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Selective Enzyme-Mediated Extraction of Capsaicinoids and
Carotenoids from Chili Guajillo Puya (Capsicum annuum L.) Using

Ethanol as Solvent
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The selective extraction of capsaicinoids and carotenoids from chili guajillo “puya” flour was studied.
When ethanol was used as solvent, 80% of capsaicinoids and 73% of carotenoids were extracted,
representing an interesting alternative for the substitution of hexane in industrial processes.
Additionally, when the flour was pretreated with enzymes that break the cell wall and then dried,
extraction in ethanol increased to 11 and 7% for carotenoid and capsaicinoid, respectively. A selective
two-stage extraction process after the treatment with enzymes is proposed. The first step uses 30%
(v/v) ethanol and releases up to 60% of the initial capsaicinoids, and the second extraction step
with industrial ethanol permits the recovery of 83% of carotenoids present in the flour.

Keywords: Capsicum annuum; carotenoids; capsaicinoids; selective extraction; enzymatic extraction

INTRODUCTION

There is a worldwide growing interest in natural
colorants for the food and pharmaceutical industries.
As a result, the consumption of synthetic products has
declined due to consumer’s concern for food safety and
stringent regulations from organizations such as the
U.S. Food and Drug Administration and the World
Health Organization. Carotenoids are one of the most
important groups of natural colorants in the food
industry, and the genus Capsicum is a widely used
source. Capsaicinoids and carotenoids are found in the
oily fraction of several varieties of chili peppers (Cap-
sicum annuum). These colorants are normally com-
mercialized as a dried powder such as paprika or as
main components of the oleoresin obtained after extrac-
tion with hexane. Color and pungency are dependent
on capsicum variety. The Guajillo variety is the most
frequently used in the Mexican colorant industries due
to its low capsaicin content. On the other hand, capsai-
cin has interesting properties as a therapeutic agent,
particularly as a chemoprotector against mutagenesis
or tumorigenesis (Surh et al., 1995), and it is also the
active ingredient of pepper spray, a relatively safe
weapon (Busker and van Helden, 1998).

It has been reported that after hexane extraction, it
is possible to reduce pungency in oleoresin by fraction-
ation with 70% v/v methanol solutions, recovering 87%
of carotenoids and 83% of capsaicinoids after separation
(Balakrishnan and Verghese, 1997). Amaya Guerra et
al. (1997) reported the extraction of oleoresin from dried
Guajillo pepper with four solvents: ethanol, acetone,
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ethyl acetate, and hexane. These authors found that the
amount of pigment extracted increases with the polarity
of the solvent. Hence, ethanol extracted the highest
amount of oleoresin, with 82% of capsaicinoids mea-
sured in terms of pungency units and 74% of caro-
tenoids. They also reported the fractionation of acetone-
extracted oleoresins with a mixture of ethanol/water (9:
1) yielding a precipitate with a large proportion of
colorants and a solution rich in pungency.
Capsaicinoids are soluble in various solvents such as
chloroform, acetone, ethyl ether, ethyl acetate, methyl
chloride, ethanol, and 2-propanol, among others (Suzuki
and Iwai 1984). Except for the alcohols, these solvents
present environmental risks. Nevertheless, due to chemi-
cal and toxicological limitations, there is a clear trend
in agroindustries to substitute hexane or any other
organic solvent for alternative nontoxic solvents, par-
ticularly in products for human consumption, with the
first option being water or alcohols (Sineiro et al., 1998).
In the same context, enzymatic processes have also been
proposed to increase yield and selectivity (Dominguez
et al., 1994). Ethanol and 2-propanol have been reported
in oil extraction from soybean (Baker and Sullivan,
1983), cottonseed (Abraham et al., 1988, 1991, 1993),
and sunflower seeds (Sineiro et al., 1998). Water pro-
cesses have also been developed for the extraction of oil
from seeds and vegetables using enzymes to increase
the extraction yield (Fullbrook, 1983; Buenrostro and
Lopez-Munguia, 1986; Cintra MacGlone et al., 1986;
Dominguez et al., 1993, 1994; Shabtai et al., 1998;
Rosenthal et al., 1996; Shankar et al., 1997). However,
these processes have been applied only to raw materials
with oil contents >20%. In some cases dramatic en-
hancement of oil extraction is obtained with the use of
enzymes (Cintra MacGlone et al., 1986). Microscopy has
helped to elucidate changes in different plant structures
such as oil bodies (Zamski et al., 1987; Napier et al.,
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Figure 1. Extraction diagram. Three extraction options were studied: water, industrial ethanol, and ethanol solutions (30%

v/v). Extraction yields are reported for each step.

1996) and could therefore be applied to analyze the
effect of enzymatic action in this kKind of process.

In this paper, the extraction conditions of capsaici-
noids and carotenoids from Guajillo peppers in ethanol
solutions are established. The effect of an enzymatic
pretreatment on extraction yield as well as on cell
structure by analysis with light microscopy is also
established and, finally, a selective extraction for both
products in a two-step process is proposed.

MATERIALS AND METHODS

Quantitative Analysis. Chili Guajillo puya (Capsicum
annuum L.) was purchased in a local market in Morelos,
Mexico. Samples were also provided by Laboratorios Bio-
quimex S.A. de C.V. (Mexico). This variety was chosen due to
its high carotenoid content. After sun-drying, it was milled and
sieved to obtain a flour with a particle size <1.4 mm.
Capsaicinoids were determined according to the method of
Hoffman (1983) in an HPLC system equipped with a UV
detector set at 280 nm and a uBondapack Cig column (3.9 x
300 mm). Acetonitrile/water, 1% acetic acid, 40:60 (v/v), was
used as eluent at a flow rate of 1.5 mL/min. Samples were
purified in Sep-Pak cartridges according to the method of
Attuquayefio and Buckle (1987). Carotenoids were measured
in a Beckman spectrophotometer at 450 nm, using Ei% =
2500 for quantification after extraction either with ethanol or
with ethanol/water mixtures. Under these assay conditions
carotenoids are the main product detected (Minguez-Mosquera
et al., 1981). Capsaicin of 90% purity from Sigma was used as
standard. Proximate analysis of flour samples resulted in the
following composition: humidity, 8.6; protein, 16.5; ashes, 6.5;
fat, 8.1; crude fiber, 29.3; and carbohydrates, 31 g per 100 g
of flour. Total capsaicinoids were 0.29 and total carotenoids
0.125 g per 100 g of flour and are included in the fat
percentage.

Extraction Process. Several extraction options were ana-
lyzed in the course of this study. They are generalized in
Figure 1. In general, three options were considered: water,
industrial ethanol, and ethanol solutions. Water is a poor
solvent for these products, but it is required for the enzymatic
treatments prior to extraction.

Aqueous Enzymatic Treatment. Various enzymes were se-
lected to soften the tissues in Capsicum peppers either before

or during the extraction. All enzymes were from Novo Nordisk
Industry: Olivex (an enzyme preparation from Aspergillus
aculeatus mainly with pectolytic activity but containing also
hemicellulolytic and cellulolytic side activities; 26000 pG/mL),
Celluclast (a preparation from Trichoderma reesei with cellu-
lolytic activity; 1500 NCU/qg), Viscozyme L (an enzyme prepa-
ration from Aspergillus with a wide variety of carbohydrase
activities bearing 120 FBG/mL), and Peczyme 5XAL (an en-
zyme preparation from Aspergillus niger with pectin esterase
and arabanase activities, bearing 75000 AJDU/mL and 90000
UA/mL, respectively). Enzymatic action was followed by mea-
suring the release of reducing sugars with the DNS method
(Miller, 1959). Treatment with enzyme in water was carried
out with dried flour and 1-5%/mL/100 g of flour) of the en-
zymatic commercial product for 5 h at 50 °C, pH 4.5, 120 rpm,
and a 1:50 (w/v) flour/water ratio. The paste obtained was dried
in a vacuum drier (Precision, Chicago, IL) at 50 °C until water
was reduced to ~8% humidity. In all cases controls were
performed in the absence of enzymes. All of the experiments
were performed with three to five repetitions in batch process.

Ethanol Extraction. Extractions were carried out with
industrial ethanol (96% purity from ADYDSA, Mexico) both
directly from dried flour and from the paste resulting after
the aqueous enzymatic treatment. All of the experiments were
performed by duplicates and in some cases by triplicates for 7
h at 50 °C and a 1:50 (w/v) solid/solvent ratio, in a rotatory
shaker (Gyratory Water Bath Shaker model G76) at 120 rpm.

Selective Extraction of Capsaicinoids and Colorants. To
selectively extract capsaicinoids and carotenoids, the process
was divided into two steps. In the first step, capsaicinoids were
extracted from 1:50 (w/v) flour/solvent suspensions with 15 or
30% (v/v) ethanol solutions at 50 °C, in a rotatory shaker at
120 rpm; after 7 h, the mixture was filtered. The second batch
extraction for the solids obtained was carried out under the
same conditions but using industrial ethanol (96%) as solvent
to solubilize the largest portion of carotenoids.

Analysis with Light Microscopy. Sample Preparation.
Dried chili flour was fixed for 3 h, at 4 °C, with a mixture of
2% formaldehyde and 2.5% glutaraldehyde in phosphate buffer
(pH 7.0, 0.05 M); 2 mM MgCl, was added to minimize the loss
of lipids from the cells. Fixation was followed by washing with
several batches of buffer, also for 3 h. The flour was then
dehydrated at 4 °C (each step lasting <1 min also to minimize
lipid extraction) according to the following procedure: twice
with 50% ethanol, a mixture of tert-butyl alcohol/ethanol/water
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Figure 2. Production of soluble reducing sugars after aqueous
enzymatic treatment of chili Guajillo puya flour: Viscozyme
L (a), Olivex (<), Celluclast (O), and control without enzyme
(m). Reaction conditions: 50 °C, 5 h, pH 4.5, 120 rpm, flour to
water relation of 1:50, and 5% v/w enzyme.

(1:4:5, 2:5:3, 7:10:3, 10:9:0), then with tert-butyl alcohol/
absolute ethanol (3:1), and finally twice with tert-butyl alcohol.
The dehydrated flour was embedded in tert-butyl alcohol and
paraffin (1:1), for 2 h, at 60 °C and then twice on paraffin at
60 °C, for 1 h. Finally, it was included in paraffin, and sections
of 4—6 um were obtained with a microtome model Jung
RM2035, from Leica.

Staining. Paraffin was removed from the sections by placing
them in xylan (two steps, 2 min each) and then in a mixture
of xylan and absolute ethanol (1:1), also for 2 min. Afterward,
sections were rehydrated in a graded ethanol series, starting
from absolute ethanol to 50% ethanol, 1 min each step (ethanol
concentrations decreased by 10% in each step).

Sections were examined with the following methods: Saf-
ranin and Picro Aniline Blue, periodic acid Shiff reagent (PAS),
Amido Black (Clark, 1981), Coomassie Brilliant Blue R250
(Gahan, 1984), Sudan Black (Bancroft and Stevens 1996;
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section were stained for 30 min; the saturated staining
solutions were also made in 70% propanol). For some of the
stained sections, the original mounting media referred to in
Clark (1981) was Canada balsam. In this work, Entellan was
used to prevent color fading. Pertinent results were the ones
obtained with PAS—Amido Black and Sudan and, therefore,
are the only ones presented.

RESULTS AND DISCUSSION

The feasibility of Capsicum extraction processes has
been already demonstrated (Amaya Guerra et al., 1997).
We found that 80% of capsaicinoids and 73% of caro-
tenoids are extracted when industrial ethanol (96%) is
used as solvent under the experimental conditions
described under Materials and Methods, values very
similar to those already reported.

Capsaicin has a low solubility in water (Suzuki and
Iwai, 1984), so it is not surprising that during the
treatment with water at 50 °C only 15% of capsaicinoids
were found in solution. It has also been observed that
some colorants, other than carotenoids, are extracted
with water. Minguez-Mosquera et al. (1992) reported
that coloration in Capsicum aqueous extracts is due to
a small amount of water-soluble colorants, presumably
polyphenols, as the carotenoid fraction is soluble only
in organic solvents.

Qil extraction by aqueous processes has been shown
to be feasible when enzymes are used to break down
vegetable tissue, allowing oil to be released from cells
and collected after centrifugation (Buenrostro and L6-
pez-Munguia, 1986; Cintra McGlone et al.,, 1986;
Dominguez et al., 1994; Rosenthal et al., 1996). For the
case of chili flour, various enzymes were active toward
some components during the enzymatic treatment, as

Figure 3. Light micrographs of chili flour (magnification 630 x; each panel is reproduced at 50% of its original size): (A) nontreated,
stained with PAS—Amido Black (proteins stain blue, cellulose stains red); (B) nontreated, stained with Sudan Black (lipids, cutin,
suberin, and waxes stain black); (C) nontreated, stained with Saphranin—Picro Aniline Blue (lignin stains red; cellulose stains
blue); (D) pretreatment with Viscozyme L; (white arrow) protein bodies; (black arrows) lipid bodies.
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shown by a reduction in total mass and the increase in
soluble reducing power during the first hour of reaction
(Figure 2). However, an extraction yield of only 15 +
2% of capsaicinoids is obtained with or without the
addition of different commercial enzymes such as Ol-
ivex, Viscozyme L, Peczyme 5XAL, or Celluclast at
concentrations as high as 5% (v/w) at 50 °C. Even when
the temperature was increased to 80 °C after the
enzymatic treatment, the yield remained low (17 + 3%).
These observations will be further discussed below.

The enzymatic treatments resulted in relatively low
cell wall degradation (Figure 3); histological studies
were carried out with the chili flour to analyze the cell
wall structure/composition and the lipid distribution.
Examination of the chili flour without treatment by light
microscopy showed that the protein globules detected
with Amido Black (Figure 3A) are also stained with
Sudan Black (Figure 3B), a specific stain for lipids,
cutin, and waxes. Taking into account that the oil
content of Capsicum is <8%, it is possible that protein
bodies consist of a matrix of proteins and lipids. Also,
Zamski et al. (1987) reported that capsaicinoids are
inside vesicles formed by the endoplasmatic reticulum
that migrate to the cell periphery and are secreted to
the cell walls into a subcuticular cavity. These observa-
tions might explain why the lignified cell walls (Figure
3C) are also stained with Sudan Black (Figure 3B).
Lipids can be accumulated in the cell walls in the form
of cutin.

On the other hand, we verified that with both
enzymatic and water treatments, the shape and staining
intensity of the lipid—protein matrix have changed
when compared to untreated samples. In most cases,
treated samples show a disform matrix, with less lipid
content. Some of the cells are even depleted of intrac-
ellular content (Figure 3D). However, cutin is not
removed from the cell walls, regardless of the type of
treatment.

In the case of enzyme treatments, although in some
cases a rapid increase in soluble reducing power was
detected, as in the case of Viscozyme (Figure 2), we could
not observe a significant rupture of the cell walls by
optical microscopy because the material has been previ-
ously milled, and extensive cell wall rupture had already
occurred. It is possible that the small increase in the
oil extraction by enzymatic processes may be associated
with the also small increase of the reducing power. Two
main factors that hinder the increase in the yield of oil
extraction by aqueous enzymatic processes may be
involved: the small amount of oil in this type of seed
(8%), which hinders the extraction and recovery from
aqueous environment; second, the complexity of the cell
walls. Capsicum cell walls are cellulosic, but most of the
cells are heavily lignified. This tissue also contains a
great amount of cutin, which, in agueous media, reduces
the accessibility of enzymes to the cell wall material.

In the case of carotenoid extraction with industrial
ethanol, an interesting result is obtained if the chili flour
is dried after the aqueous enzymatic treatment. Figure
4 shows that while the same amount of carotenoids is
extracted directly from the chili flour from samples
presoaked in water followed by drying, when Viscozyme
L or Peczyme 5XAL was added during the aqueous
treatment, increases of up to 11% in carotenoids and
7% in capsaicinoids extraction yields were obtained. It
is important to point out that yield is reported in terms
of initial mass of chili used in the process, as an artificial
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Figure 4. Ethanol extraction of carotenoids from chili guajillo
puya flour directly from flour (black bar), after treatment with
Viscozyme L 1% (vertically striped bar) and 5% (dotted bar)
or Peczyme 5XAL 1% (slashed bar) and 5% (windowpane bar),
and after treatment with water (white bar). Reaction condi-
tions: 50 °C, 7 h, agitation in a rotatory shaker at 120 rpm,
solid to solvent relation of 1:50.
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Figure 5. Two-step process for the selective extraction of
capsaicinoids and carotenoids. In the first step, capsaicinoids
are extracted with water (black bar), 30% (v/v) ethanol (white
bar), and 30% v/v ethanol after treatment with Viscozyme 5%
(slashed bar). (A) In the second step carotenoids in all meals
from the first step are extracted with 96% ethanol (B). Reaction
conditions: 50 °C, 7 h, agitation at 120 rpm, and a solid to
solvent relation of 1:50.

yield increase would result if the calculation were made
from the final mass due to losses by solubilization.

To recover the maximum yield of capsaicinoids and
carotenoids in separate fractions, we explored a selective
extraction process. Although the separation of both
compounds has already been reported by Amaya Guerra
et al. (1997) and Balakrishnan and Verghese (1997), the
proposed process requires the extraction of the oleoresin.
As shown in Figure 5, when water is substituted with
up to 30% (v/v) ethanol solutions, 62 + 0.1% of capsai-
cinoids may be extracted in the first step with a low
removal of carotenoids (1.4%). Afterward, in a second
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extraction with industrial ethanol, 70% of carotenoids
and 26% of capsaicinoids are recovered. If an enzymatic
pretreatment with Viscozyme L is included in the
process, then the final carotenoid extraction yield
increases to 83 4+ 1%. This is equivalent to an increase
in the carotenoid extraction in the second step of 10 +
1%.

These results demonstrate that ethanol is an inter-
esting alternative to hexane for the extraction of valu-
able products from Capsicum, as it may be used directly
for the extraction of 80% of capsaicinoids and 73% of
carotenoids with a higher carotenoid extraction yield if
the flour is previously treated with enzymes in an
aqueous process. However, the best alternative is the
selective extraction of both components in a three-step
process: (lI) pretreatment of the flour with an enzyme
solution of Viscozyme L at 5%; (1) a first extraction
stage with 30% v/v ethanol to yield 60% of capsaicinoids
(from both phases, water and 30% ethanol); and (I11) a
second extraction stage with ethanol, during which most
of the carotenoids (83%) are obtained.

Despite the small increase in the extraction of caro-
tenoids (~10%), a two-step treatment coupled with
enzyme pretreatment may represent a significant eco-
nomical alternative when its application to industrial
processes is considered.
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