crushing the seeds, as it is explained in our exper-
imental methodology of Conca et al. (3).

The PV was higher when the oil was recovered by cold
pressing, both with and without enzymes, than that for oil ob-
tained through solvent extraction, although all of the oil PV
were below the threshold value established by the Codex Ali-
mentarius Standard (10 mequiv O,/kg).

Differences of FFA content and PV for oil obtained by cold
pressing do not reflect a deterioration of the oil quality. Results
obtained in this work agree with a previous report, where the
use of enzymes did not affect FFA content, PV, or refractive
index (9). It was expected that oil extracted with and without
enzymes would produce similar values for oil parameters. In-
deed, in addition to previously mentioned canola oil studies,
several reports of aqueous oil extraction support this hypothe-
sis: The product of the extraction of coconut oil by aqueous en-
zyme-assisted processes had quality parameters similar to those
of oil treated with conventional processes (22). Olsen (23) es-
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FIG. 1. Enzymatic pretreatment effect on rosehip residual meal obtained
by cold-pressed oil extraction process. Enzyme treatment was carried
out for 6 h. Cold-pressing oil extraction was carried out with a Carver
Hydraulic Press at 53.9 MPa for 10 min. % E/S: g enzyme per 100 g of
substrate. Error bars represent SD (n = 3).

tablished that coconut oil obtained through enzyme-assisted
extraction had lower acidity and better organoleptic properties
than oil extracted by conventional methods. Bocevska et al. (6)
established that FFA levels of corn oil extracted through an
aqueous process, with enzymatic pretreatment, were slightly
higher than in control oil samples.

Table 1 also shows the all-frans-retinoic acid content of
Rosa aff. rubiginosa oil extracted through different processes.
Significant differences in all-frans-retinoic acid content are ob-
served for oil recovered through cold pressing processes, which
is seven times higher than for oil obtained by chemical extrac-
tion. This parameter is very important when rosehip oil is used
in the manufacture of superior quality skin care and cosmetic
products. Rosehip oil produces the same benefits of synthetic
tretinoin, but it is free of secondary side effects (5).

The FA profile of Rosa aff. rubiginosa oil, presented in Table
2, is not modified when using any of the three oil extraction
processes. This result is similar to one in which organic solvent
and supercritical fluid extraction treatments were compared (24).

Figure 1 shows the approximate composition of rosehip resid-
ual meal obtained by cold pressing with and without enzymatic
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FIG. 2. Production of reducing sugars, in % (w/w, dry basis), during en-
zymatic hydrolysis of Rosa affinis rubiginosa seeds for 6, 9, and 12 h.
Error bars represent SD (n = 3).
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TABLE 3
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Defatted Rose Hip Meal Detergent Fiber Composition?

Control (%, w/w)

Enzyme-assisted (%, w/w)

Neutral detergent fiber (NDF) 74.44 + 0.04 76.95 +2.57
Acid detergent fiber (ADF) 72.98 +4.38 73.93 £ 1.74
Acid detergent lignin (ADL) 27.54 +£0.33 26.58 + 0.45
Pectin 4.79 + 0.02 4.65 + 0.08
Hemicellulose (NFD — ADF) 1.46 3.02

Cellulose (ADF — ADL) 45 .44 47.35

Lignin (ADL) 27.54 +£0.33 26.58 £ 0.45

Mean = SD (n = 6).

pretreatment. These samples were analyzed after oil extraction
by the Soxhlet procedure. The values of protein, crude fiber, and
ash did not vary when enzymatic treatment was applied. These
results do not agree with a previous report in which the use of
enzymes diminished crude fiber, perhaps owing to the enzymatic
hydrolysis applied in the aqueous oil extraction process (9).

Figure 2 shows a proportional increase in reducing soluble
sugars with enzyme concentration and/or enzymatic treatment
incubation period (P < 0.05) in comparison with control sam-
ples, suggesting degradation of seed cell wall polysaccharides
by enzymatic action. However, enzyme hydrolysis is not re-
flected by the detergent fiber content presented in Table 3. This
fact could be due to the different sensitivity of the (neutral and
acid) detergent fiber measurements in comparison with the re-
ducing sugars methodology (17,18).
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