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SUMMARY

Research has focused on the study and design of new products containing phyto-
chemicals (polyphenolic acids, flavonoids and anthocyanins, among others) that contrib-
ute to a better life quality for consumers, as well as techniques to improve the extraction
of these compounds. In this regard, extraction with supercritical fluids (usually CO,) is a
technology that has better advantages than organic solvents, since lower temperatures
that are used do not damage the product, and is more effective at high pressures. Extracts
from plant sources contain significant concentrations of flavonols, one of the main com-
pounds being kaempferol. Research has proven the antioxidant, anticarcinogenic, antidi-
abetic, cardioprotective, neuroprotective and antimicrobial properties of kaempferol and
its glycosides. This review aims to present the main functional properties and extraction
with supercritical fluids of kaempferol and its glycosides, as well as the application of this
technology in the food area.
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INTRODUCTION

The use of medicinal plants in Mexico is still important in traditional medicine for the
treatment of various diseases among the population and these plants are also an import-
ant source for development of new medicines (7-3). The tendency to process foods with
fewer artificial ingredients has become one of the main goals of the food and beverage
industry. There is a great interest in the use of antioxidants from natural sources instead of
synthetic ones in making foods and beverages, since besides acting as antioxidants, they
may have functional and nutraceutical properties that help to prevent oxidative damage
of cells in human body (4-6). Extraction of compounds from plant sources using super-
critical CO, for the production of food, beverages, drugs and fragrances is on the increase
due to the quality and purity of obtained extracts, and because it is a technology that
does not generate toxic waste. In food industry, the most important applications of this
technology are extraction of hops and decaffeination of coffee; however, production of
extracts rich in biologically active substances such as antioxidants, fat-soluble vitamins,
pigments and others, is increasing very fast. Currently, there are more than 200 industries
that are applying this technology around the world (7).

The extraction of kaempferol and its derivatives from plant sources (Justicia spicigera,
Pteridium aquilinum, Acacia nilotica, Rosa rugosa Thunb, Moringa oleifera, Tilia americana
var. Mexicana, Lycium barbarum, Diospyros kaki L., Camellia sinensis, to mention a few), by
using solvents (mainly methanol, ethanol, acetone and water) and different extraction
methods (extraction assisted with ultrasound, microwaves, ultrasound and microwaves,
and simple extraction) has been investigated in several works (8-16). Also, these flavo-
noids (mainly kaempferol and kaempferitrin) have proven antidiabetic (77,78) and antican-
cer (19) properties. However, there is little information about the extraction of kaempferol
and its glycosides using supercritical fluids, with CO, being the most used, since it has ad-
vantages over commonly used organic solvents, such as: it is non-flammable, non-toxic,
non-carcinogenic, non-corrosive, does not generate waste, and it remains in a state with
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intermediate properties between liquid and gas under con-
ditions of pressure and temperature above its critical point,
making it an effective solvent. In addition, it is suitable for
natural compound extraction with low volatility and polari-
ty, and extract recovery is much easier due to high volatility
of CO,. Another advantage of supercritical extraction process
with CO, is that it is carried out at relatively low temperatures
and in the absence of light and oxygen, which prevents the
degradation of labile compounds and reduces oxidative re-
actions (20,21).

On the other hand, the main disadvantages of this tech-
nology are expensive equipment, the application of high crit-
ical pressures and low dielectric constant, which suggests low
solvent power (22). Dielectric constant is one of the mostim-
portant physicochemical properties to predict solubility in a
particular fluid. Together with supercritical CO, density, it in-
creases with pressure. In a very dense state (200 bar and 40
°C), dielectric constant of CO, is about 1.5, therefore, it can be
compared with a very non-polar solvent, suitable for dissolv-
ing non-polar compounds. The key physicochemical proper-
ty of a supercritical fluid is its density, which depends on the
experimental conditions of pressure and temperature. This
property directly influences dielectric constant and viscosi-
ty; in turn, intrinsic properties (density, viscosity and dielec-
tric constant) decisively influence the capacity of fluid as a
solvent, as well as diffusivity (23). Supercritical fluids have a
viscosity 5 to 30 times lower than liquids and have a surface
tension almost null. This implies two very important aspects,
first that compounds spread more easily in a supercritical flu-
id than in liquid phases, and second, their penetrability in
the porous materials is much higher (24). As pressure increas-
es, carbon dioxide density increases and the average inter-
molecular distance of carbon dioxide molecules decreases,
which leads to a better interaction between solute and sol-
vent molecules (22). The use of co-solvents (mainly ethanol
due to its low toxicity) has been suggested to increase po-
larity and selectivity of supercritical CO, and to substantially
improve polar compound extraction, mainly phenols, flavo-
noids and terpenoids (25,26). This article presents a review of
the most important properties of kaempferol and its glyco-
sides, as well as the importance of the main variables in their
extraction with supercritical fluids. Furthermore, some ap-
plications of this extraction technology in food production
are mentioned, and finally, the relevance of the extraction
with supercritical fluids of bioactive compounds from vegetal
sources in the development of functional foods is discussed.

FUNCTIONAL PROPERTIES OF KAEMPFEROL
AND ITS GLYCOSIDES

Flavonoids are polyphenolic compounds that are found in
fruits, vegetables, leaves and flowers, and represent the most
abundant secondary metabolites in nature. According to their
structure, they can be classified into chalcones, flavonols, fla-
vanonols, flavones, flavanols, flavanones, anthocyanins, au-
rones, isoflavones and phlobaphenes; flavonols (quercetin,

kaempferol, myricetin and galangin, among others) being the
most common in the plant kingdom (27,28). The ability of flavo-
noids to be effective antioxidants generally depends on three
factors: the chelation potential of metal that depends strongly
on the arrangement of hydroxyl and carbonyl groups around
the molecule, the presence of hydrogen-donating substituents
or electrons able to reduce free radicals, and the ability of fla-
vonoid to remove the unpaired electron, leading to the forma-
tion of a stable phenoxyl radical (29).

In the plant kingdom, flavonols are commonly found as
glycosides. The most important kaempferol glucosides are as-
tragalin (kaempferol-3-O-glucoside) and kaempferitrin (kaemp-
ferol-3,7-dirhamnoside). Several reports suggest that a high
intake of foods rich in kaempferol might reduce the risk of de-
veloping several types of cancer (for example, lung, gastric,
pancreatic and ovarian cancer), as well as cardiovascular dis-
eases (30,37).

Antioxidant and anticancer properties

Cancer is one of the leading causes of morbidity and mor-
tality around the world; in 2012 there were 14 million new
cases of cancer worldwide, of which 8 million (57 %) were
in economically developed countries (32,33). Cancer is the
second leading cause of death worldwide, in 2015 it caused
8.8 million deaths and the incidence of cancer is expected
to increase by about 70 % in the next 20 years. An import-
ant aspect that stands out is the economic impact, it is esti-
mated that economic cost of cancer in 2010 was approx. US$
1.16 trillion (33). About a third of cancer deaths are due to
behavioural and dietary risk factors, mainly overweight, low
fruit and vegetable intake, lack of physical activity, tobacco
and alcohol use (33). Fig. 1 shows the most common types of
cancer, lung cancer being the most deadly.
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Fig. 1. Types of cancer that cause a greater number of deaths (33)

Oxidative stress plays a key role in the occurrence of can-
cer and other health problems induced by excess production
of reactive oxygen species (ROS), which include many radicals
such as superoxide (0%), hydroxyl (OH"), hydroperoxyl (OOH"),
peroxyl (ROO"), alkoxyl (RO"), nitric oxide (NO") and peroxyni-
trite anion (ONOO"). These ROS may cause oxidative damage to
vital biomolecules, such as DNA, lipids and proteins (32).
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The anticancer effects of flavonoids (flavonols, flavanols,
anthocyanins, flavanones and isoflavones) have been studied
in animals and in vitro assays, and they have been attributed
to the ability of these compounds to inhibit cell cycle, cell
proliferation and oxidative stress, as well as to induce enzyme
detoxification and apoptosis. It has been proven that kaemp-
ferol uses different mechanisms for cancer cell regulation, in-
ducing apoptosis and modifying a series of cellular signalling
pathways (signal transduction) in cancer cells. Furthermore,
several studies show the kaempferol efficacy to reduce can-
cer angiogenesis, both in vitro and in vivo, by inhibiting se-
cretion of vascular endothelial growth factor in human can-
cer cell lines (34). However, evidence from human population
studies is limited. Pancreatic cancer is one of the most fatal
cancers; smoking can induce it but it is not the only risk factor
(the diet, age, inherited genetic changes, among others, in-
fluence the development of pancreatic cancer). In the United
States, a study (35) was conducted in Hawaii and Los Angeles,
California, from 1993 to 1996, in which 183 518 men and wom-
en aged between 45 and 75 took part. The main purpose of
that work was to investigate the lifestyle of the participants,
focusing on their diet and the relation to the incidence of
pancreatic cancer (by multivariate Cox regression). They con-
sidered the intake of three flavonols: quercetin, kaempferol
and myricetin. Diet was assessed by using a comprehensive
quantitative food frequency questionnaire. Results showed
that the intake of total flavonols was associated with a re-
duced pancreatic cancer risk. Of the three flavonols, kaemp-
ferol was associated with the highest risk reduction. In con-
clusion, the study provides evidence of a preventive effect
of flavonols on pancreatic cancer, mainly for smokers. How-
ever, further epidemiologic studies are needed in other pop-
ulations and geographic regions to confirm these findings.

Alonso-Castro et al. (19,36) evaluated the antitumour and
immunomodulatory effects of the ethanolic extract of Justi-
cia spicigera in cancer cells (HeLa), as well as the mechanism
of protective effect of the main component (kaempferitrin)
of the extract. Results showed a tumour growth inhibition by
53 %, which indicates that J. spicigera might be an important
source of antitumour compounds, kaempferitrin being the
major component in the extract (12.75 mg/g). Moreover, ex-
tract of J. spicigera exerted low toxic effects in vitro and in vivo,
and high toxic effects in vitro and in vivo against HeLa cells
and immunomodulatory activities in vitro. Likewise, it was ob-
served that the flavonoid kaempferitrin showed the highest
cytotoxic effects against HeLa cells (IC;,=45 mM) and it in-
duced death in these cells by apoptosis. Therefore, J. spicig-
era extracts could be a potential source for anticancer drug
production due to their low toxicity, antitumour effects and
immunomodulatory activities.

In another study (37), the antiproliferative and cytotoxic
effects of hydroalcoholic extract of Justicia spicigera in the
androgen-dependent stage of prostate cancer (LNCaP cells)
were evaluated. The qualitative analysis of secondary metab-
olites of the extracts at concentrations from 62.5 to 4000 ug/

mL showed the presence of coumarins, anthraquinones, fla-
vonoids, sapogenins, sterols and steroids. Based on the re-
sults, authors suggest that cytostatic activity was the main
antiproliferative mechanism of the extract against LNCaP
prostate cancer cells. Proliferation of LNCaP cells incubated
with the highest concentration of the extract was inhibited
by approx. (62+1.7) %. Prooxidant and antioxidant effects of
kaempferol have also been studied. Marfe et al. (38) showed
that a concentration of 50 mM of kaempferol could induce
apoptosis in human cell lines K562 (chronic myelogenous
leukaemia) and U937 (promyelocytic leukaemia). These re-
sults are of major significance, since kaempferol might be in
use in the treatment of leukaemia with both direct inhibitory
effects and enhancing the effects of other chemotherapies
with low toxicity.

Quercetin and kaempferol are the most common flavo-
nols found in the vegetables for human consumption. A syn-
ergistic effect of these compounds has been suggested in
reduction of cancer cells. Ackland et al. (39) showed the syn-
ergistic effect of quercetin and kaempferol on cell prolifera-
tion reduction of human colon cancer gut lines (Caco-2) and
duodenum (HuTu-80), as well as PMC42 breast cancer cell
line. Cells were treated with a single 4-day or 14-day expo-
sure to quercetin, kaempferol and a mixture of these, at con-
centrations of 1, 5 and 10 uM. A cell reduction was observed
in all treatments with a single exposure (single dose). How-
ever, greatest reduction in total gut cell count (Caco-2 and
HuTu-80) was observed when applying combined querce-
tin/kaempferol treatment at 10 pM, reducing the cell num-
ber by 74 % in 72 h. Significant reductions in cell counts of
PMC42 breast cancer cells were reached after 72 h of treat-
ment with 5 uM quercetin, 10 uM kaempferol, or combined
quercetin/kaempferol treatment both at 10 uM. The most ef-
fective treatment was 10 uM kaempferol, with an 18 % reduc-
tion in cell number compared to control cells. With respect to
treatment for 4 days, the greatest reduction (34 %) of HuTu-
80 cells was achieved with combined quercetin/kaempferol
treatment at 5 puM. For Caco-2 cells, the greatest reduction
was by 38 % using combined quercetin/kaempferol treat-
ment both at 10 uM. Regarding PMC42 breast cancer cells,
the one that showed the greatest reduction in cell count (by
39 %) was combined quercetin/kaempferol treatment, both
at 5 uM. This corresponds to approx. 4-fold higher inhibition
in cell number than with the addition of quercetin and kae-
mpferol alone at concentration of 5 pM, indicating a possi-
ble synergistic response of these compounds. In the 14-day
treatment, HuTu-80 cell count had the greatest reduction (by
21 %) using 10 uM kaempferol and by 42 % of Caco-2 cells in
a combined quercetin/kaempferol treatment at 10 uM. Once
again, greater inhibition was observed when using combina-
tion of quercetin and kaempferol than when using single fla-
vonol, indicating a possible synergistic effect. Reduction in
cell proliferation of PMC42 breast cancer cells (17 %) was more
effective in the combined treatment at 1 uM. Total protein
evaluations (Ki67) on HuTu-80 and Caco-2 gut cells following a
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single exposure to quercetin and kaempferol indicated a reduc-
tion of total protein levels, but at a lower rate regarding cell
counts. Based on the obtained results, authors (39) conclude
that the addition of combined flavonols, quercetin and kae-
mpferol, had a greater effect on the reduction of cell prolif-
eration in two gut cancer cell lines (Caco-2 and HuTu-80) and
PMC42 breast cancer cell line than quercetin or kaempferol
added alone.

Luo et al. (40) evaluated the ability of kaempferol to in-
duce apoptosis in A2780/CP70, A2780/wt and OVCAR-3 ovar-
ian cancer cell lines, as well as the pathway involved in these
apoptotic effects. Cell proliferation assay was performed by
seeding ovarian cancer cells in 96-well plates at 2000 cells per
well and incubated overnight before treatment with kaemp-
ferol (0-160 puM) for 24 h. For cytotoxicity evaluation, ovari-
an cancer cells were seeded in 96-well plates with 5000 cells
per well, incubated overnight and treated with 100 pL kae-
mpferol for 24 h. Apoptosis assay was performed on A2780/
CP70 ovarian cancer cells seeded in 96-well plates with 10 000
cells per well, incubated overnight and treated with 0 or 80
UM kaempferol for 0, 2,4 and 8 h. For caspase-9 inhibition tri-
al, OVCAR-3 cells were seeded in 96-well plates at 10 000 cells
per well and incubated overnight. Cells were treated with a
caspase-9 inhibitor (Z-LEHD-FMK; 0-10 uM) or 10 uM nega-
tive control (Z-FA-FMK) for 24 h, and with kaempferol (0 or 80
puM) for 2 h. For Western blot test (technique to identify spe-
cific proteins in a complex mixture), ovarian cancer cells were
seeded in 60-mm dishes, incubated overnight and treated
with kaempferol (0-80 uM) for 24 h. It was observed that kae-
mpferol at 40 uM or greater concentrations inhibited signifi-
cantly proliferation in a concentration-dependent mannerin
the three ovarian cancer cells tested. Apoptosis assay showed
that a 2-hour kaempferol treatment could provide the best
response in caspase-3 and -7 activities (caspases are essential
mediators of apoptosis processes) in A2780/CP70 cells. Apart
from that, significantly high levels of caspase-3 and -7 were
observed at 80 uM kaempferol treatment of the three cancer
cell lines. Since pretreatment with a caspase-9 inhibitor sig-
nificantly decreased apoptosis induced by kaempferol in OV-
CAR-3 cells, this suggests that kaempferol induces apoptosis
through an intrinsic pathway in ovarian cancer cells. Apopto-
sis or programmed cell death is an essential cellular process
for development and homeostasis maintenance (self-regula-
tion) of adult tissues, and its main objective is to eliminate su-
perfluous, damaged, infected or transformed cells (47). There-
fore, authors suggest that apoptosis mechanism induced by
kaempferol in ovarian cancer cells is performed by inhibiting
the Akt protein phosphorylation (also called protein kinase
B, which is an antiapoptotic factor that promotes cell prolif-
eration, growth and survival, as well as tumour formation),
which, in turn, inhibits Bcl-xL gene expression, but positively
regulates the expression of p53, Bad and Bax genes, which
cause an imbalance between the proapoptosis and antiapop-
tosis, favouring activation of caspase-3 and -7, as well as the
intrinsic apoptosis. In conclusion, these characteristics make

kaempferol an appropriate agent for ovarian cancer chemo-
prevention.

Choi and Ahn (42) investigated kaempferol effects on cell
proliferation and apoptosis, as well as the mechanism of these
effects in human breast carcinoma MDA-MB-453 cells. Cells
were treated with kaempferol (0.1 % solution in dimethyl sulf-
oxide) at various concentrations (0, 1,5, 10,50, 100, 150 and 200
pM) for 24 and 48 h. Inhibition of MDA-MB-453 cells showed
significant differences beginning at concentrations of 10 and
50 uM kaempferol after 48 and 24 h, respectively, compared
with controls. This cell cycle inhibition is generated in G2/M
phase, through a down-regulation of CDK1 in MDA-MB-453
cells. Furthermore, a higher percentage of apoptosis was ob-
served at sub-GO phase exposed to kaempferol. Compared
with vehicle-treated cells (3.10 %), the apoptotic cells exposed
to kaempferol had 23.12 and 31.90 % of the cell population at
10 and 50 uM for 24 and 48 h, respectively. The p53 activation
is involved in the coordinated antiproliferative effects, includ-
ing effects on cell cycle and apoptosis. Results of that study
show that kaempferol increased p53 expression and clearly in-
duced its phosphorylation in serine 15. Thus, kaempferol-in-
duced apoptosis may be related to phosphorylation mediated
by the accumulation of p53 at serine 15 residues. Therefore, the
authors suggest the existence of multiple pathways through
which kaempferol stops the cell cycle in the G2/M phase, such
as downregulated CDK1 and apoptotic cell death by modulat-
ing the p53 pathway. Hence, anticancer activity of kaempferol
may be useful for developing anticancer drugs.

Hypoglycaemic properties

Chronicand degenerative diseases (mainly cardiovascular,
cancer, diabetes and mental disorders) are responsible for 60 %
of deaths worldwide. Two of these, hypertension and diabetes
mellitus type 2, have been considered global pandemics (43).
The number of people with diabetes in 1980 was 108 million
and by the year 2014 it increased to 422 million. It was esti-
mated that in 2015 diabetes was the direct cause of 1.6 million
deaths and in accordance with projections by World Health Or-
ganization (WHO), diabetes will be the seventh cause of mor-
tality in 2030 (44). Therefore, research has been conducted on
plant extracts with the aim of establishing hypoglycaemic ef-
fects, as well as active compounds responsible for generating
such effect. In Mexico, there is a great diversity of plants that
are used in traditional medicine (2,45).

The hypothesis that consumption of flavonoids reduces
blood glucose levels has been proven in several animal models
(16,46,47,48). These substances are capable of improving, stabi-
lizing and sustaining for long periods the insulin secretion, hu-
man islets and pancreatic cells. However, one of the main prob-
lems of these compounds is their poor solubility and stability
under the influence of oxygen, light and temperature; conse-
quently, their bioavailability is diminished (16,47). An alterna-
tive to this problem is the encapsulation of target compound
(flavonoid) by using polymers or emulsions. This process, in
addition to improving flavonoid solubility, also improves its
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antioxidant capacity (16,49,50). Apart from their antioxidant
effect, flavonoids are able to affect the biological targets in-
volved in diabetes mellitus type 2, such as a-glucosidase and
DPP-4 (dipeptidyl peptidase-4).

In a study conducted by de Sousa et al. (48), the blood
glucose decrease in normal, hyperglycemic and alloxan-in-
duced male Wistar rats (60 mg/kg) using kaempferitrin at 50,
100 and 200 mg/kg was evaluated. All the animals were main-
tained with pelleted food and tap water available ad libitum.
Kaempferitrin was obtained and purified from alcoholic ex-
tract of Bauhinia forficata leaves. Results showed a significant
glucose level reduction in diabetic rats at all studied doses,
but mainly at 100 and 200 mg/kg, compared to time zero. The
highest hypoglycaemic effect was found 2 h after treatment
with kaempferitrin. It is concluded that purified kaempferitrin
from n-butanol fraction of B. forficata leaves was effective in
decreasing blood glucose levels in normal and diabetic rats.
Furthermore, kaempferitrin from n-butanol fraction showed a
strong antioxidant potential, since it inhibited lipid peroxida-
tion in vitro in different lipid bilayers, indirectly demonstrating
that different tissues, containing membranes of different lipid
composition, can be protected. This may be of particular im-
portance in some pathological conditions, including diabetes.
Kaempferitrin also inhibits a prooxidant enzyme (myeloperoxi-
dase) that plays a central role in infection and inflammation by
converting hydrogen peroxide and chloride into hypochloric
acid (HOCI). HOCl has an important role in killing microorgan-
isms, butitalso possesses high reactivity and capacity to dam-
age biomolecules by oxidation, both directly and in its decom-
posed form, chlorine gas (Cl,) (48).

Ortiz-Andrade et al. (57) reported similar results when
evaluating the cytotoxic, antioxidant and antidiabetic prop-
erties of alcoholic extract of Justicia spicigera at different mass
fractions (10, 50 and 100 mg/kg) in male Wistar rats. Reference
drugs used were gibenclamide (10 mg/kg), repaglinide (4 mg/
kg) and saxagliptin (10 mg/kg). J. spicigera extract significant-
ly reduced plasma glucose in rats with normal glucose levels
when administered orally, from 0.5 up to 4 h after adminis-
tration, with an average decrease of 27.7 % compared to the
reference group. The highest glucose reduction was obtained
with the mass fraction of 100 mg/kg, showing a decrease of
27 %in 1 h,39.5%in 2 hand 45.8%in 3 h. In streptozocin-in-
duced diabetic rats, the extract (100 mg/kg) significantly re-
duced blood glucose levels, disclosing a decrease of 155 % in
0.5hand 185 %in 1 h. Moreover, extract antioxidant capacity
for ABTS radical was 71 % at a maximum concentration of 800
ug/mL with EC,, value (effective average concentration) 180
pg/mL. For DPPH radical it was 81 % at the same concentra-
tion (800 pg/mL) with EC,, value 100 pg/mL. In conclusion, J.
spicegera ethanolic extract (with kaempferitrin as the main
component at a mass fraction of 69.65 mg/g) stimulates glu-
cose uptake in insulin-sensitive and insulin-resistant adipose
cells, exerts antioxidant effects, and decreases glucose levels
in rats with normal glucose levels, as well as in streptozoto-
cin-induced diabetic rats.

In another study, Da Silva et al. (18) used the aqueous ex-
tract of Sedum dendroideum leaves (known in Mexico common-
ly as 'siempreviva’) to investigate the in vivo hypoglycaemic
activity of extract and its main flavonoids (kaempferol-3,7-di-
rhamnoside or kaempferitrin, kaempferol-3-glucoside-7-rham-
noside and kaempferol-3-neohesperidoside-7-rhamnoside) in
normal and streptozotocin-induced diabetic mice. The aqueous
extract, flavonoid-enriched fraction and kaempferitrin were
used at mass fractions of 400, 40 and 4 mg/kg, respectively. Glu-
cose level reduction in mice after 2 h was 52, 53 and 60 % when
treated with aqueous extract, flavonoid-enriched fraction and
kaempferitrin, respectively. Results showed that the extract had
a hypoglycaemic potential both in diabetes mellitus type 1 and
type 2. According to authors, hypoglycaemic activity of the ex-
tractis probably due to flavonol kaempferitrin and its rhamno-
syl units at positions 3 and 7 of flavonoid skeleton. This flavonol
also stimulates the glucose-metabolising enzymes (phosphof-
ructokinase) reducing its activity, mainly in the liver.

One of the main glucose transporters in the body is GLUT4
(glucose transporter 4), which is found mainly in insulin-sen-
sitive tissues, such as muscle and adipocytes. The decrease in
intracellular concentrations of GLUT4 results in a state of in-
sulin resistance (inadequate uptake of insulin-dependent glu-
cose by tissues, especially liver, muscle and adipose tissue). By
contrast, the increase in insulin sensitivity is mediated by the
increase in translocation of GLUT4 towards plasma membrane;
this favours glucose movement from the blood to the inside
of the tissues (52). It has been reported that kaempferitrin (ob-
tained from Bauhinia acuminata extract) could interact with
GLUT4, causing a decrease in glucose absorption in adipocytes
(53). Results of that research suggest that this effect is a con-
sequence of at least two mechanisms: the first one by means
of an interference with insulin activation route that produc-
es a lower GLUT4 translocation and glucose absorption, and
the second by interacting directly with GLUT4, competing with
glucose for transport.

Flavonoid effectiveness as antioxidants and antidiabetics
has been related to their structure. The aglycones (flavonoids
that lack sugar) have an antioxidant action higher than their
respective glycosides. Flavonoids with hydroxyl substituents
in C-3" and C-4’ carbons corresponding to B ring (Fig. 2) (54)
have a higher antioxidant capacity and this is increased by the
presence of a double bond between carbons C-2 and C-3, a
hydroxyl group at the carbon C-3 and a carbonyl group at the
carbon C-4 position (55).

Sarian et al. (54) investigated some isolated flavonoids from
Tetracera indica and Tetracera scandens (plants traditionally
used to control diabetes mellitus in different parts of Malay-
sia), with the aim of identifying key positions in their structure,
the effect of methylation and acetylation, and their relation-
ship with antioxidant and antidiabetic properties. Fourteen
compounds with three structural variations of flavonoids
were identified: flavones (absence of hydroxyl group at posi-
tion 3: wogonin, methyl ether of wogonin, acetate of wogonin,
techtochrysin, 8-hydroxy-7-methoxy flavone, chrysin, norwo
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Fig. 2. Basic structure of flavonoids, adapted from Sarian et al. (54)

gonin, acetate of norwogonin, isoscutellarein and hypolaetin),
flavonols (presence of hydroxyl group at position 3: kaemp-
ferol and quercetin) and flavanols (absence of double bond
and ketonic group at positions 2-3 and 4, respectively: (+)-cat-
echin and (-)-epicatechin). According to antioxidant capacity
assays (using DPPH, ABTS, FRAP and xanthine oxidase) and the
evaluation of antidiabetic properties (inhibition of a-glucosi-
dase and dipeptidyl peptidase IV (DPP-4)), the best results were
obtained with quercetin, isoscutellarein, hypolaetin and kae-
mpferol. This confirms that total number and configuration of
hydroxyl groups play animportant role in the regulation of an-
tioxidant and antidiabetic properties. The presence of a dou-
ble bond between C-2 and C-3 and a ketonic group at C-4 are
two essential structural characteristics responsible for bioac-
tivity of flavonoids, especially for antidiabetic property. More-
over, methylation and acetylation of hydroxyl groups decrease
antioxidant and antidiabetic properties of flavonoids in vitro.

Antidepressant properties

The antidepressant effect of flavonol kaempferitrin ob-
tained from Justicia spicigera (Asteraceae) extract, which is a
plant used in traditional medicine to relieve emotional disor-
ders (such as depression (dysthymia) and mood changes) and
anxiety has been studied (56). The study was carried out ap-
plying two depression behaviour models in mice: tail suspen-
sion tests (TST) and forced swimming tests (FST). Antidepres-
sant effect shown by kaempferitrin (10 and 20 mg/kg) in TST
was similar to that observed for positive control drugs (imip-
ramine, fluoxetine and desipramine). In FST, mass fractions
of 5, 10 and 20 mg/kg kaempferitrin showed a significant

Fig. 3. Structure of: a) kaempferol and b) kaempferitrin

reduction in immobility time. In conclusion, results show
that kaempferitrin induces an effect similar to antidepres-
sant, without producing alterations in ambulatory activity of
experimental animals. However, it is necessary to carry out
further experiments to determine the specific mechanisms
underlying the actions of kaempferitrin.

Similar results were obtained by Hosseinzadeh et al. (57),
when assessing the antidepressant effect of kaempferol from
Crocus sativus (saffron flower) petals in mice (albinos) and rats
(Wistar) by FST. Fluoxetine (20 mg/kg) was used as a posi-
tive control, while kaempferol (standard substance from Sig-
ma-Aldrich, St. Louis, MO, USA) was used at mass fractions of
25,50, 100 and 200 mg/kg for mice and 12.5, 25 and 50 mg/
kg for rats. Results of that study indicated that kaempferol
(100 and 200 mg/kg in mice and 50 mg/kg in rats) had an an-
tidepressant effect, and hence it can be a helpful agentin the
treatment of depression.

EXTRACTION OF KAEMPFEROL AND ITS
GLYCOSIDES BY SUPERCRITICAL FLUIDS

Kaempferol (3,4',5,7-tetrahydroxyflavone) (Fig. 3a) is a fla-
vonol first discovered in Camellia sinensis (commonly known
as green tea) (16). This compound is found in a wide variety
of fruits and vegetables (apples, apricots, asparagus, black-
berries, broccoli, capers, carrots, cherries, cranberries, cu-
cumbers, grapes, kiwifruit, lemon, lettuce, cantaloupe mel-
on, onions, oranges, peaches, plums, raisins, saffron, spinach
and green tea) (16). Kaempferitrin (kaempferol-3,7-O-(a)-L-di-
rhamnoside) (Fig. 3b) is a glucoside derived from kaempferol,
which was isolated for the first time from Indigo arrecia (17).
The main sources of this compound are some plants belong-
ing to the division Magnoliophyta: Lespedeza cyrtobotrya,
Lespedeza virgata, Bauhinia acuminata, Pterogyne nitens, Lo-
tus corniculatus, Trichosanthes cucumerina, Momordica grosve-
nori, Epimedium acuminatum, Vancouveria hexandra, Hedyotis
verticillata, Uncaria guianensis, Celastrus orbiculatus, Justicia
spicigera, Chenopodium murale, Weigela subsessilis, Cinnamo-
mum osmophloeum, Cardamine leucantha, Arabidopsis thali-
ana, Tagetes erecta, Hibiscus cannabinus, Bryophyllum pinnat-
um and Geranium thunbergii (17).

b)
5
.
4 OH
2,C/ X
Cons o ¢ o 1’|C| ? l
. /1 AN 7 s
o, e DT N Ny N A
\ / ‘
c—oc [ o | < |3 ¢
6C c C
52 4
OH OH \c/ \C/ \(_J
| l i
OH o c—©°
| jla
oL el
&O

FTB|Food Technology & Biotechnology

October-December 2018 | Vol. 56 | No. 4 485



S. CID-ORTEGA and J.A. MONROY-RIVERA: Extraction of Kaempferol and Its Glycosides

The extraction of targeted compounds from plants is of
utmostimportance, since it affects yields, but also purity and
quality of the extract. In general, the process consists main-
ly of three stages: conditioning of sample (homogenisation),
initial extraction and pre-concentration/purification (58). The
homogenization method, storage and drying conditions will
depend on the type of material (leaves, flowers, stems, root
or fruit). In order to avoid degradation of components, it is
recommended that extraction be made with fresh material
stored at freezing temperatures (-80 °C). However, in practice
the use of dry samples is preferred due to its easy handling
and storage. Furthermore, extraction effectiveness depends
on particle size, polarity and solvent pH, temperature and
mechanical assistance. Kaempferol is usually extracted using
high volume fractions (60-80 %) of methanol or ethanol (58).
The main objective of pre-concentration is to obtain or iso-
late sufficient quantities of target compound. The selection
of the pre-concentration method will depend on the avail-
able equipment for final analysis, which may require different
amounts and target substance purity. Extraction of kaemp-
ferol and kaempferitrin is usually carried out by organic sol-
vents (mainly ethanol, methanol and acetone) combined with
water; however, it has been suggested that the use of pressur-
ized liquids and supercritical fluids is generally more effective
than common procedures due to an increased pressure (57).

Leal et al. (59) used supercritical fluid technology to ob-
tain Ocimum basilicum L. (commonly known as basil) extracts
by applying CO, (99.8 %) and bi-distilled water (as a co-sol-
vent) at 1, 10 and 20 % (by mass). A mass of 2.5 g of sample
was used and flow rate was maintained in a range of 5-10~°
to 8:107° kg/s. The extraction temperature was 303 K (29.9 °C)
and 323 K (49.9 °C) at pressures of 10, 15, 20, 25 and 30 MPa.
The extractions were performed at 15, 30, 45 and 60 min. Re-
sults showed a higher yield (24 %) at pressure of 30 MPa, 20
% co-solvent, temperature of 303 Kand extraction time of 60
min. Compounds identified in extracts with 1 % co-solvent
were: eugenol, germacrene-D, epi-alpha-cadinol, phytol and
neophytadiene. In the extracts obtained with 10 % co-sol-
vent, other types of compounds were identified, such as caf-
feic, quinic, malic, tartaric and caffeoylquinic (chlorogenic
acid) acids, rhamnose, kaempferol, and kaempferol 3-O-glu-
coside. All identified compounds showed antioxidant activ-
ity, however, extracts with 10 and 20 % co-solvent showed a
higher antioxidant activity than extracts obtained with 1 %
co-solvent at the same extraction temperature (303 K).

Liza et al. (60) determined the optimal conditions for ex-
traction from Strobilanthes crispus leaves by using supercriti-
cal CO, and ethanol (99.5 %) as co-solvent. Independent vari-
ables were pressure (10, 15 and 20 MPa), temperature (40, 50
and 60 °C) and dynamic extraction time (40, 60 and 80 min).
Flow of CO, and ethanol were maintained constant at 10 and
1 g/min. A mass of 30 g of sample (average particle size of 0.5
mm) was used, which was mixed with 2.0-mm glass beads.
The introduction of some rigid materials in extraction cell al-
lows preserving an adequate CO, flow rate and maintaining

the desired permissiveness of particle during extraction pro-
cess. Highest yield (5.17 %) was obtained at 20 MPa, 50 °C and
extraction time 60 min. According to the statistical analysis,
pressure had a dominant effect (k=1.18) on extraction yield,
followed by temperature (k=1.09) and, finally, dynamic ex-
traction time (k=0.15). Value k represents the range between
three average responses for each level of extraction yield.
Eight flavonoids were identified in the obtained extract (3.98
% total flavonoids) under the optimal conditions: (+)-catechin
(4.83 mg/qg), (-)-epicatechin (4.55 mg/qg), rutin (8.47 mg/q),
myricetin (4.10 mg/g), luteolin (12.52 mg/qg), apigenin (3.75
mg/g), naringenin (3.63 mg/g) and kaempferol (19.45 mg/qg)
at the highest mass fraction.

Lietal. (67) used the tea seed cake of Camellia sinensis (by-
product of pressing the seeds of green tea during traditional
processing to obtain oil) with the aim of developing a rapid
and efficient procedure for purification of two glycosides from
kaempferol, KG1 (kaempferol-3-O-[2-O-3-p-galactopyrano-
syl-6-0-a--rhamnopyranosyl]-B-p-glucopyranoside) and
KG2 (kaempferol-3-O-[2-O-f-p-xylopyranosyl-6-O-a-.-rham-
nopyranosyl]-B-p-glucopyranoside), using supercritical flu-
id extraction (SFE). Process optimisation was performed ac-
cording to response surface methodology (RSM), considering
total yield of glycosides as the dependent variable and the
following independent variables: extraction time (30, 60, 90,
120 and 150 min), pressure (15,22.5, 30, 37.5 and 45 MPa), tem-
perature (40, 50, 60, 70 and 80 °C) and ethanol volume frac-
tion (as a co-solvent, 50, 60, 70, 80 and 90 %). Conventional
extraction (25 g sample) was performed by using 70 % eth-
anol reflux and temperature of 70 °C for 6 h. For the SFE, the
same amount of sample was used, which was placed in a 50-
-mL stainless steel cell and defatted cotton was placed on the
ends. The flow of CO, and the co-solvent was maintained at 2
and 0.5 mL/min, respectively. Maximum yield (KG1 3.5 mg/g
and KG2 5.42 mg/g) was obtained with the longest time (150
min), 30 MPa pressure, 60 °C temperature and 70 % ethanol.
In general, higheryields were correlated with lower pressures
(except for longer extraction time, when yield did not depend
on the pressure) and with the increase in temperature, prob-
ably due to higher speed of mass transfer. Higher yields were
obtained at 60 and 70 % ethanol. According to RSM, the op-
timal conditions were: extraction time 150 min, pressure 20
MPa, temperature 80 °C and 60 % ethanol, under which to-
tal yield was (11.4£0.4) mg/g. Regarding conventional meth-
od, the yield was (11.6+0.2) mg/g, which was not significantly
different from that obtained by SFE. However, conventional
method required 500 mL of ethanol and extraction time of
6 h, while for SFE the amount of ethanol and extraction time
were lower (75 mL and 2.5 h).

As stated above, one of the main disadvantages of su-
percritical CO, is its low polarity (it behaves like a lipophilic
solvent), which results in a minimal extraction of polar com-
pounds, mainly phenols, flavonoids and terpenoids. Flavo-
noids that have in their structure the most unsubstituted hy-
droxyl groups or molecules of a sugar are considered polar
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compounds and are moderately soluble in polar solvents
(ethanol, methanol, butanol, acetone and water). Otherwise,
less polar aglycones (flavonoid without sugar) such as isofla-
vones and flavanones are more soluble in solvents such as
etherand chloroform (62). However, it has been reported (63—
65) that some phenolic and flavonoid compounds are actual-
ly soluble in supercritical CO, when pressures are high (above
20 MPa) due to fluid density increases at increasing pressure.
In this regard, Sanjaya et al. (66) conducted a study in which
they used supercritical CO, for extraction of some phenolic
compounds and flavonoids from Myrmecodia pendans. The
static extractions were carried out at different pressures (9.0,
10.5, 12.0, 13.5, 15.0, 16.5, 18.0, 19.5, 21.0 and 22.5 MPa) and
temperatures (313.15 (40), 323.15 (50), 333.15 (60) and 343.15
K (70 °C)), for 6 to 7 h. The sample (10 g) was placed in a cell
(40 MPa maximum pressure) packed with glass beads and
CO, was charged to the system by a reciprocating pump with
a 10 mL/min constant flow. Moreover, extractions by reflux
(Soxhlet extraction) were carried out with ethanol (96 %) at
atmospheric pressure and temperature of 343.15 K (70 °C), us-
ing the same amount of sample. Yields, antioxidant capaci-
ty of extracts, solubility of total polyphenols (in mg of gallic
acid equivalents (GAE) per L of CO,) and total flavonoids (in
mg of quercetin equivalents (QE) per L of CO,) were deter-
mined in accordance with density equations of Chrastil (67)
and Del Valle and Aguilera (68). According to the authors (66),
extractions with supercritical CO, were performed in static
mode, because it is simpler and allows extraction with less
fluid than the dynamic extraction. Nine compounds were
identified in extracts obtained with Soxhlet extraction: gal-
lic acid, (+)-catechin, caffeic acid, p-coumaric acid, ferulic acid,
rutin, quercetin, luteolin and kaempferol. The compounds
identified in the supercritical CO, extract at 22.5 MPa, var-
ied according to the extraction temperature. At 313.15 K gal-
lic acid, caffeic acid, p-coumaric acid, quercetin and kaemp-
ferol were identified, at 323.15 K all compounds except ferulic
acid and rutin, while at 333.15 and 343.15 K all but rutin were
found. Total content of polyphenols and flavonoids was high-
er in extracts obtained with Soxhlet extraction ((28.07+1.28)
mg GAE/g dry sample and (16.44+0.58) mg QE/g dry sam-
ple) than with supercritical CO, at 22.5 MPa and 343.15 K
((16.41+1.08) mg GAE/g dry sample and (2.96+0.15) mg QE/g
dry sample). However, the purity of phenolic compounds in
extracts obtained with supercritical CO, (34.3 to 48.7 %) was
higher than of extracts obtained with Soxhlet extraction
(18.3 %). This indicates that supercritical CO, is a more selec-
tive solvent than liquid ethanol. The mass fractions of gal-
lic, caffeic and p-coumaric acids, quercetin and kaempferol
increased with increasing extraction temperature (22.5 MPa
constant pressure). Polyphenolic and flavonoid compound
solubility increased significantly with increasing pressure
and temperature (this was observed in the pressure range of
12 to 22.5 MPa). In this pressure range, the authors conclude
that temperature effect on the increase of solute solubility
seems to be more significant than pressure. With regard to

antioxidant capacity (DPPH method), extracts showed an in-
hibition range of 37 to 76 % using 10 mg/mL of extract. Ex-
tract obtained with supercritical CO, at 22.5 MPa and 343.15 K
showed the highest inhibition ((76.17+0.27) %), while the ex-
tract obtained with Soxhlet extraction had the lowest inhibi-
tion ((36.64+0.15) %). Moreover, the IC,, of the extract with the
highest inhibition was (3.62+0.12) mg/mL. The above shows
that purer extracts are achieved with supercritical CO, than
with the Soxhlet conventional extraction.

Wang et al. (69) used supercritical CO, to obtain bioactive
compounds from Ampelopsis grossedentata stems. Four fac-
tors and three levels were used to perform the extractions:
pressure (15, 20 and 25 MPa), temperature (40, 50 and 60 °C),
dynamic extraction time (30, 50 and 70 min) and methanol/
ethanol ratio (1:3, 1:1 and 3:1, by volume). A mass of 20 g of
sample was used, and CO, and co-solvent flow were main-
tained at 2 and 0.5 mL/min, respectively. The amount of fla-
vonoids and total phenols was determined, as well as the an-
tioxidant capacity of the extracts and the identification of
the main flavonoids. The highest content of total flavonoids
((4.67+0.36) mg rutin equivalents per g dry sample) and to-
tal phenols ((2.49+0.10) mg GAE per g dry sample) was ob-
tained at 25 MPa, 40 °C and 50 min, with a methanol/ethanol
ratio 1:3 for total flavonoids and 1:1 for total phenols. Antiox-
idant capacity (DPPH method) of extracts had a range from
40.69 to 95.87 %. Extract obtained at 25 MPa, 40 °C, 50 min
and a methanol/ethanol ratio 1:1 showed the highest inhibi-
tion, and the highest content ((2.55+0.2) mg/g dry sample) of
the main flavonoids identified in the different extracts (dihy-
dromyricetin (ampelopsin), vitexin-2"-O-rhamnoside, vitex-
in, rutin, quercetin-3-galactoside, myricetin, luteolin, querce-
tin, apigenin and kaempferol), with ampelopsin as the major
compound with 99.4 % total content. In that work it was ob-
served that supercritical CO, density is a decisive factor in
the extraction, since, at higher pressures, the yield is higher,
while with increasing temperature, the yield decreases. This
is due to the fact that supercritical CO, density is greater as
the pressure increases, and it decreases as the temperature
increases. Authors conclude that the decrease of supercritical
CO, density influences the extraction more than the increase
of vapour pressure of the solute.

Applications in food processing

In the last few decades, dietary habits of consumers have
been changing, which has caused greater demands on the
supply of products that, in addition to providing nutrients,
offer health benefits. On the current market, these foods are
known as ‘functional foods’. These can be defined as foods that
contain significant levels of biologically active components
(mainly vitamins E and C, polyphenolic acids, flavonoids and
anthocyanins) that provide specific benefits for health beyond
their traditional nutrients (70-72). Supercritical fluid (SCF) tech-
nology is increasingly applied in different areas (mainly food
and pharmaceutical), because many natural compounds, such
as vitamins, aromas, pigments or essential oils, are very soluble
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in supercritical fluids (73). One of the most widely studied ap-
plications of this technology is obtaining bioactive compounds
from plants, fruits, legumes and aromatic seeds, with the pur-
pose of using them as functional ingredients in foods, main-
ly as natural antioxidants (74,75). Lipid oxidation is one of the
main problems of processed foods. Although initially synthetic
antioxidants were used in order to avoid lipid oxidation, new
trends are the use of natural sources that are applied to differ-
ent foods in order to avoid their degradation, increase their
shelf life, improve their sensory properties and provide bio-
active compounds to improve consumer health. Some food-
stuffs containing extracts of vegetable sources include: red
meat, sausages, pork nuggets, hamburgers, pies with pork or
chicken meat, margarine, beef meatballs, white shrimp, vege-
table oil, potatoes and apples, among others (76). Another rel-
evant aspect is active packaging, with the focus on bio-based
functional packaging materials incorporating natural active
compounds and ingredients. Phenolic compounds can be in-
corporated into polymers or into carriers that may be extrud-
ed or coated into packaging materials (76). Active packaging
can be defined as a mode of packaging in which the package,
the product, and the environment interact, extending shelf life
and improving safety or sensory properties, while maintaining
food product quality (76,77).

It has been estimated that human intake of flavonoids is
2 to 34 mg/day, with an average of 23 mg/day, of which most
are flavonols. From this intake, quercetin represents 70 %, fol-
lowed by kaempferol with 17 %, myricetin with 6 %, luteolin
with 4 %, and apigenin with 3 % (78,79). In the specific case
of kaempferol, an average intake of 10 mg/day has been es-
timated (80). The main food sources of this compound are:
black tea, broccoli, onions, apples, strawberries, black pepper,
green tea and alcoholic beverages such as wine. According to
Martinez-Florez et al. (81), consumption of flavonols is higher
than other antioxidants in the diet, such as -carotene (2-3
mg/day), vitamin E (7-10 mg/day) and the equivalent of one
third of vitamin C consumption (70-100 mg/day). Therefore,
consumption of flavonols (mainly quercetin and kaempferol)
in human diet is of great significance due to functional prop-
erties of these compounds.

In accordance with the above, supercritical fluid technol-
ogy for obtaining bioactive compounds from plant sources
and even from byproducts generated by food industry is
projected as a feasible option for development of functional
foods and beverages, food supplements (capsules, tablets),
as well as drugs. An example of the foregoing is rutin (quer-
cetin-3-B-o-rutinoside), which is so far the only flavonoid in
medicinal products in Mexico (55). Food supplements from
flavonoids (mainly quercetin) are produced in combination
with other substances such as vitamins (mainly Cand E) some
enzymes (bromelain) that help improve flavonoid absorption
(79). In the specific case of vitamins C and E, there is a syner-
gistic effect with quercetin, since vitamin C reduces querce-
tin oxidation, whereas quercetin prevents the oxidation of
vitamin E (55).

One of the main problems of bioactive compounds is
their stability under environmental conditions during their
storage (temperature, presence of oxygen and light, humid-
ity, etc.). In this regard, encapsulation technologies have been
used to prevent degradation of these compounds, the most
frequently used are spray drying and lyophilisation. The first
usually uses high temperatures (above 100 °C), while the sec-
ond is time consuming, resulting in high production costs.
Microencapsulation using supercritical CO, is an alternative,
since it has advantages over the traditional methods men-
tioned above, mainly the use of temperatures close to the
environmental, the possibility of continuous modulation, re-
duced energy consumption, oxidation reaction prevention
and high product quality by avoiding polluting organic sol-
vents (82). In the specific case of flavonols, with this microen-
capsulation technology, in addition to preventing their deg-
radation, their solubility can be increased and bioavailability
improved. The advantages of the SCF technology and its abil-
ity to adapt by varying pressure and temperature (and even
the use of co-solvents) in the extraction processes resulted
in the development of different precipitation techniques that
can process a wide variety of materials, producing various
particle sizes and controlled morphologies. These advan-
tages are also applicable for encapsulation and co-precipita-
tion by SCF and, in turn, can take the advantage of supercrit-
ical fluid capacity to modify the properties of encapsulating
polymer material (plasticization, swelling, fusion temperature
reduction, etc.), as well as the interactions between the en-
capsulant and active substance, a capacity that can enable
modifying and controlling the way in which active substance
is incorporated into the encapsulant (83). De Paz et al. (84)
prepared formulations with quercetin and different encap-
sulants (Pluronic L64° modified starch and soy lecithin) with
the aim of providing greater solubility and stability in aque-
ous media. Supercritical drying process was carried out at 40
°C and 12 MPa, with a constant flow of the solution and CO,
of 0.2 mL/min and 13 kg/h, respectively. The best quercetin
encapsulation efficiency was obtained with lecithin (above
90 %), with an average particle size of 10 um. Similar results
were obtained by Lévai et al. (85), by producing encapsulat-
ed quercetin microparticles from an oil-in-water emulsion,
using supercritical CO, (11 MPa and 40 °C) and two types of
surfactants, Pluronic L64® and soy lecithin. Better results were
obtained with soy lecithin, with an average particle size of
100 nm (0.1 um) and encapsulation efficiency 70 %. Further-
more, quercetin antioxidant activity was improved with en-
capsulation.

Deniz et al. (82) investigated the extraction conditions
with supercritical CO, to obtain phycocyanin from microal-
ga Spirulina (Arthrospira) platensis. This compound is the
main phycobiliprotein in S. platensis of natural blue colour
that is used as food colouring for chewing gums, sorbets,
soft drinks, candies and cosmetics. Phycocyanin has antiox-
idant, anticarcinogenic, anti-inflammatory, hepatoprotec-
tive, neuroprotective and cardioprotective properties (72).
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The sample was conditioned to a particle size between 0.1
and 0.3 mm. Extraction was performed at different tempera-
tures (30, 50, 60 and 80 °C), pressures (15, 25 and 35 MPa), ex-
traction times (45, 60, 90 and 120 min) and ethanol as co-sol-
vent (0, 10 and 15 %). Sample mass was 30 g and flow of CO,
and mixtures with ethanol was 10 g/min. Moreover, conven-
tional extractions were carried out in order to compare the
methods. Dependent variable was phycocyanin concentra-
tion in extracts, and the effect of cytotoxicity against lung
cancer cell line A549 at different extract concentrations (0-
100 pg/mL). Optimal parameters were: 25 MPa, 60 °C, 10 %
ethanol as a co-solvent and extraction time of 45 min. Un-
der these conditions, phycocyanin content was 90.74 % with
purity 75.12 %. The extract obtained with supercritical CO,
showed greater cytotoxicity against the lung cancer cell line
A549 than with conventional extraction. This is confirmed by
IC,, value, which was 26.82 and 36.94 pg/mL for the extracts
obtained with supercritical CO, and conventional extraction,
respectively. In general, results gave important information
about phycocyanin extraction with supercritical fluids as an
alternative to conventional methods and the possibility of in-
cluding this compound in daily diet for preventive purposes
against lung cancer. In this regard, Yan et al. (86) developed a
method for obtaining phycocyanin microcapsules using algi-
nate and chitosan in order to improve their stability and con-
trol the compound release, representing a feasible option for
development of functional foods.

Nanotechnology is an area that is gaining major impor-
tance, mainly in agri-food industry and medicine. One of the
main applications of this technology is the development of
delivery systems such as emulsions, biopolymer matrices,
simple solutions and association colloids, to maintain ac-
tive compounds at suitable levels for long periods of time.
Nanoparticles have better encapsulation and release proper-
ties than traditional encapsulation systems, thus substances
with functional properties can be encapsulated and released
in response to certain specific environments (87). In medicine,
it has been used for development of efficient systems of drug
delivery against cancer. Luo et al. (88) developed nanoparti-
cles with kaempferol and evaluated their efficacy in inhibiting
malignant and normal ovarian cell viability. Different poly-
mers for nanoparticle preparation (with and without kaemp-
ferol) were used, PLGA (polylactic-co-glycolic acid), Pluronic®
P123 (surfactant), chitosan, PLGA-PEI (polyethyleneimine) in
a 10:1 ratio and PAMAM (polyamidoamine). To develop kae-
mpferol nanoparticles, 250-uL kaempferol solution (50 mg/
mLin 0.2 M dimethylsulfoxide) was mixed with 1 mL polymer
solution. Nanoparticles were evaluated according to their av-
erage particle size and their inhibitory effect on ovarian can-
cer cell lines (A2780/CP70 and OVCAR-3). Their size ranged
from 160 to 250 nm, particles made with Pluronic® P123
had the smallest size ((160+30) nm), while the largest ones
were those made with PAMAM ((250+70) nm). Kaempferol
nanoparticles made with polymers, PLGA-PEI, chitosan and
PAMAM did not reduce significantly cell viability of ovarian

cancer cells A2780/CP70. Rather, those made with Pluronic®
P123 and PLGA significantly reduced cell viability, both of
A2780/CP70 and OVCAR-3, in comparison with kaempferol
alone (in phosphate-buffered saline). Results obtained in that
work show that kaempferol nanoparticle formulations with
Pluronic® P123 and PLGA polymers could be an alternative for
cancer treatment, due to their improved capacity to reduce
cancer cell viability, as well as a non-significant reduction of
the viability of normal ovarian cells.

CONCLUSIONS

The above-mentioned evidence of the therapeutic use
and as a possible agent for the prevention and treatment
of some diseases of kaempferol and some of its glycosides
shows that extracts from plant sources obtained by super-
critical fluid technology constitute an important alternative
in the development of functional foods and nutraceuticals.
As already mentioned in this review, extracts obtained by
supercritical fluid technology have a higher purity, which
gives them better functional properties. Therefore, this is an
area of opportunity of great interest in new concepts of food
packaging, the active packaging, which enables further pro-
longation of food shelf life. Likewise, antioxidant capacity of
kaempferol and its glycosides obtained by extraction with
supercritical fluids against the effects of different types of
cancer, as well as harmful effects of hyperglycaemia, should
be considered as an alternative for prevention and treatment
of these conditions.
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